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A variety of pathologic condit ions has been 
described as potentially capable of al ter ing the 
complex s t ruc ture of the mitral appa ra tus and 
causing prolapse of the mitral leaflets. A m o n g 
t h e m , ischemic hear t disease with papillary mus-
cle dysfunct ion , cardiomyopathies , rheumat ic 
endocardi t is , and myxomatous degenera t ion of 
the mitral leaflets have been postula ted . 1 - 3 O n e 
should expect the e lect rocardiograms of such a 
he te rogenous g r o u p of patients to reflect 
changes due to myocardit is , hype r t rophy , is-
chemia, and o the r conditions (Fig. 1) d epend -
ing on the under ly ing disease. Eventually elec-
t rocard iographic changes would have occurred 
whether or not the mitral appa ra tus was in-
volved. On the o ther h a n d , mid-systolic click or 
late systolic m u r m u r s or both have been de-
scribed associated with various pathologic con-
ditions.1 , 4~6 F u r t h e r m o r e , the electrocardi-
ographic f indings r epo r t ed in the l i terature may 
vary according to the criteria employed for the 
selection of patients. Barlow et al4 included 90 
patients with ei ther a late systolic m u r m u r , a 
noneject ion click or both regardless of the un-
derlying pathology; patients with rheumat ic and 
ischemic hear t disease and obstructive cardio-
myopathy were also included. In only 28 of the 
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F i g . 1. A , B, L e f t v e n t r i c u l o g r a m e n d d i a s t o l e 
a n d e n d systole in l e f t a n t e r i o r o b l i q u e v iew. C , 
L e f t c o r o n a r y a r t e r y in l e f t a n t e r i o r o b l i q u e 
v iew. P r o l a p s e o f t h e l e a f l e t s o f t h e m i t r a l valve 
a s s o c i a t e d with s e v e r e o b s t r u c t i o n o f t h e cir-
c u m f l e x a r t e r y . T h e s e p a t i e n t s w e r e e x c l u d e d 
f r o m this s t u d y . 

90 patients was prolapse of the mitral 
valve (PMV) proved by angiography, 
and in only two patients was the coro-
nary circulation studied by selective 
angiography. Jeresaty's series7 in-
cluded 100 patients, 77 had a none-
jection click or, in the absence of 
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click, a PMV was proved by left ven-
triculography in 23 patients. Selective 
coronary ar ter iography was per-
formed in 27 patients. Using dif fer-
ent criteria than Barlow, Jeresaty7 ex-
cluded patients with isolated late sys-
tolic m u r m u r s because of "non-speci-
ficity of this m u r m u r . " Sloman et als 

included 50 patients with apical late 
systolic m u r m u r , a nonejection click 
or both. Catheterization was per-
formed in 19 patients and selective 
coronary ar ter iography in eight. Gul-
otta et al!l included 26 patients with 
nonejection clicks or late systolic 
murmurs or both who were studied 
by right and left catheterization and 
coronary ar ter iograms. 

A review of nine reports in which 
electrocardiographic aspects were 
out l ined,2-4 '7 - 1 3 a total of 380 cases 
were repor ted . In approximately 
42%, PMV was proved by angiogra-
phy, and in 21 % the coronary circula-
tion was studied by selective coronary 
ar ter iography. 

An attempt to de te rmine whether 
PMV as a primary or principal altera-
tion has a characteristic electrocardi-
ogram that could be useful in clinical 
recognition of the disease should ob-
jectively demonst ra te the prolapse 
and exclude associated pathology. 

Material and methods 

From the records of the Cardiac 
Laboratory of The Cleveland Clinic 
Foundat ion, 125 consecutive patients 
with idiopathic PMV demonst ra ted 
by left ventriculography were se-
lected for this study. 

Most of the patients were re fe r red 
because of chest pain, arrhythmias , 
abnormal electrocardiograms, or ab-
normal auscultatory f indings. All the 
patients had a complete physical ex-
amination, chest x-ray, electrocardi-
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og ram, rou t ine laboratory studies, 
r e t rograde left heart catheterizat ion, 
left vent r iculography at 30 or 60 
f rames per second in 30° right ante-
rior oblique project ion, and selective 
coronary a r t e r iography by Sones 
technique. 1 4 In addi t ion , 78 patients 
(61 %) had catheterization of the right 
hear t . 

