| observational study

Medicine

Transesophageal echocardiography and
fluoroscopy for percutaneous closure of

atrial septal defects
A comparative study

Weize Xu, MS®, Jianhua Li, MS, Jingjing Ye, MD, Jin Yu, MS, Jiangen Yu, MD, Zewei Zhang, MS

Abstract

N

The aim of the study was to compare transesophageal echocardiography (TEE) and fluoroscopy for percutaneous atrial septal defect |
(ASD) closure.

This was a retrospective analysis of children who underwent percutaneous ASD closure. The procedure was guided by TEE
without fluoroscopy in 130 patients (TEE group) and by fluoroscopy in 163 patients (fluoroscopy group). Baseline demographic/
clinical characteristics were recorded. Patients were followed until hospital discharge. Outcomes were procedure duration, peri/
postoperative complications, hospital stay, and costs.

The TEE and fluoroscopy groups showed no significant differences in age (71.7 £40.7 vs 62.5 +38.8 months), male/female ratio
(54/76 vs 66/97), weight (22.0+12.0 vs 20.1 +9.0kg), ASD diameter (9.9 +4.2 vs 9.3 + 3.9 cm), distances to the superior vena cava
(18.4+4.6 vs 13.3+4.2cm), inferior vena cava (13.4+4.3 vs 13.9+4.1cm) and atrial septal roof (12.1 +4.0 vs 12.3+3.2cm), or
atrial septal size (38.2 +6.2 vs 39.4 + 26.6 cm); distance to the mitral valve was greater in the TEE group (13.2+4.4 vs 11.3+3.9¢cm;
P <.001). The TEE and fluoroscopy groups showed no significant differences in occlusion device size (14.3+4.6 vs 13.8+4.0cm) or
sheath size (8.7 +1.8 vs 8.7 +0.9cm), but procedure duration was shorter in the TEE group (21.5+14.6 vs 28.6+ 10.9 minutes;
P <.001). Postoperative fever (>38°C) occurred less frequently in the TEE group than in the fluoroscopy group (0.8% vs 9.2%;
P < .001); there were no significant differences for the other complications. No patient had postoperative residual shunt, occlusion
device shedding/displacement, or pericardial effusion. The TEE group had longer hospital stay (3.2 +0.6 vs 2.9 +0.6 days; P < .001)
and higher procedure cost (29,687 +4218 vs 28,530+ 1668 CNY (China Yuan); P=.002) than the fluoroscopy group.

TEE-guided percutaneous ASD closure can be used as an alternative to fluoroscopy-guided procedures and avoids the use of
radiation or contrast agents.

Abbreviations: ASD = atrial septal defect, IVC = inferior vena cava, SVC = superior vena cava, TEE = transesophageal

echocardiography, TTE = transthoracic echocardiography.
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1. Introduction

Congenital heart diseases are the most common congenital
anomalies, with an incidence of 4 to 10 per 1000 live births.™!
Atrial septal defect (ASD) is one of the most frequently
encountered congenital heart diseases, with an estimated
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prevalence of 3.89 per 1000 children and 0.88 per 1000
adults.!"! The clinical course of ASD is variable and depends on
the lesion characteristics, with presenting symptoms including
dyspnea, fatigue, exercise intolerance, palpitations, syncope,
peripheral edema secondary to right heart failure, and recurrent
chest infections.®! Early diagnosis and treatment of ASD can
avoid serious complications.

Management of ASD involves percutaneous device closure or
open-heart surgery. Percutaneous closure is a minimally invasive
technique with good efficacy and safety that is generally preferred
to open-heart surgery, which is highly invasive that necessitates
cardiopulmonary bypass, cardioplegia, thoracotomy, sternot-
omy, and longer surgical time, leading to a higher rate of
complications.*”! Percutaneous closure of ASD under fluoro-
scopic guidance is now considered a routine procedure and
studies using a variety of devices have reported good success and
low complication rates in children and adults.!®"!

Nevertheless, radiation exposure during fluoroscopy repre-
sents a risk to the patient and medical staff.l'2%" Because
percutaneous ASD closure under fluoroscopic guidance is usually
carried out with the assistance of transesophageal echocardiog-
raphy (TEE) or transthoracic echocardiography
(TTE),[P1112:1417.21341 it hag been suggested that echocardiog-
raphy alone could be used to guide device placement. TEE or TTE
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without fluoroscopy have been used successfully to guide
peratrial or perventricular repair of ventricular septal
defects,[+77921:22:26,30,31.35-401 gy me srudies have reported the
use of TEE or TTE to guide percutaneous ASD closure without
fluoroscopy.l>~* Nevertheless, data about the direct compari-
son of the efficacy and safety between TEE-guided and
fluoroscopy-guided procedures are limited.

Over the past 2 years, our hospital has carried out TEE-guided
percutaneous ASD closure without fluoroscopy. Therefore,
the aim of this retrospective study was to comparatively assess
TEE-guided and fluoroscopy-guided percutaneous ASD closure
in our hospital.

