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a  b  s  t  r  a  c  t

Background:  Paediatric  transoesophageal  echocardiography  probes  allow  perioperative  evaluation  dur-
ing  paediatric  congenital  heart  disease  surgery.
Aim: To  assess  the  usefulness  of  perioperative  transoesophageal  echocardiography  in  evaluating  the
severity  of residual  lesions,  based  on the  type  of congenital  heart  disease  repaired  in paediatric  patients.
Methods:  A retrospective  analysis  was conducted  on  paediatric  patients  who  underwent  open-heart
surgery  at our  tertiary  centre  over  a four-year  period.  Perioperative  transoesophageal  echocardiography
studies  were performed,  and  residual  lesions  were  classified  as  mild,  moderate  or  severe.
Results:  Overall,  323  procedures  involving  310 patients  with  a median  age of  13.8  (0.07–214.4)  months
and  a median  weight  of 8.2  (2–96)  kg at intervention  were  enrolled  in the  study.  Twenty-one  (6.5%)  resid-
ual  lesions  led  to immediate  reintervention:  severe  right  ventricular  outflow  tract  obstruction  (n  = 12);
severe  aortic  regurgitation  (n =  3);  superior  vena  cava  stenosis  (n =  2);  moderate  residual  ventricular
septal  defect  (n =  2); severe  mitral  regurgitation  (n = 1);  and  severe  mitral  stenosis  (n  =  1). Three  (0.9%)

neonates  had  ventilation  difficulties  caused  by the  transoesophageal  echocardiography  probe  having  to
be removed,  but experienced  no  sequelae.
Conclusion:  Perioperative  transoesophageal  echocardiography  is a  safe  procedure,  providing  information
on severe  residual  lesions,  leading  to the  immediate  revision  of several  paediatric  congenital  heart  disease
cases.

© 2024  Elsevier  Masson  SAS.  All  rights  reserved.
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1. Abbreviations

3D three-dimensional
CHD congenital heart disease

LAVV left atrioventricular valve
LVOT left ventricular outflow tract
RAVV right atrioventricular valve

� Tweet: A retrospective analysis highlights the role of advanced imaging in
enhancing outcomes for young hearts. Detecting and addressing severe residual
lesions in real-time, led to immediate intervention in 6.5% of cases. #Pediatrics
#Cardiology #CHD.
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VOT right ventricular outflow tract
VOTO right ventricular outflow tract obstruction
OE transoesophageal echocardiography
TE transthoracic echocardiography
SD ventricular septal defect

. Background

Transoesophageal echocardiography (TOE) is frequently used in
dults for various purposes. However, in neonates and children,
ransthoracic echocardiography (TTE) is usually sufficient for the
creening, follow-up and characterization of congenital heart dis-
ase (CHD), as their hearts produce better echogenicity [1,2].
TOE in children typically requires sedation, which makes it an
nvasive technique [3], and limits its use primarily to percutaneous
uidance procedures [4]. TOE may  also be used in the operating the-
tre, but this will vary depending on the medical centre in question.

 Usefulness of perioperative transoesophageal echocardiography
/10.1016/j.acvd.2023.12.006
217351). It is forbidden and illegal to distribute this document.

https://doi.org/10.1016/j.acvd.2023.12.006
http://www.sciencedirect.com/science/journal/18752136
mailto:pierrick.pyra@icloud.com
https://doi.org/10.1016/j.acvd.2023.12.006
https://doi.org/10.1016/j.acvd.2023.12.006


ARTICLE ING Model
ACVD-1623; No. of Pages 9

P.  Pyra, K. Hadeed, A. Guitarte Vidaurre et al. 

t
p
fl
a
m

o
t
v

w
t
t
a
t
s

S

T
e
[
t
c
m
r
d
S

o
a

t
d
a
p
4
a
U

i
t
c

w
i
t
l
i
n

4

(
o
i
3
a

© 2024 Else
Fig. 1. Flowchart. os ASD: ostium secundum atrial septal defect; TOE: transoe-
sophageal echocardiography.

Preoperative TOE is no longer beneficial for diagnosis, given the
accuracy of TTE [5]. However, TOE is still useful in the immediate
postoperative assessment of residual lesions before chest closure.

As a result of advancements in TOE technology, with good
imaging quality, examination of low-weight neonates can now be
conducted safely during surgery [6,7].

