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THE EXPERIENCE of a number of suirgeons
in application of open-lheart teelinics to
the correction of mitrial incompetence
has provided acctumtulative compilation of
knowledge regarding the fti uctioinal patlh-
ology of the insuifficient valve. The patho-
logic states comimonily encountered have
been described by Lillehei, Gott, D)eW'all
and Varco,' Effle-, Groves, Nlartinez a(Ind
Kolff, Nlerendino, Thomas, Josepl, Hler-
ron, Winterscheid, a(Inl Vetto,* Kay, No-
gueria, [lead, Coenen an(l Zimmerman.
and Nielols, Blanco, tUricclhio and Likoff.'
More recently, NkcCoon has (israwn atten-
tion to a techlnlic for the (correction of
insufficiency due to riutpttire(d chordae teni(li-
neae. Osmtindsenl, Callalihan and(I Edwards
reported the clinical featuires and(I patlho-
logic anatomy of 20 cases in wvhich (lissolu-
tion of continuity of chordae ten(lineae \\as
observed at antopsy.
Kay, Egertoni, and Zubiate hhave re-

cently reported their experience vith cor-
rection of mitral insufficiency lw open hleart
surgery in a series of 34 cases. The latter
group has encountered ninle cases in \vhich
chordae tendlineae ha(d ruptured prior to
surgery andl lha(l contribu te(l significantly
to the incoml)etence of the mnitral valve.
There was one further patient previoulysx
reported by Kay, et al.in which the re-
section of a left ventricular imivxomia re-
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(Itiired removal of the attachment of chor-
dlae, cauising acute mitral incompetence.
This lesion was corrected before conclusion
of the operation by stutturing the involved
leaflet to the papillary muiscle nearest the
resected chordae. Since nine of these pa-
tienits ouit of ten suirvived and were im-
proved by operation, it is considered that
the treatmnent of this type of valvular in-
stufficiency is attended w\ith encouraging
resuilts.
The history, cliinical featutres, pathologic

anatomy and method of repair lhave been
reviewe(d in each patient and preoperative
alili postoperative examinations halve been
carried ouit in an attem-pt to appraise the
funcietional resuilt of openI hieart sturgery for
this condition. Six cases were stubjected to
car-diac catlheterization to obtain incontro-
vertible objective evidence of mitral in-
sufficiency. All patients had a history of
progressive clinical deterioration despite
prolonged medical treatment.

At the time of operation the average age
was 46 years. Cardiac mturmturs had been
detected on physical examination in all pa-
tients long before symptoms of cardiac de-
coinpenisation ap)peared. The average duriia-
tion of this phlysical sign was 20 years.
Significanlt dleterioirationi hlad occurred in
all patientts within the 18 miiointlhs pr-ior to
opleration and cardiac failture was controlledl
only by digitalis, diuretics and salt restric-
tion. Two patients had observed progres-
sive deteriorcationi following liniliagnose(l
febrile illnesses. Two patienlts lhad uin(ler-
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FIG. 1 (Case 1). a. Rigid area of mural leaf-
let excisedl. l. Closiure of aninuilus at posteromeclial
commisstire. Function of aortic leaflet of mitral
valve uinimpairedl. c. Suituires tied, involved portion
of muiral leaflet exelui(led and anntiltus narrove(l.

gone previouis closed commissurotomy at
other centers. OIne had shown an initial
improvement, the other had marked left
ventrictular failti re symptoms following a

second closed coimimissturotomy. The pre-

operative couirse of five patients wvas
marked by recuirrent episodes of congestive
cardiac failure. The remainder exhibited
fatiguie and exertional dyspnea as their
principal complaints.
On admission for operation, cardiac en-

largement w%as evident by the lateral dis-
placement of the apical impuilse in eight
of ten cases. The left ventricuilar tlhrtusting
character of the apex beat was affirmed in
fouir cases and an apical systolic thrill Nas
present in an equial ntumber. An apical
systolic murmtur wNas conspicuiouis in each

patient except for Case 10. The average

intensity w\as Gra(le III on a scale of I to
V'I. Radiation of the mturmtur -vas w\ide-
spread in all cases and significant basal
an(l cervical radiatioin raised the diagnostic
possibility of aortic valve involvemiienit in
two patients. At sturgery, no aor-tic valve
lesion was evident in these patients. The
coniftusion of mitral insuifficiency with aortic
valve lesions has heen described previouisilx
by Osmtindsen, Callahan and Edwards,1,
and Shapiro and WN'eiss.' A mitral diastolic
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niurnimnir w%vas recorded in six of ten cases
thouiglh the dominant lesion was mitral
instufficiency.

