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The value of echocardiography in mitral 
valve repair 
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• Valve repair is the best operation currently available for patients with mitral valve disease. However, 
repair is technically more difficult than valve replacement and has a risk of early and late failure. 
Echocardiography permits better diagnosis and management of these problems. Preoperative echocar-
diography, including Doppler color flow mapping to evaluate intracardiac flow, is used to assess the 
feasibility of repair. Intraoperatively, epicardial and transesophageal echocardiography are used to 
monitor surgical results immediately after repair, ensuring successful outcome of surgery. 
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SURGICAL valvuloplasty to correct mitral 
regurgitation is increasingly preferred over im-
plantation of a prosthetic valve.1-3 Figure 1 il-
lustrates this trend at our institution from 1980 

through 1988, where mitral valve repairs now comprise 
70% of all mitral valve operations performed. 

In patients who require surgery for mitral regurgita-
tion, valve repair is preferable to valve replacement for 
several reasons, including lower operative mortality, 
fewer postoperative complications, better preservation 
of ventricular function, decreased requirement for an-
ticoagulation, fewer episodes of endocarditis, lower 
cost, and better long-term survival.1,3-10 

REPAIR AND REPLACEMENT COMPARED 

At the Cleveland Clinic, 792 patients underwent 
isolated primary mitral valve operations (repair or re-
placement without other valve or coronary proce-
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dures) from 1980 through 1987 (Cosgrove DE, 1990, 
unpublished data). This group provides a unique 
population for comparison of repair with replacement 
because these patients were operated on by the same 
surgeons in the same era. 

Except for age, the most significant determinant of 
perioperative and postoperative survival in this group 
was whether the operation was valve repair or replace-
ment. The perioperative mortality was 4.1% in those 
who had valve replacement, compared to 0.8% (P = 
0.004) in those who had valve repair. Mortality was 
higher in the elderly—greater than 7% in patients over 
70 years of age. Mortality was also higher in those with 
more severe preoperative symptoms or more severe 
ventricular dysfunction. 

The risk of mortality was lower in patients without 
coronary disease, and three to four times higher in patients 
who underwent concomitant coronary artery bypass graft-
ing. These findings are similar to those of previous reports 
of large series of mitral operations. The perioperative mor-
tality rates in our series of mitral operations varied with 
the cause of the mitral regurgitation—13% in those with 
ischemic disease, 3% with rheumatic disease, 2.4% with 
degenerative valve disease.1 
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FIGURE 1. Mitral valve procedures. Since 1980, the number 
(dotted line) and percent (solid line) of mitral valve repairs 
performed at The Cleveland Clinic Foundation has increased 
to 250 operations per year. Mitral valve repairs now comprise 
70% of all mitral valve operations (from Cosgrove1). 

TABLE 
ECHOCARDIOGRAPHY IN MITRAL VALVE REPAIR 

Timing Purpose 

Preoperative Identify candidates for, and timing of, surgery 
Determine mechanism of regurgitation and 

feasibility of repair 
Assess ventricular function 
Assess severity of regurgitation 

Intraoperative, Refine understanding of mechanism 
pre-pump Transesophageal echocardiography 

Obtain baseline information about ventricular 
and valvular function under anesthesia 

Intraoperative, Identify failed repairs (8% incidence) 
post-pump Identify surgical complications 

Determine mechanism of persistent 
regurgitation 

Postoperative Document successful repair 
Compare preoperative and postoperative 

ventricular function 
Identify late failed repairs 
Follow patient serially 

The lower incidence of adverse outcomes with 
mitral valve repair compared to replacement has led to 
our growing use of this surgical option. However, val-
vuloplasty is technically more difficult than valve re-
placement and carries a finite risk of early and late 
failure.11 These problems can be anticipated, diag-
nosed, and managed with the aid of echocardiography. 