The purpose of our study was to evaluate the usefulness and
safety of TOE in the paediatric cardiac operating theatre. We  also
refer to severe residual lesions that required further surgical inter-
vention.

3. Methods

This research was registered in the establishment’s records of
processing activities in accordance with Article 30 of the General
Data Protection Regulation (RnIPH 2022-95) pursuant to provision
MR-004. The data were processed electronically in accordance with
the General Data Protection Regulation.

This was a retrospective single-centre descriptive study con-
ducted at Toulouse University Hospital between 01 January 2018
and 31 December 2021. All paediatric CHD procedures involving
intraoperative TOE performed at Toulouse University Hospital dur-
ing this period were included, covering all open-heart surgeries,
except ostium secundum atrial septal defect closures. We  do not
perform TOE for closed-heart surgeries. A flowchart can be found
in Fig. 1.

Data were collected using computerized medical records from
Toulouse University Hospital.

Cardiac surgery was categorized based on the specific proce-
dures performed after analysing the surgical report. We  identified
six different groups of procedures: closure of ventricular septal
defect (VSD); construction of right or left ventricular outflow tract
(RVOT or LVOT); valvuloplasty of the left or right atrioventricu-
lar valve (LAVV or RAVV); and closure of pretricuspid shunt. For
instance, tetralogy of Fallot surgery involves two procedures: VSD
closure and RVOT surgery. Consequently, the total number of pro-
cedures performed exceeds the number of interventions analysed
for residual lesions. The latter were classified using TOE reports and
native images. Preoperative lesions, even without any accompany-
ing surgical procedure, were still categorized as residual lesions for

the purpose of analysis.

The severity of the residual lesions was analysed and classified.
Residual ventricular shunts were classified as follows, according
to the European Society of Cardiology 2020 recommendations for
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he management of adult CHD [8]: mild, when restrictive, without
ulmonary arterial hypertension and without pulmonary hyper-
ow (Qp/Qs < 1.5); moderate, when Qp/Qs > 1.5 without pulmonary
rterial hypertension; and severe, when non-restrictive (with pul-
onary arterial hypertension).
The Qp/Qs was calculated perioperatively by using staged

ximetry, except when the shunt was < 1 mm,  when it was assumed
o be mild. For the follow-up, Qp/Qs was  estimated by the TTE
elocity time integral method [9].

Residual right-sided stenosis was  classified as follows: mild,
hen the systolic right ventricle pressure was  estimated to be less

han half of the aortic systolic pressure; moderate, when the sys-
olic right ventricle pressure was  estimated to be between one half
nd two-thirds of the aortic systolic pressure; and severe, when
he systolic right ventricle pressure was ≥ two-thirds of the aortic
ystolic pressure.

Classification of other residual lesions followed the European
ociety of Cardiology 2021 recommendations for valve disease [10].

Echocardiography was  performed to assess residual lesions on
OE, in accordance with the guidelines set by the American Soci-
ty of Echocardiography (adult and paediatric recommendations
11–13]), as well as the International Society for Adult Congeni-
al Heart Disease. TOE was conducted either before discontinuing
ardiopulmonary bypass or before connecting to extracorporeal
embrane oxygenation. We  adopted the same classification for

esidual lesions observed through TTE shortly before the patient’s
ischarge, following the practices recommended by the American
ociety of Echocardiography.

Repeat intervention was  immediate when performed in the
perating theatre, early when performed during hospitalization
nd late when performed after hospital discharge.

The following TOE probes were used, based on patient weight:
he three-dimensional (3D) matrix probe X7-2t (> 30 kg), the pae-
iatric probe S7-3t (5–30 kg) and the micro probe S8-3t (< 5 kg) on
n Epic 7 echograph (Philips Healthcare, Andover, MA,  USA). TTE
robes used before hospital discharge comprised S8-3, S9-2, S12-

 and 3D matrix X5-1 probes on an Epic 7 echograph or 12S, 4VC
nd 6VC probes on a Vivid 9 echograph (GE Healthcare, Chicago, IL,
SA).

Safety was  defined as any alteration in vital variables or mon-
toring elements established during the procedure necessitating
he removal of the probe at the discretion of the anaesthetist (e.g.
hanges in tidal volumes).

