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Abstract
Introduction: Atrial septal defects (ASD) are a type of congenital heart disease that are characterized by
a communication between the left atrium with the right atrium. Preoperative intraoperative transesophageal
echocardiography (TEE) evaluates cardiac anatomy and function. The objective of this paper was to compare the
use of intraoperative TEE in corrective surgeries for ASD in pediatric patients.
Material and Methods: After approval by the local Ethics Committee for Research, a retrospective descriptive
study was conducted in children aged 3 to 18 years who underwent an ASD repair between January 2011 and
January 2015 divided in two groups: TEE group (n=24) and No-TEE group (n=28). Were assessed the demographic
data, Qp/Qs ratio, pulmonary hipertension (PH), left ventricle ejection fraction (EF), and major clinical outcomes.
Results: There were differences between the two groups in demographics data in age and wieght that were
higher in the No-TEE group. There were no differences between the two groups in pulmonary infection, renal
dysfunction, congestive heart failure, time of extubation in the ICU and intra-hospital mortality. There was 4% atrial
arrhythmias in the TEE group and 0% in the No-TEE group (p=0.46). The No-TEE group showed more time to wean
from CPB (35.1 ± 17.3 minutes vs 43.6 ± 27.2 minutes; p=0.01) and more time to release from ICU than TEE-group
(42 ± 13.2 hours vs 58.9 ± 30.4 hours, p=0.01).
Conclusions: We concluded that the use of intraoperative TEE is safe and economically feasible. It enables an
assessment of cardiac anatomy and functions in the pre-CPB period and guide the weaning from CPB with lower
time of CPB and ICU length stay than No-TEE group.
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Introduction
Congenital Heart Defects (CHD) have an incidence of between 0.7%
and 1.0% of live births in the USA [1]. Chromosomal abnormalities
are among the most common causes of cardiac malformation and are
responsible for 10% of congenital cardiopathies [2]. The other 90%
result from multifactorial causes, including complex gene interactions,
rubella infection, maternal alcohol abuse or diabetes and the use
of lithium during pregnancy [2]. The main signs and symptoms in
patients with congenital heart disease are dyspnea, delayed physical
development, low weight and cardiac murmurs [1,3].
CHD can be classified as shunt or obstructive types [1]. Atrial Septal
Defects (ASDs) are classified as physiologically acyanotic cardiopathies
with a shunt, which is most often a left-to-right shunt with increased
pulmonary blood flow [1,3]. Anatomically, ASDs can be classified as
Ostium Secundum (OS), Ostium Primum (OP), Sinus Venosus (SV),
Coronary Sinus (CS) and patent foramen ovale [1,2,4]. The OS-type
interatrial communication (IC) accounts for 80% of cases of ASD.
Anatomically, it is located close to the fossa ovalis in the middle of the
atrial septum and results from the incomplete formation of the septum
secundum [3].
The OP-type IC originates from a defect in the formation of the
endocardial cushion and septum primum, and is characterized by a
large opening in the atrial septum [1,3]. It is located in the lower region
of the right-sided septum, near the right Atrioventricular Valve (AV).
Normally, the OP type is associated with a Ventricular Septal Defect
(VSD) and malformation of the left and right AV valves, which results
in a more complex CHD termed an Atrioventricular Septal Defect
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(AVSD), which can be partial or total [1,3]. The SV-type ASD is located
in the apical region of the septum, just below the junction with the
Superior Vena Cava (SVC). It is sometimes associated with a right and/
or left Anomalous Pulmonary Venous Drainage (AVPD) [3]. The ICtype CS have persistent left SVC and may be associated with mitral
valve prolapse [3].
Patent Foramen Ovale (PFO) is present in more than a third of
normal subjects and results from the failed fusion of the septum primum
with the septum secundum [4]. These patients may exhibit paradoxical
air embolism during physical activity or during the Valsalva maneuver,
which can cause severe neurological sequelae [4].
Over time, most of forms of ASD can result in pulmonary
hypertension, circulatory overload and hypertrophy of the Right
Ventricle (RV), leading to congestive heart failure [1-3]. The severity
of the physiological changes depends on the size of the IC and the
direction of flow, which is determined by the difference in resistance
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between the pulmonary and systemic vasculature [2,3]. A small ASD of
<0.5 cm in diameter gives rise to only a small shunt and few symptoms.
However, defects with diameters that are larger than 2.0 cm result in a
significant shunt, with increased pulmonary blood flow [3]. An IC with
pulmonary and systemic blood flow ratios (Qp/Qs ratios) <1.5 do not
require surgical correction, but those with Qp/Qs ratios >1.5, which
are associated with RV overload and pulmonary hypertension, should
be treated surgically or percutaneously [1]. These interventions aim to
reverse right-to-left shunts and severe hypoxemia [1,3].
The current recommendation for percutaneous surgery is for OStype ASD with a diameter <41 mm [4]. Unfortunately, the close proximity
of the defect to the AV valves, coronary sinus or systemic venous
drainage prevents the use of this technique. Percutaneous treatment
is a safe procedure in experienced hands, with complications occuring
in less than 1% of patient [1, 3,4]. The most common complications
are perforation of the atrium, dislocation and embolization of the
prosthesis, cardiac tamponade, thrombus formation and cardiac
arrhythmias [4]. It would be the method of choice for adult patients
because they present with chronic clinical conditions as a result of their
ASD, such as atrial arrhythmias, RV overload and pulmonary vascular
disease, which would increase mortality when undergoing surgery
with cardiopulmonary bypass (CPB) [3,4]. Children with OS-type
ASD have a good response to open-heart surgery, but surgery is also
recommended for other types of ASD [1,3].
Several studies have demonstrated the usefulness of intraoperative
Transesophageal Echocardiography (TEE) surgery for the correction
of CHD [1,3,5-7]. TEE can reveal details of the morphology and
physiology of the heart in most surgical cases [5-7]. Prior to CPB, this
information can influence anesthetic or surgical planning [6]. After the
completion of CPB, it is possible to have immediate access to parameters
that assess the outcome of surgery, as well as the hemodynamic cardiac
characteristics [5]. TEE is useful in the diagnosis of immediate residual
shunts and ventricular dysfunction after CPB, which increase the
incidence of repeat surgery and mortality rates [3,5-7].

