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Abstract

BACKGROUND

Shone’s complex is a rare syndrome characterized by congenital left heart
defects that can differ among the patients.

AIM

To use echocardiography in the diagnosis of Shone’s complex and analyze the

causes of missed diagnosis and misdiagnosis.

METHODS
This was a retrospective study of patients who underwent echocardiography
and repair surgery from February 14, 2008, to November 22, 2019. The

patients were followed once a year at the outpatient clinic after surgery.

RESULTS

Sixty-six patients were included. The patients were 2.7 (0.8-5.6) years of age,
and 54.5% were male. Ten (15.2%) had a history of heart surgery. The most
common heart defect was the Annulo-Leaflet mitral ring (ALMR) (50/66,
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75.8%), followed by coarctation of the aorta (CoA) (43/66, 65.2%). The
patients had a variety of combinations of defects (Table 1). Only twao (3.0%)
patients had all four defects. None of the patients had a family history of
congenital heart disease. The preoperative echocardiographic findings were
examined against the intraoperative findings. Echocardiography missed an
ALMR in 31 patients (47.0%), a parachute mitral valve (PMV) in one patient
(1.5%), subaortic stenosis in one patient (1.5%), and CoA in two patients
(3.0%).

CONCLUSION

Echocardiography is an effective method to diagnose the Shone’s complex.
Due to this disease’s complexity and interindividual variability, Improving
the understanding of the disease can reduce misdiagnosis and missed

diagnosis.

Key words: Shone’s syndrome; Congenital heart disease; Mitral valve;

Echocardiography; Left heart; Misdiagnosis.

Core Tip: This was a retrospective study with the largest sample size which
aimed to examine the use of echocardiography in the diagnosis of Shone’s
complex and to analyze the possible causes of missed diagnosis and
misdiagnosis. Sixty-six patients were included. The preoperative
echocardiographic findings were examined against the intraoperative
findings. Echocardiography missed an Annulo-Leaflet mitral ring in 31
patients, a parachute mitral valve in one patient, subaortic stenosis in one
patient, and coarctation of the aorta in two patients. Due to this disease’s
complexity and interindividual variability, echocardiography missed
diagnosis can occur. Combining the results of echocardiography, computed

tomography, magnetic resonance imaging might be helpful.
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INTRODUCTIO

Shone’s complex is a rare congenital heart disease characterized by multiple
left heart obstructive defects, including coarctation of the aorta (CoA),
valvular stenosis, and mitral stenosis. Those defects interfere with the normal
flow of oxygenated blood from the left heart. There are complete and
incomplete forms of the symagrome, as well as possible combinations with
other heart defects such as patent ductus arteriosus, interrupted aortic arch,
bicuspid aortic valve, atrial septal defect, and ventricular septal defect. The
spectrum of symptoms, treatments, and outcomes will vary according to the
number of defectsf10], Shone's complex represent about (.7% of the patients
with congenital heart diseasel®] or 0.03% of echocardiography
examinations/12l. The long-term prognosis is poor, and the perioperative
mortality rates are 24%-ﬁ% [1314],

Echocardiography is a non-invasive imaging modality that provides
hemodynamic information in a short period and at the patient bedside. It can
be used to reveal abnormal left ventricular wall motions, right ventricle
dilation, an intimal flap in the ascending aorta, pericardial effusion, left
ventricular ejection fraction'>1%. It is a non-invasive, rapid, igaxpensive
diagnostic modality for a number of heart conditions such as pericardial
tamponade, acute coronary syndrome, cardiomyopathy, pulmonary
embolism, and Stanford type A aortic dissection['*2%. It can also be used for
the diagnosis, follow-up, and management of congenital heart diseases[21-23].