Echocardiography is indicated at four points in the 
management of patients undergoing repair of regur-
gitant mitral valves (Table): preoperatively, in the 
operating room before and after cardiopulmonary 
bypass, and postoperatively.12 

PREOPERATIVE ECHOCARDIOGRAPHY 

In patients with mitral valve disease, echocardiog-
raphy can define the severity13 and mechanism of 
mitral regurgitation, identify other valvular lesions, as-
sess left ventricular function, and estimate the pul-
monary artery pressure.14 Transthoracic echocardiog-
raphy (TTE) is noninvasive and can be used serially to 
monitor the progression of the valvular lesion and its 
hemodynamic consequences. This information aids in 
identifying candidates for valve surgery and deciding 
on the timing of surgery. 

When surgery is indicated for patients younger than 
50 years who have neither angina nor significant risk 
factors for atherosclerotic disease, preoperative cardiac 
catheterization may be avoided if echocardiographic 
data are conclusive. We perform cardiac catheteriza-
tion primarily to identify coronary atherosclerosis and 
when echocardiographic results are equivocal or sub-
optimal in quality. 

Predicting feasibility of valve repair 
The precise mechanism of mitral valve dysfunction 

must be ascertained in order to estimate the feasibility 
of surgical repair and ensure a successful operation. 
Findings on echocardiography can accurately define 
the underlying pathologic mechanisms.15 For example, 
the direction of the jet, as depicted by Doppler color 
flow mapping, can define the type of mitral regurgitant 
lesion and predict the surgical techniques required to 
repair it. 

Echocardiography aids in preoperative counseling 
regarding available options and the likely outcome of 
surgery. For example, the ability to repair the valve 
varies substantially with the type of dysfunction.1,15,20 

The types of lesions that can be most easily repaired 
include an isolated area of ruptured chordae to one 
leaflet (especially the middle scallop of the posterior 
leaflet), pure annular dilatation, and pure mitral 
stenosis without substantial subvalvular involvement 
or severe calcification. If the chordae to the posterior 
leaflet are ruptured, the likelihood of successful repair 
is 88% (Figure 2). The success rate drops in the 
presence of extensive calcifications, billowing leaflets, 
fibrosis, chordal rupture, or leaflet disruption, or when 
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F I G U R E 2 . I n patients with mitral regurgitation caused by 
degenerative disease, such as mitral prolapse and myxomatous 
degeneration, the feasibility of mitral valve repair varied with 
the type of leaflet abnormality ( from Cosgrove 1 ) . 

both leaflets are involved.1,15 Our growing experience 
with complex abnormalities, such as extensive chordal 
rupture involving both the anterior and posterior 
leaflets, has emphasized the value of echocardiography 
in understanding the mechanism of mitral regurgita-
tion. 

I N T R A O P E R A T I V E E C H O C A R D I O G R A P H Y 

In the operating room, we use ei ther tran-
sesophageal echocardiography ( T E E ) or epicardial 
echocardiography or both, depending on the needs in 
the individual case and what questions need to be 
answered during surgery. Intraoperative echocar-
diographic studies may be done before or after car-
diopulmonary bypass; often we do both.1,21"31 

The imaging method we use most in mitral valve 
repair is TEE.23,30,31 T h e T E E transducer is a special 
endoscope mounted with an echocardiographic 
transducer (Figure 3). After endotracheal intubation 
and emptying of the stomach with suction, the scope is 
inserted and the transducer is positioned in the 
retrocardiac portion of the esophagus. A series of im-
ages is made of the heart to determine structure (with 
two-dimensional echocardiography) and flow (with 
Doppler color flow mapping) information. 

Our method for using epicardial echocardiography 
on the surface of the heart during surgery has been 
published in text and video form.21-23,27-29 We use a 
standard echocardiographic transducer, similar to that 
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F I G U R E 3 . Artist 's rendering of a patient undergoing T E E 
during cardiac surgery. T h e transducer is posterior to the 
heart , imaging the left ventricle in short axis (from Stewart 1 2 

and by permission from the Hewlet t -Packard C o m p a n y ) . 