TEE Procedure
In the TEE group, the exames were performed by a anesthesiologist
trained in intraoperative TEE. When the patient was intubated, the
oropharynx was lubricated and a multiplane probe with a frequency
of 8 MHz TEE (Vivi I®, GE, Helsinki, Phinland, 2011) was introduced.
Echocardiographic examinations were performed in accordance with
the criteria of the Society of Cardiovascular Anesthesiologist (SCA) [811]. The TEE analysis was performed in all patiets of this group and
was assessment the ejection fraction (Simpson’s techquenic), cardiac
output (continuos equation), pulmonary arterial systolic pressure
(Bernoulli equation in the tricuspide regurgitation) and the right
ventricle myocardial performance index (pulse Doppler in the DTG
view between anterior mitral valve and LVOT) in the pre-CPB period
before the surgical incision, during the weaning from CPB, and postCPB period, 10 minutes after protamine [12-14].

Outcomes analysis
The following clinical parameters were assessed in both groups: i)
perioperative heart failure, defined by the necessity of using ventricular
support device or use of inotropic drugs or vasopressors for more
than 48 hours; ii) perioperative renal dysfunction, defined as serum
creatinine being greater than or equal to 2.0 mg/dl, accompanied
by a baseline increase of 0.7 mg/dl; iii) renal failure, defined as renal
dysfunction requiring hemodialysis; iv) atrial arrhythmias; v) use
of inotropic drugs at the end of CPB; vi) total duration of CPB and
aortic clamping; vii) need for red blood cell transfusion; viii) duration
of intubation in the intensive care unit (ICU); ix) length of stay in the
ICU; and x) intra-hospital mortality.

Statistical analysis

This study aimed to compare the clinical outcomes of intraoperative
TEE during ASD procedures.

We used the Student’s t-test or Mann-Whitney test, according to
the normality test (Kolmogorov-Smirnov), to compare the continuous
variables between groups, and the categorical data were analyzed using
the Chi-square test. Statistical analysis was performed using the Graph
Pad OS5 program for Macintosh. Parametric and non-parametric data
were expressed as the mean ± SD and the frequency or percentage for
nominal variables. Statistical significance was set as P values below 5%.

Materials and Methods

Results

After approval was gained from the Research Ethics Committee of
Santa Casa de Misericordia de Juiz de Fora, and in accordance with
the standards of the Declaration of Helsinki, a retrospective analysis
was conducted of the medical records of 59 consecutive patients with
ASD who underwent open surgical repair between January 2011 and
January 2015 were divided in two groups: Goup TEE (n=28) and
Group no-TEE (N=31).

Corrective ASD surgeries were performed on 59 patients from
January 2011 to January 2015, and TEE was used in 28 patients, but
four patients were excluded in this group, because they were older
than 18 years old and in the no-TEE group, 3 patients were excluded,
because they were younger than 3 years old. Thus, the patients were
divided in two groups: Goup TEE (n=24) and Group No-TEE (N=28)
(Figure 1).

The inclusion criteria were pediatric patients (ages between 3 and
18 years old) and both genders who were undergoing an open surgical
repair of a on-pump ASD. Exclusion criteria included adult patients
(>18 years), emergency surgery and patients with tetralogy of Fallot,
tricuspid atresia, pulmonary atresia, transposition of the great vessels
or other complex congenital heart disease associated with their ASD.

