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Abstract

Severe valvulitis owing to acute Kawasaki disease leading to severe mitral regurgitation is a
rare event in infants. Further, there is less information about underlying ruptured mitral
chordae tendineae causing severe mitral regurgitation. We encountered ruptured mitral
chordae tendineae in three female patients after Kawasaki disease. The age at the onset of
Kawasaki disease ranged from 3 to 8 months, and detection of ruptured mitral chordae
tendineae was from 24 to 90 days. Two patients had acute heart failure, and one was
asymptomatic. One patient underwent mitral annuloplasty, and the others responded to
medication. These ruptured mitral chordae tendineae occurred after the remission of the
initial acute Kawasaki disease, in the early course and the convalescent of acute Kawasaki
disease. Further, the recurrent fever was also detected in them. The ruptured mitral chordae
tendineae in an infant within 6 months can be detected by systolic heart murmur around the
convalescent stage of acute Kawasaki disease, although the prevalence is very low.

Either mitral valve or tricuspid valve regurgitation are often recognised as transient and
subclinical developments in the acute phase of Kawasaki disease."”” Severe mitral regurgitation
owing to valvulitis is rare in the early course of acute Kawasaki disease.* In 1997, we reported
a patient with mitral regurgitation owing to ruptured chordae tendineae of the mitral valve
caused by Kawasaki disease but details were restricted.” Although rare, the onset of ruptured
chordae tendineae is sudden and it can complicate acute heart failure related to acute
Kawasaki disease. Because we encountered ruptured mitral chordae tendineae in three female
infants after Kawasaki disease, we believe an analysis of their clinical characteristics, clinical
course, treatment, and the outcome is valuable.

A 7-month-old female infant, weighing 8 kg, was admitted to a nearby hospital on the 43th
day of illness because of mitral regurgitation, pericardial effusion, and coronary aneurysms
caused by Kawasaki disease. Acute typical Kawasaki disease was diagnosed on the 5th day of
illness, and aspirin of 30 mg/kg/day and intravenous immunoglobulin of 1g/kg/day were
administered. The maximum values of C-reactive protein and white blood cell were 15.0 mg/dl
and 29,600 u/ml, respectively. Fever remitted on the 9th day, whereas desquamation appeared
on the 10th day of illness. However, she had recurrent fever from the 15th to the 21st day of
illness. During this period she was irritable and pale with a rash and hepatosplenomegaly.
Digoxin was started on the 16th day of illness, and bilateral coronary aneurysms were
detected. Further, dopamine, dobutamine, and furosemide were administered intravenously.
After intravenous immunoglobulin of 0.1 g/kg/day was added on the 20th day, the fever
remitted. A heart murmur developed on the 21st day, and mitral regurgitation was detected by
two-dimensional echocardiography on the 24th day of illness. Recurrent fever developed from
the 28th to the 30th day. The cardiothoracic ratio was 65%. On admission to our hospital,
a 2/6 systolic heart murmur was identified and two-dimensional echocardiography revealed
moderate mitral regurgitation owing to ruptured chordae tendineae of the posteromedial
leaflet and anterolateral leaflet of mitral valve. In addition, slight aortic regurgitation was
present because of bilateral giant coronary aneurysms. The maximum diameter of both
coronary arteries was 16 mm. Moderate mitral regurgitation was detected at cardiac cathe-
terisation on the 45th day of illness. The left ventricular end-diastolic pressure and the left
ventricular end-diastolic volume were 14 mmHg and 32 ml (187%), respectively.

Digoxin and furosemide per os were administered until she reached 16 years. Coumadin
and aspirin were also continued for their anti-thrombotic action. She had no events in the
outpatient clinic. She underwent coronary artery bypass grafting to the right coronary artery,
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the left anterior descending artery, and the left circumflex at the
age of 30 years because of coronary artery stenosis. However,
her left ventricular end-diastolic dimension and left ventricular
ejection fraction were 49mm (102% of normal) and 61%,
respectively, by two-dimensional echocardiography. Mild mitral
regurgitation and trivial aortic regurgitation remained.

