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background

 

The clinical outcome of asymptomatic mitral regurgitation is poorly defined, and the
treatment is uncertain. We studied the effect on the outcome of quantifying mitral re-
gurgitation according to recent guidelines.

 

methods

 

We prospectively enrolled 456 patients (mean [±SD] age, 63±14 years; 63 percent men;
ejection fraction, 70±8 percent) with asymptomatic organic mitral regurgitation, quan-
tified according to current recommendations (regurgitant volume, 66±40 ml per beat;
effective regurgitant orifice, 40±27 mm

 

2

 

).

 

results

 

The estimated five-year rates (±SE) of death from any cause, death from cardiac causes,
and cardiac events (death from cardiac causes, heart failure, or new atrial fibrillation)
with medical management were 22±3 percent, 14±3 percent, and 33±3 percent, respec-
tively. Independent determinants of survival were increasing age, the presence of di-
abetes, and increasing effective regurgitant orifice (adjusted risk ratio per 10-mm

 

2

 

 incre-
ment, 1.18; 95 percent confidence interval, 1.06 to 1.30; P<0.01), the predictive power
of which superseded all other qualitative and quantitative measures of regurgitation.
Patients with an effective regurgitant orifice of at least 40 mm

 

2

 

 had a five-year surviv-
al rate that was lower than expected on the basis of U.S. Census data (58±9 percent
vs. 78 percent, P=0.03). As compared with patients with a regurgitant orifice of less
than 20 mm

 

2

 

, those with an orifice of at least 40 mm

 

2

 

 had an increased risk of death
from any cause (adjusted risk ratio, 2.90; 95 percent confidence interval, 1.33 to 6.32;
P<0.01), death from cardiac causes (adjusted risk ratio, 5.21; 95 percent confidence in-
terval, 1.98 to 14.40; P<0.01), and cardiac events (adjusted risk ratio, 5.66; 95 percent
confidence interval, 3.07 to 10.56; P<0.01). Cardiac surgery was ultimately performed
in 232 patients and was independently associated with improved survival (adjusted risk
ratio, 0.28; 95 percent confidence interval, 0.14 to 0.55; P<0.01).

 

conclusions

 

Quantitative grading of mitral regurgitation is a powerful predictor of the clinical out-
come of asymptomatic mitral regurgitation. Patients with an effective regurgitant or-
ifice of at least 40 mm

 

2

 

 should promptly be considered for cardiac surgery.
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itral-valve regurgitation is

 

common,

 

1

 

 and its prevalence increas-
es with age.

 

1

 

 The management of mitral
regurgitation and indications for surgery are con-
troversial.

 

2

 

 Previous outcome studies showed that
patients with organic mitral regurgitation who have
symptoms or a reduced ejection fraction are at high
risk,

 

3,4

 

 warranting mitral surgery.

 

2

 

 Conversely, the
clinical outcome among patients with asymptom-
atic mitral regurgitation is poorly defined, and cri-
teria defining high-risk subgroups are uncertain.

 

2

 

Such subgroups are important to identify as tech-
nical improvements in surgery

 

5,6

 

 — decreased oper-
ative mortality

 

7

 

 and increased repair rates

 

8

 

 — allow
the restoration of patients’ life expectancy.

 

9

 

 Thus,
surgery may be warranted in high-risk patients with
asymptomatic mitral regurgitation under medical
management. 

Patients with mitral-valve prolapse and higher
degrees of regurgitation have been considered to
be at higher risk than those with lower degrees of
regurgitation,

 

4

 

 suggesting that the severity of re-
gurgitation may provide important information on
the outcome. However, standard qualitative assess-
ment of mitral regurgitation is fraught with prob-
lems,

 

10

 

 and recently, American and European car-
diac societies issued joint guidelines advocating
the use of quantitative methods involving Doppler
echocardiography and determining thresholds of
severity.

 

11

 

 However, it is not yet clear whether this
approach provides meaningful information on out-
comes. Thus, we designed a prospective study, en-
rolling patients with organic mitral regurgitation
who were monitored by their independent person-
al physicians, to test our hypothesis that quantita-
tive classification of regurgitation according to the
regurgitant volume and effective regurgitant orifice
independently predicts the outcome.

