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RHEUMATIC FEVER, AND RHEUMATIC HEART

disease, still represent major problem for
public health in developing countries, where

rheumatic disease remains the leading cause of car-
diac illness and premature death among children and
young adults.1,2 In the developing world, severe
rheumatic heart disease is often observed at a very
low age, even in children �10 years old. In these
young children, mitral insufficiency is the single
most frequent lesion,3 leading to dilation of the left

atrium and cardiac failure. Diverse mechanisms have
been described as causing mitral insufficiency in such
patients, such as fusion and elongation of the
tendinous cords, non-coaption of the leaflets, and
dilation of the valvar annulus. Prolapse of the leaflets,
and rupture of the tendinous cords, have also been
recognized as important mechanisms of mitral insuf-
ficiency in patients with acute rheumatic carditis and
chronic rheumatic heart disease.3–8 Previous echo-
cardiographic observations from a small study of
Brazilian children called attention to the role of pro-
lapse and rupture of the tendinous cords underscor-
ing a very severe variant of rheumatic heart disease.9

The objective of our study was to investigate in detail
the functional anatomy and the mechanisms of the
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mitral insufficiency in children and adolescents with
severe rheumatic heart disease, and to assess its epi-
demiological and clinical correlations.

Materials and methods

Our population consisted of 41 children, aged 14
years or less, who were admitted to a public hospital
in Salvador-Bahia, Northeast Brazil (Obras Sociais
Irma Dulce) from November 1997 to June 2002
with symptomatic and severe rheumatic heart dis-
ease. This sample represents 2.5 per 1000 patients of
the same ages admitted in the same period. The cri-
terions for inclusion in the study were presence of a
murmur, evidence of haemodynamic overload to the
heart, as shown by increased size on the postero-
anterior chest radiography, chamber dilation on the
cross-sectional echocardiogram or signs of conges-
tive heart failure, echocardiographic findings sug-
gestive of rheumatic heart disease, and absence of
other diseases that could explain the valvar involve-
ment. We excluded 3 other patients because they did
not have evidence of haemodynamic overload to the
heart. The aetiologic diagnosis of rheumatic disease
was made on the basis of a history of acute rheumatic
fever in the past or during the actual admission, or
by the presence of a multivalvar disease not explained
by other pathology in this age group, with echocar-
diographic findings suggestive of rheumatic disease,
such as non-myxomatous thickening of the leaflets,
predominantly at the edges, and diminished mobil-
ity of the mural leaflet of the mitral valve. The 
protocol of the study was reviewed and approved by
the Ethics and Research Committee of the Hospi-
tal Portugues (Salvador-Bahia). A systematic clinical
examination and epidemiological interview were done
by the assistant physician and reviewed by one of the
investigators. The diagnosis of rheumatic activity
was based on the revised Jones’ criterions.10 Titres of
anti-streptolysin O, acute phase reactants such as C-
reactive protein, erythrocyte sedimentation rate, and
serum mucoproteins in tyrosine were measured at
the initial laboratory investigation and usually
repeated during the hospital stay.

Transthoracic cross-sectional Doppler echocardio-
grams with colour-flow mapping, using a Sonos
2500 Hewlett-Packard equipment, were performed
in all patients and recorded on super VHS videotape
for retrospective analysis. Measurements of the cavi-
ties and mural thickness were made during the
examination, and repeated retrospectively from the
videotapes images, according to the recommendations
of the American Society of Echocardiography.11,12

Mitral and tricuspid annular diameters were mea-
sured at end-diastole as the distance between annular
ridges in the apical four-chamber view. We always

