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The Flail Mitral Valve: Echocardiographic Findings by Precordial and
Transesophageal Imaging and Doppler Color Flow Mapping
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To determine the echocardiographic and Doppler characteristics
Jf mitral regurgitation associated with a flail mitral valve, precor-
dial and transesophageal echocardiography with pulsed wave and
Dappler color Alaw mapping was performed in 17 patients with a
flail mitral valve leaflet due to ruptured chordae tendineae (Group
1) and 22 patients with moderate or severe miiral r

Doppler color flow mapping, a fall mitval valve leafiet was also
characterized by an eccentric, peripheral, circular mitral regur-
gitant jet that cosely adhered to the walls of the left atrlum. The
directlon of flow of the eccentric jet in the left atrium distinguished
a ﬂlll anterlor from a flall posterior leaflet. By transesophageal

due to other vauses (Group I). Echocardiograms were performed
before or during cardiac surgery; cardiac catheterization was also
performed in 28 patients (72%). Mitral valve disease was con-
firmed at cardiac surgery in all patients,

By echocardiography, the presence of a ail mitral valve leaflet
was defined by the presence of abnormal mitral Jeafiet ccaptation
or ruptured chordae. Using these criteria, imag-

diography with Doppler color flow mapping, the ratio of

mitral regurgitant jet arc length to radius of curvature was

significantly higher in Group 1 than Group 11 patients (5.0 = 2.3

versus 0.7 + 0.6, p < 9.001); all of the Gyoup I patients and none
of the Group 11 patients had a ratio >2.5.

Thus, transesophageal imaging with Doppler color flow map-

ping of mural regurgitation is complementary to precordial

ing showed a trend toward greater sensitivity and specificity than

p dial imaging in the di is of flail mitra) valve leatiet, By

in the di is and localization of fail miteal
valve leaflet due to ruptured chordae tendineae,
{J Am Coll Cardio! 1991,17:272-9)

Diagnostic signs of flail mitral leaflet due to ruptured chordae
tecdineae have been previously described (1-7) by precor-
dial M-made and two-dimensional echocardiography and
transesophageal echocardiography. Precordial two-dimen-
sional echocardiography has been found 1o be superior to
M-mode findings (including systolic echo within the left
anam, sysiohc or dastolic futter of the minead leafieds,
paradoxic posterior mitral leaflet motion and exaggerated
mitral excursion) in the diagrasis of loss of nurmnl syslollc
mitral valve ion (2-6). T

graphic imaging of the mptured chordal segment in the left
atrium during systole may provide even greater sensitivity
than precordial imaging in the detection of a flail mitral valve
(7). Aithough a flail mitral vaive is often marked by severe
mitral regurgitation, characteristic paterns of mitral regur-
gitation by Doppler color flow mapping have not bheen
reported in this condition.
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Inthe evaluatlon of mural negurguauon 2and other cardiac
lesions, phy with Doppler
calor flow mappmg has been found to be a useful test for
patients in the intensive care unit or operating room. As a
result of the renewed interest in surgical reconstruction of
insufficient mitral valves and the belief that earlier operative
IkETVCTIOn Ty prevent permancet myocardial damage
(8-11), the preoperative of the .seventy
and etiology of mitral regurg has become 1 gly
imporiant, Flail mitral vaive leaflet due to ruptured chordae
tendineae is a lesion that usually permits successful mitral
valve repair by surgeons experienced in Carpentier and
Duran techniques (8-11), Because transesophageal echocar-
diography with Doppler color flow mapping permits high
resolution imaging of mitral valve anatomy and mitral regur-
gitant flow, we d this procedure with p

hocardiography in the d is and eval
mitral valve,

of flail

Methods

Patient selection (Table 1), Over a 2 year period (April
1987 to April 1989), 24 adult patients suspected of having a
flail mitral valve leaflet with rupture chordae teadineae after

Juation in the echocardi hy I y were eligible
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Table 1. Clinical Characteristics of 39 Study Patients With
Mitral Regurgitation