Statistical analyses were performed using SPSS Statistics soft-
are, version 26 (IBM, Armonk, NY, USA). Results are expressed

n terms of numbers and percentages with binominal propor-
ion confidence intervals (Clopper–Pearson with 95% confidence
evel) for qualitative variables or as median (minimum–maximum;
nterquartile range) for quantitative variables as a result of non-
ormal distribution, assessed using the Shapiro–Wilk test.

. Results

Three hundred and ten patients with a median age of 13.8
0.07–214.4; interquartile range: 44.2) months, a median weight
f 8.2 (2–96; interquartile range: 9.4) kg and 323 procedures were
ncluded. Details of the study cohort are provided in Table 1. Of  the
23 procedures, 664 surgical interventions were performed, and
re described in Table 2.
Out of 323 procedures, TOE revealed 21 severe (6.5%, 95% CI:
.1–9.8), 25 moderate (7.7%, 95% CI: 5.1–11.2%) and 208 mild
esidual lesions; these are shown by procedure families in Fig. 2.
xamples of residual lesion TOEs are shown in Figs. 3–6.

217351). It is forbidden and illegal to distribute this document.
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Fig. 2. Classification of residual lesions seen on perioperative transoesophageal echocardiography, and their severity. AR: aortic regurgitation; LAVV: left atrioventricular
valve;  LVOT: left ventricular outflow tract; LVOTO: left ventricular outflow tract obstruction; RAVV: right atrioventricular valve; RVOT: right ventricular outflow tract; RVOTO:
right  ventricular outflow tract obstruction; VSD: ventricular septal defect.

Fig. 3. Superior vena cava (SVC) acceleration following Warden surgery for partial anomalous pulmonary venous connection. Upper section: acceleration of SVC with
colour-flow Doppler; deep transgastric modified view. Lower section: continuous Doppler scan of SVC acceleration.
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Fig. 4. Mild right ventricular outflow tract residual obstruction following tetralogy of Fallot surgery. Upper section: residual infundibular stenosis with colour-flow Doppler;
midoesophageal right ventricle in-out view. Lower section: continuous Doppler showing residual acceleration.

Fig. 5. Significant aortic regurgitation following primary plasty. Left section: midoesophageal aortic valve long-axis view with or without colour-flow Doppler. Right section:
midoesophageal aortic valve short axis view with or without colour-flow Doppler.
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Table  1
General population characteristics (n = 323).

Age at intervention (months) 13.8 (0.07–214.4; 44.2)
Weight (kg) 8.2 (2–96; 9.4)
Length (cm) 72 (39–193; 40.5)
Male sex 170 (52.6)
Female sex 153 (47.4)
Male:female ratio 1.11
Previous surgical procedures –

None 262 (81.1)
One 50 (15.5)
Two 8 (2.5)
Three 3 (0.9)

Data are expressed as median (minimum–maximum; interquartile range) or num-
ber  (%), unless otherwise indicated.

Table 2
Type of congenital heart disease, according to procedure performed (n = 664).

VSD surgery 202 (30.4)
Outlet VSD 103
Inlet VSD 26
Perimembranous VSD 71
Muscular VSD 2

RVOT surgery 167 (25.1)
Conotruncal CHD 69
RVOTO (with or without VSD; six with PAB) 42
Malposition of great arteries 48

TGA 33
DORV 14
PA  from aorta 1

Univentricular (Damus–Kaye Stansel) 8
RAVV surgery 104 (15.7)

VSD (tricuspid plasty following closure) 64
AVSD 28
Conotruncal CHD 6
Malposition of great arteries 3
Ebstein 3

LVOT surgery 88 (13.3)
Malposition of great arteries 36

TGA 33
DORV 3

LVOTO (subvalvular, valvular or supravalvular) 27
Aortic regurgitation 8
Aortic dilatation 3
Univentricular (Damus–Kaye Stansel) 8
Truncus arteriosus 4
Other 2

Pretricuspid shunt surgery 60 (9.0)
Sinus venosus ASD 17
Other APVC (total or partial) 8
Ostium primum ASD 34
Coronary sinus ASD 1

LAVV surgery 43 (6.5)
AVSD 34
Mitral regurgitation 6
VSD with mitral anomalies 2
Malposition of great arteries (DORV with mitral cleft) 1

