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Abstract. – OBJECTIVE: To investigate the ef-
fect of transesophageal echocardiography (TEE) 
in the surgical treatment of tetralogy of Fallot.

PATIENTS AND METHODS: 98 patients with te-
tralogy of Fallot received and cured by Zhengzhou 
Cardiovascular Hospital (Zhengzhou No. 7 People’s 
Hospital) from January 2015 to January 2017 were 
selected as the study objects. All patients were ex-
amined by TEE before surgery, and the pulmonary 
artery index (PAI) and pulmonary vein index (PVI) 
were measured, so as to analyze the effect of TEE in 
the surgical treatment of tetralogy of Fallot. Among 
the 98 patients, 12 patients were diagnosed with in-
tensive care unit (ICU) retention, 23 patients were 
diagnosed with respirator assisted respiration ex-
tension, 8 patients were diagnosed with low cardiac 
output syndrome, and 10 patients were diagnosed 
with respiratory tract infection, which indicated that 
TEE could diagnose conditions after radical opera-
tion of tetralogy of Fallot.

RESULTS: The calculation results showed that 
the PAI was (171.37±58.39) mm2/m2 and the PVI 
was (282.46±54.37) mm2/m2. The Pearson cor-
relation analysis showed that the correlation be-
tween them was good (r=0.821, p<0.001). TEE 
had good specificity and sensitivity in the diag-
nosis of respirator assisted respiration exten-
sion, ICU retention, and low cardiac output syn-
drome after radical surgery of tetralogy of Fallot.

CONCLUSIONS: TEE can predict the occur-
rence of respirator assisted respiration extension, 
ICU retention and low cardiac output syndrome 
of patients after radical surgery by evaluating the 
PAI and PVI of patients with tetralogy of Fallot.
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Introduction

Tetralogy of Fallot is a common cyanotic cardio-
vascular system abnormality, about 8% to 12% of the 

children with congenital heart disease are children 
with tetralogy of Fallot, and its pathogenesis may be 
conical septum dysplasia due to minute deficiency 
of chromosome 22q111. Children with tetralogy of 
Fallot are mostly complicated with chromosomal 
disease, cleft lip, cleft palate, esophageal atresia, 
spina bifida and other system abnormalities and di-
seases, and some children with severe pulmonary 
artery stenosis must receive intervention treatment 
immediately after birth2. The pulmonary artery 
index (PAI) and the pulmonary vein index (PVI), 
the commonly used indicators for the evaluation of 
the pulmonary blood flow in clinical practice, are 
mainly used in the prediction of the curative effect 
of radical operation of tetralogy of Fallot. Transe-
sophageal echocardiography (TEE) is to place an ul-
trasonic probe into the esophagus, move forward the 
probe from the back of the heart to explore the depth 
structure at a near distance and, thus, show a clear 
image and improve the sensitivity on the diagnosis 
of cardiovascular diseases3,4. In this study, the effect 
of TEE after the surgical treatment of tetralogy of 
Fallot was explored, so as to provide a reference for 
later clinical treatment. 

Patients and Methods

Patients 
98 patients with tetralogy of Fallot received 

and cured by Zhengzhou Cardiovascular Hospital 
(Zhengzhou No. 7 People’s Hospital) from January 
2015 to January 2017 were selected. Among them, 
47 were males and 51 were females. They were 
aged between 3 months and 45 years old, with an 
average age of (27.73±6.92) years old. They were 
weighted at 10.5 kg to 71 kg, with a mean weight of 
(43.32±17.83) kg.

Inclusion criteria: (1) Patients who were clini-
cally diagnosed with tetralogy of Fallot and met 
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the operation indications of radical surgery; (2) 
Patients with complete data and clear images; (3) 
Patients whose parent volunteered to participate 
in this study signed informed consent.

Exclusion criteria: (1) Patients whose images 
were difficult to be captured; (2) Patients who 
were complicated with esophagitis and esophage-
al stenosis; (3) Patients who were accompanied by 
anomalous pulmonary venous drainage, anoma-
lous origin of pulmonary artery, and pulmonary 
vein ostial stenosis.

The study was approved by the Ethics Commit-
tee of Zhengzhou Cardiovascular Hospital (Zhen-
gzhou No. 7 People’s Hospital).