A 5-month-old female infant with mitral regurgitation, body
weight 6.5 kg, was referred to our hospital. Acute typical Kawasaki
disease was diagnosed at 3 months of age. Aspirin and intra-
venous immunoglobulin of 400 mg/kg/day for 5 days were
administered. After alleviation of fever, she had desquamation.
No abnormal findings were observed when she was discharged on
the 14th day. However, she become febrile with a cough with
irritable behaviour on 31st day after the onset of the acute
Kawasaki disease. The next day, she had vomiting and became
lethargic with decreased appetite. On the 35th day of illness, she
was admitted to a nearby hospital with decreased activity, pallor,
and hypothermia. On admission, the systolic heart murmur and
hepatomegaly were confirmed. C-reactive protein was 7.21 mg/dl
Antibiotics and fluid infusion were administered intravenously.
On the 37th day of illness, she was transferred to another hospital,
because of dyspnoea, and regurgitation. Mitral and tricuspid valve
regurgitation was detected by two-dimensional echocardiography.
Despite diuretics and catecholamine were administered her heart
failure progressed. Pulmonary oedema was detected on chest
X-ray, and oxygen inhalation was needed. After intravenous
immunoglobulin was administered, her heart failure slightly
improved. She was transferred to our hospital on the 57th day of
illness. The heart murmur grade 3/6 of Levine was detected on
auscultation. Severe mitral regurgitation owing to ruptured
chordae tendineae of posterolateral leaflet of mitral valve was
diagnosed by two-dimensional echocardiography. Her left ven-
tricular end-diastolic dimension and left ventricular ejection
fraction were 27 mm (108% of normal) and 77%, respectively by
two-dimensional echocardiography. There were no coronary
artery lesions. A ’Ga scintigram was positive on the 58th day of
illness. Catecholamines were stopped on the 67th day of illness
after heart failure treatment. Angiotensin-converting enzyme
inhibitor was started. Her left ventricular end-diastolic dimension
by two-dimensional echocardiography fell to 30.4 mm (118% of
normal) on the 80th day. Her electrocardiogram showed hyper-
trophy of the left atrium and ventricle.

She underwent cardiac catheterisation on the 109th day of
illness. The left ventricular end-diastolic pressure and mean
pulmonary wedge pressure were 18 and 14 mmHg, respectively.
The left ventricular end-diastolic volume and left ventricular
ejection fraction were 29 ml (172% of normal) and 77%, respec-
tively (Figs 1 and 2). Endomyocardial biopsy of the right ventricle
showed no inflammatory cells. She was maintained on
angiotensin-converting enzyme inhibitor, furosemide, and spir-
onolactone in the outpatient clinic. The left ventricular end-
diastolic dimension by two-dimensional echocardiography was
48.6 mm (136% of normal) at 5 years old. She underwent cardiac
catheterisation again at the age of 6 years (Fig 2). The left ven-
tricular end-diastolic pressure and mean pulmonary wedge
pressure were 13 and 10 mmHg, respectively. The left ventricular
end-diastolic volume and left ventricular ejection fraction were
111ml (177% of normal) and 67%, respectively. She underwent
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mitral valve annuloplasty with resection of the posterolateral
leaflet. The left ventricular end-diastolic dimension by two-
dimensional echocardiography decreased to 41.2mm (98% of
normal) and her mitral regurgitation improved from severe to
trivial. No medications were required post surgery. She has been
doing well for 16 years.

An 8-month-old girl infant, body weight 9 kg, was referred to our
hospital on the 4th day of acute typical Kawasaki disease, and
aspirin was started. Mild regurgitation of both mitral and tri-
cuspid valves was present. The maximum values of C-reactive
protein and white blood cell were 5.78 mg/dl and 19,900 u/ml,
respectively. On the 5th day, immediately after intravenous
immunoglobulin of 0.1 g/kg/day was administered, fever was
alleviated; however, fever with rash reappeared on the 10th day of
illness. On the 11th day, after receiving intravenous immu-
noglobulin of 1g/kg/day, her fever subsided. There were no
coronary aneurysms. The degree of mitral regurgitation was tri-
vial by two-dimensional echocardiography on the 37th day. After
1 month, she had fever for 3 days followed by rash. She was
diagnosed as exanthema subitum in the nearby clinic. After the
episode, she had had no symptoms. On the 90th day, a systolic
heart murmur was detected at her regular outpatient clinic visit.
Slight to moderate mitral regurgitation owing to ruptured chor-
dae tendineae of the antero-middle leaflet of the mitral valve was
detected by two-dimensional echocardiography (Fig 3). The car-
diothoracic ratio in chest X-ray was 48%, and a double shadow
was found. The left ventricular end-diastolic dimension and left
ventricular ejection fraction by two-dimensional echocardio-
graphy were 32.6mm (115% of normal) and 79%, respectively.
Spironolactone and angiotensin-converting enzyme inhibitor
were started. When 2 years old, her left ventricular end-diastolic
dimension by two-dimensional echocardiography was 33.0 mm
(105% of normal). Spironolactone was discontinued.

A TJapanese study of about 95 patients with ruptured mitral
chordae tendineae was reported in 2014.° The age of patients
ranged from 21 days to 16 months. A total of 10 patients with
ruptured mitral chordae tendineae related to acute Kawasaki
disease were included in that study. Its incidence with acute
Kawasaki disease was estimated to be about 1/10,000. Ruptured
mitral chordae tendineae had occurred both in the acute phase
and the convalescent phase. The number of patients in the acute
phase and the convalescent stage were 3 and 7 patients, respec-
tively. The number affecting the convalescent stage was more
than that of the acute phase in that study. Hypercytokinaemia
because of acute Kawasaki disease vasculitis is considered as one
of the causes of infant ruptured mitral chordae tendineae. On the
contrary, the occurrence of ruptured mitral chordae tendineae in
the late period of more than 4 months after the onset of acute KD
had not been reported. Furthermore, there was no report about
ruptured mitral chordae tendineae in the acute Kawasaki patients
more than 24 months old.