Group | Graup 1E
{ail) inon-flail
=17 =22
Mean age (yr) 5T 55
Etiology of mitral valve discase
Bacterial endocarditis 5 k|
Myxomatous diseasc 5 2
Spontaneous chordal rupture 5 0
Severe mitral annular calcification 2 1
Rheumatic disease 0 $
Ischemic heart diseas2 0 4
Primum ASD with cleft mitral valve a 3
Abnormal anteramedizl mitral seallop 0 1
Cardies surgery
Mitral valve repair 10 5
Mitrul valve replacement 7 "
Commissurolomy 3 3
Coronary artery bypass 2 3
Patch closure of ASTH 1] M
AqV replacement L 1
TV repair o 1

ASD = atrial seplal efect, AUV = aprtic valvs; TV = tricuspid valve

for this study, Of these patients, 17 had confirmation of
findings at cardiac surgery and constitute Group I; their
mean palient age was 57 yeurs (range 33 (o 72) and 11 were
mate. Cardiac surgical procedures and etiologies of rupturcd
chordae are listed in Table 1. Two Group I patiemts had
significant coronary ariery disease and alsp underwent cor-
Ohary Artery bypass surgery at the time of miral valve
surgery. Patients underwent precordial and transesophageal
echocardiography with Doppler color flow mapping before
{within 2 weeks) or during cardiac surgery. Of the 17 Group
1 patients, 9 underwent intraoperative and 8 ambulatory
transesophageal studies; all 17 patients underweat ambula-
1oty precordial studics.

Over the same time period, a tontrol group of 22 patients
with moderate or severe mitral regurgitation due to other
causes (Group 1) underwent precordial and transesophageal
echocardiography with Doppler color flow mapping before
or during mitral valve surgery. Of the 22 Group Il patients.
17 underwent intraoperative and § ambulatory iransesoph-
ageal echocardiograms; all precordial studies were ambufa-
tory. Etiologies of mitral valve discase and types of mitral
valve surgery for Group 11 patients are listed in Table 1.
Mean patient age was 55 years (rangs 25 to 86); (8 were
female. Other cardiac lesions associated with mitral reger-
gitation in these 22 patients inciuded rheumatic mivral sie«
nosis in 6, coronary artery disease in 4 (3 also underwent
coronary artery bypass grafting at the time of mitral valve
surgery), primum alrial septal defect in 3 (2 alsu underwent
patch closure of the defact at the time of mitral valve Tepair)
and severe aortic and tricuspid insufficiency in 1 who under-
went concomitant nortic valve teplacement and tricuspid
valvuloplasty, Mitral stenosis was defined by 1he presenee of
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typical clinical and echocardiographic features. inciuding
diastolic rumble by ausculiation and evidence of thickened
mitral leaflets, limited valvular motion and characteristic
Doppler pattern by echocardiography.

Echocardiographic Imaging

Precordial and transesophageal echocardiograms were
performed with a commercially available HP model 77020
AC echocardiograph and HP model 213124 transesophageal
echocardiography probe. All echocardiograms were inter-
preted and measured by two observers who were blinded to
the patients” diagnosis.

Precordial echocardiography. Conventional parasternal.
apical and subcostal views were obtained by several techni-
cians and recorded on 1/2 inch videotape. By twa-
dimensiona! echocardiography. criterta for the diagnosis of
flail mitra! valve included the presence of a mptured chard or
abnormal coaptation of the mitral |eaftets in systole (2-7).

Pulsed wave and Doppler calor flow mapping (2.5 MHz
wransducery of misral regurgitarion was performed in ail
standard views. To localize the mitral regurgitant flow. the
pulscd wave Doppler cursor was placed at the tips of the
mitral valve teaflets and moved posteriosly ihroughout the
left atrium, The severity of mitra regurgitation by pulsed
wave Doppler eckocardiography was determined semiyuan-
titatively by the extent of peaelration of the mitral regur-
gitant signal into the left atriam during systole (12).

Doppler color flow mapping of mitral regurgiration was
also perfarmed in all standard views. The primary colors of
ved and hlug were superimpused on a two-dimensional
echocardiographic image and used to express direction,
velocity and aliasing of blood flow. According to convention,
red was assigned to represent flaw toward the transducer
and blue to represent flow away from the transducer. Color
brightness was proportional 1o velocity up to the Nyquist
tienit (13.14). When velocity was greater than these limits,
e whasmg and the e calor
was assigned. Studies were performed at frame rates of 15 1o
3s. depending on the widih of the color flow sector scan
and the depth of imaging. In the evalvation of mitral regur-
gitation, Doppler color flow gain was adjusted to a level just
below excessive mndom noise, Minor adjustments in trans-
ducer angle were made to maximize the arca of penelration
of mitval Tegurgitation into the left atrium during systole. In
the case of an eccentric mitral cegurgitant jet, the angle of the
transducer was altered slightly 1o maximize the arc of
penetration around the left atium. When the entire reguc-
gitant jet and left atrium could not be encompassed in a
single sector scam, '*off-axis'* parasternal and two and four
chamber views were employed.