Case Reports

Case 1. Thlis white man, age 51 years, had
saiffere(d from progressive exertional dyspnea and
fiatiguie for seven yeairs. For two years lhe had
experienced aittacks of niocturnal dlyspnea every
two to tlhree montlhs. Two episodes of congestive
failuire hlad re(lulired hospitalization. In the inter-
vals b)etween episodes of fatiluire, he had been
al)le to work lhalf timc as a professor of dental
L)lasties. Radiologic examination slhowed that the
left atritum btulged strikingly towards the right
and posteriorly. Tlhere was consi(lerable left ven-
tricular enilargeiment.

The heart was exposed by a median ster-
niotomy incision and the left atritunm was observed
to be greatly enlarged. The mitral orifice was at
least (6.() ci. in (liameter. At the posteromedial
tihirdI of the mural leaiflet, the chior(lae tenidineae
had become (letachedi. This segmenit of the valve
Wa,s rolled, hard aind( callcified and projected into
the caivity of the left atriuim beyond the plane
of the rest of the miurall leaflet. The absence of
sltip)ort withi resuiltaint rigidity of this prolapsed
seginicit wvas the primary cause for instufficiency
of the imiitratl valve. There was secondary dilata-
tioni of the imiitral annulus also contributing to the
insuifficiciiey. The 1.5 cim. in length sclerotic seg-
unent wais excise(d aind the posterior commissuire
was obliterated by sutulring the annullltus at the
apex of the aortic leaflet at the posteromedial
conunisslre to the annilills at the line of resection
of the miutiral cuisp. The resid(uial openinig of the
nitratl valve was 3.0 cm. in diameter. This com-
pletely corrected the insiufficiency (Fig. 1).

A postoperative review 21/, years after suirgery
slhowe(d that the Grade IV systolic miiiunnur which
had been present on preoperative cxaimination
was comiipletely absent. This mian had returned
to flil physical activity and was uinhampered by
fatiguie or dyspnea ( Fig. 2).

Case 2. This 38-year-old wom:mtn had been
disabled by fatiguie a.nd( (lyspnea on exertion for
one year followinig a febrile episode, possibly duie
to endocarditis. However, there bad beeni a past
lhistory of rhelimatic fever at the age of 12 and
18 years. The left atriuimi lwas greatly enlatrge(d
oIn x-ray examination. Ther-e was (uiestionable
enlargement of the left venitricle. Transbronehial
left atriail puinctuire revealed a left atrial pressuire
of 31/5 mm. Hg. There was a well marked lalte
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positive V-wave. The mean diastolic gradient
between left atrium and left ventricle was 10
mm. Hg.

At operation marked dilatation of both the
left atrial and left ventricular chambers was evi-
dent. The regurgitant stream from the left ven-
tricle emerged through an opening in the postero-
medial one-third of the valve orifice where
apposition of the leaflets was impossible because
of projection of the medial one-third of the mural
leaflet. The chordae tendineae to this region of the
valve had ruptured from the posteromedial papil-
lary muscle. This patient was operated upon be-
fore we conceived the idea to reattach the involved
portion of the valve to the nearer papillary muscle.
An attempt was made to control the insufficiency
by a posteromedial annular plication with No. 2
silk sutures. The residual orifice admitted two
fingers.

At follow up examination two years after op-
eration, comparison of chest radiographs with
those taken preoperative illustrated a small de-
crease in size of the cardiac silhouette. There had
been little significant diminution of the intensity
of the Grade III, harsh, widely radiated systolic
murmur which was present before surgery. Func-
tional improvement was, however, sufficient to
allow her normal activity working eight hours a
day.
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Case 3. (Previously reported.4) This 49-year-
old woman had been symptomatic for six years
and was confined to bed for one year prior to
operation. Slight enlargement of both right and
left ventricles was seen on x-ray. Moderate en-
largement of the left atrial chamber was present.
Examination of the mitral valve revealed com-
bined stenosis and insufficiency. The former was
caused principally by fusion of the two leaflets
at the anterolateral commissure, the latter by a
combination of contraction and thickening of the
posterior third of the mural leaflet and by the
rupture of two chordae tendinae of this part of
the valve. The aortic leaflet was sutured to the
mural leaflet at the site of the ruptured chordae
tendineae and the mural annulus was shortened by
heavy silk sutures. The increased opening ob-
tained by anterolateral commissurotomy prevented
residual stenosis.