 

study population

 

Between 1991 and 2000, we prospectively enrolled
patients who had at least mild holosystolic mitral
regurgitation on color-flow imaging,

 

12

 

 which was
due to organic mitral-valve disease identified by
two-dimensional echocardiography, isolated (with-
out aortic-valve disease) and pure (without steno-
sis), quantitatively assessed by the authors using
at least two Doppler echocardiographic methods,
and asymptomatic at diagnosis. Patients were ex-
cluded if they had mitral regurgitation due to ische-
mic heart disease or cardiomyopathy, minimal or

early or late systolic regurgitation, structurally nor-
mal valves, associated mitral stenosis that was more
than trivial, associated organic aortic or tricuspid
disease, a history of valve repair or replacement,
congenital or pericardial heart disease, or an ejec-
tion fraction below 50 percent.

 

4

 

 Age, sex, and the
type of cardiac rhythm were not considered in the
eligibility criteria. The study was approved by our
institutional review board. Because the protocol
was judged to pose a low risk, oral informed con-
sent was recommended and obtained.

 

clinical assessment and management

 

Each patient’s history and the results of a clinical
examination were recorded at baseline by his or
her personal physician at our institution. Coexist-
ing conditions were evaluated by means of the
Charlson index.

 

13

 

 Congestive heart failure was di-
agnosed during follow-up on the basis of criteria
from the Framingham Heart Study.

 

14

 

 Clinical man-
agement was determined independently by the pa-
tient’s personal physician using all information
available. Follow-up information was collected in
2002 after enrollment ended and all baseline data
had been obtained.

 

echocardiographic measurements

 

Complete Doppler echocardiography was per-
formed. Quantitative data were promptly obtained,
stored in a database, and not altered throughout
the study.

 

Quantitation of Mitral Regurgitation

 

Mitral regurgitation was quantified by at least two
of three validated methods, and the results were
averaged to calculate the regurgitant volume per
beat and the area of the effective regurgitant orifice.
Quantitative Doppler echocardiography is based on
the measurement of mitral and aortic stroke vol-
umes.

 

15-17

 

 Quantitative two-dimensional echocar-
diography is based on the measurement of left ven-
tricular volume.

 

17,18

 

 The proximal isovelocity
surface area is determined by measuring proxi-
mal-flow convergence.

 

19,20

 

 According to published
guidelines, mild, moderate, and severe mitral regur-
gitation correspond to a regurgitant volume of less
than 30, 30 to 59, and at least 60 ml per beat, respec-
tively, and an effective regurgitant orifice of less than
20, 20 to 39, and 40 mm

 

2

 

 or more, respectively.

 

11,21

 

Other Echocardiographic Measurements

 

Left ventricular diameters, volumes, ejection frac-
tion, and mass were measured as recommended.

 

22

m

methods
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Left atrial volume was measured by means of an
area–length method.

 

23

 

 Planimetry was used to mea-
sure the mitral regurgitant jet on color-flow imag-
ing in two planes,

 

12

 

 and the ratio of the mitral re-
gurgitant jet to the left atrial area was calculated.

 

24

 

The severity of mitral regurgitation was also quali-
tatively classified in grades (1/4 to 4/4).

 

25

 

statistical analysis

 

Unless otherwise specified, data are presented as
means ±SD or percentages. Comparisons between
groups were performed with use of analysis of vari-
ance, Student’s t-test, or the chi-square test, as ap-
propriate. End points were death from any cause,
death from cardiac causes, and cardiac events (de-
fined as death from cardiac causes, congestive heart
failure, or new atrial fibrillation). New atrial fibril-
lation was diagnosed only in patients who were in
sinus rhythm at baseline. These end points were
ascertained while the patients were under medical
management (from diagnosis to surgery or death),
and data were censored at the time of cardiac sur-
gery if it was performed. Event rates (±SE) were cal-
culated according to the Kaplan–Meier method and
compared by means of the log-rank test. 