Patients with associated significant 
coronary ar tery disease (more than 
40% stenosis of any of the three ma-
j o r coronary arteries) or with clinical, 
hemodynamic , or angiographic evi-
dence of rheumat ic hear t disease 
were exc luded . Patients with o ther 
pathologic conditions known to in-
volve potentially the mitral appa ra tus 
such as idiopathic hyper t roph ic sub-
aortic stenosis or ostium p r i m u m sep-
tal defect were also exc luded . Three 
patients with ostium secundum septal 
defect , one patient with patent duc-
tus ar ter iosus, and two with Marian 's 
syndrome were inc luded. T h e mean 
age of the g r o u p was 43 years, s tand-
ard deviation (SD) 12.7. T h e r e were 
68 men and 57 women. 

PMV was def ined as excessive sys-
tolic excursion of the mitral leaflets 
toward the left a t r ium beyond the 
plane of the mitral annu lus in r ight 
anter ior oblique project ion. Arbi t rar-
ily, this abnormali ty was classified as 
mild, modera te , or severe (Fig. 2). 

T h e presence of mitral regurgi ta-
tion was detected by visualization of 
contrast material en te r ing the left 
a t r ium d u r i n g left vent r iculography. 
Mitral regurgi ta t ion was subjectively 
classified as mild, modera te , or se-
vere. 

Left ventr iculograms were ana-
lyzed subjectively in right anter ior 
oblique project ion in all patients to 
estimate the left ventr icular p e r f o r m -
ance. A normal pa t tern of left ven-
tricular contraction was considered to 
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F i g . 2. A , B , C , L e f t v e n t r i c u l o g r a m s in r i g h t 
a n t e r i o r o b l i q u e p r o j e c t i o n . T y p i c a l e x a m p l e s 
of m i l d , m o d e r a t e , a n d s e v e r e p r o l a p s e . 

be present when vigorous symmetric 
inward motion in all visible segments 
of the left ventr icular contour was 
observed. Di f fe ren t degrees of alter-
ation f rom the normal pa t tern were 
described as mild, modera te , or se-
vere left ventr icular dysfunct ion . Lo-
calized areas of severe hypokinesia or 
akinesia were f o u n d in th ree pa-
tients; this abnormal i ty was present 

require permission.
 on May 17, 2025. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/


184 Cleveland Clinic Quar ter ly 

in all three at the apex of the lef t 
ventricle. 

In 86 consecutive patients ejection 
f ract ion (EF) was calculated in nonex-
t ra or postextra systolic beats using 
the single p lane me thod of Greene et 
al.15 In the same patients , mean ve-
locity of c i rcumference f iber shor ten-
ing (VCS) and mean normal ized ejec-
tion ra te (MNER) were also calcu-
lated.1 6 

Resting e lectrocardiograms ob-
tained the day be fo re catheterization 
were s tudied. T h e criteria fo r con-
duct ion dis turbances and pa t t e rn of 
chamber en la rgement and ventr icu-
lar hype r t rophy are those of the New 
York Hea r t Association.17 S -T seg-
men t depression was de f ined as a 
shif t of this segment below the base-
line by 1 ml or more for most of its 
length . T h e dura t ion of Q T interval 
was corrected for hear t rate.1 8 A Q 
wave was considered abnorma l when 
its dura t ion was 3/100 sec or m o r e 
and the voltage reached 25% of the R 
wave. 

T h e data obtained f r o m the pa-
tients' charts were processed with the 
assistance of a compu te r (PDP15 Dig-
ital Equ ipmen t Corpora t ion) . T h e 
chi-square m e t h o d was used to de ter -
mine the statistical significance of the 
correlat ions p e r f o r m e d . P < 0.05 was 
considered significant. Mean values 
of o ther pa ramete r s are accompanied 
by the s t andard e r ro r of the m e a n . 

Results 

A. Catheterization and angio-
graphic f indings 

Degree of prolapse. For ty- three 
pat ients (34%) had mild, 63 (50%) 
modera te , and 19 (16%) severe PMV. 

Mitral regurgitation. Sixty-nine 
patients had compe ten t mitral valves 
(55%); 31 (25%) had mild, 18 (14%) 
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modera te , and 7 (6%) severe mitral 
regurgi ta t ion. 

Left ventricular function. By sub-
jective est imation, 94 patients (75%) 
were f o u n d to have normal left ven-
tricular func t ion . Mild ventricular 
dysfunct ion was p resen t in 26 pa-
tients (21%), a n d m o d e r a t e in five 
patients (4%). 