Methods
Before operation, the Philips iE33 color Dop-

pler ultrasonic diagnostic apparatus (Amsterdam, 
Netherlands) was used for the TEE examination 
on patients. The patient took supine position and 
received general anesthesia. And then tracheal in-
tubation was performed, the transesophageal pro-
be was inserted into the esophagus from the mouth 
and was 20 cm to 40 cm away from incisors. The 
crystal of the probe was adjusted at an angle of 
50° to 70°, the position was determined and then 
the probe was slightly retracted and rotated to the 
left and right so as to clearly display pulmonary 
artery branches, and then the image was stored. 
The internal diameters of the right pulmonary ar-
tery and the left pulmonary artery at points nea-
ring to the first branches were measured and then 
the crystal of the probe was adjusted to measure 
the internal diameter of the 4th pulmonary vein at 
the point entering into the left atrium in the same 
manner. The PAI = (left pulmonary artery + ri-
ght pulmonary artery cross-sectional area)/body 
surface area, the PVI = the sum of cross-sectional 
areas of four pulmonary veins at points entering 
into the left and right atriums/body surface area.

Statistical Analysis
Statistical Product and Service Solutions 19.0 

(SPSS 19.0, IBM, Armonk, NY, USA) software 

package (Xinmeijiahong Technology Co., Ltd, 
Beijing, China) was used for statistical analysis. 
Measurement data were expressed as mean ± 
standard deviation. Pearson correlation analysis 
was utilized on the PAI and PVI. In addition, the 
receiver operating characteristics curve (ROC) 
analysis was employed on the diagnostic specifi-
cities and sensibilities of the PAI and PVI.

Results

Conditions After Surgical Operation 
of Tetralogy of Fallot  

Among the 98 patients, 12 patients were dia-
gnosed with intensive care unit (ICU) retention, 
23 patients were diagnosed with respirator as-
sisted respiration extension, 8 with low cardiac 
output syndrome, 10 ì with respiratory tract in-
fections, and 1 patient with acute respiratory di-
stress syndrome. Therefore, TEE could diagnose 
the conditions after surgical operation of tetralo-
gy of Fallot (Table I).

PAI and PVI 
PAI was (171.37±58.39) mm2/m2 and the PVI 

was (282.46 ± 54.37) mm2/m2. The Pearson cor-
relation analysis results showed that the correla-
tion of PAI and PVI was good (r=0.821, p<0.001) 
(Table II).

Comparison of the Diagnostic  
Sensitivities of the PAI and PVI 

TEE had good specificity and sensitivity in 
the diagnosis of respirator assisted respiration 
extension, ICU retention, and low cardiac output 
syndrome after radical surgery of the tetralogy of 
Fallot (Table III).

Discussion

TEE examination is mainly used in the preo-
perative diagnosis in the surgical correction of 
congenital heart diseases. Residual problems exi-
sted in about 3% to 8% of cardiac surgeries can 
be examined by the intraoperative ultrasound car-

Table I. Conditions after surgical operation of tetralogy of 
Fallot.

Item Cases [n (%)]

Respirator assisted respiration extension 23 (23.47)
ICU retention 12 (12.24)
Respiratory tract infection 10 (10.20)
Low cardiac output syndrome 8 (8.16)
Acute respiratory distress syndrome 1 (1.02)

Table II. PAI and PVI.
Item Value

PAI (mm2/m2) 171.37±58.39
PVI (mm2/m2) 282.46±54.37
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diogram. The patients are given immediate medi-
cal attention in the operating room after they are 
definitely diagnosed5. The keys to the success of 
radical surgery of the tetralogy of Fallot are the 
complete elimination of pulmonary artery-right 
ventricular outflow tract stenosis and the repair of 
ventricular septal defect6. Chen et al7 has pointed 
out that the correction and supplement in preope-
rative diagnosis by TEE are keys to improve the 
success rate of surgery in congenital heart disea-
ses. In our work, we explored the effect of TEE 
in the surgical treatment of tetralogy of Fallot to 
provide a reference for later clinical treatment.