tried to measure the maximal velocity of tricuspid
insufficiency to estimate pulmonary arterial systolic
pressure, adding 10 mmHg to the gradient from the
right ventricle to the right atrium calculated by
applying the modified Bernoulli equation. From the
spectral display of mitral insufficiency, using contin-
uous Doppler, we obtained the maximum rate of rise
of the left ventricular pressure using the formula:
derivative of pressure over derivative of time where
derivative of pressure is equal to 32 mmHg, the
pressure difference between the velocities of 1 and 
3 m/s, and the derivative of time is equal to the time
in milliseconds required for the velocity to increase
from 1 to 3 m/s. All of the measurements were aver-
aged over 3 or more cardiac cycles. Mitral valvar pro-
lapse was defined as a systolic displacement of the
level of coaptation of the leaflets of at least 2 mm
above the mitral annular plane of one or both leaflets
as assessed in the longitudinal parasternal and apical
four-chamber views. The diagnosis of rupture of
tendinous cords was based on the loss of the point 
of coaptation, with intense prolapse and inversion of
the tip of the leaflet, pointing toward the left atrium
in two echocardiographic views, and whenever possi-
ble also on the visualization of the ruptured cords.
Using the same criterions, so as to assess the interob-
server and intraobserver variability, the data were
independently analysed by two of the investigators
and repeated months later by one of them. In either
case, the investigators were blinded to the other
results. Any identified discordances were reviewed
and resolved by consensus between the echocardiog-
raphers. Mitral, aortic, and tricuspid insufficiency was
graded as none, mild, moderate or severe by standard
criterions using colour Doppler echocardiography.
The regurgitant jet was specified as pointing posterior,
central, anterior or multidirectional. Chronic rheu-
matic heart disease was identified by a thickened and
immobile mural leaflet, or one with significantly
reduced mobility, along with thickened cords, and
the characteristic dome-shaped opening of the aortic
leaflet. These features are not seen during a first
episode of acute rheumatic fever, and they are not
seen in patients with mitral insufficiency due to other
aetiologies in this age group. The valvar thickening
was graded as mild when the leaflets were only
slightly thickened at the edges and the mid and basal
portions had normal thickness, or moderate to severe
when whole leaflet was significantly thickened with
increased brightness.

Quantitative variables are reported as mean values
with one standard deviation, giving also the range and
the median. Comparisons between the three groups
were done with the Kruskal-Wallis test. Multiple post
hoc pairwise comparisons between groups were then
made using Bonferroni test. Differences in proportions
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between two groups were compared by Fisher’s exact
test. To compare the three groups, we used a chi-
square test for association, along with an r-by-c table,
and statistical significance was established by the
Likelihood Ratio. Pearson’s correlation was performed
to measure the linear association between mitral
annular diameter and end-diastolic dimension of 
the left ventricle. A two-tailed p value �0.05 was
used to denote statistical significance. Interobserver
and intraobserver variability were analysed by using
kappa statistics.

Results

Demographic and clinical characteristics (Table 1)
There were 22 males (54%) and 19 females (46%),
with the mean age of 8.5 (2.5) years, the range being
from 4 to 14 years, with the median at 9 years. Of
the group, 62% were of black–white mixed race, 36%
were black, and there was 1 (2%) white patient. Most
of the patients (86%) had signs of congestive heart
failure. Rheumatic activity was diagnosed in 58.5%
of the patients. All children had mitral insufficiency.
This was deemed to be severe in 37 (90%), and mod-
erate in 4 (10%). A posteriorly directed jet of the
mitral insufficiency (Fig. 1) was seen in 38 (93%) of
the patients, this being exclusively posterior in 32
patients, and associated with some anterior stream-
ing in 6. In 2 patients, the jets were directed ante-
rior, while in the other patient it was central. Aortic
valvar insufficiency was present in 27 (66%) of the
patients, being mild in 15, moderate in 9, and severe
in 3. Tricuspid insufficiency was present in 32 (78%)

patients, mild in 17, moderate in 10, and severe in 
5. The mean of the pulmonary arterial systolic pres-
sure was 47 � 13.3 mmHg, and pulmonary hyperten-
sion, defined as pulmonary arterial systolic pressure
higher or equal to 35 mmHg, was present in 70% of
the patients. Other echocardiographic measurements
are depicted in Table 1. An ejection fraction inferior
to 60% was observed in 17% of the patients.

Mechanisms of mitral insufficiency
We identified three mechanisms for mitral insuffi-
ciency: prolapse of one or both leaflets without signs
of cordal rupture; prolapse with signs of rupture of
the tendinous cords; and a thickened, retracted, immo-
bile, non-coapting mural leaflet (Fig. 2). Kappa val-
ues of 0.70 and 0.82 were obtained for interobserver
and intraobserver variance, respectively.
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Figure 1.
A characteristic posterior jet of rheumatic mitral insufficiency.

Table 1. Comparisons between groups.