Tr hageat ech i Transesophageal im-
aging was nerformed with a commercially available 5 MHz.
64 element, phased array imaging crystal incorporated into a
9 min adult gastroscups (HP model 213124, probe) interfaced
with an HP model 77020 AC echocardiograph. After in-
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formed consent was obtained, transesophageal cchocardio-
grams were perform=d either intraoperatively (26 patients;
9 in Group I and 17 i Group 11} or preoperatively on an
ambulatory basis (13 patients).

For the ambulatory studies, patients were insiructed 1
fast for =4 h; systemic sedation was usually avoided. Local
anesthesia of the hypopharynx was first achieved by having
the patient gargle and swallow, in divided aliquots, 4%
viscous lidocaine diluted 10 to 1 in 50 ml of saline sclution.
The back of the patient's threst was then repeatedly sprayed
with aerosolized 10% lidocaine. After the gag reflex was
adequately suppressed, the patient was placed in the left
lateral recumbent position, the esophageal probe was intro-
duced, a bite block was placed to protect the probe and the
patient’s teeth and the patient I‘auhtated passage of the
probe by swall 8. Tntermitient ioning of
was performed as needed. Patients were monitored by a
single electrocardiographic lead disnlayed on the echocar-
diograph monitor, and blood pressures were taken at base-
line and throughout the procedure. For the intraoperative
studies, the probe was introduced into the esophagus after
¢ndotractical intubation. ln the operating room, ¢¥stomary
monitoring techniques were employed.

Standard rransesophageal views in the long axis, four
chamber and shert axis of the left ventricle and aortic valve
and in the short axis of the ascending and descending aorta
were obtained both for imaging and Doppler celor flow
mapping (15,16}, These, as well as *off-axis’’ angulated four
chamber views, were obtained by gentle probe advancement
and withdrawal, lation of the P jor and
lateral flexion controls, as well as axial torgue sotation of the
shaft. The area of interest was imuged at the Jargest possible
scale to maximize the color frame rate and resolution of
imaging.

Classification of mitral regurgitation ky Doppler color flow
mapping. Mitral regurgitant color flow jets were categorized
as “‘eccentric’* or *‘centrat’ on the basis of the shape of the
et and its pattern of peneiratior. into the left atrium. Eccen-
tric color flow mitral regurgitant jets were peripheral, circu-
lar and closely adherent to the inner walls of the left atrium
(Fig. 1). Central jets were *‘flame-shaped,” directed into the
middle portion of the feft atrium and neither closely adherent
to the walls of 1he left alnum nor circular, In the standard
(15,16) t phic four chamber
view (left atrinm at the top of the screen, atrial septum at the
left side of the screen), the direction of an eccentric mitral
regurgitant jet was defined as clockwise or counterclock-
wise. When the entire mitral regurgitant color flow jet, left
atrjum and sarrounding structures could mot be encom-
passed in a single sector scan, adjacent sectors at the same
level were imaged sequentially,

Mesasurement of arc length and radius of corvature of a
mitral regurgltant jet. For the transesophageal studies, the
arc length of the mitral regurgitant color flow jet was
measurzd in the following fashion. After videotape review,
the video frame demonstrating the greatest penetration of
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the mitral regurgitant jot into the Yeft atrium was sctected and
traced onto tracing paper. A standard set of artist French
curves was used to fit and bisect the traccd jet. The length of
this "“*best fit’" curve was then measured using a flaxible ruler
(C-THRU 1261). The radius of curvature of this mitral
regurgitant color flow jet was determined by constructing
two chords to the arc, bisecting the chords with perpendic-
ular lines and measuring the distance from the arc to the
i ion of the two bi g lines.

Cardise eath Cardiac ion was per-
formed ir: 11 of 17 Group I and 17 of 22 Group II patients. The
severity of mitral regurgitation (0 to 4+) was assessed semi-
quantitatively on the basis of left atrial opacification during
veatriculography (17). All patients who underwent ventriculog-
raphy had mitrat regurgitation of at least grade 2+ in severity
{5 patients 2+, 7 patients 3+ and 14 patients 44).

