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SUMMARY
Severe mitral insufficiency in the absence of an audible murmur was diagnosed by

left ventricular angiography in three patients with power failure secondary to acute

myocardial infarction during evaluation for mechanical circulatory assist and surgery.

Mitral valve prolapse was present in two patients. Postmortem examination did not
reveal an anatomic basis for the mitral insufficiency: the valve, papillary muscles, and
supporting structures were all grossly normal. A single papillary muscle removed at
surgery revealed a marked decrease in force development (0.22 g/mm2 vs 0.62
0.22 g/mm2 in eight normal papillary muscles from patients with rheumatic heart dis-
ease). During isoproterenol stimulation, force development in this muscle decreased
20%, whereas in the normal muscles force development increased 73 + 31%. Micro-
scopically, all papillary muscles revealed evidence of extensive necrosis. Silent mitral
insufficiency in acute myocardial infarction, therefore, was probably related to dimin-
ished flow velocity across the mitral valve secondary to diminished myocardial con-

tractility. Failure to recognize and treat this entity may contribute significantly to the
genesis of power failure and ultimate mortality.

Additional Indexing Words:
Papillary muscle dysfunction
Surgery in acute myocardial infarction

Cardiogenic shock
V wave

Heart failure

T HE COMPLICATION of variable de-
grees of acute mitral insufficiency ac-

companying acute myocardial infarction is
recognized with considerable frequency, de-
pending to a great extent upon the care and
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persistence of the examiner. Thus, Heikkila
reported the remarkable incidence of 55% in
195 consecutive subjects with myocardial
infarction, studied prospectively.' The basis
for such diagnosis is the recognition of a
systolic murmur on physical examination, and
only scattered case reports have documented
the presence of mitral insufficiency by angio-
graphic techniques.2 In the absence of a
ruptured papillary muscle, however, the mag-
nitude of mitral insufficiency is usually
thought to be of little clinical significance.4
This point of view may be questioned in
myocardial infarction, where in the presence
of low and fixed stroke volume even small-
volume mitral insufficiency is probably of
hemodynamic significance.
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Table 1

Cliniical Data

Age Previous
latient (wears;) Sex Plreviouis ILI 1-Ilt after lvII hypertension Cardiac (irugs*

IT-IS. 45) AI - :14) + 1 Morphille
LI.I. 60) A-+ 120 Lidocaiine
(1.K. 66(56 + 6 Quiiiidine

Mlorphine
Atrlupine

*At time of (calthlieteriza.tioni.
Abbr.eviationis: 3MT = nivocardial iiifnretion; JIR heart ltate.

With the advent of more aggressive man-
agement of power failure in acute myocardial
infarction, coronary angiography and left
ventricular angiography are being employed
prior to circulatory assist or surgical interven-
tion. This report documents severe, silent
mitral insufficiency complicating acute myo-
cardial infarction in three patients, which was
discovered as part of the intensive evaluation
that must precede such therapy, and was
unsuspected on clinical grounds. The failure
to recognize this complication in the case of
power failure may at least in part account for
the failure of therapy in some patients.

Clinical and Hemodynamic
Characterization

Three patients with acute myocardial infare-
tion, persistent pulmonary edema, and severe
power failure were studied prior to consideration
for surgery or mechanical circulatory assistance.
Although no muirmurs were noted on careful,
repeated physical examination, a third heart
sound was present in all patients (table 1).

Right- and left-heart catheterizations were
performed usinig standard techniquies. Cardiac
outputs were determined by injection of indocva-
nine green into the pulmonary artery vith
sampling from the left femoral artery. Thermodi-
lution coronary sinus flow was determined in one
patient by the method of Ganz et al.5 Left
ventricular end-diastolic volume (EDV) and end-
systolic volume (ESV) were determined by
single-plane ventriculography according to the
method of Greene et al.6 Left ventricular ejection
fraction was calculated as the ratio (EDV_
ESV)/EDV. The mitral regurgitant fraction was
determined as 1.00 minus the ratio of forward
stroke volume (calculated by dye dilution) divid-
ed by the angiographic stroke volume (EDV-
ESV). Coronary arteriography was performed by
the Judkins technique.
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Figure 1

