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Abstract 

Intraoperative transesophageal echocardiography is used to more accurately assess a patient's cardiac condition and is important 

for the guidance of cardiac surgery. This case reports a pediatric cardiac surgery performed under TEE guidance in a patient with 

multiple complications. A 5-year-old child presented with diarrhea as the first symptom. At the age of 2 years, she was admitted 

to the hospital with ptosis of the right upper eyelid, morning lightness and evening heaviness, hand tremor, and the presence of a 

murmur in the mid to late stages of cardiac systole on auscultation. She was diagnosed with mitral valve prolapse and myasthenia 

gravis, which resolved with treatment. Subsequently, she was diagnosed with hyperthyroidism due to obvious protrusion of the 

eyeballs, and was admitted to the hospital for heart valve surgery after her thyroid function was controlled. Intraoperative TEE 

suggested mitral valve prolapse combined with embolization of the P2 region. In the complex case of this child, the suture points 

during mitral valvuloplasty and the scar tissue caused by the mitral valvuloplasty annulus may limit the growth of the annulus as 

well as the leaflet motion. Therefore, it was recommended that the surgeon perform mitral valve extension to maximize the 

prognosis. TEE herein guided the cardiac surgical decision making to maximize the prognosis of the child. 
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1. Introduction 

Mitral valve prolapse (MVP) is one of the most common 

cardiac valve diseases in pediatric patients, manifested mainly 

by prolapse of the mitral valve leaflet into the left atrium 

during ventricular systole. Hyperthyroidism is closely related 

to MVP, mainly in terms of immune and genetic susceptibility 

[1, 2]. In addition, autoantibodies, lymphocytes, cytokines, 

and chemokines may play an important role in the develop-

ment of myasthenia gravis (MG) with hyperthyroidism, and 

genetic susceptibility is also an integral part [3, 4]. 

A 5-year-old child, who underwent cardiac surgery for mi-

tral valve prolapse, presented with concurrent hyperthyroid-

ism and MG, as detailed in this report. The cooccurrence of 

these three diseases is extremely rare, and the association 

among those diseases has not been discussed in the previous 

literature. Written informed consent was obtained from the 

patient for the publication of this case report. 
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2. Case Presentation 

A 5-year-old girl with a height of 108 cm and a weight of 13 

kg, born at 38 weeks by cesarean section, weighing 2.65 kg at 

birth, breastfed for 1+ years, was admitted with right upper 

eyelid ptosis, hand tremors with shortness of breath after 

activity for 3+ years. At the age of 1 year, she was admitted 

with recurrent diarrhea after changing formula, and at the age 

of 2 years, she was found to have right upper eyelid ptosis 

with lightness in the morning and heaviness in the evening, 

hand tremors, and a heart murmur during mid to late systole 

on auscultation. Based on the symptoms, neostigmine test, 

and cardiac ultrasound, she was diagnosed with myasthenia 

gravis and mitral valve prolapse and then treated with pred-

nisone and bromipyridamole, the dosage was gradually re-

duced until January 2021, when symptoms subsided. Later, 

she was diagnosed with hyperthyroidism due to significant 

bulging eyes and was treated with Sage when she was five, 

with moderate control of thyroid-related indicators. Notably, 

there was no family history of the thyroid disease. Then, the 

child was admitted to the hospital for further physical exam-

ination, which revealed a marked convexity of the eyes; the 

heart border was enlarged to the lower left, the heart rate was 

fast, the rhythm was uniform, and a systolic murmur was 

heard in the apical region. Laboratory tests showed that 

Thyroid Stimulating H (TSH) was <0.005, T3=3.37noml/L, 

and FT3=10.4pmol/L. 

The preoperative transthoracic echocardiography (TTE) 

(Figure 1) suggested that the left heart was significantly en-

larged. The mitral valve was slightly thickened, with slightly 

enhanced echogenicity. The -valve was open in diastole, but in 

systole, the A2 area of the anterior valve was prolapsed into 

the left atrium, resulting in misalignment of closure. Doppler 

test: mitral inflow acceleration Vmax=2.0m/s, supravalvular 

massive eccentric regurgitation; diagnostic opinion: Regur-

gitation secondary to mitral anterior valve prolapse. 

 
Figure 1. Apical4-Chamber View (A4C) showed that the mitral inflow acceleration is 2m/s (A); Short axis view of the papillary muscle of left 

ventricle also showed that the mitral regurgitation is severe indicated by aliasing in color doppler (B). 

3. TEE Guidance 

Preoperative transesophageal echocardiography (TEE) on 

Median Esophagus 4 Chamber (ME 4C) view showed severe 

eccentric mitral regurgitation with restricted motion in the P2 

region and an enlarged triangle formed between P2 and the 

ventricular wall due to tethering of the triangle (Supplemental 

Material 1); the anterolateral papillary muscle was abnormal 

and extended towards the mitral valve (Figure 2A); The 

transgastric short-axis (TG SAX) view showed prolapse in the 

P2 and P3 regions (Figure 2B). Therefore, it is likely that the 

mitral regurgitation was caused by tethering of the P2 and P3 

regions of the mitral valve, and TEE revealed abnormal pro-

liferation of myofibroblasts in the anterolateral papillary 

muscle that had grown into the subvalvular mitral valve. 