Etivlugy of mitral valve disease, All patients in the study
underwent cardiac surgery that involved surgical inspection
of the mitral valve. Descriptions of the mitral valve were
taken From operative aad pathologic reports. The diagnosis
of flail mitral valve leaflet was based on the finding of
ruptuced chordae tendineae at the time of surgical inspec-
tion. Similar to prevmus work (18-23), criteria for the
diagnases of rheumatic, ischemie, my
and other mitral valve diseases were based on the results
of clmlcal evaluaunn, prel:ﬂrdml and transesophageal echo-

phy. cardiac cath ion and surgical inspec-

tion.

Statistics. Data on patients in Group 1 and Group 11
were compared by chi-square unalysis and Student's ¢ test
for independent means. Statistical significance was assumed
at the 5% level. Intra- and interobserver varfability for the
ratio of arc lengih te radius of curvature was calculated as
the average percent difference between sets of measure-
ments.

Resulis

Echoeardiographic findings of flail mitral valve leaflet by
precordinl and transesophagea! imaging (Table 2). Imaging
characteristics that were significantly more common in
Group I than in Group II patients by precordial or trans-
esophageal echocardiography included abnormal coaptation
of mitral leaflets (Fig. 1A) and raptured chordae (Fig. 2). By
precordial echocardiography, abnormal mitral leaflet coap-
tation was present in 12 Group I versus 4 Group 11 patients,
whereus by | | ect liography, this sign was
present in 15 Group 1 versus 4 Group 11 patients (p = NS
versus precordial echocardiography). Compared with pre-
cerdial imaging, transesophageal imaging also permitted
visuglization of the ruptured chard in nine versus one of the
patients in Group l(p < O 05).

By tr phag: diography in Group I, there
was disugreement between the twe observers ahbout the
presence of abnormal coaptation of mitral leaflets in one
patient and about the presence of ruptured chordae in two
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Figure 3 (bottom). Group [i patient
with mitral regurgitation due to ischemic
heart disease. A, Transesophageal car-
diac four chamber view. a and p =
anterior and posterior leaflet, respec-
tively; Ao = aortic valve: LA = left
atrium; LV = left ventticle: mv = mitral
valve. B, Doppler color flow mapping in
coned-down view similar to that in A.
The ceniral mitral regurgitant jet (mr)
moves posteriorly into the left atrium
{arruw).

Hgm 1 (‘w). Group l pauen( wnh a flail posterior mitral valve.

view, showing abnormal
Ieaﬂel ptation in systole, displ of the d pos-
terior mitral leafiet (pML) into ihc 1eft atrivin (LA) and formahon of
a“'regurgitant channel”” (mrow) between the milra) leaflets. aML =
anterior mitral Jeaflet; Ao = aortic valve; LV = left ventricle.
B, Doppler cclor flow mapping in the same view as in A, The
eccentric milral regurgitant jet (allasing blue, yellow and orange
colors) originates on the ventricular side of the flail posterior mitral
leaflet and moves peripherally in a clockwise dircclion (dashed
arrow) through the regurgitant channel and over the atrial surface of
the anterior mitral leafler,

Figure 2 (center), Trausesophageal cardiac four chamber view ina
Group [ patient with fail postcrior mitra} leaflet showing coiled
riuptured mitral chordac tendineae (rct) in the left atrium during
systole. The orientation is similar to that in Figures 1 and 3.
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Table 2. Sigus of Flail Miral Valve, Precordial Versus
Transesophageal Echocardiography

Granp ! Group 11

In=17 {n=2j pVae
Precordial ecioau divgrphy
Imaging
Abnormal mitral - safiet cosplation 1z 4 <0.01
Rupicred chord | a NS
Lccentniz jet by Doppler calor flow mupping " 4 <001
Transesephageal schacardiography
Imaging
Abnormal mitra! Jeafet coaptation 15 4 <0.000
Ruplured ¢hord yr L] <0001
Eccentric jet by Dappler color flow mapping 171 4 <f.o01

*p < 001, tp < 0.05 v amulogous sign by precordial echocardiography .