F I G U R E 4 . Art ist 's drawing of the four transducer positions 
used for epicardial echocardiography (from Stewart 2 1 ) . 

used in the echocardiography laboratory. T h e 
transducer is inserted within two sterile sleeves and 
placed directly on the heart , using each of four 
transducer positions we have developed (Figure 4 ) . 
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F I G U R E 5 . Transesophageal color flow images in successful mitral repair, showing the 
multicolored j e t of severe mitral regurgitation pre-pump (left) and no mitral regurgitation 
post 'pump (r ight) . L A , left atrium; LV, left ventricle. 

Pre-pump intraoperative echocardiography 
In most cases, when preoperative echocardiography 

indicates that valve repair will be successful, our 
patients undergo an intraoperative echocardiographic 
study before cardiopulmonary bypass is initiated with 
the heart-lung pump. W e therefore obtain the im-
proved resolution of T E E in many patients in whom 
the study was not performed preoperatively. T h e 
primary purpose of the intraoperative study is to refine 
our understanding of the mechanism of mitral dysfunc-
tion in the operating room before starting surgery.15,16,18 

T h e findings also establish a baseline for the patient's 
ventricular and valvular function under anesthesia. 

Post-pump intraoperative echocardiography 
We re-evaluate the patient with echocardiography 

in the operating room immediately after coming off 
cardiopulmonary bypass to ensure successful repair. In 
most instances T E E is the primary screening device. To 
be valid, these echocardiographic assessments must be 
made when the hemodynamic conditions mimic those 
present when the patient is ambulatory. T h e patient's 
intravascular volume status, afterload and preload 
measurements, and cardiac rhythms must be con-
sidered so as not to misinterpret the implications of the 
echocardiographic findings. When the T E E suggests 
problems, epicardial echocardiography is indicated; 
this provides more extensive information from multi-
ple planes with more transducers, including con-
tinuous wave Doppler measurement of left ventricular 

outflow tract velocity. 
Our interpretation of 

post-pump intraoperative 
echocardiographic studies 
after valve repair for mitral 
regurgitation is as follows: 
When 0 to 1 + mitral regur-
gitation is observed, no fur-
ther surgery is performed 
(Figure 5). When the study 
shows 3+ to 4+ mitral regur-
gitation, any adverse com-
plication, or a new problem, 
cardiopulmonary bypass is 
reinstituted and further 
repair or valve replacement 
is performed (Figure 6). 
When the mitral regurgita-
tion is moderately severe 
(2+) , more clinical judg-
ment must be applied. In 

most cases, in the absence of contraindications, we favor 
further surgery to improve the result. In some cases, we 
artificially raise the systemic arterial pressure with 
phenylephrine, which may bring out latent mitral regur-
gitation.24 

Fortunately, echocardiography can aid in the iden-
tification of several complications unique to valve 
repair, such as dynamic outflow tract obstruction 
caused by implantation of a fixed annular ring.32-34 

During mitral valve repair in patients with normal 
coronary arteries, we have seen inferior myocardial 
infarction develop which may be due to right coronary 
air embolism.39 

From 1987 to 1989, we studied 611 patients with in-
traoperative echocardiography immediately after mitral 
valve repair. Absence of significant mitral regurgitation 
after repair was documented in 557 patients (91.2%), a 
finding which provides great reassurance that further 
hemodynamic aberrations do not represent valve failure. 
Significant dysfunction was found in 54 patients (8.8%), 
leading to a second pump run for immediate correction of 
the problem (Figure 7). Among patients with immediate 
failed repair,1,11,22 33 (5.4%) had persistent mitral regur-
gitation. Fourteen (2.2%) patients required a second 
pump run because of left ventricular outflow tract obstruc-
tion; this phenomenon involves systolic anterior motion 
of the mitral valve and obstruction similar to that which 
occurs in hypertrophic cardiomyopathy.32-34 After addi-
tional surgery during the same thoracotomy, all 54 
patients left the operating room with satisfactory results. 
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TEE v epicardial 
echocardiography 

During surgery for mitral 
regurgitation, T E E is our 
m e t h o d of c h o i c e for 
routine intraoperative im-
aging. T E E interrupts the 
surgical process less than 
epicardial echocardiog-
raphy and provides ac-
curate information. W h e n 
the results of T E E suggest 
problems, we perform im-
mediate epicardial echocar-
diography because of its 
better diagnostic power. For 
example, it is possible with 
epicardial echocardiog-
raphy to image any area of 
the heart from a greater 
number of planes, reducing 
sampling error. In cases of 
left ventr icular outflow 
tract obstruction, it is pos-
sible to es t imate the 
gradient with continuous 
wave Doppler recordings 
using the epicardial ap-
proach; this cannot be done with transesophageal 
echocardiographic imaging. 