Data are expressed as number or number (%). APVC: anomalous pulmonary venous
connection; ASD: atrial septal defect; AVSD: atrioventricular septal defect; CHD:
congenital heart disease; DORV: double outlet right ventricle; LAVV: left atrioven-
tricular valve; LVOT: left ventricular outflow tract; LVOTO: left ventricular outflow
tract obstruction; PA: pulmonary artery; PAB: pulmonary artery banding; RAVV:

Fig. 6. Mild mitral regurgitation following left atrioventricular plasty (cleft) for com-
plete atrioventricular septal defect surgery. Modified midoesophageal four-chamber
view with colour-flow Doppler. Residual mitral regurgitation.
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right atrioventricular valve; RVOT: right ventricular outflow tract; RVOT: right ven-
tricular outflow tract; TGA: transposition of great arteries; VSD: ventricular septal
defect.

Out of the 21 severe residual lesions, 19 (90.4%, 95% CI:
69.6–98.8%) underwent immediate surgical reintervention, one
had early reintervention and one had late reintervention.

Out of 167 RVOT procedures, TOE highlighted 64 cases (38.3%,
95% CI: 30.9–46.1%) of residual stenosis. Of the 13 cases (7.8%, 95%

CI: 4.2–12.9%) of severe stenosis, 12 cases warranted immediate
surgical revision; the last case underwent early reintervention.

Out of 202 VSD closures, TOE identified five cases (2.5%, 95% CI:
0.8–5.7%) with moderate residual VSD. Immediate surgical revision
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as  performed in two cases (patients 18 and 19 in Table 3). In the
ther two cases, the residual VSDs were intentionally preserved
uring surgery, and were expected to be present postoperatively.
he final case involved multiple residual muscular VSDs following
oarctation syndrome surgery, where the main VSD closure was
riginally underestimated.

Out of 88 LVOT gestures, three of the four (4.5%, 95% CI:
.2–11.2%) severe aortic regurgitations detected on TOE benefited
rom immediate surgical revision. The last case underwent reinter-
ention at a later stage.

Out of 43 LAVV gestures, one case (2.3%, 95% CI: 0.1–12.3%) of
evere mitral insufficiency and one case of residual severe mitral
tenosis were detected on TOE, and required immediate revision.

Out of 60 pretricuspid shunt closure cases, two patients (3.3%,
5% CI: 0.4–11.5%) had significant superior vena cava stenosis on
OE after Warden surgery, and required immediate revision.

Details of all revision surgeries are provided in Table 3.
Fig. 7 summarizes the residual lesions observed upon hospital

ischarge. Of the two severe lesions reported at the time of dis-
harge, mitral valve stenosis progressively worsened during the
ospitalization and aortic insufficiency had been noted during TOE,
ut no further intervention was performed before discharge.

At the latest follow-up, 11 patients underwent a new reopera-
ion or catheterization: three patients for residual lesions observed
uring the discharge TTE (two patients for the severe residual

esions depicted in Fig. 7; the patient with severe aortic insuffi-
iency underwent a reoperation with a favourable outcome, and
as  doing well at the last follow-up; conversely, the patient
ith severe mitral stenosis in the context of a complex cardiac
alformation progressed to pulmonary hypertension following

etachment of the VSD patch after discharge and, unfortunately,
uccumbed after the subsequent surgical intervention; the last
atient was  treated with catheterization 3 months later for RVOT
bstruction [RVOTO]); and eight patients for progressively deterio-
ating lesions, resulting in one cardiac transplantation, one surgery
or pulmonary vein stenosis, two surgeries for progressive coronary
rtery stenosis, one surgery for progressive left pulmonary artery
tenosis in a single ventricle, one surgery for prosthesis dislodge-
ent, one surgery for progressive pulmonary artery stenosis and

ne surgery for mitral regurgitation without any previous interven-

ion on the mitral valve.

217351). It is forbidden and illegal to distribute this document.
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Fig. 7. Classification of residual lesions seen on exit transthoracic echocardiograph
left  ventricular outflow tract; LVOTO: left ventricular outflow tract obstruction; R
ventricular outflow tract obstruction; VSD: ventricular septal defect.