We compared the observed mortality rates with
the expected mortality rates using U.S. Census
Bureau national life-tables and the log-rank test.
Univariate and multivariate analyses of the time to
events were performed with use of Cox proportion-
al-hazards models with the effective regurgitant
orifice and regurgitant volume as independent var-
iables in continuous and categorical formats. The
effect of surgery on the outcome was analyzed as a
time-dependent variable with the use of propor-
tional-hazards modeling and data from the entire
follow-up period (medical and postoperative). All
P values were two-sided, and values of less than
0.05 were considered to indicate statistical signif-
icance. 

All authors participated in designing the study,
collecting and analyzing data, and drafting and re-
vising the manuscript.

 

baseline characteristics and management

 

Table 1 shows the baseline characteristics of the
456 patients enrolled, both overall and according
to the effective regurgitant orifice. The majority of
patients were in their 60s, were men, and had mi-
tral-valve prolapse as the mechanism of regurgita-
tion. The effective regurgitant orifice was deter-

mined on the basis of an average of two methods in
85 patients and three methods in 371 patients and
was classified as less than 20 mm

 

2 

 

in 28 percent of
patients, 20 to 39 mm

 

2

 

 in 28 percent, and at least
40 mm

 

2

 

 in 43 percent, with a qualitative grade of
1/4 in 70 patients, 2/4 in 49, 3/4 in 93, and 4/4 in
244 (15, 11, 20, and 54 percent, respectively). 

When the patients were stratified according to
the effective regurgitant orifice, there were signifi-
cant differences in jet size, regurgitant volume,
and ventricular and atrial dilatation (Table 1). As
expected, a significantly higher percentage of pa-
tients with severe regurgitation were men and had
mitral-valve prolapse,

 

7

 

 whereas there was no sig-
nificant difference in the Charlson comorbidity in-
dex among the three groups. Clinical management
after diagnosis was solely medical in 224 patients
(49 percent) and was medical followed by surgery
(mean, 1.2±2.0 years later) in 232 patients: 11 pa-
tients with an effective regurgitant orifice of less
than 20 mm

 

2 

 

(9 percent of this group), 58 with an
effective regurgitant orifice of 20 to 39 mm

 

2 

 

(45
percent), and 163 with an effective regurgitant or-
ifice of at least 40 mm

 

2

 

 (82 percent). Follow-up
lasted up to 11.7 years, but the mean duration of
follow-up after diagnosis was 2.7±2.9 years under
medical management and 5.1±2.9 years under med-
ical and surgical management.

 

survival

 

There were 56 deaths among the patients whose
mitral regurgitation was managed medically, with
survival rates of 96±1 percent at one year and 78±3
percent at five years. In univariate analysis, the de-
gree of mitral regurgitation strongly predicted the
likelihood of survival, with a risk ratio for death
from any cause of 1.21 for each 10-mm

 

2

 

 increment
in the effective regurgitant orifice (95 percent con-
fidence interval, 1.10 to 1.32; P<0.01) (Table 2) and
of 1.11 for each increment of 10 ml per beat in the
regurgitant volume (95 percent confidence inter-
val, 1.03 to 1.19; P<0.01). Among the patients with
medically managed mitral regurgitation, the five-
year survival rate was highest among those with an
effective regurgitant orifice of less than 20 mm

 

2

 

(91±3 percent), intermediate among those with an
effective regurgitant orifice of 20 to 39 mm

 

2

 

 (66±6
percent), and lowest among those with an effective
regurgitant orifice of at least 40 mm

 

2 

 

(58±9 per-
cent, P<0.01) (Fig. 1). 

The observed five-year survival rates did not dif-
fer significantly from expected survival rates in the
overall population (78±3 percent vs. 84 percent,

results
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P=0.21) or in the group with an effective regur-
gitant orifice of less than 20 mm

 

2

 

 (91±3 percent vs.
86 percent, P=0.12). However, the actual survival
rates were significantly lower than the expected
rates in the group with an effective regurgitant ori-
fice of 20 to 39 mm

 

2

 

 (66±6 vs. 84 percent, P=0.04)
and the group with an effective regurgitant orifice
of at least 40 mm

 

2

 

 (58±9 vs. 78 percent, P=0.03).
In multivariate analysis, survival was indepen-

dently predicted by increasing age (P<0.01), the
presence of diabetes (P<0.01), and a greater ef-
fective regurgitant orifice (adjusted risk ratio per
10-mm

 