The studies about the use of echocardiography for the diagnosis of
Shone’s complex are mainly limited to case reportsl52426] or small case
seriesl2Z.3] Nevertheless, a study suggested that echocardiography is
invaluable in the characterization of the left heart defects found in Shone’s
complex, but that diagnosis is complicated by the high variability of the
possible combinations of defectsl?”l. This could result in a missed diagnosis or
misdiagnosis. Additional studies are necessary to determine the exact value of

echocardiography in the diagnosis of Shone’s complex.

3/11

Commented [L1]: It is not avoid to cite more than 5
references  ina single citation.




Therefore, this study aims to examine the use of echocardiography in the
diagnosis of Shone’s complex and to analyze the possible causes of missed
diagnosis and misdiagnosis. The results could support the use of

echocardiography for the diagnosis of Shone’s complex.

MATERIALS AND METHODS

Study design and patients
This was a retrospective study of patients who underwent echocardiography
and repair surgery at Fuwai Hospital (Beijing, China) from February 14, 2008,
to November 22, 2019. The study was approved by the ethics committee of
Fuwai Hospital, Beijing, China (2016YFC1302000). The requirement for
informed consent was waived by the committee because of the retrospective
study nature.

The inclusion criteria were: (1) Surgically confirmed Shone’s complex; and
(2) Underwent echocardiography, and qualified images were available.

Patients with incomplete clinical data were excluded.

Diagnostic criteria

In 1963, Shone et al®! reported the feature of Shone’s syndrome, which
includes Annulo-Leaflet mitral ring (ALMR), parachute mitral valve (PMV),
subaortic stenosis (subAS), and CoA. Shone’s syndrome is a rare form of
congenital heart disease that consists of several heart defects, including
ALMR, PMV, subAS, and CoA. The corresponding pathological changes are
as follows: ALMR occurs in the septum of the region above the annulus of the
mitral valve. PMV is a form of congenital mitral stenosis where the main
pathological change is papillary muscle fusion, which involves mitral chordae
tendineae attaching to a single dominant papillary muscle, leading to the
inability of the mitral valve to fully open during ventricular diastole. There
are two common types of subAS: (1) Limited subaortic stenosis includes
fibromuscular septum inferior stenosis and septum inferior aortic stenosis,

which is caused by 1.0 - 1.5 cm fibrous septums below the aortic valve; (2)

4/11




Diffuse subaortic stenosis is tubular stenosis caused by diffuse thickening of
the outflow tract muscle in the left ventricle. Coarctation of the aorta is a local
or diffuse narrowing of the aorta that results in reduced blood flow.

When only two or three of the abnormalities are present, Shone’s complex
is diagnosed as the incomplete form. Delmo ef all¥] believe that a mitral valve
abnormality of the inflow tract is the main factor that affected surgical effects.
Therefore, when there are outflow abnormalities complicated with ALMR or

mitral stenosis, Shone’s complex can be diagnosed as the incomplete form.

Echocardiography

Echocardiography was performed within one week before surgery. The
ultrasonic examinations of all children were performed by a sonographer
with more than 5 years of working experience.

In addition to providing unified technical training and consistent
examination conditions, we employed skilled sonographers to minimize bias
and strictly controlled objective indicators, thus facilitating diagnoses
according to diagnostic criteria. The equipment included Philips TE33 and
EPIQ 7C systems, with the S8-3 (3-8 MHz) and 55-1 (1-5 MHz) probes (Philips,
Best, The Netherlands). If the children did not cooperate with the examination,
a 0.5 mL/kg chloral hydrate solution was orally administrated for sedation.
The children were in the horizontal or left lateral position, and
echocardiography was performed in the order of subxiphoid, parasternal area,
cardiac apex, and suprasternal fossa. The diagnosis was made using the
three-segment method, paying special attention to the subxiphoid
four-chamber view, parasternal left ventricular long-axis view, parasternal
fourchamber view, parasternal left ventricular short-axis view, apical

four/five-chamber view, and suprasternal fossa view.