Acute Kawasaki disease is characterised by hypercytokinaemia
and a systemic vasculitis of medium-sized vessels. The hyper-
cytokinaemia leads to various systemic symptoms and signs in
multiple organs including the heart. Acute Kawasaki disease
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Table 1. Characteristics and treatment in patients with raptured chordae tendineae of mitral valve.

E. Tsuda et al

Patient 1 2 3
Gender Female Female Female
Age at detection of RMCT 7 months 5 months 10 months
Time of RMCT Acute Convalescent Convalescent
Age at acute KD 6 months 3 months 8 months
Interval from the onset of KD to RMCT 24 days 36 days 90 days
Duration of fever at acute KD 8 days 4 days 5 days
Coronary aneurysm Aneurysms None None

Premonitory symptoms

Recurrent fever

Recurrent fever

Recurrent fever

Site of raptured chordae Anterior, posterior Posterior Anterior
Degree of mitral regurgitation Moderate Severe Slight-moderate
Maximum LVDd (% of normal) 120 134 115
Operation None Annuloplasty None
Medication Coumadin, aspirin ACEI* ACEI

Furosemide*

Furosemide*

Spironolactone*

Digoxin*
Age at evaluation in the late period 30 years 7 years 2 years
Latest LVDd (% of normal) 102 99 105
Latest degree of mitral regurgitation Slight Trivial Slight-moderate

ACEI =angiotensin converting enzyme inhibitor; KD = Kawasaki disease; LVDd = left ventricular end-diastolic dimension; RMCT = ruptured mitral chordae tendineae

*Discontinue

vasculitis can develop pericarditis, myocarditis, endocarditis, and
valvulitis, so features are not restricted to the coronary arteries.”
Initially systemic inflammation owing to acute Kawasaki disease
involves the small vessels and peaks on the 10th day of illness,
then the inflammation regresses until the 20th illness day leaving
no residue.® Heart murmur was detected in the third week of
acute Kawasaki disease in most of the patients with ruptured
mitral chordae tendineae in our experience and the previous
reports (Tables 1 and 2). The most ruptured mitral chordae
tendineae seems to occur at that time. Further, inflammation after
the initial acute Kawasaki disease vasculitis is often recurrent. It is
well known that the recurrent fever is one of the factors that
makes coronary artery aneurysm. Our patients had had recurrent
fever vasculitis after alleviation of the initial Kawasaki disease
vasculitis. Although it is unclear whether the recurrent fever is
related to acute Kawasaki disease or not, the repeat inflammatory
attacks might predispose to ruptured mitral chordae tendineae
(Tables 1 and 2).>™"> On the contrary, ruptured mitral chordae
tendineae without recurrent fever in the convalescent stage has
been reported.'’ Further, the occurrence of ruptured mitral
chordae tendineae in all phases of acute phase of Kawasaki disease
has been described, not only in the convalescent stage but also in
acute phase.'? The initial severe hypercytokinaemia can also cause
ruptured mitral chordae tendineae.

In the acute phase of Kawasaki disease, mild regurgitation of
the mitral and tricuspid valves occurs in 30-40% patients, parti-
cularly in small infants rather than older children." Not only
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valvulitis but also a ruptured mitral chordae tendineae is one of
the causes of mitral regurgitation, a possible outcome of valvulitis
caused by Kawasaki disease. In the past when two-dimensional
echocardiography had not developed, the diagnosis of a ruptured
mitral chordae tendineae might be difficult. Severe mitral regur-
gitation caused by valvulitis resulting from acute Kawasaki disease
was reported in infants, particularly under 6 months of age.*
Furthermore, the age at ruptured mitral chordae tendineae caused
by Kawasaki disease in the previous reports was within 6 months
old (Table 2). The risk of ruptured mitral chordae tendineae
seems to depend on the age at the onset of acute Kawasaki dis-
ease. Hence it is believed that the weakness of the chordae ten-
dineae owing to inflammation is related to the younger ages.
We have experienced repeat ruptured mitral chordae tendi-
neae 12 and 18 days after the onset of disease, in patients whom
incomplete Kawasaki disease had been suspected (Table 2).'> He
was a 6 months old boy who had persisting fever and bilateral
conjunctivitis injection. He developed suddenly cardiogenic shock
because of mitral regurgitation caused by ruptured mitral chordae
tendineae of the anterior and posterior leaflets of mitral valve, and
underwent mitral valve replacement with a prosthetic valve. Our
experience is that idiopathic ruptured mitral chordae tendineae
suddenly leads to severe heart failure or cardiogenic shock in
infants around 6 months and the left ventricle is unable to rapidly
compensate for the increased volume. As a result, the hemo-
dynamic state becomes unstable, which may sometimes be fatal.
Most of the infants had had fever suspected to be infection as the
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Author and year in the previous report