2

 

 increment, 1.18; 95 percent confidence
interval, 1.06 to 1.30; P<0.01). After adjustment
for age, sex, the presence or absence of diabetes
and atrial fibrillation at baseline, and the ejection
fraction (and even the Charlson comorbidity in-
dex), the effective regurgitant orifice independent-

ly predicted survival, with an adjusted risk ratio
for death from any cause of 1.20 for each 10-mm

 

2

 

increment (95 percent confidence interval, 1.07 to
1.34; P<0.01) and of 2.90 for an effective regur-
gitant orifice of at least 40 mm

 

2

 

, as compared with
one of less than 20 mm

 

2

 

 (95 percent confidence in-
terval, 1.33 to 6.32) (Table 2). 

Regurgitant volume was less strongly predic-
tive of survival after adjustment for age and the pres-
ence or absence of diabetes (P=0.04) and even less
so after adjustment for age, sex, the presence or ab-
sence of diabetes and atrial fibrillation, and the
ejection fraction (P=0.06). The qualitative grade
of mitral regurgitation, jet area, and ratio of the jet
to the left atrial area were predictive of survival on
univariate analysis (all P≤0.05) but not on multivari-
ate analysis (all P>0.30). Furthermore, nested mod-
els showed that quantitative classification based

 

* Plus–minus values are means ±SD.

 

Table 1. Baseline Clinical, Left Ventricular, and Hemodynamic Characteristics of Patients with Asymptomatic Mitral
Regurgitation.*

Characteristic
All Patients

(N=456) Effective Regurgitant Orifice P Value

 

<20 mm

 

2

 

(N=129)
20–39 mm

 

2

 

(N=129)
≥40 mm

 

2

 

(N=198)

Age (yr) 63±14 64±14 65±14 61±14 0.09

Male sex (%) 63 31 64 82 <0.01

Charlson comorbidity index 1.6±2.10 1.5±2.20 1.8±2.20 1.4±2.00 0.39

Atrial fibrillation (%) 9 10 6 10 0.45

Mitral-valve prolapse (%) 80 48 84 98 <0.01

History of hypertension (%) 39 47 40 34 <0.01

Diabetes (%) 5 6 4 4 0.61

Systolic blood pressure (mm Hg) 135±19 137±22 137±18 133±17 0.05

Diastolic blood pressure (mm Hg) 77±33 77±9 77±12 76±9 0.58

Left ventricular diastolic diameter (mm) 56±8 49±4 54±6 61±6 <0.01

Left ventricular systolic diameter (mm) 34±6 31±4 34±7 37±6 <0.01

End-diastolic volume index (ml/m

 

2

 

) 108±28 80±17 103±16 129±23 <0.01

End-systolic volume index (ml/m

 

2

 

) 33±130 26±100 31±120 38±140 <0.01

Ejection fraction (%) 70±8 68±9 70±8 70±8 0.06

Left ventricular mass (g) 216±64 169±54 222±55 251±54 <0.01

Left atrial volume (ml) 105±50 67±27 98±44 133±49 <0.01

Cardiac index (liters/min/m

 

2

 

) 2.7±0.6 2.9±0.5 2.8±0.5 2.6±0.5 <0.01

Systolic pulmonary pressure (mm Hg) 38±11 35±7 35±9 42±13 <0.01

Mitral jet area (cm

 

2

 

) 9.5±5.80 5.0±3.00 8.6±3.40 13±6.00 <0.01

Ratio of mitral jet area to left atrial area (%) 32±16 23±10 32±11 39±17 <0.01

Effective regurgitant orifice (mm

 

2

 

) 40±27 11±5 31±5 64±21 —

Regurgitant volume (ml/beat) 66±40 21±10 57±13 101±29 <0.01
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on the effective regurgitant orifice significantly in-
creased the predictive value of models that used
qualitative grading or jet measures (all P<0.01).