patients. There was no disagrecment abaut the lack of these
findings in Group 11 patiemts. By precordial echocardiog-
raphy, there was disagreement about 1he presense of the
same ségns in 1wo and one, respeclively, of the patients in
Group L

Palsed wave Deppler ultrasound. By this technigue, mi-
ral regurtitation was found to be moderate ot severe (2+ 10
44) in 12 Group I and 2! Group 11 patients; mild mitral
regurgitation (1+) was found in 5 Group I versus 1 Group 11
patient (p = NS). Of these five Gronp [ patients with 1+
regurgitation. four underwent cardiac catheterization with
ventriculography: milral regurgitation was graded as 3+ in
1wa of these patients and 4+ in the olher two patients,

Doppler Color Flow Mapping of
Mitral Regurgitation

Jet shape and direction. All 17 Group | patients with a
flail mitral valve leaflet due to ruptured chordae tendineae
demonstrated an eccenlric, peripherally directed mitral re-
gurgitan jet that clescly hugged the walls of the left atrium
(Table 2). In comparison, only 4 (IB%) of 22 Group II
patients had an eccentric jet (p < 0.004). All 7 eccentric
mitral regurgitation jets associated with a flail anterior icaflct
were directed Lloward the posterolateral atrial wall (conner-
clackwise motion of the jet in the stundard transesophageal
four chamber view), whereas all 10 regurgitant jets associ-
ated withk a flail poszerior leaflet were directed toward the
interairial septum (clockwise motion of the jet in the stan-
dard transesophageal four chamber view, Fig. 1B). By
precordial Doppler color flow mapping, £ Group 1 and 4
Group 1 patients had an eccentric jet (p < 0.013.

Of the 22 Group H patients, 18 hodd central (Fig. 3) and 4
had ecoentric mitral regurgitation by transesophageal eche-
cardiography. Of the latter four patients, two had a jel that
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mitral valve disease. Of the iwo patients with a counterclock-
wise jei. one had rheumatic mitral valve disease with scarred
ord fareshortened chordae to the posterior mitral valve leaflet;
the other patient had an abnormal scallop of the mitral valve
that bridged the anlerolateral commissure and prolapsed into
the feft atrium during systole.

Jet length and radius of curvature. By transesophageal
echocardiography, the average mitral regurgitant color flow
Jjet length was 8.5 = 2.4 ¢ in Group [ versus 4.5 = 1.9 cm
in Group I" {p < 0.01), whereas radius of curvature r veraged
2.8 £ 2.3 in Growp 1 versus 7.5 + 4.9 in Group [ (p < 0.03).
The ratio of jet length to radius of curvature averaged 5.0 =
2.3in Group [ versus 0.7 = 9.6 in Group Il (p < 0.001). The
minimal valug for the ratio in Group I was 2.6, whereas the
maximal value for the ratio in Group 11 was 2.1. Intraob-
server varkability for this ratio was 18%: interobserver
venability was 319. For classifying ratios > ot <<2.5, there
is complete agreement between observers.

Changes in Color Flow Imaging in Group 1
Patienss After Mitral Valve Surgery

Mitral valve repair. Of the 10 Group 1 paticnts who
undenvent mitral valve repair, 8 had a techmcally successful
repair. By intraop r hocardi hy
with Doppler calor flow mapping in the eight patients wnh
successful repair, the eccentric mitral regurgitant jet was
either eliminated or converted into a trivial central jet after
repair. The other two patients had significant residual mitral
regurgitation and underwent mitral valve replacement sev-
eral days after mitral valve repair. By intraoperative trans-
esophageal echocardiography with Doppler color flow map-
ping. both of these patients still demonstrated eccentric
mitral regurgitation after the initial valve repair.

Mitrul valve repl: By i tr P
ageal echocardiography with Doppler color flow mapping, all
cight Group 1 patienis who underwent mitral valve replace-
ment had climination of the eccentric mitral regurgitant jet
after surgery. Seven of these patients had a tilting disc
prosthesis inserted and were left with trivial or mild central
prosthetic mitral regurgitation typical of the *‘seating pufl™
variety (24). The cighth patient underwent bioprosthetic
mitral valve insertion and had no resndual mllral regurgita-
tion d dbyt