4.1. Safety

Three (0.9%, 95% CI: 0.1–2.6%) neonates (2.4, 2.7 and 3 kg)
had ventilation difficulties caused by the TOE probe having to be
removed, but experienced no sequelae. If we consider neonatal
patients, this accounts for 6.5% (95% CI: 1.4–17.9%) of newborns
(S8-3t probe). We experienced no ventilation complication with
the X7-2t probe (> 30 kg) or the paediatric probe S7-3t (5–30 kg).

No other complications were reported. We  did not find any case
of oto-rhino-laryngology complication related to TOE probe inser-
tion with clinical consequence in this study.

5. Discussion

Our study adds some insights into the realm of paediatric heart
surgery, especially regarding TOE. In adults, numerous large-scale
studies are available on the utility of TOE in cardiac surgery, but this
is less the case in paediatric congenital cardiac surgeries, and the
few studies with a large cohort are a bit old, raising the question of
the current necessity of this imaging technique, with the advance-
ment of surgical techniques in paediatric congenital cardiology.

We noted that severe lesions, which accounted for 6.5% of inter-
ventions, were promptly revised during surgery in almost all cases
(90.4%). These findings are consistent with published data, which
highlight revision rates ranging from 3.9% [5] to 7.3% [14].

Most of the 664 procedures performed involved VSD closures
(30.4%) and RVOT constructions (25%). Postsurgical residual lesions
were, of course, mainly found in the form of VSD and RVOTO.

In RVOT surgery, we  observed a reintervention rate of 7.8%,
which is consistent with previous studies, reporting rates of 7.6%
[15] to 9.4% [16] among patients with tetralogy of Fallot. Notably,
our centre achieved a high pulmonary valve conservation rate of
89.5% versus 41.3% documented over 35 years in another study con-

ducted by Blais et al. [17], thanks to a surgical technique known
as “T-shaped infundibulotomy” [18]. Although this approach offers
benefits, such as pulmonary valve preservation, it does increase the
risk of residual RVOTO (38.3%).

l
v
d
s

6

vier Masson SAS.All rights reserved. - Document downloaded on 08/03/2024 by Faucher Stéphanie (1
d their severity. AR: aortic regurgitation; LAVV: left atrioventricular valve; LVOT:
right atrioventricular valve; RVOT: right ventricular outflow tract; RVOTO: right

The desire to preserve the pulmonary valve in tetralogy of Fallot
urgery is corroborated by several studies. Kaushal et al. [19] found
hat residual stenosis tends to decrease over time. Boni et al. [20]
id not report prolonged hospital stays, despite residual RVOTO.
ccording to Blais et al. [17], valve-sparing surgery in tetralogy of
allot resulted in improved survival rates and fewer reinterven-
ions, even with residual RVOTO. But this idea has recently been
ebated by an article from Siddiqi et al. [21], which demonstrates a
igher risk of reintervention in cases of moderate stenosis. Frigiola
t al. [22] reported that patients with the best exercise capacity and
o repeat valve replacement surgery had a mean residual RVOTO.
reservation of the pulmonary valve avoids significant pulmonary
egurgitation, which is a risk factor for arrhythmia in adulthood, as
videnced by Gatzoulis et al. [23].

Our study also found low reintervention rates in surgical proce-
ures involving pretricuspid shunts (3.3%) and LAVV surgery (4.6%).
his is consistent with a study conducted by Bettex et al. [15], which
eported reoperation rates of 4.4% and 8.4% for atrial septal defects
nd LAVV, respectively, for residual lesions detected on TOE. Lin
t al. [24] recorded a higher revision rate for superior vena cava
tenosis, at 10.6%.

Residual shunts after closure of VSD are fairly common, occur-
ing in approximately 30–25% of cases (28.6% in our study).
owever, these residual shunts are often mild, without significant
aemodynamic effects [25]. Moderate VSDs have been reported in
nly 2.4% of population studies. A 2020 study conducted by Deng
t al. [26] provides an additional insight into the spontaneous clo-
ure potential of these residual shunts. Shunts smaller than 2 mm
re more likely to close independently, with a closure rate of 83%
ithin 300 days. On the other hand, shunts larger than 2 mm have

 lower spontaneous closure rate, occurring in only 33% of cases
ver a median period of 3 years.

Our study highlights the significant occurrence of RAVV valvu-

oplasties required to separate the valve for enhanced VSD
isualization [27]. This approach has proved reliable, as evi-
enced by the absence of tricuspid valve stenosis reported in our
tudy.