Among the patients with medically managed
mitral regurgitation, 35 died of cardiac causes, with
a five-year mortality rate of 14±3 percent overall
and 3±2 percent among those with an effective re-
gurgitant orifice of less than 20 mm

 

2

 

, 20±6 per-
cent among those with an effective regurgitant or-
ifice of 20 to 39 mm

 

2

 

, and 36±9 percent among
those with an effective regurgitant orifice of at least
40 mm

 

2

 

 (P<0.01) (Fig. 2). In multivariate analy-
sis, the effective regurgitant orifice predicted the
adjusted risk of death from cardiac causes (Table 2).
Regurgitant volume also predicted the risk of death
from cardiac causes (adjusted risk ratio per incre-
ment of 10 ml per beat, 1.17; 95 percent confidence
interval, 1.05 to 1.30; P<0.01) but with a slightly
lower 

 

x

 

2

 

 (52 vs. 57). In nested models including
the qualitative or jet-related grade of mitral regur-
gitation, the quantitative classification of the effec-
tive regurgitant orifice had superior predictive pow-
er (all P<0.01).

Seventy-four patients died during the follow-up
period (medical and postoperative). The five-year
survival rate was 85±2 percent overall and did not
differ significantly from the rate expected in the gen-
eral population among those with an effective re-
gurgitant orifice of less than 20 mm

 

2 

 

(91±3 percent
vs. 86 percent, P=0.19), those with an effective re-
gurgitant orifice of 20 to 39 mm

 

2 

 

(81±4 percent
vs. 85 percent, P=0.61), or those with an effective

regurgitant orifice of at least 40 mm

 

2

 

 (85±3 per-
cent vs. 86 percent, P=0.80), reflecting normaliza-
tion of the life expectancy among the groups with
an effective regurgitant orifice of 20 mm

 

2

 

 or more
after accounting for postoperative survival rates.

 

cardiac events

 

During medical follow-up, 91 patients had a car-
diac event (death from cardiac causes, congestive
heart failure, or new atrial fibrillation), with one-
year and five-year rates of 7±1 percent and 33±3
percent, respectively. The five-year rates of cardiac
events differed significantly according to both the
effective regurgitant orifice (15±4 percent among
those with an effective regurgitant orifice of less
than 20 mm

 

2

 

, 40±7 percent among those with an
effective regurgitant orifice of 20 to 39 mm

 

2

 

, and
62±8 percent among those with an effective re-
gurgitant orifice of at least 40 mm

 

2

 

; P<0.01) (Fig. 3)
and the regurgitant volume (17±4 percent among
those with a regurgitant volume of less than 30 ml
per beat, 32±6 percent among those with a volume
of 30 to 59 ml per beat, and 55±7 percent among
those with a volume of at least 60 ml per beat;
P<0.01). The effective regurgitant orifice was a
powerful predictor of the risk of cardiac events on
univariate analysis (risk ratio per 10-mm

 

2

 

 incre-
ment, 1.22; 95 percent confidence interval, 1.13 to
1.30; P<0.01) and along with age (P<0.01), the
presence of diabetes (P<0.01), and the presence of
atrial fibrillation (P=0.05), was an independent
predictor of risk. 

 

* Cardiac events were defined as death from cardiac causes, congestive heart failure, and new atrial fibrillation. CI denotes confidence interval, 
and ERO effective regurgitant orifice. 

 

† The reference group was made up of the patients with an effective regurgitant orifice of less than 20 mm

 

2

 

.

 

Table 2. Risk of Death from Any Cause, Death from Cardiac Causes, and Cardiac Events among Patients with Asymptomatic Mitral 
Regurgitation under Medical Management.*

Type of Analysis Death from Any Cause Death from Cardiac Causes Cardiac Events

 

Risk Ratio (95% CI) P Value Risk Ratio (95% CI) P Value Risk Ratio (95% CI) P Value

Unadjusted

Per 10-mm

 

2

 

 increment in ERO 1.21 (1.10–1.32) <0.01 1.29 (1.15–1.42) <0.01 1.22 (1.13–1.30) <0.01

Adjusted for age and presence or 
absence of diabetes

Per 10-mm

 

2

 

 increment in ERO 1.18 (1.06–1.30) <0.01 1.26 (1.12–1.40) <0.01 1.20 (1.11–1.29) <0.01

Adjusted for age, sex, ejection fraction, 
and presence or absence of
diabetes and atrial fibrillation

Per 10-mm

 

2

 

 increment in ERO 1.20 (1.07–1.34) <0.01 1.30 (1.13–1.47) <0.01 1.25 (1.15–1.35) <0.01