Simultaneous brachial arterial pressure (BAP), phono-
cardiogram (PCG), wedge pressure, and electrocardio-
gram (EKG) in a patienit (H. S.) with silent mitral
regurgitation. Auscultation revealed a prominent third
heart sound (S3) but no systolic murmur. A V wave of
48 nm iHg was seen in the wedge pressure tracing.
S- first heart sound; S2 - second heart sound; a-
a wave.

Hemodynamic findings are summarized in table
2, and angiographic results are shown in table 3.
A simultaneous phonocardiogram and intracar-
diac pressure tracing recorded just following
angiography are shown in figure 1.
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Figure 2

Minimally dilated initial rale twitl nrormal chordae
anid leaflets in patient L. R. T1here is extenJI+sive nio-
cardial infarction and mural thrormbus inrolting the
left ventricle.

Anatomic Findinigs

Two of the three patients (H. S. and G. K.)
underwent emergency surgery on the basis of
their clinical and hemodynamic evaluations.
In each case the procedure included left
ventricular aneurysmectomy and left anteri-
or desceniding-aortico-coronary artery bypass.

'* *

00 4

74 S

The first patient died at operation and the
second died 8 days postoperatively, possi-
bly from interculrrenit infection. The third
patient died 6 lhours after cardiac catheteri-
zation during miiedical tlherapy for cardiogenic
.shock. Sur-gical and postmortem filndincgs are
tabulated in table 4.

Pathologic examination of the hearts of
these three patients revealed the mitral valve
structure to be normal in all cases. There was
minimnl gross derangement in papillary inus-
cle structuire, anid no frank necrosis was
visible (fig. 2). On microscopic examination of
the papillary museles, extensive nlecrosis was
present in five of the six papillary muscles (fig.
3). The posterior papillary muscle of patient
H. S., which was utilized in isolated papillary
muscle studies, was not examined imiicroscopi-
cally.

Special Studlies
The left ventricular papillary muscle from

patient H. S. was studied in a myograph in
vxitro. The results were compared xvith eight
humani papillary muscles removed from pa-
tients with rheumatic heart disease at the time

4,,

Figure 3

Acute infarctionI of papillary muscle in patient H. S. showing irregular eosinophilic acellular
muscle fibers. (He matoxylini and eosin, X 50.)
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Table 2

Hemnodynamics

A-V
CI HR SI PCW V wave BP PA LV dp/dt RA diff.

Pt (liters/min/m2) (beats/min) (cc/min/M2) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (mm Hg/sec) (mm Hg) (vol %)

H.S. 2.07 130 14 40 49 95/70 65/30 790 15 8.5
L.R. 0.55 108 5 38 45 124/90 58/32 980 8 7.0
G.K. 1.80 100 18 30 36 120/96 62/30 436 12 10.4

Abbreviations: CI = cardiac index; HR = heart rate; SI = stroke index; PCW = pulmonary capillary wedge pressure;
V wave = amplitude of V wave from wedge; BP = systemic arterial pressure; PA = pulmonary arterial pressure; LV
dp/dt = peak rate of rise of left ventricular pressure; RA = right atrial pressure; A-V diff. = systemic arteriovenous oxygen
difference; LVET = left ventricular ejection time; MSER - mean systolic ejection rate; SWI - left ventricular stroke
work index; SVR = systemic vascular resistance; PVR = pulmonary vascular resistance; CSF - coronary sinus flow;
MVO2 = myocardial oxygen consumption; LE transmyocardial lactate extraction; LVEDP left ventricular end-
diastolic pressure; EF = LV ejection fraction; RF = LV mitral regurgitant fraction.

