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Abstract:

A full-term neonate with d-transposition of the great arteries and an 
intact ventricular septum was referred to our institution. We successfully 
performed an arterial switch operation with the LeCompte maneuver. 
Intraoperative transesophageal echocardiography revealed moderate 
mitral regurgitation immediately after weaning from cardiopulmonary 
bypass. Indocyanine green, diluted 20 times with saline and blood, was 
injected through the arterial line to perform contrast imaging and check 
for problems with the reconstructed coronary arteries. Clear coronary 
visualization was achieved. Mitral regurgitation improved over time and 
had almost disappeared by the time the patient returned to the intensive 
care unit.
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Abstract

A full-term neonate with d-transposition of the great arteries and an intact ventricular 

septum was referred to our institution. We successfully performed an arterial switch 

operation with the LeCompte maneuver. Intraoperative transesophageal 

echocardiography revealed moderate mitral regurgitation immediately after weaning 

from cardiopulmonary bypass. Indocyanine green, diluted 20 times with saline and blood, 

was injected through the arterial line to perform contrast imaging and check for problems 

with the reconstructed coronary arteries. Clear coronary visualization was achieved. 

Mitral regurgitation improved over time and had almost disappeared by the time the 

patient returned to the intensive care unit.

Keywords: intraoperative fluorescence angiography, indocyanine green, arterial switch 

operation, mitral regurgitation

Page 1 of 12

http://mc.manuscriptcentral.com/aan

Asian Cardiovascular and Thoracic Annals

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

2

Introduction

Indocyanine green (ICG) fluorescence has recently been used for intraoperative 

navigation in evaluations of coronary arteries, cerebrovascular vessels, lymph vessels, 

and biliary tracts. However, there are few reports in the field of pediatric cardiac surgery 

[1–3]. We report a case in which we used ICG to evaluate the reconstructed coronary 

arteries after an arterial switch operation (ASO).

Case report

A full-term male infant (weight: 3234 g) was transferred with cyanosis. Transthoracic 

echocardiography and enhanced computed tomography (CT) confirmed d-transposition 

of the great arteries (Shaher classification type 1) with an intact ventricular septum. 

On day 9 after birth, he underwent an ASO with the LeCompte maneuver. He was 

placed on cardiopulmonary bypass (CPB), using ascending aortic (8 Fr) and bicaval 

cannulation. The left coronary artery was implanted using the trap-door technique and the 

right coronary artery was implanted in the high position. 

Transesophageal echocardiography immediately after weaning from CPB revealed 

slightly sluggish ventricular contraction and moderate mitral regurgitation (MR) (central 

regurgitation) (Fig. 1), which was not present preoperatively. There was no need to 
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reintroduce CPB due to stable hemodynamic condition with inotropic agents. We 

supposed that the cause of central MR was ventricular dysfunction and therefore we did 

not perform epicardial echocardiography.

We decided to perform intraoperative fluorescence angiography using ICG to 

check for problems with the reconstructed coronary arteries. ICG was diluted with normal 

saline and blood (0.125 mg/ml). The diluted ICG (10 ml) was delivered from the side 

branch of the CPB circuit through the arterial cannula. Fluorescence was captured by the 

PDE-neo® system (Hamamatsu Photonics K.K., Shizuoka, Japan). Clear coronary 

visualization was achieved (Fig. 2). There were no adverse events from the ICG injection.

MR and cardiac function improved over time, and MR had almost disappeared by 

the time the patient entered the intensive care unit. Postoperative enhanced CT also 

revealed good coronary arteries (Fig. 3A and 3B). The patient was discharged on 

postoperative day 25 without any major complications. His 1-year follow-up cardiac 

catheterization also demonstrated excellent coronary arteries (Fig. 3C–3F).

Discussion

ICG imaging is a widely used technology across various surgical fields. However, its 

application in pediatric cardiac surgery has been quite limited [1–3]. Said et al. 
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demonstrated that ICG fluorescence imaging was beneficial in evaluating coronary 

arteries and anastomotic site patency [3]. 