Groups

All patients Prolapse Rupture Non-coapting leaflets p

Age, mean (standard deviation) 8.5 (2.5) 7.0 (1.6) 7.9 (2.2) 10.5 (2.4) 0.001
median 9 7 8.5 10

Rheumatic activity 24 (58.5) 9 (69) 5 (36) 10 (71) 0.11
Past history of acute rheumatic fever 19 (46) 3 (23) 9 (64) 7 (50) 0.086
Previous rheumatic fever* 34 (83) 7 (54) 14 (100) 13 (93) 0.002
Left ventricular end-diastolic dimension 53.8 (7.1) 48.6 (4.9) 55.4 (6.9) 56.9 (6.8) 0.004
Left ventricular end-systolic dimension 33.4 (6.4) 29.6 (4.0) 34.0 (7.4) 36.1 (5.8) 0.02
Left atrial dimension 41.8 (9.5) 34.6 (4.4) 45.1 (9.9) 45.1 (9.2) 0.002
Ejection fraction 67 (8.0) 68 (7.1) 67 (7.8) 66 (9.2) 0.75
Derivative of pressure over 1328 (443) 1252 (266) 1289 (470) 1431 (556) 0.70
derivative of time

Pulmonary arterial systolic pressure 47 (13.3) 38 (10.4) 49 (12.7) 51 (14.2) 0.17

*History of rheumatic fever in the past and/or signs of chronic rheumatic heart disease on echocardiogram
Continous variables are depicted as means and one standard deviation in parenthesis. Categoric variables are depicted as number of patients and 
the percentual in parenthesis
Ages are presented in years. Echocardiographic chamber dimensions are presented in mm. Ejection fraction is presented in percentual and the
standard deviation in parenthesis. Maximal derivative of pressure over derivative of time are presented in mmHg/s
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Mitral valvar prolapse
A prolapsed but non-flail leaflet was present in 13
(32%) of the children. The mean age of this group
was 7.0 (1.6) years, with a range from 5 to 10 years,
and a median of 7 years. All of these patients had
prolapse of the aortic leaflet, associated in only one
patient with additional prolapse of the mural leaflet.
Mitral insufficiency was graded as severe in 11
(85%), and moderate in 2 (15%) patients. The jet
was directed posteriorly in 11 (85%) patients, and
deemed multidirectional in 2 (15%). Thickening of
the leaflets was mild in the majority of the patients
of this group, and there was no sign suggestive of
chronic rheumatic heart disease in 46% of them.

Rupture of the tendinous cords
Prolapse with a flail leaflet and signs of rupture of
tendinous cords was present in 14 (34%) of the chil-
dren. The mean age of this group was 7.9 (2.2) years,
with a range from 4 to 12 years, and a median of 8.5
years. The prevalence of cordal rupture was higher in
the group of patients aged 10 years or less (38%)
than those aged more than 10 years (14%), with bor-
derline statistical significance (p � 0.058). Rupture
involved the cords supporting the aortic leaflet, with
the jet directed posteriorly, in 12 (86%) of these
patients. The other 2 patients (14%) had rupture of
cords supporting the mural leaflet with the jet directed
anteriorly. Mitral insufficiency was graded as severe
in all of the patients. Thickening of the leaflet in this
group was usually moderate or severe, with signs of
chronic rheumatic heart disease in all of them.

Retracted and non-coapting mural leaflet
A thickened, retracted, immobile, and non-coapting
mural leaflet was seen in 14 (34%) of the patients.
Their mean age was 10.5 (2.35) years, with a range
from 6 to 14 years, and a median of 10 years. Mitral
insufficiency was graded as severe in 12 (86%), and

moderate in 2 (14%) of the patients. The jet was
directed posteriorly in 9 (64%), anteriorly and pos-
teriorly in 4 (29%), and centrally in 1 (7%) of the
patients in this group. Thickening of the leaflets was
moderate or severe in all except one patient (93%),
suggesting chronic rheumatic heart disease.