Table 1 shows the demographic data of patients. There were
statistical difference in age and wieght between the groups (Table 1).

Anesthetic procedure
In the operation room, a standart monitoring was performed. The
patients were underwent general anesthesia with midazolam, ketamin,
cisatracurium and fentanyl with controled ventiltion. After intubation,
a invasive arterial pressure and central venous pressure monitoring was
performed.
J Cardiovasc Dis Diagn
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Table 2 shows the clinical outcomes, the inotropic used during
weaning from CPB and the time of CPB and the aortic cross-clamping
time (Table 2).

Discussion
In this study, 75% of patients were female in TEE group and 71% in
the No-TEE group. According to Baumgartner, the prevalence of ASD
can be 2-3 times higher in females than males [3].
The ASD Ostium Secundun affects approximately 75% of patients
[1,3]. Other types of ASD are less prevalent, as: Ostium Primum and
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reversal of the shunt left/right (Eisenmenger syndrome) with severe
hypoxemia and paradoxal embolism [1].

59 Patients
ASD Procedure

Patients with Qp/Qs> 1.5 present indication of surgical correction
of ASD [1]. In this study, all patients in bouth groups showed L-R
shunt, and Qp/Qs values and PH showed no difference between the
groups, although the values in both groups were incresed.

28 Patients
with TEE

31 Patients
No-TEE

4 Patients
Excluded
(> 18 years old)

3 Patients
Excluded
(< 3 years old)

24 Patients
with TEE

28 Patients
No-TEE

Figure 1: Study design- ASD: Atrial Septal Defect; TEE: Transesophageal
Echocardiography.

In most cases, the left ventricle function was preserved in both
groups with normal EF and no difference between them. The increased
blood flow to the RV may compromise its function of relaxation and
contraction. In assessing the RV, the measure of MPI or RV Tei index
is well recommended for assessing systolic and diastolic parameters in
a single moment. This way you can perform a comprehensive analysis
of right ventricular function [12,16].
The MPI began to be studied from the ‘90s and was aimed at
non-invasive quantification of RV function in patients with primary
pulmonary hypertension [12]. This index, measured by the Doppler
method consists of the sum of isovolumetric contraction time with
isovolumetric relaxation time divided by ejection time (Figure 3) [12].
The Tei index (MPI) is an easy to perform technique, not requiring
the delineation of the endocardial border of the ventricle as used in
measurement of ejection fraction. It is not influeced by heart rate and
blood pressure, and showed good inter observer correlation [12].
Only the TEE group could be assessment with this Doppler

Data

TEE

No-TEE

P Value

Number of Patients, n

24

28

0.55

Age, years

10.4 ± 3.9

5.9 ± 3.5

<0.0001*

Female gender, n (%)

18 (75)

20 (71)

1

Weight, Kg

27.7 ± 10.3

15.5 ± 15.1

0.0001*

ASD OS, n (%)

18 (85)

21 (91)

0.65

ASA > 3,n (%)

24 (100%)

28 (100)

1

Lengh ASD, cm

1.3 ± 0.6

1.2 ± 0.4

0.84

Qp/Qs

2.1 ± 1

2.2 ± 0.4

0.7

PH, mmHg

49.3 ± 16.4

41.2 ± 15.4

0.60

EF, (%)

62.1 ± 15.7

71.3 ± 6.4

0.64

ASD OS: Atrual septum defect Ostio Secundum; ASA: Patient phisics status;
Qp/Qs: Relation of pumonic outflow and sistemic outflow; PH: Pulmonary
Hipertension; EF: Ejection Frection; *Least P-value
Table 1: Patient demographics data.

Seio Venus defects are associated [1,3]. In our study, we observed a
higher incidence os ASD OS with no difference with the two groups
[15].

Datas

ETE

No-ETE

N=24

N=28

p Value

Post-operative pneumomia, n (%)

0 (0)

0 (0)

1

Need for RBP, patients (%)

0 (26)

3 (10)

0.23

Renal dysfunction, n (%)

0 (0)

0 (0)

1

Atrial arrhythmias, n (%)

1 (4)

0 (0)

0.46

Cerebral dysfunction, n(%)

0 (0)

0 (0)

1

OTE time in the ICU, Hours

4,8 ± 8.2

7.6 ± 16.9

0.17

Duration of ICU stay, Hours

42 ± 13.2

58.9 ± 30.4

0.01*

Mortality within 30 days, n (%)

1 (4)

1 (3)

1

Inotropic drugs for weaning from
CPB, n (%)

8 (33)

3 (14)

0.18

Total time of CPB, min

35.1 ± 17.3

43.6 ± 27.2

0.17

Total aortic clamp time, min

23.8 ± 15.1

28.6 ± 25.6

0.58

OTE : Orotracheal Extubation; ICU : Intensive Care Unit; RBP : Red Blood
Package; CPB : Cardiopulmonary By-pass; *Least P-value
Table 2: Clinical outcomes, total time of CPB and total time of aortic clamping.