In the 86 consecutive patients in 
whom EF, VCS, a n d M N E R were cal-
culated, the results were 81% ± 1.12; 
1.95 ± 0.07; and 3.03 ± 0.09 respec-
tively; comparab le with the values re-
por ted in pat ients with normal my-
ocardial funct ion . 1 6 

Coronary circulation. One 
h u n d r e d - n i n e pat ients (87%) had 
normal coronary ar ter ies . Eleven pa-
tients (9%) had mild lumen i r regular-
ities without detectable obstructive le-
sions. Five pat ients (4%) had 30% or 
40% stenosis of one coronary ar tery . 
T h e average systolic and diastolic 
blood pressure of the g r o u p was 129 
m m H g , SD 17.9 and 78 m m Hg, SD 
9.9, respectively. 

B. Electrocardiographic f indings 
cTable) 

Twenty-two pat ients (17%) were 
taking digitalis a n d 13 (10%) were 
taking quinidine at the t ime the elec-
t rocard iogram was obta ined. T h e 
hear t ra te obtained f r o m the tracings 
ranged between 60 and 89 beats pe r 
minute in 71% of the patients. T h r e e 
percent had less than 50, and 5% 
more than 100 beats pe r minute . 

I. Normal electrocardiogram 

For the p u r p o s e of this s tudy, we 
did not include u n d e r this head ing 
patients with p r e m a t u r e atrial or ven-
tricular contract ions and otherwise 
normal tracings. T h e electrocardi-
ogram was no rma l in 29 patients 
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Table. Electrocardiographic f indings; idiopathic prolapse of the mitral valve; 
125 patients 

Findings No. of pat ients* % 

I . N o r m a l e l e c t r o c a r d i o g r a m 2 9 23 .2 
I I . A b n o r m a l i t i e s 

1. R h y t h m 
S i n u s 118 94 .4 
A t r i a l f i b r i l l a t i o n 6 4 . 8 
A t r i o v e n t r i c u l a r b l o c k 1 0 . 8 
P r e m a t u r e v e n t r i c u l a r c o n t r a c t i o n 22 17.6 
P r e m a t u r e a t r i a l c o n t r a c t i o n 2 1.6 

2 . S - T - T a b n o r m a l i t i e s 
T i n v e r s i o n i n 2 - 3 - A V F 4 5 3 6 . 0 
T i n v e r s i o n i n 1 - A V F - V 5 - V 6 19 15.2 
S T 1 - A V L - V 5 - V 6 18 14.4 
S T 2 - 3 - A V F 5 4 . 0 

3 . Q T C a b n o r m a l i t i e s 
P r o l o n g e d Q T C 16 12.8 
S h o r t Q T C 1 0 . 8 

4 . C o n d u c t i o n d i s t u r b a n c e s 
F i r s t d e g r e e a t r i o v e n t r i c u l a r b l o c k 4 3 . 2 
T h i r d d e g r e e a t r i o v e n t r i c u l a r b l o c k 1 0 . 8 
I n c o m p l e t e r i g h t b u n d l e b r a n c h b l o c k 10 8 .0 
C o m p l e t e l e f t b u n d l e b r a n c h b l o c k 1 0 . 8 
L e f t a n t e r i o r h e m i b l o c k 2 1.6 

5 . A t r i a l a n d v e n t r i c u l a r h y p e r t r o p h y 
L e f t a t r i a l e n l a r g e m e n t 15 12.0 
L e f t v e n t r i c u l a r h y p e r t r o p h y 9 7 .2 
R i g h t a t r i a l e n l a r g e m e n t 3 2 .4 
R i g h t v e n t r i c u l a r h y p e r t r o p h y 1 0 .8 

6 . A b n o r m a l Q w a v e s a n d p o o r p r o g r e s s i o n o f R w a v e in r i g h t 
p r e c o r d i a l l e a d s 

Q 2 - 3 - A V F 8 6 .4 
Q 1 - A V L - V 5 - V 6 3 2 .4 
P P R w a v e s 9 7 .2 

* D u e t o t h e c o e x i s t e n c e o f t w o o r m o r e a b n o r m a l i t i e s in s o m e c a s e s , t h e n u m b e r o f p a t i e n t s in t h i s 
t a b l e e x c e e d s 125. 

(23%). Th i r t e en pat ients had mild, 14 
had modera te , and 2 had severe de-
grees of PMV. This incidence was not 
significantly d i f f e ren t f r o m the rest 
of the patients having abnormal elec-
t rocard iograms. Twenty-six of the 29 
patients had ei ther competen t mitral 
valves or mild mitral regurg i ta t ion . 
Only th ree patients had modera t e , 
and one had severe mitral regurgi ta-
tion (Fig. 3). Twenty-six of the 29 
patients had normal coronary ar ter-
ies and t h r ee had mild coronary ar-
tery disease, p ropor t ions similar to 

the patients with a b n o r m a l electro-
cardiograms. 