217351). It is forbidden and illegal to distribute this document.
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Table  3
Description of patients who underwent immediate perioperative reintervention.

Patients Age
(months)

Weight
(kg)

Type of initial CHD Type of residual lesion Management

Patient 1 5.6 6.5 Pulmonary valve agenesis Subvalvular pulmonary stenosis Infundibular resection
complement

Patient  2 8.4 8.2 Perimembranous VSD with initial PAB Supravalvular pulmonary stenosis MPA  patch
Patient 3 159.2 40 Irregular TOF pulmonary valve

preserved
Supravalvular pulmonary stenosis MPA  patch

Patient 4 22.2 8.5 VSD with PAB following primary
coarctation surgery

Supravalvular pulmonary stenosis MPA  patch

Patient 5 9.4 5.6 Fallot-like DORV Residual valvular pulmonary
stenosis

Surgical commissurotomy

Patient 6 91 19 Irregular TOF (humanitarian chain);
pulmonary valve preserved

Residual valvular pulmonary
stenosis

Valve removal

Patient  7 5.7 5.8 Irregular TOF; pulmonary valve
preserved

Residual valvular pulmonary
stenosis

Valve removal

Patient  8 5.8 6.6 Irregular TOF; pulmonary valve
preserved

Residual valvular pulmonary
stenosis

Valve removal

Patient  9 19.7 10 Perimembranous VSD and valvular
pulmonary stenosis

Residual valvular pulmonary
stenosis

Valve removal

Patient  10 6.9 9.5 Irregular TOF; pulmonary valve
preserved

Residual valvular pulmonary
stenosis

Valve removal

Patient  11 8.6 7.3 DORV with subvalvular pulmonary
stenosis and TGA

LPA stenosis following double-root
translocation

LPA patch

Patient 12 21.2 8.7 TOF/PA surgery following palliation
primary surgery

Severe residual RVOTO Refection of RVOT

Patient 13 168 50 Aortic regurgitation Severe aortic regurgitation Mechanic valve implantation
Patient 14 32.2 12.6 TOF/PA: repeat RVOT Severe aortic regurgitation Aortic valvular plasty
Patient 15 208.5 66 Severe aortic regurgitation following

AAOCA primary surgery
Severe aortic regurgitation Aortic valvular plasty

Patient 16 180.2 40 Mitral regurgitation on
Williams–Beuren syndrome

Severe mitral stenosis Larger annuloplasty

Patient 17 32.8 8.6 Mitral regurgitation on Noonan
syndrome with HCM

Severe residual mitral
regurgitation

Novel mitral plasty

Patient 18 6.2 6.6 Fallot-like DORV Hitherto unseen residual muscular
VSD

Closure of VSD

Patient  19 38.5 9.5 Regular TOF (humanitarian chain) Residual VSD around patch Closure of VSD
Patient  20 214.5 51 Sinus venosus ASD SVC stenosis after Warden

procedure
Enlargement of SVC

Patient 21 143.9 65 Partial APVC SVC stenosis after Warden
procedure

Enlargement of SVC

AAOCA: anomalous aortic origin of coronary artery; APVC: anomalous pulmonary venous return; ASD: atrial septal defect; CHD: congenital heart disease; DORV: double
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outlet  right ventricle; HCM: hypertrophic cardiomyopathy; LPA: left pulmonary arte
RVOT:  right ventricular outflow tract; RVOTO: right ventricular outflow tract obstr
Fallot;  VSD: ventricular septal defect.

TOE is an important tool in the surgical management of CHD; it
detects residual lesions during surgery, and has been in use for sev-
eral years. These residual lesions can have serious consequences,
leading to longer hospital stays, prolonged periods in intensive care
units, higher mortality rates and longer ventilation times for certain
cardiac diseases [28].

TOE is easy and safe to use, with only 0.9% of non-severe compli-
cations being reported in our study. These complications resolved
once the probe was removed, but were more significant (6.5%) in
newborns and were not reported in the two other groups of patients
(paediatric and adult probe). The use of TOE appears to be entirely
safe in those weighing over 5 kg, using the appropriate probe; it
should be introduced cautiously with monitoring of ventilatory
variables for those under 5 kg, and more carefully for those under
3 kg. Additionally, handling and positioning with different probes
require training, with a learning curve, as views slightly differs from
that in adults. We  therefore advocate the use of TOE in all types of
congenital heart surgery, as all procedures pose the risk of residual
lesions.