Comparisons between groups
Mean ages differed between groups (p � 0.001), being
higher in those with a non-coapting mural leaflet
and lower in those with prolapse (Fig. 3a). There was
no statistically significant difference with regard 
to age between those having prolapse and ruptured
cords, but the median ages of these patients were 7.0
and 8.5 years, respectively. A history of acute rheu-
matic fever in the past was less frequent in those
with prolapse (23%) than in those with ruptured cords
(64%), with borderline statistical significance – p �
0.054, odds ratio � 0.36, 95% confidence interval
0.12 to 1.0 – and than in the patients with a non-
coapting mural leaflet (50%). The findings did not
attain statistical significance for this last group –
p � 0.24, odds ratio � 0.3, 95% confidence inter-
val 0.06 to 1.6. Considering the presence of signs of
chronic rheumatic heart disease on the echocardio-
gram, and/or a past history of acute rheumatic fever
as criterions for previous rheumatic fever, this find-
ing was less frequent in those with prolapse (54%)
compared to those with rupture cords (100%) – p �
0.006, odds ratio � 0.54, 95% confidence interval
0.33 to 0.89, and also less frequent when compared
to those with a non-coapting mural leaflet (93%) –
p � 0.03, odds ratio � 0.58, 95% confidence inter-
val 0.034 to 0.98 – Table 1 and Figure 3b. At the
time of hospitalization, acute rheumatic activity was
less frequent in those with ruptured cords (36%)
compared to 69% for those with prolapse and 71%
for those with a non-coapting mural leaflet, these
findings not achieving statistical significance. Left
ventricle end-diastolic and end-systolic dimensions,
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(a) (b) (c)

Figure 2.
Examples of the mechanisms of rheumatic mitral insufficiency. (a) A patient with prolapse of the aortic leaflet. Note that the leaflets are only
mildly thickened. (b) A patient with rupture of tendinous cords and intense prolapse of the aortic leaflet pointing towards the left atrium in 
systole. (c) An example of a thickened, retracted, non-coapting mural leaflet.
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and left atrial dimensions, were greater in the patients
with ruptured cords and non-coapting mural leaflets,
albeit that children with non-coapting mural leaflets
were older and heavier than those making up the
other two groups. For this reason, we made the same
analysis for children weighing 30 kg or less, and the
difference persisted. There was no statistically sig-
nificant difference between groups with regard to
ejection fraction, maximal derivative of pressure over
derivative of time, pulmonary arterial systolic pressure,
or mitral and tricuspid annular diameters. Mitral
annular diameter, however, demonstrated a signifi-
cant correlation with the left ventricle end-diastolic
dimension (r � 0.55, p � 0.002).

Discussion

The results of our study are consistent with findings
for Brazilian children and adolescents having the
most severe forms of rheumatic heart disease. This
may be explained by multiple episodes of rheumatic
fever, particularly in populations living at the lowest
socioeconomic levels. Most of these small children

had echocardiographic signs of chronic, irreversible,
severe rheumatic heart disease. This disease is the
most common form of acquired cardiac disease, car-
diac failure, and premature death in children and
young adults in developing countries.1–3 The most
frequent valvar lesion in patients of this age is
known to be mitral insufficiency, a finding also con-
sistent with our results.