ERO, 20 to 39 mm

 

2

 

† 2.58 (1.25–5.40) 0.01 3.10 (1.15–8.53) 0.03 2.57 (1.41–4.68) <0.01

ERO ≥40 mm

 

2

 

† 2.90 (1.33–6.32) <0.01 5.21 (1.98–14.40) <0.01 5.66 (3.07–10.56) <0.01
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After adjustment for age, sex, the presence or
absence of diabetes and atrial fibrillation, and the
ejection fraction, the effective regurgitant orifice
remained independently predictive of the risk of
cardiac events (Table 2). Similarly, the regurgitant
volume predicted the risk of cardiac events (unad-

justed risk ratio per increment of 10 ml per beat,
1.15; 95 percent confidence interval, 1.09 to 1.21;
P<0.01; adjusted risk ratio per increment of 10 ml
per beat, 1.18; 95 percent confidence interval, 1.10
to 1.25; P<0.01; and adjusted risk ratio for a vol-
ume of at least 60 ml per beat as compared with a
volume of less than 30 ml per beat, 4.50; 95 percent
confidence interval, 2.40 to 8.60; P<0.01). The mod-
erate range of regurgitant volume (30 to 59 ml per
beat) showed borderline significance (risk ratio for
the comparison with a volume of less than 30 ml
per beat, 1.80; 95 percent confidence interval, 0.97
to 3.30; P=0.06). The qualitative grade and jet area
were predictive of the risk of cardiac events on
univariate analysis (both P<0.01) but not on multi-
variate analysis (both P>0.25). In nested models,
the predictive power of the quantitative classifica-
tion of the effective regurgitant orifice was superi-
or to that afforded by the qualitative grade or jet
area (both P<0.01).

 

surgery and clinical outcome

 

Among the 232 patients who underwent cardiac
surgery, 2 underwent isolated coronary bypass and
230 underwent mitral surgery (valve repairs in 209
and valve replacements in 21, with 38 associated
coronary-bypass graft procedures). The appear-
ance of symptoms was the indication for surgery
in 94 patients. In 91 other patients, the presence
of marked left ventricular dilatation (end-systolic
diameter of at least 40 mm, end-diastolic diame-
ter of at least 65 mm, or both), atrial dilatation (vol-
ume of at least 100 ml), or both contributed to the
indication for surgery. Thus, physicians’ and pa-
tients’ preference led to surgery in only 47 patients.
The Charlson comorbidity index was similar in pa-
tients who underwent surgery and those who did
not (P=0.51).

The five-year rates of freedom from surgery
and from death or cardiac surgery were 46±3 per-
cent and 36±3 percent, respectively. Excluding pa-
tients who underwent cardiac surgery within 90
days after the diagnosis of mitral regurgitation,
the 5-year rates of freedom from surgery and from
death or cardiac surgery were 63±3 percent and
49±3 percent, respectively. These rates were 94±3
percent and 86±4 percent, respectively, among those
with an effective regurgitant orifice of less than
20 mm

 

2

 

; 55±6 percent and 36±6 percent, respec-
tively, among those with an effective regurgitant
orifice of 20 to 39 mm

 

2

 

; and 27±6 percent and 16±4
percent, respectively, among those with an effec-
tive regurgitant orifice of at least 40 mm

 

2

 

 (P<0.01).

 

Figure 1. Kaplan–Meier Estimates of the Mean (±SE) Rates of Overall Survival 
among Patients with Asymptomatic Mitral Regurgitation under Medical 
Management, According to the Effective Regurgitant Orifice (ERO).

 

Values in parentheses are survival rates at five years.
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Figure 2. Kaplan–Meier Estimates of the Mean (±SE) Rates of Death from 
Cardiac Causes among Patients with Asymptomatic Mitral Regurgitation under 
Medical Management, According to the Effective Regurgitant Orifice (ERO).