We found that the PAI of the 98 patients 
was (171.37±58.39) mm2/m2 and the PVI was 
(282.46±54.37) mm2/m2. The Pearson correla-
tion analysis results showed that the correlation 
between them was good (r=0.821, p<0.001). This 
finding agrees with previous studies8,9. The pre-
operative pulmonary artery dysplasia and small 
left ventricular volume were risk factors causing 
low cardiac output syndrome in patients with te-
tralogy of Fallot after operation. The preopera-
tive left ventricular volume was closely correla-
ted with the pulmonary artery development, the 
worse the pulmonary artery development was, 
the less the left ventricular blood volume and 
pulmonary blood volume, and the smaller the left 
ventricular volume would be. Therefore, the PAI 
can clearly reflect the development of pulmonary 
artery. Mercer-Rosa et al10 pointed out the pulmo-
nary vein size can reflect more clear morphology 
of pulmonary blood flow than the pulmonary ar-
tery size, and also can effectively reflect the en-

tire pulmonary vascular volume and pulmonary 
blood flow, being able to better guide the choice 
of operation programs. The respirator assisted 
respiration time and ICU time of patients after 
radical operation of tetralogy of Fallot are im-
portant indicators for assessing the outcome and 
prognosis of the operation, and the postoperative 
respirator assisted respiration extension and ICU 
retention of patients may lead to an increased oc-
currence of patients’ complications, reduce the 
survival rate, increase the consumption of medi-
cal energy, and raise the medical cost11. A stu-
dy12 pointed out that the low PAI before radical 
surgery of tetralogy of Fallot was a risk factor 
leading to the extension in patients’ postopera-
tive respirator assisted respiration time, and the 
preoperative pulmonary artery dysplasia and po-
stoperative respirator assisted respiration time 
extension were risk factors resulting in patients’ 
postoperative ICU retention. The results of this 
study are among the 98 patients, 12 patients with 
ICU retention, 23 patients with respirator assi-
sted respiration extension, 8 patients with low 
cardiac output syndrome, and 10 patients with 
respiratory tract infection, which indicated that 
TEE could diagnose the conditions after radical 
surgery of tetralogy of Fallot. TEE had good spe-
cificity and sensitivity in the diagnosis of ventila-
tor time extension, ICU retention and low cardiac 
output syndrome after radical surgery of tetralo-
gy of Fallot. This indicated that both PAI and PVI 
indicators had good accuracy in diagnosing po-
stoperative respirator assisted respiration exten-
sion, ICU retention and low cardiac output after 
radical surgery of tetralogy of Fallot, and could 
be used better in clinical practices to remind me-
dical staff to actively strengthen the respiratory 
care of patients of high risk, and thus reduce the 
prevalence of complications. Moreover, during 
the operation, the TEE probe was placed near the 
0° in the mid-esophagus, the imaging mode was 
set to two-dimensional gray level image and the 
imaging was synchronized with the color Dop-
pler, so as to clearly display the aortic root, and 
then the probe was retracted and rotated slightly 
to the left to show the blood flow signal via the 
color Doppler ultrasound. The internal diameters 
in the side of the main pulmonary artery and the 
side of the aorta, and the length and inner dia-
meter of the narrowest were measured by syn-
chronizing the two-dimensional gray level image 
so as to determine the shape of the patent ductus 
arteriosus (PDA), which was more clear than the 
image of transthoracic echocardiography13.

Table III. Comparison of the diagnostic sensitivities of the 
PAI and PVI.
Item PAI PVI

Respirator assisted 
  respiration extension  
Area under ROC curve 0.817 0.789
Best cutoff value (mm2/m2) 152.48 302.12
Specificity 75% 77%
Sensitivity 90% 90%
ICU retention  
Area under ROC curve 0.704 0.781
Best cutoff value (mm2/m2) 147.25 286.42
Specificity 74% 74%
Sensitivity 90% 100%
Low cardiac output syndrome  
Area under ROC curve 0.955 0.926
Best cutoff value (mm2/m2) 130.55 209.09
Specificity 90% 89%
Sensitivity 100% 83%
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Conclusions 

TEE can predict the occurrence of respirator 
assisted respiration extension, ICU retention and 
low cardiac output syndrome of patients after the 
radical surgery based on the evaluation on the 
PAI and PVI of patients with tetralogy of Fallot.
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