II. Abnormalities 

1. Rhythm. O n e h u n d r e d eight-
een patients were in sinus rhy thm. 
Six had atrial fibrillation and one had 
complete atr ioventr icular block. 

Premature beats. P r e m a t u r e ven-
tricular contractions were present in 
22 patients (17%). Four patients had 
p r e m a t u r e atrial contract ions. Age, 
sex, intake of digitalis, degree of 
PMV, or presence of or degree of 
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F i g . 3 . T w e n t y - s i x of 29 p a t i e n t s wi th n o r m a l e l e c t r o c a r d i o g r a m s h a d c o m p e t e n t mi t r a l valves o r 
m i l d mi t r a l r e g u r g i t a t i o n (89 .7%) . N o s i g n i f i c a n t c o r r e l a t i o n wi th t h e d e g r e e o f p r o l a p s e was f o u n d . 

mitral regurgitation were not statisti-
cally d i f ferent in patients with pre-
mature ventricular contractions as 
compared to the entire g roup . 

Atrial fibrillation occurred in six 
patients (4%). Five had modera te or 
severe mitral regurgi tat ion, one had 
a competent mitral valve. This inci-
dence of mitral regurgitation was sig-
nificantly higher as compared to the 
rest of the g roup (p < 0.05) (Fig. 4). 
T h e degree of PM V was mild in three 
patients and modera te in three . T h e 
incidence was not statistically differ-
ent as compared to the rest of the 
patients without atrial fibrillation. 

2. S-T-T abnormal i t ies . Abnormal 
T waves in leads 2-3 and AVF oc-
curred in 45 patients (36%). In 19 
patients, this pat tern was associated 
with T wave inversion in left precor-
dial leads (15% of total group) . Other 
coexistent abnormalities were left 
atrial enlargement (7 patients), poor 
progression of the R wave in right 
precordial leads (2 patients), S-T de-
pression V5-V6 (1 patient), pro-
longed Q I C (2 patients), and left 

ventricular hyper t rophy (1 patient). 
T h e r e was no correlation between ab-
normal T wave in 2-3 and AVF and 
the degree of PMV (Fig. 5) or the 
presence or degree of mitral regurgi-
tation . 

S-T depression in 1-AVL-V5-V6 (1 
mm or more) was present in 18 pa-
tients (14%). Two thirds of the pa-
tients with this abnormality were tak-
ing digitalis, a propor t ion signifi-
cantly higher than the group of pa-
tients without this alteration (p < 
0.01). Four fif ths of the patients with 
S-T depression had coexistent S-T or 
T abnormalities in 2-3-AVF, pro-
longed Q T segment , poor progres-
sion of R wave precordial leads, in-
complete right bundle branch block, 
and first degree AV block. In two 
patients the S-T alteration coexisted 
with left ventricular hyper t rophy. Of 
the six patients not taking digitalis, 
one had mild PMV, fou r had moder-
ate PMV, and one had severe PMV. 
Two had competent mitral valves, 
two mild, one modera te , and one se-
vere mitral regurgi tat ion. No patient 
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had a coexistent pa t te rn of left ven-
tricular hype r t rophy . S -T depression 
in 2-3-AVF occurred in five patients; 
f o u r were receiving digitalis the rapy . 

3. Q T C abnormal i t i e s . Q T C was 
pro longed in 16 patients (12%). Six 
patients were taking quinidine . O n e 
patient had shor t Q T C and was not 

taking digitalis. T h e r e was no corre-
lation between p ro longed Q T C and 
presence or degree of mitral regurgi-
tation or degree of prolapse in ei ther 
g r o u p with or without quinidine . 

4. Conduc t ion d i s tu rbances . First 
degree atr ioventr icular block oc-
curred in f o u r patients (3%). T w o of 
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these patients were taking digitalis 
(one also had gross calcification of 
the mitral leaflets). T h e o ther two 
had a m o d e r a t e degree of mitral re-
gurgi ta t ion and d i f fuse hypokinesia 
of the left ventricle (one mild and one 
modera te ) . O n e of these patients had 
Marfan ' s synd rome and heavy calcifi-
cation of the mitral r ing. 