Based on TEE ultrasound results, proper growth of the 

annulus and leaflet movement can be restricted by taking into 

account scar tissue caused by suturing during mitral valvulo-

plasty and the annulus itself. Mitral valve lengthening is a 

better option [5, 6]. The detailed procedure was described as 

follows: after extracorporeal circulation, the right atrium and 

septum were incised; the posterior mitral valve and some of 

the secondary tendons were incised, and the posterior mitral 

valve was extended using autologous pericardium; one arti-

ficial tendon was employed and sutured distally to the papil-

lary muscle and proximally to the prolapsed vavle to shape the 

mitral valve. The post-operative period was uneventful and 

the patient was discharged in 5 days. 
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Figure 2. A: ME 4C without Doppler blood flow showed that the triangle formed by the P2 region and the left ventricular wall becomes 

larger indicated by the red triangle; ME 4C with Doppler blood flow shows that mitral eccentric regurgitation indicated by aliasing in color 

doppler; B: TG SAX showed that P1, P2, and P3 regions of the mitral valve. 

4. Discussion 

Mitral valve prolapse is one of the most common cardiac 

valve diseases in pediatric patients and is mainly manifested 

by prolapse of the mitral valve leaflet into the left atrium 

during ventricular systole [7, 8]. However, children primarily 

present with posterior mitral leaflet tethering as well as the 

abnormal proliferation of the anterolateral papillary muscle. 

The mitral leaflets are divided into three main layers: the atrial 

side elastin, the intermediate layer of spongy tissue, and the 

ventricular side fibrous layer [9]. The fibrous layer on the 

ventricular side as well as the myofibers of the left ventricular 

wall constitute the triangular region of the tethering, which 

may be associated with increased fibrin. In the case, the an-

terolateral papillary muscle had extended below the posterior 

mitral valve, indicating the abnormal growth of the anterol-

ateral mitral papillary muscle may also be associated with 

increased fibrin. In addition, the child had a combination of 

hyperthyroidism and myasthenia gravis, which are closely 

related in terms of autoimmunity and genetic susceptibility 

[10]. 

In the case, the child was not diagnosed with hyperthy-

roidism at an early stage due to a lack of thyroid function 

tests. Hyperthyroidism can be congenital, secondary to MG 

as well as mitral valve problems. The superimposed effect of 

the three disorders led to ventricular remodeling in the child 

with thickening of the anterior mitral valve and tethering of 

the posterior mitral leaflet. Pediatric mitral valve prolapse, 

unlike adults, is reversible to some extent. This may be 

related to left ventricular remodeling after control of hy-

perthyroidism [11]. However, in the present case, the child 

presented with mitral valve leaflet tethering, surgical treat-

ment might be more effective, compared to mitral annulo-

plasty. Satisfactory outcomes and improved quality of life 

were achieved during the follow-up period of hospitaliza-

tion. 

TTE is an important tool in the diagnosis of mitral valve 

prolapse, and transesophageal echocardiography is essential 

to further clarify the diagnosis as well as to guide the surgical 

procedure. In accordance with the preoperative ultrasound, 

mitral annuloplasty was proposed. However, TTE can be 

limited in diagnosis by patient position and gas interference. 

TTE cannot monitor the patient's cardiac activity dynamically 

like TEE because of the time limitation of the examination 

[12]. 

After TEE evaluation, posterior mitral motion restriction 

was found. Further observation revealed the presence of 

tethering in the posterior mitral triangle, which was the main 

cause of posterior mitral motion restriction. Continued fol-

low-up revealed the extent of tethering on the short axis of the 

left ventricle, originating from P2 involving P3. In addition, 

there was significant growth in the length of the anterolateral 

papillary muscle, which had grown into the subvalvular mitral 

valve. This condition not only interferes with mitral valve 

closure but also allows turbulent subvalvular flow, which may 

be a cause of anterior mitral valve thickening and posterior 

mitral valve tethering. At this point, mitral valvuloplasty 

alone is not sufficient and mitral valve extension may be a 

better option. After effective communication with the surgeon, 

the surgeon decided to change the surgical approach to mitral 

valve lengthening. 

Mitral annuloplasty is indicated for mitral stenosis or 

mitral regurgitation due to altered annular diameter from 

various causes, and surgical intervention is performed to 

restore normal annular diameter for therapeutic purposes 

[13]. In the case, the main manifestation was mitral regur-

gitation due to mitral leaflet tethering, and mitral valvulo-

plasty only addresses the enlarged annulus and does not 

address the patient's limited posterior mitral valve motion. 

Therefore, mitral leaflet extension may be a better option. 
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Mitral leaflet extension is a complementary technique that 

can be used to correct leaflet tissue deficiencies and allow 

proper leaflet alignment. Patients with recurrent mitral valve 

insufficiency after mitral valvuloplasty alone have some 

degree of exacerbation of posterior leaflet tethering. In these 

patients, anterior leaflet tethering improved significantly and 

remained stable, posterior leaflet tethering worsened, and 

more importantly, progressive posterior leaflet tethering was 

associated with recurrent mitral regurgitation after mitral 

valvuloplasty. Consequently, mitral regurgitation will be 

improved to a greater extent by extension of the posterior 

mitral valve [14, 15]. 

5. Conclusion 

The case highlights the need for thyroid-related laboratory 

tests in patients with autoimmune diseases, the possible 

co-occurrence of MVP should also be considered when a 

patient has heart-related symptoms. The combination of TTE 

and TEE may clarify the diagnosis and provide clinical deci-

sion-making surgery with an early diagnosis of hyperthy-

roidism and early treatment. Long-term follow-up is required 

for unexplained posterior mitral leaflet tethering and anterol-

ateral papillary muscle abnormalities. 
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