of mitral valve replacement. Each muscle was

bathed with Krebs-bicarbonate solution at
34°C, aerated with 95% 02 and 5% C02, and
stimulated 12 times/minute with mass plati-
num electrodes at a voltage 10% above
threshold. Isometric force development at the
top of the length-tension curve was recorded
on a Hewlett Packard 7848A recorder.
The single papillary muscle from the

infarction patient revealed striking abnormali-
ties in function. The force development of this
muscle, normalized for cross-sectional area,

was 0.22 g/mm2, which was substantially
below the force developed by the other eight
muscles, which was 0.62 0.22 g/mm2
(mean+± SD). Following the addition of 105
M isoproterenol to the bath in vitro, the force
developed by the muscle from H. S. fell 20%,
while force in the other muscles increased
73±31%.

Discussion
Although mitral insufficiency of significant

magnitude may be tolerated by an otherwise
normal heart for many years, its development
in an acutely infarcted heart is probably of far
greater hemodynamic significance. Unpub-
lished data from this laboratory have revealed
that angiographic grade II mitral insufficiency
is often associated with a regurgitant volume
equal to forward stroke volume, and that in
angiographic grade IV mitral insufficiency
regurgitant volume is several times that of
forward stroke volume. In the three patients
reported, regurgitant volume averaged four

times stroke volume, although this estimate
may be falsely high due to the inherent errors
in measurement of ejection fraction by angi-
ography and forward stroke volume by
indicator dilution in this low range. Since
stroke volume in many patients with acute
myocardial infarction is fixed8 in the low
normal range, however, even a small degree of
regurgitation may result in significant reduc-
tion in forward cardiac output, and larger
degrees of insufficiency may result in hemody-
namic alterations incompatible with survival.
In this context it is of interest that the three
patients reported all had severe derangement
of hemodynamic status to a strikingly similar
degree.
Three lines of evidence support the hy-

pothesis that the major mechanism which
induces insufficiency of the mitral valve in this
patient group is apparently papillary muscle
necrosis without rupture. Both the anterior
and posterior papillary muscles showed evi-
dence of extensive damage microscopically.
These anatomic data provide a structural basis
for the severe functional derangement of the
single papillary muscle studied in vitro, and
might be expected to result in valvular
dysfunction. Thus, mitral valve prolapse was
present in two of the three patients studied by
left ventricular angiography. The contribution
of annular dilatation to the magnitude of
mitral insufficiency seems to be minimal. In
two patients the annular circumference was
within the upper range of normal, and in the
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SX\ I SVL{R PVit
LEVET MSISR (g-m /beat/ ( no-sec (dyneIset CSJ MV02 I LVEI)P
(sec (ce secm2) rn2) cm 5) crlm-5) (cc/min) (cc/02/min) (%) (mm HIg) EIF RF

0.20 69 X.(9 1,490 22.)6 36 0.42 0.8.3
0.20 2.5, 5.0() 8, 190)t 706 3W ()0.3 (1.91
0.28 (64 19.1 2,300) 25:-X.) 1i11 14.8 - 14 32 0.;31 0.75

third patient only moderate dilatation of the
ring was observed.

Recently, Cheng9 has emphasized that the
degree of angiographic mitral regurgitation
correlated poorly with the intensity of systolic
murmurs in patients with ventricular aneu-
rysms. Since the diagnosis of mitral insuffi-
ciency in acute myocardial infarction until
now has rested upon physical examination, the
incidence of silent mitral insufficiency is
unknown, and definitive angiographic data in
less critically ill patients with acute myocardi-
al infarction are not likely to be generated.
The diagnosis of mitral insufficiency, however,
may be established with reasonable certainty

mmj1ug_
50;

' \. \fr: KYf,A e ,t
10-

------- ..............-- --:--

0.