 

Values in parentheses are survival rates at five years.
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Eighteen patients died after surgery, two dur-
ing the 30-day postoperative period (1 percent). Cox
proportional-hazards analysis with surgery as the
time-dependent variable showed that surgery was
associated with a decreased subsequent risk of
death on univariate analysis (risk ratio, 0.32; 95 per-
cent confidence interval, 0.18 to 0.54; P<0.01); in
a multivariate analysis with adjustment for age,
sex, the presence or absence of diabetes and atrial
fibrillation, the effective regurgitant orifice, and the
ejection fraction (risk ratio, 0.28; 95 percent con-
fidence interval, 0.14 to 0.55; P<0.01); and after
additional adjustment for the Charlson comor-
bidity index (risk ratio, 0.35; 95 percent confidence
interval, 0.18 to 0.68; P<0.01). 

Cox proportional-hazards modeling that in-
cluded a term for the interaction between the effec-
tive regurgitant orifice and surgery demonstrated
a larger survival benefit associated with surgery
for larger effective orifices (adjusted risk ratio per
10-mm

 

2

 

 increment in the effective regurgitant ori-
fice, 0.73; 95 percent confidence interval, 0.56 to
0.95; P=0.02). 

Similarly, the risk of death from cardiac causes
after surgery was reduced on univariate analysis
(risk ratio, 0.41; 95 percent confidence interval,
0.22 to 0.77; P<0.01) and multivariate analysis (ad-
justed risk ratio, 0.31; 95 percent confidence inter-
val, 0.14 to 0.68; P<0.01). With the use of separate
time-dependent variables for coronary-bypass and
mitral surgery, the adjusted risk ratio for death from
any cause was 0.16 (95 percent confidence interval,
0.07 to 0.36; P<0.01) and 0.14 for death from car-
diac causes (95 percent confidence interval, 0.05
to 0.39) after mitral surgery, demonstrating a re-
duction in risk with mitral surgery. With respect to
cardiac events, surgery was associated with an in-
creased risk of new atrial fibrillation (adjusted risk
ratio, 5.95; 95 percent confidence interval, 3.38 to
10.46; P<0.01) but a decreased risk of congestive
heart failure (adjusted risk ratio, 0.37; 95 percent
confidence interval, 0.17 to 0.79; P<0.01) follow-
ing the intervention.

We conducted a prospective study of the clinical
outcomes among patients with asymptomatic or-
ganic mitral regurgitation using quantitative mea-
surements of the effective regurgitant orifice and
regurgitant volume. One important finding is that
the quantitative grading of mitral regurgitation ac-
cording to recent guidelines

 

11

 

 is a powerful predic-

tor of the clinical outcome of medical management.
This classification’s prognostic power supersed-
ed that of all semiquantitative indexes. Indeed, the
rates of death from any cause, death from cardiac
causes, and cardiac events with the use of medical
management were independently determined by
the effective regurgitant orifice. Patients with med-
ically managed asymptomatic mitral regurgitation
who had an effective regurgitant orifice of at least
40 mm

 

2

 

 had an excess risk of death from any cause,
a risk of death from cardiac causes that was more
than five times that among patients with mild re-
gurgitation, and a risk of cardiac events that was
close to six times as high. In this group of patients
the five-year probability of death or late cardiac sur-
gery was 84 percent, suggesting that surgery is al-
most inevitable. Patients with an effective regur-
gitant orifice of 20 to 39 mm

 

2

 

 had complication
rates that were initially low but subsequently rose
over time. Cardiac surgery, despite its associated
increase in the risk of atrial fibrillation, markedly
reduced the risk of heart failure and death and nor-
malized the patients’ life expectancy. Therefore,
quantitative grading of mitral regurgitation accord-
ing to recent guidelines permits risk stratification
of patients with isolated, asymptomatic, organic
mitral regurgitation and should be part of the clin-
ical decision-making process.

discussion

 

Figure 3. Kaplan–Meier Estimates of the Mean (±SE) Rates of Cardiac Events 
among Patients with Asymptomatic Mitral Regurgitation under Medical 
Management, According to the Effective Regurgitant Orifice (ERO).

 

Cardiac events were defined as death from cardiac causes, congestive heart 
failure, or new atrial fibrillation. Values in parentheses are survival rates at five 
years.
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Mitral regurgitation enlarges the left atrium,

 

23

 

which increases atrial compliance enough to nor-
malize left atrial pressure, even in the presence of
severe regurgitation.