At the end of 20 months, -a Grade I apical
systolic murmur was audible and radiographic
examination revealed no change in over-all cardiac
size. However, this housewife was now able to
perform all her household duties without fatigue.
Prior to operation, she had been confined to bed.

Case 4. (Previously reported.4) Although this
50-year-old man was able to work for eight hours
a day prior to operation, he had suffered four
episodes of congestive cardiac failure in the pre-

FIG. 2 (Case 1). Preoperative film and postoperative film 2Y2 years later. Despite little change in
heart size, patient is asymptomatic and without heart murmurs.
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FIG. 3 (Case 4). Area of aortic leaflet of mi-
tral valve with ruptured chordae tendineae sewed
to nearer papillary muscle with figure-of-eight su-
tures of 3-0 silk. Annulus narrowed with No. 2
silk at posteromedial commissure to correct sec-
ondary annular dilatation. (Reprinted from Sur-
gery 50:67, 1961.)

vious four years. Radiologic examination of the
chest revealed moderate enlargement of the left
atrium and gross enlargement of the left ventricle.
Pulmonary artery pressure measured at right heart
catheterization was 35/20 and selective left ven-
triculography demonstrated continued re-opacifi-
cation of the left atrium.

At the time of operation all chambers of the
heart were considerably enlarged. A Grade IV
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systolic thrill was palpable over the left atrium
and the atrial wall was tense. On opening the
atrium the mitral annulus was so dilated that five
fingers could be passed through the mitral valve.
A group of chordae controlling the medial por-
tion of the aortic leaflet had disrupted from the
medial papillary muscle. Four interrupted 3-0 and
4-0 sutulres were used to reattach the involved
portion of the aortic leaflet to the papillary mius-
cle. The correction of this incompetent valve was
completed by posteromedial annuloplasty (Fig. 3).

Sixteen months following operation no murmur
was audible on clinical examination. The patient
was working full time and had been relieved of
exertional dyspnea. There had been no recur-
rence of the episodes of congestive cardiac failure
which had periodically incapacitated him prior to
operation (Fig. 4).

Case 5. This 46-year-old patient lhad consid-
erable subjective improvement following a closed
comiimissurotomy in 1955. Six months prior to
open heart surgery, fatigue, palpitation and dysp-
nea had forced her to resume a life of consider-
able restriction. Mloderate enlargement of the left
atrium, right ventricle and left ventricle was evi-
dent on x-ray examination of the chest. Mean pul-
monary arterial pressure at rest was 36 mm. Hg;
on exercise mean pressure rose to 60 mm Hg and
the systolic-diastolic to 104/38.

On exposure of the left atrial cavity, the mitral

FIG. 4 (Case 4). Preoperative x-ray and x-ray 20 months following surgery. This patient is asympto-
matic and has no murmur.
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valve readily admitted three and one-half fingers.
There was a small posteriorly directed tear in the
mural leaflet adjacent to the anterolateral com-

missure. This was repaired with interrupted su-

tures. The central part of the aortic leaflet everted
freely into the left atrium as a consequence of
rupture of the chordae which normally prevent
eversion of the valve at this region. Partial com-

petence of the valve was obtained by anchoring
the chordae to the anterolateral papillary muscle
with interrupted silk sutures which transfixed the
detached chordae. The annulus was narrowed by
suituring the area of the posteromedial commissure
thereby further correcting the insufficiency (Fig.
5).

Sixteen months following operation, the systolic
murmur of mitral insufficiency had been decreased
from Grade III to Grade I intensity and the
cardiac silhouette on x-ray had shown a decrease
of 17 mm. in the transverse diameter. There had
been a corresponding improvement in physical
activity to normal (Fig. 6).