T h i r d degree atr ioventricular 
block was present in only one pat ient 
in whom Stokes-Adams synd rome 
secondary to complete atr ioventricu-
lar block developed at age 58. A pace-
maker was inser ted 3 years later . Car-
diac catheterization disclosed the 
presence of severe PMV, mild mitral 
regurgi ta t ion , mild coronary ar tery 
disease, and localized hypokinesia at 
the apex of the left ventricle. N o cal-
cification of the mitral leaflets or r ing 
was detected. 

Incomple te r ight bund le branch 
block was present in 10 patients (8%). 
T h r e e pat ients had associated atrial 
septal defects . In five of the seven 
pat ients without atrial septal defects 
the pu lmonary ar tery p ressure was 
measured and it was slightly elevated 
in one patient (32/15) and normal in 
the o ther f o u r . T h e r e was no correla-
tion between this pa t t e rn and the de-
gree of PMV and presence or deg ree 
of mitral regurgi ta t ion . 

Comple te lef t bund le branch block 
occurred in only one pat ient . T h e 
pressure in the left ventricle was ele-
vated (175/100); he had no mitral re-
gurgi ta t ion. T h e left ventr iculogram 
showed mild d i f fuse hypokinesia. 

Lef t an ter ior hemiblock was pres-
ent in two patients; in one systolic 
hyper tens ion was present (180/90 m m 
Hg) . This pat ient has normal coro-
nary arteries, mild mitral regurgi ta-
t ion, mild PMV, and normal lef t ven-
t r iculogram. T h e second pat ient had 
normal aortic pressure , 40% nar row-

ing of the left an te r io r descending 
ar tery , mild mitral regurgi ta t ion , 
modera te PMV, a n d normal left ven-
t r iculogram. 

5. Atrial and ventricular hyper-
trophy. Left atrial en la rgement oc-
cur red in 15 pat ients (12%). Eleven 
had mitral regurgi ta t ion (mild in 
three , modera te in six, severe in 
two). This was significantly higher as 
compared to the pat ients without a 
pa t te rn of left atrial en la rgement (p 
< 0.05) (Fig. 6). No significant hemo-
dynamic al terations were encoun-
tered to explain the presence of left 
atrial en la rgement in the remain ing 
four patients. T h e mean left atrial 
pressure in these pat ients was 6, 13, 
10, and 4 mm H g (average 8.3 ± 3.5). 
Only 13 was slightly above the normal 
values.19 T h e r e was no correlation 
between the presence of left atrial 
en la rgement and the deg ree of PMV. 

Left ventr icular hype r t rophy was 
present in nine pat ients (7%). Eight 
had modera te or severe mitral regur -
gitation, an incidence significantly 
h igher than pat ients without left ven-
tricular hype r t rophy (p < 0.05) (Fig. 
7). One patient had mild mitral re-
gurgitat ion and mild labile hyper ten-
sion. No correlat ion with the degree 
of prolapse was obta ined . 

Right atrial en la rgement was 
f o u n d in th ree pat ients (2%). In two 
patients an atrial septal defect with 
pu lmonary hyper tens ion was present 
(PAP 87/42 and 100/40). One had a 
competen t mitral valve and the o ther 
had modera te mitral regurgi ta t ion . 
T h e third pat ient with r ight atrial en-
la rgement had no atrial septal defec t , 
mild mitral regurg i ta t ion , and nor-
mal PAP. Right ventr icular hyper t ro-
phy occurred in one pat ient with as-
sociated atrial septal defect and pul-
monary hyper tens ion (100/40). 

6. Abnormal Q waves and poor 
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r e g u r g i t a t i o n as c o m p a r e d t o t h e r e s t o f t h e p a t i e n t s . 

140 i 

90 

80 

70 

6 0 -

50 -

40 

30 

20 
10 

I.P.M.V. 125 

[J ] LVH 9 PTS. 

Q NO LVH 116 PTS. 

129 

33.3 

NO MILD MODERATE SEVERE 
p < 0.05 p < 0.05 

MITRAL REGURGITATION 

F i g . 7 . P a t i e n t s w i t h l e f t v e n t r i c u l a r h y p e r t r o -
p h y h a d h i g h e r i n c i d e n c e o f m o d e r a t e a n d 
s e v e r e m i t r a l r e g u r g i t a t i o n a s c o m p a r e d t o t h e 
r e s t o f t h e p a t i e n t s . 

progress ion of R wave in r ight pre-
cordia l leads . Abnormal Q waves in 
2-3-AVF was present in eight pa-
tients. Seven patients had normal 
coronaries and one had mild i rregu-
larities without significant obstruc-
tions. Examinat ion of the ventriculo-
grams showed no areas of akinesia in 
the d iaphragmat ic wall or apex . No 

patient had an associated pat tern of 
left ventr icular hype r t rophy . T h r e e 
patients had mild mitral regurgi ta-
tion and five had competen t mitral 
valves. T w o had mild, five had mod-
erate, and one had severe PMV. 
None of these associations were sta-
tistically d i f f e ren t when compared 
with the rest of the g r o u p . 

