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Analysis of echocardiographic misdiagnosis causes and optimization of diagnostic
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[Abstract] Objective: To analyze the misdiagnosis rate of scimitar syndrome (SS) by transthoracic echocardiography (TTE) and its
associated influencing factors, and to explore strategies for optimizing the diagnostic workflow to enhance the accuracy of TTE in
diagnosing this disease. Methods: Clinical and TTE data of 71 patients diagnosed with SS by surgery and/or computed tomographic
angiography (CTA) from January 2008 to December 2025 were retrospectively analyzed, with a particular emphasis on the initial TTE
reports. Using surgical and CTA findings as the gold standard, 46 patients with a definite diagnosis or high suspicion of SS on TTE
reports were allocated to the confirmed group (Group A) , and 25 patients without indications of SS on the initial TTE reports were
assigned to the misdiagnosis group (Group B). Exact tests were employed to analyze the correlation between misdiagnosis and factors
such as age, routine pulmonary vein scanning, presence of atrial septal defect, degree of right - heart enlargement, and examiner

experience. The causes of misdiagnosis were systematically summarized, and methods for optimizing the diagnostic workflow were
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proposed. Results: Among the 71 patients, 46 (64.8% ) were correctly identified or suspected of having SS on the initial TTE
examination, and 25 (35.2% ) were misdiagnosed. The causes of misdiagnosis could be classified into three categories: cognitive and
mindset factors (72%, 18/25) , examination workflow and technical factors (64% , 16/25) , and case-related challenging factors (40%,
10/25). There were no statistically significant differences between the misdiagnosis group and the confirmed group in terms of age,
gender, or symptoms (all P > 0.05). However, statistically significant differences were observed in examiner experience ( < 5 years
vs. = 5 years) , systematic pulmonary vein tracing, systematic subxiphoid scanning, concurrent other intracardiac malformations, and
poor image quality (acoustic window limitations) (P < 0.05). Conclusion: TTE has a relatively hich misdiagnosis rate for SS, mainly
attributable to target - oriented cognitive limitations and workflow deficiencies. An enhanced TTE workflow centered on systematic
pulmonary vein evaluation should be established. A high level of suspicion should be maintained in patients with indirect clues such as
right - ward cardiac displacement, right - heart enlargement, and pulmonary hypertension. Systematic scanning protocols including
subxiphoid views should be made mandatory and standardized, and targeted training for junior physicians should be strengthened. For

clinically or echocardiographically suspected cases, cardiac CTA is essential for definite diagnosis and comprehensive preoperative

evaluation.
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A: Parasternal short-axis view on echocardiography shows the main pulmonary artery and its left and right branches. The main pulmonary artery is
dilated, and the diameter of the right pulmonary artery is smaller than that of the left pulmonary artery. MPA : main pulmonary artery; RPA: right pulmo-
nary artery; LPA: left pulmonary artery. B: Subxiphoid biatrial view on echocardiography presents an enlarged right atrium. The right inferior pulmonary
vein drains into the inferior vena cava. RA: right atrium; LA: left atrium; IVC: inferior vena cava; RIPV: right inferior pulmonary vein. C: Non-standard
subxiphoid view on echocardiography shows the right pulmonary veins connecting to the inferior vena cava. RPV: right pulmonary veins. D: Non-stan-
dard subxiphoid biatrial view on echocardiography shows the right inferior pulmonary vein directly entering the lower segment of the right atrium. E:
CDFT shows persistent mosaic venous flow at the anastomotic site. CW Doppler reveals a bimodal laminar flow pattern with elevated flow velocity , and
the maximum velocity is 156 cm/s. F, G: Subxiphoid view on echocardiography shows systemic-pulmonary collateral circulation arising from the abdominal
aorta. AA: abdominal aorta; SPC: systemic-pulmonary collateral circulation. H: Three-dimensional reconstruction of CTA demonstrates that the right
inferior pulmonary vein connects to the inferior vena cava, while the right superior pulmonary vein, left superior pulmonary vein and left inferior pulmo-
nary vein drain into the left atrium. RSPV : right superior pulmonary vein; LSPV: left superior pulmonary vein; LIPV: left inferior pulmonary vein. I: CTA
shows the right pulmonary veins converging into a common trunk and connecting to the inferior vena cava.
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Figure 1 Echocardiogram of typical cases
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Table 1 Univariate analysis between the confirmed group(Group A) and missed diagnosis group(Group B)

[n(%)]
o Group A Group B
Characteristics (n=46) (4=25) X P
Age (<12 months) 12(26.1) 12(48.0) 3.476 0.062
Male 27(58.7) 15(60.0) 0.011 0.915
Recurrent respiratory infection and dyspnea after activity 27(58.7) 14(56.0) 0.048 0.826
Systematic tracking of pulmonary veins performed 43(93.5) 7(28.0) 33.340  <0.001
Systematic subxiphoid exploration performed 46(100.0) 8(25.00 41.127  <0.001
Poor image quality Cacoustic window limitation) 2(4.3) 7(28.0) 6.189 0.013
Combined significant intracardiac malformations 30065.2) 25(100.00  11.225 0.001
Dextroposition of the heart 30065.2) 2(8.00 21.419  <0.001
Hypoplastic right pulmonary artery 18(39.1) 1(4.00 10.199 0.001
Combined ASD (diameter >10 mm) 5(10.9) 17(68.0) 24721  <0.001
Right inferior pulmonary vein/right pulmonary vein draining into inferior vena cava ~ 38(82.6) 3(12.00 33.095  <0.001
Right inferior pulmonary vein/right pulmonary vein draining into right atrium 8(17.4) 0(0 - 0.044

TTE: transthoracic echocardiography; PASP: pulmonary artery systolic pressure; ASD: atrial septal defect.
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Table 2 Comparison of examiners’ experience between the confirmed group (Group A) and missed diagnosis group

(Group B) [(n(%)]

Group Number of cases Examiner experience <5 years Examiner experience =5 years X P
Group A 46 3(6.5) 43(93.5) 34.78 <0.001
Group B 25 19(76.0) 6(24.0) 6.76 0.009
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