Case 6. This 48-year-old white man had a

known heart murmur for 21 years. In the 18
months prior to operation, he had multiple epi-
sodes of congestive cardiac failure. In the inter-
ludes between failure he could be controlled only
by a rigid medical program of rest, digitalis and
diuretics. On examination there was a Grade VI
apical systolic murmur and also a Grade IV basal

FIG. 5 (Case 5). a. Previous commissurotomy
performed. At open heart surgery cut of mural
leaflet noted at anterolateral commissure. Chordae
tendinae at central portion of aortic leaflet found
to be detached. b. Involved area of aortic leaflet
sutured to nearer papillary muscle. Tear in mural
leaflet to be repaired and then annulus narrowed
at posteromedial commissure. c. Repair completed
and valve competent. (Reprinted from Surgery
50:67, 1961.)

systolic murmur heard loudest at the right second
intercostal space. Left heart catheterization failed
to reveal any evidence of aortic valve disease.
Pulmonary artery pressure at rest was 85/25 and
left atrial pressure was determined to be 20/4.

FIG. 6 (Case 5). Preoperative chest film and x-ray 16 months after surgery showing decrease in heart
size. Grade I systolic murmur present following surgery.
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area has been found in other patients with mitral
insufficiency.

The pathologic changes and technic of repair
can be seen in Figure 7. His follow up period has
been short-only nine months. However, in this
time the cardiac size has decreased and there has
been a complete disappearance of murmurs and
relief of symptoms (Fig. 8).

0

FIG. 7 (Case 6). a. Torn chorda
present at posteromedial aspect of mur
b. Involved area of mural annulus
nearer papillary muscle and sutures
posteromedial commissure to narrow
Valve repaired.

Left ventriculography confirmed reflux
from the left ventricle into the left atri
systole. At the time of operation the aoi

murmur was determined to be due to re

the left atrium. The left atrium wa!
that its uppennost portion pressed a

posterior portion of the root of the
atrial systolic murmur was referred tc
of the aorta. After repairing the mit
ciency the aortic thrill and murmur

disappeared. This referred murmur to

Case 7. This woman, age 36 years, had mitral
heart disease diagnosed eight years prior to ad-
mission for open heart surgery. She had been
subjected to two previous commissurotomies by

Z!;",',"F- a closed technic and had deteriorated rapidly fol-

lowing the second commissurotomy. Symptoms of
e tendsnae left ventricular failure and marked mitral insuffi-

sutured to ciency had appeared at that time. The systolic
placed at regurgitant murmur was widely distributed over

annulus. c. the whole of the left chest and radiated towards
the base of the heart and to the lower cervical
region. Moderate enlargement of the left atrium

, of blood and the left and right ventricle was seen on the
ium during cardiac x-ray studies.
rtic systolic The x-ray findings were confirmed at opera-

ferral from tion. On examination of the mitral leaflets, gross

s so large regurgitation was apparent and was due to three
Lgainst the separate lesions. There were two tears, one in the
aorta. The posterior leaflet adjacent to the anterolateral com-

the base missure, the other in the aortic leaflet about 1.5
tral insuffi- cm. from the posteromedial commissure and this
completely extended from the margin of the aortic leaflet to
the aortic the annulus. In addition, the chordae which nor-

FIG. 8 (Case 6). Chest film one year after surgery reveals striking decrease in heart size.
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mally supported the larger segment of the aortic
leaflet had been separated from the posterior
papillary muscle. There was also stenosis of the
anterolateral commissure. An anterolateral com-
missurotomy was performed. The aortic leaflet
where the chordae had been torn was firmly an-

chored to the posterior papillary muscle and both
tears were repaired by interrupted silk sutures.
Following this repair, there was still a small jet
of insufficiency at the posterior one-third of the
mitral opening where imperfect closure of the
aortic and mural leaflets occurred. Following a

posteromedial annuloplasty, the insufficiency was

judged to have been reduced by at least 90 per

cent (Fig. 9).
The postoperative course followed to seven

months had been uneventful and a considerable
decrease in the intensity and the area of radiation
of the systolic murmur had been observed.

Case 8. This 50-year-old white woman had
suffered intermittent bouts of congestive cardiac
failure for 29 years. There had been a progressive
and marked deterioration in her exercise tolerance
in the past two years prior to operation. Pulno-
nary artery pressure at right heart catheterization
was recorded as 40-50/18. Reflected V-waves
were observed in the wedge pressure tracing, the
peak pressure being 32 mm. Hg.