There are two possible routes for ICG injection: intravenous [1] or just proximal to 

the reconstructed vessel [2, 3]. Comparing the two, the success rate of adequate imaging 

was 60% in the former and almost 100% in the latter [1–3]. Therefore, we supposed that 

the latter method was better.

However, there is no fixed dose and dilution rate of ICG for each specific situation 

in pediatric patients. During the ASO with the LeCompte maneuver, we routinely remove 

the aortic root cannula immediately after declamping. Therefore, we injected ICG through 

the arterial cannula. We diluted the ICG with normal saline and blood considerably, 

because the volume needed to fill the CPB line (the arterial cannula) was larger than that 

of the cardioplegia line (the aortic root cannula).

     SPY Imaging System (Novadaq Technologies Inc, Toronto, Canada) is used for 

ICG imaging in many institutions [1–3]. However, our hospital uses the PDE-neo® 

system. Adequate intraoperative images were obtained using the PDE-neo® system.

     To the best of our knowledge, a comparison between ICG imaging and other 

standard imaging modalities, such as postoperative CT and angiography, has not been 

reported previously. We found that one of the limitations of ICG imaging was its poor 
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penetration [3]. To obtain complete coronary visualization after the ASO and the 

LeCompte maneuver, we needed to retract the reconstructed pulmonary artery. However, 

compression and/or kinking might be released with the traction for exposure. Therefore, 

we performed ICG imaging in situ (without traction).

     Significant MR after a neonatal ASO for transposition of the great arteries is rare 

[4–6]. We suspected coronary trouble when slightly sluggish ventricular contraction and 

moderate MR were recognized. Therefore, we adopted ICG imaging for on-table 

assessment. Because favorable coronary runoff was observed and MR improved over 

time, we determined that there was no need to reimplant the coronary arteries.

     The advantages of ICG imaging are as follows: (1) Rapid on-table assessment with 

good visualization. (2) Few reported complications related to ICG injection, with the 

exception of iodine hypersensitivity [7].

     However, ICG imaging also has some disadvantages: (1) It is less precise than 

conventional angiography, as it cannot visualize deeper structures due to limited 

penetration. (2) There is a risk of overdosing or underdosing, as there is no fixed dose, 

which can lead to over-saturation of contrast in the images if too much ICG is 

administered. 
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Figure Legends

1. Intraoperative transesophageal echocardiography (immediately after weaning from 

cardiopulmonary bypass) revealed moderate mitral regurgitation (central regurgitation). 

Ao: Aorta, LA: left atrium, LV: left ventricle.

2. Intraoperative indocyanine green fluorescence image. Diluted indocyanine green was 

delivered through the side branch of the cardiopulmonary bypass circuit via arterial 

cannula.

3. Postoperative enhanced computed tomography before discharge. (A) Aorta and 

reconstructed coronary arteries; (B) Aorta, reconstructed coronary arteries, main 

pulmonary artery and right ventricular outflow tract. Postoperative 1-year follow-up 

cardiac catheterization. Left coronary angiography (frontal view: C and lateral view: D) 

and right coronary angiography (frontal view: E and lateral view: F).
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Intraoperative transesophageal echocardiography (immediately after weaning from cardiopulmonary bypass) 
revealed moderate mitral regurgitation (central regurgitation). Ao: Aorta, LA: left atrium, LV: left ventricle. 
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Intraoperative indocyanine green fluorescence image. Diluted indocyanine green was delivered through the 
side branch of the cardiopulmonary bypass circuit via arterial cannula. 

189x250mm (300 x 300 DPI) 
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Postoperative enhanced computed tomography before discharge. (A) Aorta and reconstructed coronary 
arteries; (B) Aorta, reconstructed coronary arteries, main pulmonary artery and right ventricular outflow 

tract. Postoperative 1-year follow-up cardiac catheterization. Left coronary angiography (frontal view: C and 
lateral view: D) and right coronary angiography (frontal view: E and lateral view: F). 
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