 

26 Therefore, most patients
are asymptomatic at diagnosis,3 a circumstance
that led to the belief that asymptomatic mitral regur-
gitation is benign.27 More recent natural-history
studies raised the possibility that the clinical
course of initially asymptomatic organic mitral re-
gurgitation may be more complicated than once
thought.3,28,29 Hence, clinical management is dif-
ficult and subject to controversy.2,30 Delaying surgi-
cal correction until symptoms appear is problem-
atic, since the outcome may be suboptimal at that
stage,9 with an excess risk of postoperative mortal-
ity and left ventricular dysfunction.31 Hence, it has
been suggested that surgery for organic mitral re-
gurgitation should be considered while patients
are asymptomatic.7,32 This approach is supported
by the high feasibility,33 low risk,8 and excellent
long-term results5,6 of valve repair, but it requires
the identification of subgroups of patients with mi-
tral regurgitation who are at high risk under medi-
cal management.30 In previous studies,3 patients
with symptoms or a reduced ejection fraction had a
poor outcome. However, the approach to risk strat-
ification for the majority of patients who did not
have these characteristics is uncertain.28

Recently, American and European cardiac so-
cieties have emphasized the value of a quantitative
assessment of mitral regurgitation,11 on the basis
of previous validation studies.15-20 Recommenda-
tions describe methods of measuring the regur-
gitant orifice and volume and propose a grading
scheme,11 but there have been no data on whether
these measures influence outcome and may be used
for risk stratification among patients with asymp-
tomatic mitral regurgitation.

Although both the regurgitant volume and the
orifice predict the outcome of mitral regurgitation,
the effective regurgitant orifice appears to be a bet-
ter predictor of survival. These two variables are
strongly but not linearly related and are complemen-
tary.17 The regurgitant volume represents the trans-
formation of left ventricular energy into kinetic en-
ergy, whereas the size of the orifice translates into
both kinetic and potential energy (left atrial pres-
sure),34 establishing a mechanistic link to the devel-
opment of heart failure. Irrespective of these novel
concepts, evidence is accumulating that these mea-
sures have independent prognostic importance35

and should be routinely evaluated.
The identification of severe mitral regurgitation

was previously based on physiological17 and angio-
graphic21 data. Our data clearly show that patients
with a regurgitant volume of at least 60 ml per beat
or an effective regurgitant orifice of at least 40 mm2

have a poor outcome with medical management
alone and should be considered to have severe mi-
tral regurgitation.

The effective regurgitant orifice is a major de-
terminant of survival after diagnosis and, therefore,
must be determined at diagnosis.11 Patients with
an effective regurgitant orifice of at least 40 mm2

had considerable rates of complications and death
with the use of medical management in our study
and represent a high-risk group despite the absence
of symptoms and the ostensibly benign presenta-
tion. These patients should mainly be the ones who
are considered for prompt surgery, especially if
valve repair appears feasible. Conversely, patients
with an effective regurgitant orifice of 20 to 39 mm2

have a low risk of death and cardiac events within
the first few years after diagnosis and may initially
be followed medically. The rates of cardiac compli-
cations subsequently increase, possibly because of
progression of regurgitation,36 and such patients
require careful follow-up and repeated quantitative
assessment of the degree of regurgitation.

Mitral surgery is associated with a considerably
decreased subsequent risk of mortality and heart
failure.37 The reduction in the risk of death associ-
ated with surgery is greater among patients with
a larger effective regurgitant orifice than among
those with a smaller effective orifice and results in
normalization of the life expectancy.9 These data
provide a firm basis for considering surgery in
patients with asymptomatic mitral regurgitation
who have an effective regurgitant orifice of at least
40 mm2. However, since the risk of atrial fibrilla-
tion increased after surgery, a clinical trial of sur-
gery in such patients is essential.

Our prospective study demonstrates that quan-
titative assessment of mitral regurgitation accord-
ing to recent guidelines is a powerful predictor of
the clinical outcome among patients with isolated,
asymptomatic organic mitral regurgitation. Pa-
tients with an effective regurgitant orifice of at least
40 mm2 have a significantly increased risk of death
and of cardiac events and should promptly be con-
sidered for cardiac surgery, since surgery consider-
ably reduces the rate of death from cardiac causes,
decreases the risk of heart failure, and normalizes
life expectancy.
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