Abnormal Q wave in 1-AVL-V5-V6 
was present in th ree patients (2%). 
T h e r e was no akinesia of the anter ior 
wall or apex in the vent r iculogram. 
No patients had left ventr icular hy-
pe r t rophy . 

Poor progression of the R wave in 
right precordial leads (PPR) occurred 
in nine patients (7%); seven were 
women and two were men . The pres-
ence of PPR was not related to left 
ventricular hype r t rophy , left ante-
rior hemiblock, mitral regurgi ta t ion , 
or akinesia of the an te r ior wall. 

Discuss ion 
I. Normal e lect rocardiograms 

were r epor t ed previously and accord-
ing to the au thors in the l i terature 
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reviewed, the incidence varied be-
tween 10% (17) and 60% (11). Analyz-
ing the possible relat ionship between 
the degree of prolapse and the pres-
ence of normal or abnorma l electro-
card iograms, we noted that 16 pa-
tients with normal electrocardi-
ograms had m o d e r a t e or severe pro-
lapse. This is strongly suggestive of 
no relat ionship between the electro-
card iogram and degree of PMV, 
which is in d i sagreement with pre-
vious repor t s describing m o r e pro-
nounced prolapse in patients with 
e lect rocardiographic changes. 4 , 20 

Significant mitral regurgi ta t ion was 
less f r equen t in these patients than in 
those with abnormal electrocardi-
ograms. Nonpubl i shed data f r o m 
ou r laboratory suggest a predictive 
value toward uncomplica ted long-
te rm evolution in pat ients with PMV 
when a normal e lec t rocardiogram is 
present . 2 1 

II. Abnormalities 

1. Rhythm. T h e large majori ty of 
patients , 118, were in sinus r h y t h m . 

Premature ventricular contrac-
tions. In previous repor ts the inci-
dence varies approximately between 
20% and 40% ,2, 7-10, 13 T h e r e was no 
correlat ion with the presence of mi-
tral regurgi ta t ion or the d e g r e e of 
pro lapse . 

Atrial fibrillation was previously 
r e p o r t e d in the l i terature.4 , 7' 9 T h e 
presence of mode ra t e or severe mi-
tral regurgi ta t ion in five of these pa-
tients suggests that the leak is on the 
basis of its deve lopment in the major-
ity of pat ients . No correlat ion exists 
between atrial fibrillation and d e g r e e 
of prolapse. 

T h e etiology of the a r rhy thmias in 
PMV remains obscure . T h e possibil-
ity of a card iomyopathy on the basis 

of PMV was raised by several au-
thors.9 ' 22, 23 At least in ou r series of 
patients s tudied in the rest ing state, 
myocardial dysfunc t ion was a rela-
tively r a re occur rence ei ther by sub-
jective or objective evaluation of the 
ventr iculograms. T h e benign course 
of the large majori ty of the patients 
with PMV in the absence of signifi-
cant mitral regurgi ta t ion is ano the r 
s t rong a r g u m e n t against coexistent 
cardiomyopathy. 2 1 F u r t h e r m o r e , in a 
study by Pomerance 2 2 of 36 cases with 
PMV f o u n d a m o n g 3,083 autopsies in 
an adult general hospital with pa-
tients an average age of 73.6 years 
and none younger than age 50, our 
view that ca rd iomyopathy is unlikely 
to be the under ly ing pathology in 
PMV is s u p p o r t e d . 

Exper iments p e r f o r m e d in dogs 
suggest that the mitral valve could be 
the source of ectopic impulses which 
may eventually t r igger p r e m a t u r e 
contractions at the atrial or ventricu-
lar level.24 This is an attractive hy-
pothesis that r emains to be demon-
strated in h u m a n s . 