Takechi® (1988)*

Tomita'® (1990)*

Mishima®® (1996)

Haniu'? (2005)

Fukuhara®® (2005)

Typical KD/incomplete KD** Typical KD Typical KD Typical KD Incomplete KD Incomplete KD
Gender Male Female Male Male Male

Age at detection of RMCT 2 months 5 months 3 months 6 months 5 months
Time of RMCT Acute Convalescent Acute Acute Acute

Age at acute KD 2 months 3 months 3 months 6 months 5 months
Interval from the onset of KD to RMCT 16 days 60 days 24 days 12 and 18 days 22 days
Duration of fever at acute KD 13 days Unknown 6 days 13 days 7 days
Coronary aneurysm Regression None None None Regression
Premonitory symptoms Recurrent fever Recurrent fever None Fever Recurrent fever
Site of raptured chordae Anterior suspect Anterior suspect Posterior Anterior, posterior Anterior
Degree of mitral regurgitation Moderate Severe Severe Severe Severe

Heart failure Severe heart failure Severe heart failure Severe heart failure Cardiogenic shock Cardiogenic shock

Operation None Waiting Annuloplasty Prosthetic valve Prosthetic valve

Medication Digoxin Digoxin Not written Coumadin Coumadin
Diuretics Diuretics Aspirin

Age at evaluation in the late period 8 months 4 years 1 year 14 years 8 months

Latest degree of mitral regurgitation Moderate Severe None None None

KD = Kawasaki disease; RMCT =ruptured mitral chordae tendineae
*As the cause of mitral regurgitation in two patients, RMCT was strongly suspected
**The diagnosis of KD was based on diagnostic guidelines prepared by the Japanese Kawasaki disease society

Figure 1. Left ventriculogram at 9 months old in patient 2. Severe mitral regurgitation was detected. The left atrium and ventricle were dilated.

premonitory symptom. The causes of infantile ruptured mitral
chordae tendineae remain unknown, and its occurrence is only
reported in Japan. The causes of ruptured mitral chordae tendi-
neae might be related to racial or genetic factor, in the view of
immunologic response for infection.

In the Japanese survey of 2014 about ruptured mitral chordae
tendineae, eight deaths (8.4%) among 95 patients had occurred.®
The severity of heart failure depends on the extent of ruptured
mitral chordae tendineae. In the treatment of sudden and
progressive heart failure because of ruptured mitral chordae
tendineae, anti-acute heart failure must be considered with ino-
tropic support and respiratory management. Strict management
of fluid volume to prevent pulmonary oedema is also important.
In the cases with intractable heart failure, surgery should be
considered early. Emergency surgery is often needed to save
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the patients. However, mitral valvuloplasty in small infants is
difficult in some cases, particularly because of the degeneration of
the valve. Artificial chordae tendineae for reconstruction would
be needed, particularly in the anterior leaflet. Mitral valve repla-
cement with a prosthetic valve should be avoided in small chil-
dren, if possible. The latter the time of surgery, the better the
outcome. Therefore, the initial management for ruptured mitral
chordae tendineae is very important. If acute heart failure can be
stabilised, the left ventricular end-diastolic volume after ruptured
mitral chordae tendineae gradually increases to compensate
for volume load of the left ventricle with ageing. The indication
of surgery for mitral valve depends on volume overload of the
left ventricle. Angiotensin-converting enzyme inhibitor and
diuretic should be recommended to prevent remodelling of the
left ventricle.
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Figure 2. Chest X-ray two before and after operation in patient 2. (Left) The cardiothoracic ratio was 56% in 2-year-old, and the double shadow because of enlargement of the
left atrium was shown. (Middle and right) Chest X-P at 6 years. The cardiothoracic ratio improved from 54 to 51% after surgery.

Figure 3. Two-dimensional echocardiogram at 1-year-old in patient 3. (Left) Prolapse of chordae tendineae in the anterior leaflet was detected. (Right) Mitral regurgitation was

found. The grade of mitral regurgitation was slight to moderate.

We suspect that ruptured mitral chordae tendineae in infant within
6 months occurs because of weakness of the chordae tendineae,
secondary to injury by inflammation because of acute vasculitis
and the recurrent fever. The correct diagnosis of ruptured mitral
chordae tendineae and its careful management are important to
prevent occasional deaths, particularly at convalescent stage.
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