Surgery
The patients underwent repair surgeries according to different combinations

of defects under general anesthesia, including mitral valvuloplasty, resection
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of supravalvular septum, patch angioplasty for CoA, and CoA resection and

end-to-end anastomosis.

Follow-up

The patients were followed once a year at the outpatient clinic after surgery.
Echocardiography was performed to observe the forward flow velocity and
regurgitation of the mitral valve, forward flow velocity and regurgitation of
the aortic valve, and the descending aortic flow velocity, and determine the
presence or absence of postoperative re-obstruction (defined as descending

aortic flow velocity of <2 m/s).

Statistical analysis
Only descriptive statistics were used. Age was presented as median (range),
and categorical variables were presented as prequencies and percentages.

The statistical methods of this study were reviewed by Ye-Dan Li,
Kun-Jing Pang, Mu-Zi Li, Nan Xu, Hao Wang, Shou-Jun Li and Jun Yan from
State Key Laboratory of Cardiovascular Disease, Fuwai Hospital, National
Center for Cardiovascular Diseases, Chinese Academy of Medical Sciences

and Peking Union Medical College.

ESU LTS

Characteristics of the patients

The characteristics of the 66 patients are shown in Table 1. The patients were
2.7 (0.8-5.6) years of age, and 54.5% (36/66) were male. Twenty (30.3%) were
born by cesarean section, and 10 (15.2%) had a history of heart surgery. The
most common heart defect was an ALMR (50/66, 75.8%), followed by CoA
(43/66, 65.2%). None of the patients showed signs of cyanosis, while only one
patient displayed symptoms of dyspnea and left heart failure (1/66, 1.5%).
The patients had a variety of combinations of defects (Table 1). Only two
(3.0%) patients had all four defects. None of the patients had a family history

of congenital heart disease.
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Missed diagnoses

The preoperative echocardiographic findings were examined against the
intraoperative findings. Echocardiography missed an ALMR in 31 patients
(47.0%), a PMV in one patient (1.5%), subaortic stenosis in one patient (1.5%),
and CoA in two patients (3.0%). Figures 1 to 4 present typical

echocardiography images of Shone’s complex.

DISCUSSION

Shone’s complex is a rare syndrome characterized by congenital left heart
defects that can differ among the patients. This retrospective study aims to
examine the use of echocardiography in the diagnosis of Shone’s complex and
to analyze the possible causes of missed diagnosis and misdiagnosis. The
results suggest that echocardiography is an effective, non-invasive, and
low-cost method to diagnose the heart defects of Shone’s complex. Due to this
disease’s complexity and interindividual variability, missed diagnosis and
misdiagnosis can occur. Combining the results of echocardiography,
computed tomography, and/or magnetic resonance imaging might be
helpful.

Some case reports examined the use of echocardiography in some
patients(>22¢], and small case series are availablel'2725. Ma et all?”] reported
38 patients with Shone’s complex that were evaluated by echocardiography.
They reported a wide variety of combinations of defects among their patients,
as in the present study, and concluded that echocardiography is important in
the diagnosis of Shone’s complex, but they did not examine the misdiagnoses.
Kumar et all®¥] reported five patients with Shone’s complex and
transesophageal echocardiographic evaluation and highlighted the usefulness
of transesophageal echocardiography. Zucker ef all'2l suggested that
ultrasound is crucial to discriminate between Shone’s complex and