2. S-T-T abnormalities. T wave in-
version is one of the most f r e q u e n t 
abnormali t ies described in previous 
repor ts . Its inc idence varies f r o m 
18% to 42%.2- 13 

In our patients the degree of PMV 
or the presence or degree of mitral 
regurgi ta t ion showed no correlation 
with this a l terat ion. T h e absence of 
patients with significant coronary ar-
tery disease in o u r series and the nor-
mal appea rance and distribution of 
the coronary ar ter ies by selective cor-
onary a r t e r iography is s t rong evi-
dence against an ischemic basis fo r 
these e lect rocardiographic changes . 
F u r t h e r m o r e , we were unable to de-
tect any systodiastolic variation in the 
lumen of b ranches of the c i rcumflex 
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to give suppo r t to the theory of 
compression of the vessel by the 
PMV.2 5 T h e absence of significant 
left ventr icular dysfunct ion in our se-
ries suggests that it is very unlikely 
that a card iomyopathy would be im-
plicated. T h e etiology of this f re-
quent f ind ing remains obscure. 

S-T depression in 1-AVL-V5-V6 
was f requen t ly described as associ-
ated with PMV.4- 7~9' n- 13 In 12 of 
our 18 pat ients , it was related to in-
take of digitalis p repara t ions . S -T de-
pression in 1-AVL-V5-V6 in the ab-
sence of digitalis and without associ-
ated pa t te rn of left ventr icular hyper-
t rophy seems to be related to the 
presence of m o d e r a t e or severe pro-
lapse, but the n u m b e r of patients is 
too small to make a def ini te conclu-
sion. N o correlation with mitral re-
gurgitat ion was observed. S -T de-
pression 2-3-AVF in our g r o u p was 
most probably d u e to digitalis effect . 

3. QTC abnormalities. Pro longed 
Q T C was r epor t ed before . 1 2 ' 26' 27 In 
six of ou r patients this could be at-
t r ibuted to quinidine effect . In the 10 
patients not on a regimen of quini-
d ine , no correlation was f o u n d be-
tween this abnormal i ty and the de-
gree of PMV or mitral regurgi ta t ion . 

In the familial p ro longed Q T syn-
d r o m e high incidence of s u d d e n 
death probably due to a r rhy thmias 
has been repor ted . 2 8 T h e only two 
patients that died suddenly in a series 
of 137 patients with PMV f r o m this 
laboratory2 1 had normal Q T C . T h u s , 
there is no a p p a r e n t relat ionship be-
tween the two entities. 

4. Conduction disturbances. First 
degree atrioventricular block. In 
two of ou r f o u r patients the dis turb-
ance could be a t t r ibuted to digitalis 
effect . In one of these patients and in 
ano the r pat ient not taking digitalis, 

heavy calcification of the mitral r ing 
was no ted . We may speculate that ex-
tension of the calcification over the 
conductive system could be the cause 
for the atr ioventr icular block. One of 
these patients had typical features of 
Marfan ' s synd rome . J ames et al29 re-
por ted on two young patients with 
Marfan ' s s y n d r o m e who died as a 
consequence of conduct ion disturb-
ances and a r rhy thmias in which path-
ologic changes in the nodal arteries 
were encoun te red at the autopsy. 
Bowers30 described two patients with 
first degree atr ioventr icular block in 
13 patients with Marfan ' s syndrome 
and "pr imary" abnormal i ty of the mi-
tral valve without associated aortic 
valve disease. 

Complete atr ioventr icular block 
occurred in only one pat ient . Age, 
history, clinical, and angiographic 
f indings are in favor of a coincidental 
pathology. 

Incomplete right bundle branch 
block. I n t h r ee of our patients in-
complete r ight bund le branch block 
could be a t t r ibuted to the presence of 
atrial septal defect . In the remain ing 
seven patients, no hemodynamic al-
terat ion was presen t to account for 
the e lect rocardiographic pa t t e rn and 
no correlation with the degre of PMV 
was f o u n d . Jeresaty 7 noted the same 
abnormali ty in 6% of his patients in 
the absence of atrial septal defect . 
Barker and Valencia31 f o u n d no defi-
nite cardiac pathology in 39 of 96 sub-
jects with incomple te r ight bund le 
branch block. Tap ia and Proudfi t 3 2 

postulated that the r ight lower chest 
leads seem to be of clinical value in 
clarifying the significance of this pat-
te rn . These special leads were not 
used in this r epo r t d u e to the retro-
spective charac ter . 