A* A_ A. K W.... A

Figure 4

Diagnosis of mitral instufliciency in a patient with
acute myocardial infarction by the recognition of giant
V waves in the pulmonary capillary wedge pressure
tracing. The recording was obtained by a pulmonary
artery balloon catheter. The patient had a grade II
holosystolic murmur consistent with mitral insuffi.
ciency. a = a wave.
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at the bedside by use of the recently described
pulmonary artery balloon catheter.10 Figure 4
illustrates this hemodynamic manifestation
using the criteria of giant V waves in the
pulmonary capillary xvedge pressure tracing in
a patient with supportive physical findings.
Three additional individuals in a group of 40
consecutive patients with acute myocardial
infarction have thus been identified as having
silent mitral insufficiency. All three patients
had moderately severe congestive heart fail-
ure, but survived with medical therapy.
The mechanism by which significant de-

grees of mitral insufficiency may exist in the
absence of an audible murmur was not
established. The marked reduction in cardiac
output and myocardial contractility in this
patient group would suggest that significant
decreases in flow velocity across the valve is a
major factor. Silent mitral insufficiency of
significant magnitude has been observed,
however, in patients with rheumatic heart
disease studied by left ventricular angiogra-
phyll in whom cardiac output was not
depressed to shock levels.
The clinical significance and appropriate

therapy of this syndrome remain to be
established. In terms of medical therapy of
shock patients, the presence of mitral regurgi-
tation under the conditions described might
favor a pharmacologic agent that would
increase papillary muscle contractility and
decrease peripheral vascular resistance. Iso-
proterenol would be an agent of choice. The
single papillary muscle study, however, sug-
gests that this agent might result in further
deterioration of ventricular function. If silent
mitral insufficiency does occur in a population
of nonshock patients, it is likely that a
surgically correctable lesion may be present in

881

D
ow

nloaded from
 http://ahajournals.org by on M

arch 13, 2022



FORRESTER ET AL.

-H +

+

+

+

_

C; X

L

bf
W

1I.

C)

CR
P-
0

0

-.
G4C_~ _

. _4 c3
,24 .Z'

CJ ;J

¢t

rn

S;m
01

mt

0
rR

O. ; _

z

-

! .X X ~

'; Ct C3 !_c ¢C 4 `.
4t ct

C.
T-

_c1-

b£ ;°cbI b£

_ E

W- ,.

-

-

11

-

-

-

-

-

11

,>.

-

o
._

-
-
-
-

-

11
-

-

-

.
C)
i-

.
?

:

-

-

_

11

v
-

C

:

-

-
-

_

-

w
-

1

v

W;} _V
_ -r
Q

- c3

_ 11
wI
_ _

_ _

. w

?

_ 11
4 +

11 _
_E ;

ct
¢:

r, t
_ c:

0 11
3
._

> __

Y ._
Q
¢ wn

_

0

a)

CC

cf

r

cC

c3

.a
P.q

.2
0

10cl)1o

m

0

ct
£-

._ .* -

et = z _
.

;

X S

--w _ . _ r__ - _7,f,

0W,- 1'^.-

c)1 - Cw
4n t- c.

Z0W0CO f

~

I- -J
p _-

_- _ _t

-4
--
_1

ZI

0C C

t
zr

0

0

* - -

JC 0

Cr .
0

0

Os

N-

Q.A

..00
0.-.

z

zt-c

.t- ; :

C) = A
c

z

-~~~ct

r- ._-

CC_.t
'4ZW=Q

C-

0

r -C

`C _Z; C5 5
.t T- 'C
t.1

¢ !Z

0

*s
C

0

0
P.
CrR

-cl
m

;C+; -C)
¢ 3

z5

Circulation, Volume XLIV, November 1971

882

W -
W >1

0

0

M.

.rrl

ct.

Wi5£
-r.

ttF-

0

0

0
U

,v

D
ow

nloaded from
 http://ahajournals.org by on M

arch 13, 2022



SILENT MITRAL INSUFFICIENCY

some individuals prior to the onset of
cardiogenic shock. Furthermore, failure to
recognize or treat this entity during an acute
surgical revascularization procedure may re-
sult in an unsuccessful outcome, even when
coronary blood flow is restored to normal
levels. Finally, since refractory pulmonary
congestion characterized all three patients in
this study, this complication should suggest
the presence of silent mitral insufficiency in
patients with acute myocardial infarction.
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