OS-type ASD, is located at mid-septal region in the oval fossa. TEE
assessment in the region of the atrial septum at its cephalocaudal axis
is well viewed in the 4-chamber ME interface and at a 120 degree to
bicaval plane (Figure 2) [6,15]. Another plane at the ME through which
one can view the OS-type ASD is between 30-60 degrees on the short
axis of the aortic valve [6,15].
A characteristic of ASD is volume overload from the right of the
heart, because there is a connection between a low pressure cavity
(right), and a higher pressure one (left), diversion of blood from left to
right occurs (shunt) [2]. Thus, there is an increased pulmonary blood
flow, with volumetric RV and PA overflow [1]. Over time, this can
result in intimal hypertrophy of the PA with consequent pulmonary
hypertension (PH) and development of Obstructive Pulmonary
Vascular Disease. When PH reaches systemic levels, there may be a
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Figure 2: TEE mild esophagus 4 chamber view. Ostium secundum type ASD
(red arrow): RA- right atrium; RV- right ventricle; LA- left atrium.
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operating room can be advantageous because it has a lower degree of
atelectasis and lower risk of postoperative lung infection [23]. However,
all patients in both groups in this study were extubated in the ICU, and
the average of time to extubation 4.8 ± 8.2 hours in the TEE group and
7.6 ± 16.9 in the No-TEE group, without statistical difference. There
were no pulmonary infection, renal dysfunction and congestive heart
failure. There was 4% atrial arrhythmias in the TEE group and 0% in
the No-TEE group (p=0.46).

Figure 3: Measurement the right ventricle myocardial performance index (RV
MPI) by Tissure Doppler at the lateral ring the right atrioventricular valve in
the mild esophagus four-chamber view. Distance 1 (a): time of isovolumetric
contraction + isovolumic relaxation time; Distance 2 (b): time of ventricular
ejection phase.

parameter, and the averege values of RV MPI was 0.85 ± 0.49. Salgado
et al. reported that elevated RV MPI values were found in patients with
manifestations of PH and this assessment can orient the inotropic and
vasodilator suport and the volume requeriment during the weaning
from CPB [13].
In this study there was no presence of residual shunt after surgical
repair and it was not necessary to repeat CPB in any of the cases in
bouth groups. Bettex et al. in an observational study conducted in two
centers, evaluated the use of TEE in pediatric congenital heart surgery
[7]. A total of 865 examinations were performed between January 1994
and March 2002. The incidence of repeated CPB, resulting not only
from the findings of TEE, but also clinical signs, was 7.3%. The biggest
impact of the use of TEE occurred in corrections of more complex
congenital heart defects [7]. Their results confirmed the potential
benefit of using TEE in identifying problems in the intraoperative
period that would require immediate surgery.
In another study, Bettex et al. evaluated the cost-effectiveness of
routine use of TEE in pediatric congenital heart surgery over the course
of 10 years experience [17]. Concluded that its use was not only safe and
clinically beneficial but also cost-effective in the pediatric population.
He points out that several studies have already investigated this end
point in surgery for congenital heart defects in adults with the same
conclusion [17].
TEE guides the performance of the LV and RV, thus, help in
defining the best inotropic drug to be used during weaning from CPB
[7,18]. Adrenaline in beta-adrenergic doses is widely used in congenital
heart disease by acting as a beta-agonist on receptors in the LV and
RV. This improves systolic function with no significant increase in
heart rate when compared to the use of dobutamine [19]. Milrinone,
an inodilator agent, inhibits the action of phosphodiesterase type III,
acting on the RV and the PA, causing vasodilation, decreasing RV
afterload and improving their MPI [20,21].
ASD are congenital heart diseases with 30-day mortality rates of
less than 2%, and ICU stays less than 48 hours [22]. Our study shows
similar results to the literature in both groups, with no difference
between them, although the No-TEE group showed more time of
delay to release from ICU than TEE-group (42 ± 13.2 hours vs 58.9 ±
30.4 hours, p=0.01). Some authors have shown that extubation in the
J Cardiovasc Dis Diagn
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Thus, we conclude that intraoperative TEE guide the weaning
from CPB, with lower time of CPB and ICU lenght stay than No-TEE
group. The use of TEE is safe and economically feasible. It enables
an assessment of cardiac anatomy and function pre-CPB, which
enables an appropriate anesthetic/surgical approach and facilities the
weaning from CPB. Post-CPB TEE enables the effectiveness of surgical
correction to be evaluated, in addition to identifying any residual shunt
and indicating whether a return to CPB is necessary.
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