Di ic value of ech graphic signs for Ilall mitral
valve, Of all the gqualitative ec.hocardmgraphlc signs evalu-
ated. the presence of eccentric mitral regurgitation by
iransesophageal Doppler colur flow mapping was the most
sensitive sign for flail mitrai valve (100% sensitive, 82%
specific) and was somewhat better than the same sign by

moved in 2 clockwise di and iweina kwisc

direction in the standard 1rmnsesophageal four chamber view.
Of the: two patien's with a clockwise jet, one had laige bacterial
vegelations on both mitral valve leaflets that directed the jet
toward the interatrial septum; the other patient had ischemic

precordml Dopplt.r wlor flow mapping (65% sensitive, 82%
pecificity of this Doppler color flow sngn for
ﬁall mllral vaive coutd he imy d wtilizing g
information: a ratio of jel arc length 1o radius nf curvalure
>2.5 was 100% spmﬁc (as well s 1007 semmve)
Of the 1r imaging signs,

| echocar
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abnormal mitral leaflet coaplation was the most sensitive
(88%) but [cast specific (829%). Conversely. visualization of
the ruptured chord by transesophageal imaging was the must
specific sign (100%%), but was less sensitive (53%).

By precordial imaging, the presence of either one of the
two imaging signs (abnormal mitral leaflet coaptation or
ruptured chord) increased the sensitivity of precordial imag-
ing to 76% but decreased specificity 1o 775%. Using the seme
criteria for ransesophageat imaging resulted in a sensiivity
of 100% and a «evilicity of 82% for the diagnosis of flail
mitral valve.

Combining precordial echocardiography with precordial
Doppler color flow mapping, the overall sensitivity and
specificity for flail mitval valve were 82% and 77%. res[’c"
tively. For tr geal echocardiography
with Doppler color flow mapping (qualitative signs only).
these values were 100% and 82%, respectively.

Discussion

Transesophageal versus precordial echocardiography in
the diagnosis of flail mitral valve. We found that transesoph-
ageal echocardiography had advantages over precordial
echocardiography in the di is of flail mitral vaive due to
ruptured chord: di (Table 2). Tr b 1im-
aging showed a trend toward greater sensilivity and speci-
ficity than precordial imaging for the visualization of non-
¢oapting mitral leaflets and ruptured chordae. In additien,
transesophageal echocardivgraphy was betler than Doppler
color flow mapping in the detecnun of ﬁn ecceniric mitral
regurgilant jei. B tr I ech diography
provides higher resolution lmagmg of posteripr cardiac
structures (including the mitral valve . left arrium and mitral
regurgitant color flow jets). these results ure not surpnising.
The presence of ¢ccentric mitwal regurgitation by irans-
esophageal Doppler color flow mapping was the most sensi-
tive marker of a flail mitral valve. whereas the presence of 2
ruptured chord by transesophageal imaging was the most
specific marker, Utilizing quantitative information on transe-
sophageal echucardiography with Doppler color flow map-
ping, the ratio of jet arc length to radivs of curvature may
improve the ability 10 diagnase flail mitral valve leaflet.
Unfortunalely, the calculation of this ralio 1s somewhat
tedious and difficult to reproduce, Prospective studies are
indicatec to further cvaluate the usefulness of both qualita-
tive and quantitative data.

Duppler color flow evaluation of the size and diesction of
mitral regurgitant jets. Previous investigators (13,14) have
found that perioperative Doppler color fow mapping of
mitral regurgitation during mitral valve reconstruction or
coronary artery bypass grafting provides a reliable evalua-
tion of the presence and scverity of mitral regurgitation.
Semiquantitative grading scales of the severily of mitrai
regurgitation by Doppler color flow mapping (13.14,25-27)
have been developed using the area of the jet relative 1o that
of the left atrium. These grading scales are hased on the size
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vl the mitral regurgitant Doppler color flow jet and have been
validated primarily in patients with a mitral regurgitant jet
that penetrates into the central portion of the left atrium and
does not closely adhere to the left atial wall. [n addition,
thes: grading «cales are influenced by numerous variables,
including loading conditions, colur frame rates, gain settings,
color map algorithms and machine electronics (13,14,25,26).