We identified three mechanisms for the mitral
insufficiency: prolapse of the aortic leaflet, prolapse
with signs of rupture of the tendinous cords, and a
non-coapting retracted immobile mural leaflet. In
our study, mitral annular dilation was not an inde-
pendent mechanism for mitral insufficiency. There
was no significant difference in mitral annular diam-
eter between the groups. In addition, there was a 
statistically significant positive linear correlation
between mitral annular and left ventricular diastolic
diameters. We suppose that mitral annular dilation
is a secondary mechanism of mitral insufficiency in
rheumatic disease, associated with left ventricular
dilation. The prevalences of prolapse of the aortic
leaflet, rupture of the tendinous cords, and non-
coaption of the retracted and immobile mural leaflet
were 32%, 34%, and 34% respectively. This is the
highest reported prevalence of rupture of the tendi-
nous cords in patients with rheumatic heart disease.
It has been described as existing in one-twentieth to
one-quarter of cases analysed in clinical, pathologi-
cal, and surgical series.3,5,7,8 Mitral valvar prolapse
has been reported in from one-tenth to five-sixths of
cases of rheumatic mitral insufficiency.3,6–8 Our rate
of mitral valvar prolapse, seen in one-third of patients,
is similar to that reported by Kalangos et al.8 It may
be partially explained by the inclusion of a flail
leaflet with cordal rupture, as seen in a distinct group
in our study, and because we have been careful not to
include cases of pseudoprolapse, where the mural
leaflet is fixed and the mobile aortic leaflet can give
the impression of prolapsing, but in reality remain-
ing within the mitral annular plane.8 The reasons for
the higher prevalence of cordal rupture in our study
are probably related to the characteristics of our sam-
ple, and our method of investigation. Thus, first we
studied only children and adolescents �14 years old,
all of them with severe rheumatic heart disease.
Second, we obtained good quality cross-sectional
Doppler echocardiograms with colour-flow mapping
in all of these children, and the mitral valve was
analysed with detail by two of the authors. The preva-
lence of cordal rupture, at 38%, was higher in the
group of patients aged 10 years or less than in those
aging between 10 and 14 years, when the proportion
was 14%. Children of the same social group, admitted
to the same hospital with a similar clinical presenta-
tion, but who did not have mitral valvar rolapse or
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Figure 3.
(a) Mean age with the 95% confidence interval of the three groups.
(b) Proportions of previous rheumatic fever, defined as history of acute
rheumatic fever in the past and/or signs of chronic rheumatic heart
disease on echocardiogram, in the three groups. *p � 0.006 compared
to the group with prolapse; **p � 0.03 compared to the group with
prolapse, and p � 0.05 compared to the group with ruptured cords.
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rupture of the tendinous cords, were significantly
older. This fact probably means that prolapse and
rupture of the tendinous cords may be responsible
for the earlier symptoms and haemodynamic over-
load seen in this population.

Inflammation has been recognized as a cause of
mitral valvar prolapse, sometimes described as post-
inflammatory valvar prolapse, due to deformation of
the valves and elongation of the tendinous cords.5

Cordal rupture could be a consequence of the increas-
ing tension exerted on elongated cords over time, or
as a complication of active rheumatic carditis, which
weakens the cords by inflammation.8 It is important
to note that all of the patients with cordal rupture had
evidence of a previous episode of rheumatic fever,
whereas this occurred in only half of the patients
with prolapse. Others have reported their experience
with mitral valve prolapse in acute rheumatic cardi-
tis,7 describing prolapse in 71% of their patients and
thickened leaflets in 47%. These data are in accor-
dance with the concept that mitral valvar prolapse is
an early phenomenon in the natural history of rheu-
matic heart disease, with less frequent and less intense
signs of chronicity, more often associated with an
active carditis, whereas cordal rupture is a consequence
of repeated episodes of rheumatic fever, usually asso-
ciated with echocardiographic signs of chronic rheu-
matic heart disease. Characteristically, prolapse and
rupture of the tendinous cords involved the aortic
leaflet, producing a jet that was directed posteriorly.
Only one patient had additional prolapse of the
mural leaflet, and two patients had cordal rupture
involving the mural leaflet.

It is noteworthy that ruptured cords attached to the
leaflets may be compounded by vegetations.8 In a
condition with a high risk for endocarditis like rheu-
matic heart disease, this finding can be troublesome to
the clinician. The elongated aspect, the similarity in
density compared to the other non-ruptured tendinous
cords, and the absence of other criterions for endo-
carditis, can all help in reaching the correct diagnosis.

One limitation of our study is the absence of sur-
gical or pathological confirmation of the echocardio-
graphic findings. Mintz et al.,13 however, reported
values for sensitivity, specificity, predictive accuracy
and predictive value of 96%, 84%, 89% and 94%,
respectively. Similar good agreement between echocar-
diographic findings and surgical findings have been
reported elsewhere.5,8,14

In conclusion, we have observed that prolapse of the
aortic leaflet of the mitral valve, and rupture of tendi-
nous cords, occur with a high prevalence and are seen
just as frequently as non-coaption of the thickened
mural leaflet as causes of severe mitral insufficiency
in children. Our data suggest that the valvar pro-
lapse is an early phenomenon in the natural history

of rheumatic heart disease. It may occur during a first
episode of acute rheumatic carditis, while cordal
rupture and non-coaption of the retracted and immo-
bile mural leaflet are produced by repeated episodes
of rheumatic fever, and are almost always associated
with signs of chronic rheumatic heart disease.
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