Pitfalls in intraoperative echocardiography 
Suboptimal technique can lead to spurious results 

and erroneous decisions. Intraoperative echocardiog-
raphy requires that images be interpreted online so 
that surgical decisions can be made immediately. This 
task should not be attempted without considerable 
practical experience in interpreting echocardiograms. 
T h e intraoperative study requires precision to ensure 
accuracy and reliability. Insufficient time, inadequate 
imaging planes, or suboptimal instrument machine set-
tings will give less reliable information. Interpretation 
is easier if the overhead lights in the operating room 
are dimmed during echocardiographic imaging. 
Electrocautery causes artifacts, which interfere with 
image quality. 

F I G U R E 6 . Sequential intraoperative transesophageal two-dimensional echocardiographic 
images in a patient whose attempted valve repair for mitral regurgitation initially failed because 
of systolic anter ior motion ( S A M ) of the mitral valve, which caused left ventr icular outf low 
tract obstruct ion. L e f t : pre-pump, showing posterior ( P O S T ) leaflet flail . Middle : after 
attempted repair with a Carpentier-Edwards ring (arrows) , marked S A M is touching the 
interventr icular septum; the patient also had severe persistent mitral regurgitation and high 
velocity f low in the left ventr icular outf low tract measured by cont inuous wave Doppler . R i g h t : 
after fur ther valve repair, with subst i tut ion of an annuloplasty using a strip of 
glutaraldehyde-treated pericardium, there is resolution of the mitral regurgitation and the 
S A M . L A , left a tr ium; LV, left ventr ic le . 

Persistent MR n = 33 (5.4%) 

Other n = 4 (0.6%) 
n : Persistent Flail • 

Persistent MS 

2 (0.4%) 

n = 1 (0.2%) 

LVOT Obstruction 
n = 14 (2.2%) 

Successful 
Repairs 
n = 557 (91.2%) 

F I G U R E 7. S u m m a r y of Cleveland Cl in ic exper ience with 
post-pump intraoperative echocardiography in a total of 6 1 1 
patients : 4 9 2 undergoing valve repair for mitral regurgitation 
( M R ) , 7 2 for mitral stenosis ( M S ) , and 4 2 for both M R and 
M S . T h e repair was shown to be successful in 5 5 7 patients 
( 9 1 . 2 % ) . In 5 4 patients ( 8 . 8 % ) , abnormali t ies diagnosed by 
intraoperative echocardiography led to a second run of 
cardiopulmonary bypass for fur ther repair or mitral valve 
replacement . 

Indications for intraoperative echocardiography 
We believe intraoperative echocardiography should 

be used in all patients undergoing nonprosthetic valve 
repair surgery—including repair of the aortic valve35 

and tricuspid valve,36 as well as the mitral valve. 
Echocardiography is also useful during myectomy for 
hypertrophic cardiomyopathy.27,37 
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Echocardiography allows the surgeon to visualize 
the abnormalities dynamically in real time, rather than 
relying on assessments made with the heart flaccid 
under cardioplegia. The study helps to shorten the 
surgeon's learning curve38; ie, it provides a "safety net" 
for unsuccessful valve repair, permitting an immediate 
second pump run without a second thoracotomy when 
difficulties are discovered. 

POSTOPERATIVE ECHOCARDIOGRAPHY 

We usually obtain an echocardiogram prior to dis-
charge or in the first 2 months after surgery. The purpose 
is to document that the repair was successful, to assess 
early post-repair left ventricular function, to determine 
the degree of improvement in pulmonary hypertension, 
and to provide a baseline under ambulatory conditions for 
serial postoperative comparisons. 

The durability of mitral valve repair appears to be 
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