At operation, the left atrium was tense and
a pronounced systolic thrill was palpable at the
cephalic border of that chamber. Palpation of the
atrial septum from the right side confirmed the
presence of a systolic jet impinging on the atrial

FIG. 10 (Case 8).
Area of involved portion
of mural leaflet sutured \-{t
to nearby chordae tendi-

neae with correction of
mitral insufficiency. A

FIG. 9 (Case 7). a. Stenosis of anterolateral
commissure. Tears of aortic leaflet and mural leaf-
let of mitral valve. Torn chordae tendineae of
aortic leaflet. b. Anterolateral commissurotomy per-
formed. Area of rupture of chordae tendineae su-
tured to papillary muscle. Tears in leaflets re-
paired. Annulus at posteromedial commissure
repaired. c. Completed repair.

septum. The mitral orifice admitted two and one-

half fingers. Gross mitral insufficiency was due
to prolapse of the unsupported medial two-fifths
of the mural leaflet where at least three chordae
were discontinuous with their origin. Because of
the apparent loss of substance of these chordae,
three separate 2-0 silk sutures were each tied
around the midportion of three separate groups

of chordae and these sutures were passed through
the involved portion of the valve and the sutures
were tied. The valve then appeared competent
(Fig. 10).
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FIG. 11. Technic of
suturing involved aortic
leaflet to uninvolved mu-
ral leaflet and suturing
this combined area to the
papillary muscle.

Nine months later there was marked sympto-
matic improvement and the systolic murmur had
disappeared.

Case 9. This 41-year-old white woman re-

called a past history of childhood rheumatic fever
and subacute bacterial endocarditis. Six months
prior to admission to the hospital she suffered the
sudden onset of left ventricular failure requiring
bed rest and oxygen therapy. Since then she had
suffered from paroxysmal noctumal dyspnea de-
spite digitalis therapy and restriction of activity.
She complained of a continual sense of fatigue
and walking up one flight of stairs was the limit
of her physical activity. A marked degree of pec-

tus excavatum complicated the clinical picture.
A Grade IV mitral systolic murmur was present
on physical examination. There was electrocardio-
graphic evidence of first degree atrial ventricular
block, left atrial hypertrophy and left ventricular
hypertrophy. Roentgenologic examination of the
chest revealed moderate enlargement of the left
ventricular chamber but very little concomitant
left atrial enlargement. Simultaneous measure-

ments were made of the left atrial and left ven-

tricular pressures. The left atrial V-wave reached
a peak of 22 mm. Hg. There was no persistent
diastolic gradient between the left atrial and the
left ventricular pressures.

At operation, the presence of left ventricular
dilatation and hypertrophy was confirmed. On
exposure of the mitral valve the annulus appeared
slightly dilated. The mechanism of the mitral in-
competence was readily seen. Two chordae tendi-
neae had ruptured from the posteromedial half
of the mural leaflet and allowed this margin of
the valve to prolapse freely during systole. Inter-
rupted figure-of-eight sutures of 4-0 silk were

placed passing through the edge of the mural

leaflet at the site of the tom chordae and through
the apex of the papillary muscle nearer to the
divided chordae. After these sutures were tied
the insufficiency appeared well controlled. A pos-

teromedial annuloplasty was then used to provide
additional support for the medial portion of the
mural leaflet.

The period of cardiopulmonary bypass was

well tolerated and the heart beat strongly main-
taining a good pressure during closure of the
chest.

The postoperative course was complicated by
a hemorrhagic diathesis and extensive mesenteric
infarction which occurred on the second postop-
erative day. Autopsy revealed that the mitral valve
had remained sufficient. There was extensive ob-
literative arteriosclerosis in the mesenteric arteries.