Left anterior hemiblock. In one of 
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ou r two pat ients , the presence of hy-
per tension could be the cause of the 
conduct ion defec t . In the o the r pa-
tient, the re was a 40% nar rowing in 
the left an te r ior descending ar tery 
apparen t ly not severe e n o u g h to 
cause ischemia. T h e presence of a 
normal left vent r iculogram excludes 
card iomyopathy and anter ior my-
ocardial infarct ion with subsequent 
partial recanalization of the left ante-
rior descending a r te ry as possible eti-
ologic factors . 

5. Atrial and ventricular hyper-
trophy. Left atrial enlargement. In 
11 ot 15 pat ients , left atrial enlarge-
men t may have been a consequence 
of the hemodynamic alteration re-
sult ing f r o m mitral regurgi ta t ion . 
O n e of the r ema in ing f o u r pat ients 
had a mean atrial p ressure of 13 m m 
H g and a left ventr icular p ressure of 
160/12 m m Hg . T h e r e was no clear-
cut history of hyper tens ion , bu t the 
high systolic and border l ine high dia-
stolic pressure of the left ventricle 
could be d u e to mild labile hyper ten-
sion and secondary mild left ventric-
ular hype r t rophy . No explanat ion is 
available for the th ree pat ients with 
the pa t te rn of left atrial en l a rgemen t 
with normal left atrial pressures . 

Left ventr icular hype r t rophy has 
been a f r e q u e n t f ind ing in the litera-
t u r e reviewed, varying greatly a m o n g 
d i f f e ren t au thors and inc luding u p to 
35% of the cases in some series.8"13, 22 

In eight of ou r n ine patients , lef t ven-
tricular h y p e r t r o p h y seems to be re-
lated to the presence of significant 
mitral regurg i ta t ion . T h e r ema in ing 
pat ient had mild mitral regurgi ta t ion 
and mild labile hyper tens ion . 

Right atrial enlargement and right 
ventricular hypertrophy. Pu lmonary 
hyper tens ion was the under ly ing fac-
tor in the two patients with right 

atrial en la rgement . A pa t t e rn of r ight 
ventr icular h y p e r t r o p h y was also 
present in one of these patients . 

6. Abnormal Q wave and poor 
progression of R wave in right pre-
cordial leads. A b n o r m a l Q waves in 
2-3-AVF and 1-AVL-V5-V6 have 
been previously repor ted . 8 - 1 0 Pomer-
ance2 2 r epor t ed on two patients with 
an e lect rocardiographic pa t tern com-
patible with myocardial infarct ion of 
35 autopsies of pat ients with PMV. In 
one patient with a pa t t e rn of anter ior 
necrosis, myocardial infarct ion was 
present . No infarc t ion was f o u n d in 
the other pat ient with a pa t te rn of 
infer ior myocardial infarc t ion. T h e 
absence of significant coronary ar tery 
disease in our series and the lack of 
correlation with the f indings in the 
left vent r icu logram make this elec-
t rocard iographic pa t t e rn very diff i-
cult to u n d e r s t a n d . We have not seen 
any evidence of dis tor t ion, occlusion, 
systodiastolic changes o r absence of 
the circumflex ar tery or its atrioven-
tricular b ranch in the coronary arte-
r iograms of 125 pat ients as had been 
postulated in the l i tera ture . 2 2 , 3 3 . 

Poor progression of R wave in R 
precordial leads. T h e presence of 
seven women in the g r o u p seems to 
make this abnormal i ty less reliable as 
a pa t te rn of an te r io r wall infarct ion. 3 4 

T h e absence of a correlat ion with aki-
nesia in the left vent r iculogram sup-
por ts this view. 

Summary and conclus ions 
In a series of 125 patients with an-

giographically p roven PMV in which 
associated ischemic or rheumat ic 
hear t disease was specifically ex-
cluded clinically and angiographi-
cally, no characteristic electrocardi-
ogram was ident i f ied . 

Twenty-n ine pat ients (23.2%) had 
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normal e lect rocardiograms r ega rd -
less of the degree of prolapse pres-
en t . Patients with normal electrocar-
d iograms seem to have a ben ign 
prognosis . A variety of abnormali t ies 
were observed which failed to predict 
the degree of pro lapse . 

Most f r e q u e n t electrocardi-
ographic f indings were T wave inver-
sions in 2-3 and AVF occurr ing in 45 
patients (36%), 19 of whom also had 
associated T wave inversion in 1-
AVL-V5-V6. 

T h e presence of atrial fibrillation, 
left atrial en la rgement , or left ven-
tricular hype r t rophy in patients with 
idiopathic prolapse of the mitral 
valve suggest association of signifi-
cant mitral regurgi ta t ion and are 
nonspecif ic of this entity. 
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