hypoplastic left ventricle, influencing the physician’s management.
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An innovation of the present study is the validation of the preoperative
echographic findings with the intraoperative findings. A surprising result is
that echocardiography missed an ALMR in 47.0% of the patients or 62.0% of
the patients with an ALMR, while PMV (1.5% of the patients or 5.0% of the
PMVs), subaortic stenosis (1.5% of the patients or 4.0% of the subaortic
stenoses), and CoA (3.0% of the patients or 4.7% of the CoAs) were missed in
smaller proportions of patients. Various reasons might be involved. The
mitral ring is very small. Sometimes, only the ridge adhered to the mitral
valve, or only to the anterior and posterior leaflets or annulus of the mitral
valve, or did not adhere to the mitral valve but was very close to it. In these
cases, it was difficult to identify an ALMR on echocardiography. The mitral
valve leaflets can also be thickened and enhancing the echo, which can easily
cover the supravalvular ring on the images. If the sonographer is
inexperienced, the ALMR might be missed without further careful
observation when PMV and mitral stenosis were found. Regarding PMV. If
the left ventricular short-axis papillary muscle is not carefully checked, the
anomaly of the papillary muscle can be missed. The flow velocity can be
increased in the presence of mitral stenosis. If the sonographer considered the
increase in flow velocity as a result of mitral stenosis, PMV might be missed
due to not paying further attention. Subaortic stenosis is classified as the
membranous type and fibromuscular type (isolated and diffuse stenosis).
Usually, the manifestation of fibromuscular stenosis is obvious, and it cannot
be missed. On the other hand, the membranous type is easy to be missed,
because the subvalvular septum is sometimes very small, or the septum is
close to the aortic valve. CoA can be classified as two types according to the
different positions of the arterial duct: preductual and postductal. If the color
Doppler and spectral Doppler images of the descending aortic arch on the
suprasternal fossa view are not carefully observed, CoA can be missed. CoA
patients are often accompanied by post-stenotic dilation of the descending
aorta, which may suggest CoA. When children develop left ventricular wall
hypertrophy or decreased left ventricular systolic function, the presence of
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CoA can be considered. In addition, many patients with anomalies of the
bicuspid aortic valve have CoA and should be carefully screened.

Subaortic stenosis was misdiagnosed as aortic stenosis in one case.
Because the subaortic septum is often very close to the aortic valve, subaortic
stenosis caused by the subaortic septum is commonly mistaken for aortic
stenosis. Therefore, it is easy to misdiagnose the condition if the clinician lacks
experience or does not make careful observations.

In addition, 10 children in this study had a history of heart surgery, but
misdiagnosis or missed diagnosis still occurred because previous surgical
procedures were also planned based on the results of echocardiography. For
example, if only a mitral valve defect was found and CoA was missed at that
time, only the mitral valve was treated during surgery, and the CoA was still
missed.

The prognosis of patients after surgery was as follows: one patient
developed a third-degree atrioventricular block and had a permanent
pacemaker installed. Another case had cyanosis and dyspnea and underwent
mitral and tricuspid valve repair. One patient had severe mitral insufficiency
in the early stage and received a mechanical mitral valve replacement three
days after the operation. Besides, one case underwent ALMR resection nine
years after the first operation. There were no instances of in-hospital deaths.

Patients were treated with torasemide tablets and potassium citrate
granules after surgery. Surgical methods of inflow tract obstruction mainly
included ALMR removal, chordae tendineae release, papillary muscle incision,
and mitral valve replacement. Approaches for outflow tract obstruction
primarily involved aortic coarctation resection, end-to-end anastomosis,
subvalvular septum removal, etc. Among the 66 patients, seven underwent
secondary surgery. Besides, there were four cases of complete Shone's
syndrome and 62 cases of incomplete Shone’s syndrome.

This study has limitations. Most previous studies are either case reports or
small case series, and the present study is probably the largest series so far,
with n = 66, but it is still a small series to draw firm conclusions. All patients
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were from a single center, and future studies should include multiple
hospitals. Indeed, the disease is rare, and collective research efforts should be
undertaken. Finally, the available data were limited to those available in the

charts.

CONCLUSION

In conclusion, echocardiography is an effective, non-invasive, and low-cost
method to diagnose the heart defects of Shone’s complex. Due to the
complexity and interindividual variability of the syndrome, missed diagnosis
and misdiagnosis may easily occur. Future studies should examine the
combination of multiple imaging modalities, including echocardiography,

computed tomography, and magnetic resonance imaging,.
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