Case 10. This young woman presented at the
Saint Vincent's Hospital with a long history of
arterial embolization. Previous histologic examina-
tion of arterial emboli and left atrial exploration
had confirmed a preoperative diagnosis of left
ventricular myxoma. The complete and successful
removal of the sixty gram tumor was previously
reported by Kay, et al.3 During the removal of
the left ventricular mass, excision of the chordae
of the lateral one-third of the aortic leaflet was

necessary. An attempt at direct plication of the
unsupported area was unsuccessful and gross mi-
tral insufficiency resulted. By means of interrupted
sutures the adjacent edges of the lateral one-third
of both leaflets were coapted. The conjoined edges
were then attached to the base of the severed
papillary muscle using interrupted silk sutures of
equal length to the adjacent chordae tendineae
(Fig. 11). At follow up examination, three years

after operation, no murmur is audible and no

recurrence of the tumor is evident.
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Discussion

In considering the preoperative diag-
nosis of ruptured chordae tendineae, one
should give account to the fact that accel-
eration of the progressive down-hill course
of the disease of these patients had oc-
curred within a year prior to operation.
In Cases 7 and 9 one is believed to be
justified in dating the time of rupture of
chordae. In Case 7 the postoperative course
of the second commissurotomy was char-
acterized by symptoms and signs of left
ventricular failure which had not previ-
ously been present. In Case 9 a slowly
down-hill course was punctuated by the
sudden onset of pulmonary edema. One is
tempted to ascribe the exacerbation of
symptoms and the increased difficulty of
control of congestive failure to the addi-
tional burden imposed by increased in-
competence caused by rupture of chordae.
Nevertheless, this clinical course is not dis-
tinguishable from that of severe mitral in-
sufficiency due to other causes. Increase in
heart size continued as progressive decom-
pensation occurred. One cannot confirm,
in this series, the hypothesis that the dis-
solution of the chordae is commonly due to
bacterial endocarditis. If one excludes the
iatrogenic cases, then no definite exciting
cause of rupture has been discovered in
the remainder.

Following rupture of the chordae ten-
dineae there would appear to be secondary
dilatation of the annulus with further ac-
centuation of the insufficiency. The hemo-
dynamic sequelae of insufficiency due to
ruptured chordae do not differ from those
described for incompetence with other
types of pathology. The loud systolic mur-
mur in Case 7 was audible to the patient
and was described by her as reminiscent of
the cooing of doves. A musical high pitched
pansystolic murmur widely radiating from
the apex should alert the examiner to the
possibility of ruptured chordae as the ana-
tomic basis for mitral insufficiency. Pulmo-
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nary hypertension may result as in Case 6
as it may with other types of mitral in-
sufficiency. Immediate postoperative tra-
cheostomy, heavy sedation with morphine,
barbiturates, continuous positive pressure
breathing, rigid fluid restriction and digi-
talization were regarded as life saving
measures in the presence of severe pul-
monary hypertension. Though immediate
symptomatic improvement occurred in
most patients, all patients described pro-
gressive increase in well-being for the six
months following operation.

In no instance, has there been any sign
of late deterioration.
The technic of repair has depended on

the individual circumstances. Synthetic re-
inforcing material has not been utilized
because direct suture technics have ap-
peared adequate. It was necessary to clamp
the aorta for three to five minutes at a
time in order to have a relatively quiet
heart to suture the involved portion of the
mitral valve to the nearer papillary muscle
or to the neighboring chordae tendineae.
The use of everting stay sutures on the
mitral valve was also found to be helpful
in obtaining adequate exposure for this
part of the procedure. The problem of ar-
terial air embolism has been avoided by
left ventricular venting in all cases as de-
scribed by Kay, Magidson, and Meihaus.5
After closing the left atrial incision the
heart was allowed to fill with blood and the
air permitted to escape from the left ven-
tricle by elevating the heart. The left ven-
tricular vent was then removed and the
small hole in the left ventricle was closed
with interrupted sutures of No. 2 silk placed
in a figure-of-eight fashion.
One cannot provide unequivocal evi-

dence of complete relief of insufficiency in
all patients. However, in most cases free-
dom from symptoms, marked diminution
in the intensity of radiation of murmurs
and decrease in heart size all suggest con-
siderable relief of the mitral insufficiency
present at the time of operation.
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Summary
The mode of presentation, clinical his-

tory and relevant ancillary investigation of
ten cases of mitral insufficiency have been
presented. The technic of surgical repair
is described in detail. One patient died
following repair of the incompetent mitral
valve. The remaining patients are free of
symptoms with either marked diminution
of the intensity of the murmurs or complete
absence of the murmurs. The mode of
treatment was considered to be a good one
and there was no indication for prosthetic
valve replacement in this series of patients.
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