Unlike the size of the mitral regurgitant color flow jet, the
shape and direction of the jet are useful variables that may
ke relatively independent of other variables, In this study,
we found that the presence of an eccentric color flow jet in
mitral regurgitation was suggestive of a flail mitral valve. The
ravio cf arc length to radius of cu.vature may be helpful in
quaniifying the degree of cccentricity for the mitral regur-
gitant color flow jet. This ratio was sigaificantly greater in
Group I than in Group Il patients: the Jowest ratig in Group
1 was 2.6, whereas the highest ratic in Group 11 was 2.1. In
addition. there was a correlation between elimination of the
eccentric jel and successful mitral valve surgery. Because of
the small number of paticnts evaluated in this study, further
work is required in mitral valve repair.

Doppler color flow versus puised wave Doppler uitrasound.
Doppler color flow mapping provides a near real-time flow
map of the origin and direction of mitral regurgitation in the
left atrium (27). Although this information can alto be
obtained by interrogating he entire left atrium by pulsed
wave Doppler ultrasound (12), this method may be techni-
cally difficuit or unreliable in patients with eccentric mitral
regurgitation. For example. in this study, we underestimated
the scverity of mitral regurgitation by pulsed wave Doppler
ultrasound relative to ventriculography in four patients with
a flail mitral valve, probahly as a result of inability 1o track
the eccentric penetration of the mitral regurgitant jet around
the periphery of the left atium. Thus, the failure to detect
the mitral regurgitant pulsed wave signal in the periphery of
the left ainium created the false impression of mild mitral
regurgitation in there patients.

Mechanisra for ecceniric mitral regurgitant color flow jet.
In patients with a flai! mitral vaive, we believe that the
cccentric shape of the m:!ral regurgitant jet by Doppler color
flow mapping is caused & abnormal mitral leaflet coapla-
tion. Because of ruptured chordae tendincac, the affected
mirral leaflet is inadequately tethercd during systole. The
unsupported portion of the leaflet thus moves inlo the left
atrium and forms a channel that directs regurgitant flow
toward the opposite leaflet (Fig. 1). Once this channel is
farmed. the eccentric mitral vegurgitant flow can move over
the atrial surface of the opposite mitral leaflet, onto the
adjacent Yeft atrial wall and around the left arium in a
circular mution.

An eccentric volor flow mitral regurgitamt jet was not
limited 1o Group 1 patients. Of the four Group 11 patients
(without a flail mitral valve) who demonstrated an cccentric
Dappler color Row jet, three had abnormalities in mitral
leaflet coaptation that permitted a regurgitant channel to be
formed. One patient had bacterial endocarditis with bulky



278 HIMELMAN ET AL
ECHOCARDIOGRAPHY OF THE FLAIL MITRAL VALVE

vegetations on both mitral valve leaflets, the second patient
had cheumatic mitral valve diseuse with scarred and fore-
shortened chardae to the posterior mitral valve leaflet and
the third paticnt had an abnormal mitral valve scallop that
bridged the anterolatera! commissure and prolapsed into the
left atrium during systole. Despite the qualitative impression
thai these four Group [l patients had an eccentric mitral
regurgitation jet, *he ratio of jet arc leagth to radius of
curvature was still <2.1 in these patients. Thus, in question-
able cases. calculation of this ratio may help cxclude the
diagnosis of Rail mitral valve due to ruptured chordae
tendincae,

Limitationsof transesaphageal echocardiography. Transe-
sophageal echocardiography cannot be perfermed in all
patients. Those who have esophageal varices, sirictures,
diverticula, priot esnphageat surgery or active upper gastro-
intestinal bleeding should be precluded from study. In addi-
tion, in ogcasional patients, it may be technically difficult to
pass the probe into the esophagus.

Furthermeore, there are problems involved with the semi-
quantitative evaluation of mitral regurgitation by transesoph-

JACC Vol. I7, No. 1
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regurgitant jets have been previously noted in patients with
mitral valve prolapse and flail mitral valve (20,11). Eccentric
and turbulent miteal regusgi juts by precurdial Doppler
color flow mapping have also been ;acently reported in
patients with a flail mitral valve (32).

Conclusion, We found that transesophag=al imaging and
Doppler color flow mapping of mitral reguieitation were
complementary (o precordial echocardiography in the diag-
nosis and localization of a flail mitral valve due ‘o ruptured
chordae tendineae. The direction of the aceentric jet in the
left atriom helped dislinguish anterior and posterior flail
leaflets. An elevated value for the ratio of jet arc length to the
radius of curvature also correlated with the presence of a flail
mitral valve leafler.
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