Without TOE-mediated intraoperative revision, we  run the risk
of postoperative revision, which can have significant cost repercus-

sions. A study conducted in South Korea by Kim et al. [16] estimated
that each patient would incur an additional cost of $1489 if post-
operative revision were required. Furthermore, the psychological

e
u
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A: main pulmonary artery; PA: pulmonary atresia; PAB: pulmonary artery banding;
; SVC: superior vena cava; TGA: transposition of great arteries; TOF: tetralogy of

mpact on parents should not be underestimated, as repeat surgery
an be emotionally challenging.

In addition, TOE is presently the sole method known to accu-
ately identify any remaining lesions. Alternative techniques, such
s oximetry step-up and atrial and pulmonary lines do not pro-
ide precise information regarding the mechanism and anatomical
haracteristics of residual lesions. Pressure measurements pro-
ide valuable information regarding the presence or absence of
esidual lesions and their severity, particularly the right ventric-
lar to pulmonary artery gradient or pulmonary pressure for VSDs.
owever, they do not provide information about the specific loca-

ion of the residual VSD (supplementary VSD or residual VSD)
r the location of right-sided stenosis (incomplete infundibular
uscle resection, residual pulmonary valvular or supravalvular

tenosis).
These factors are frequently intertwined in paediatric cardiac

urgery as a result of the complexity of congenital heart conditions,
n contrast to non-congenital adult cardiac surgery. Near-infrared
pectroscopy or oesophageal Doppler scans can only provide an
stimate of systemic flow and perfusion. The water test, routinely
xtensive examination in the literature, and no studies have eval-
ated its effectiveness in predicting residual leaks and assessing
heir severity.
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TOE also enables the assessment of cardiac contractility and
assists in anaesthetic management; it aids in detecting segmental
dyskinesias, especially in surgeries involving coronary procedures
to identify potential coronary involvement, but we did not observe
any issues of this nature in our study.

3D echocardiographic imaging is becoming increasingly pop-
ular and more widely used in adult cardiac surgery [29]. Our
team has been working for many years to demonstrate the merits
of this approach in routine paediatric and congenital cardiol-
ogy applications. Paediatric 3D TTE probes provide more accurate
estimates and assessments of paediatric CHD [30], including
shunts and valvular lesions. Previously, there was  only one 3D
TOE probe reserved for patients weighing > 30 kg. However, the
recent marketing of 3D paediatric TOE probes suitable for patients
weighing ≥ 5 kg will certainly improve the surgical management
of paediatric patients with CHD [31]. Simulation for echocardio-
graphic training in the specific field of CHD is also promising [32].

5.1. Study limitations
Our study limitations include its retrospective design, with
the potential for classification bias, and missing data. The impact
of surgical techniques and experience of surgeons can also

l
a
i
o

Central Illustration. AR: aortic regurgitation; CHD: congenital heart dis
ventricular outflow tract obstruction; SVC: superior vena cava; TOE: tra
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ignificantly impact the likelihood of residual lesions. Furthermore,
he fact that our study was conducted at a single-centre limits its
xternal validity. It is important to note that we  classified resid-
al lesions according to type of surgical procedure rather than the
pecific CHD, which further limits our ability to compare our find-
ngs with those of other studies. However, this approach showcases

ore routine residual lesion procedures across a wide range of
HDs. We did not use epicardial echocardiography because of the
echnical complexity of procedure (the need for the operator to
ear additional sterile attire and for a second person to set up the
ltrasound machine, in addition to the risk of surgical field contam-

nation), but we  used a neonatal TOE probe specifically designed
or this purpose. We  also do not use TOE for vascular anomaly
urgeries, focusing on intracardiac lesions.

. Conclusions

Our study emphasises the significance and impact of TOE in pae-
iatric CHD surgery, and highlights key considerations in terms of
esion severity. The low-risk nature of this procedure makes it a safe
nd reliable option, even in low-weight patients; it also provides
nteresting insights that may  have facilitated the prompt revision
f severe residual lesions (Central Illustration).

ease; MR:  mitral regurgitation; MS:  mitral stenosis; RVOTO: right
nsoesophageal echocardiography; VSD: ventricular septal defect.
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