2. Patients and methods

2.1. Patients

This was a retrospective analysis of children who underwent
percutaneous ASD closure at our hospital (China) between
November 2014 and January 2017. The procedure was guided by
TEE without fluoroscopy in 130 patients (TEE group) and by
fluoroscopy in 163 patients (fluoroscopy group). The indications
for surgery were the same in all patients. The inclusion criteria
were preoperative diagnosis of isolated type II ASD based on
medical history, clinical signs, chest x-ray, electrocardiogram,
and TTE and determined as being suitable for percutaneous
closure following an outpatient TTE study from the standard
subcostal, apical 4-chamber and parasternal short-axis views:
ostium secundum ASD with a diameter >5 and <36 mm that
increased right ventricular volume load; >5 mm from the edge of
the defect to the superior vena cava (SVC), inferior vena cava
(IVC), coronary sinus, and pulmonary vein and >7 mm from the
edge of the defect to the atrioventricular valve; diameter of the
atrial septum larger than the diameter of the left atrial side of the
selected occluder; and no other heart disease requiring surgery.
The exclusion criteria were severe pulmonary hypertension or
evidence of an infectious disease or any other condition that
would be a contraindication for surgery. The study was approved
by the institutional ethics committee of the Children’s Hospital,
Zhejiang University School of Medicine. Informed written
consent was obtained from the legal guardians to perform the
procedure. The need for individual consent for this particular
study was waived by the committee because of the retrospective
nature of the study.

2.2. Preoperative evaluation

Careful examination was carried out of the location, number,
size, and morphology of the ASD, the distance of the ASD to the
SVC, IVC, atrioventricular (mitral) valve and roof of the atrial
septum, and the dimensions of the atrial septum.

2.3. Baseline demographic and clinical characteristics

Age, sex, weight, ASD diameter, distance to the SVC, distance to
the IVC, distance to the mitral valve, distance to the roof of the
atrial septum, and dimensions of the atrial septum were extracted
from the medical charts.

2.4. Procedures

Because some surgeons and cardiologist in our center were not
trained for TEE-guided procedure without fluoroscopy, 2 different
teams performed the TEE-guided and fluoroscopy-guided
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procedures. All devices were made by Shanghai Shape Memory
Alloy Material Co. Ltd (Shanghai, China) and LifeTech
Technology Co. Ltd (Shenzhen, China). The equipment is shown
in Figure 1.

2.4.1. TEE-guided percutaneous ASD closure. All surgeons
were qualified in cardiac surgery and congenital heart disease
intervention by the National Health and Family Planning
Commission for Cardiovascular Disease Interventional Therapy,
and had received cardiothoracic surgery and interventional
cardiology fellowship training and performed the procedures
(Fig. 2). After total intravenous and endotracheal anesthesia
(midazolam 0.1-0.2mg/kg, propofol 2mg/kg, rocuronium
bromide 0.9 mg/kg, and fentanyl 5-10 ug/kg), we reevaluated
the ASD by TEE from various views. Generally, the right femoral
vein was used as the catheter path and a SF arterial sheath was
inserted after puncture. Heparin (100 units/’kg) was administered
intravenously before the procedure. Under the guidance of TEE,
the 5F MP catheter was placed into the left pulmonary vein
through the ASD. The guide was inserted into the delivery sheath,
and the occlusion device was fed along the delivery sheath into
the left atrium. The left atrial plate was released after withdrawal
of the delivery system to close the atrial septum and the outer
sheath was retracted to release the occlusion device waist and
right atrial plate, so that the atrial septum was between the left
and right umbrella folder. Multiple TEE views and final pull-push
tests were used to evaluate the position of the occlusion device,
the presence of residual shunt, the condition of the valve, the
relationship between the occlusion device and the coronary sinus,
SVC, IVC, and pulmonary vein, and the presence or absence of
pericardial effusion. The occlusion device was released under
TEE guidance. Additional verifications were made for correct the
positioning of the device, residual leak, and any other defects, and
to ensure that the atrioventricular valves, pulmonary veins, SVC,
and IVC were not altered or obstructed. After determining that
the occlusion device had been released successfully (correct
location and shape of the umbrella folders, with absence of shunt
around the occlusion in the ultrasound examination), the delivery
system was removed, with appropriate routine care.

2.4.2. Fluoroscopy-guided percutaneous ASD closure. The
patients were received intravenous anesthesia (midazolam 0.1-
0.2mg/kg, propofol 2mg/kg, and pentazocine 0.3 mg/kg) and
caudal block (lidocaine; 0.67% for patients weighing 10-15kg,
0.8% for patients weighing 15-25 kg; total dose <10 mg/kg). In
addition, children >12 years of age were given local anesthesia.
The ASD was then revaluated with TTE from various views. The
same surgical technique was used as described above, but under
the guidance of fluoroscopy. After the device was released, we
evaluated the occlusion device position, residual shunt if any,
the valve condition, the relationship between the occlusion device
and the coronary sinus, SVC, IVC, and pulmonary vein, and the
presence or absence of a pericardial effusion using multiple views
of TTE and fluoroscopy and final push-pull tests. After
determining that the occlusion device was successfully released,
the delivery system was removed from the femoral vein puncture
site, with routine care.

2.4.3. Intraoperative monitoring. During the procedure, we
closely monitored the electrocardiogram, blood pressure, and
other vital signs. If any abnormalities were noted, surgery was
suspended and resumed after recovery. The size of the occlusion
device, size of the sheath, and duration of surgery (measured from
heparinization to exit of the delivery system) were recorded.
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5F right-heart 5F arterial sheath Puncture 0.035" hard
catheter and guide-wire needle wire

Normal Syringes 20 mL  Heparin Gauze Hemostatic forceps,
A saline x2,5mLx1) scissors, blade
Delivery Steel
sheath Plunger wire.

T-type connector Hemostatic Normal saline 0.035"
forceps. and umbrella hard wire
B scissors folder
Figure 1. Equipment used for percutaneous device closure of atrial septal defect.
2.5. Follow-up and outcome measures 2.6. Statistical analysis

Patients were followed-up until discharge from hospital. The  Statistical analyses were performed using SPSS 20.0 (IBM Corp,
outcome measures were procedure duration, peri/postoperative  Armonk, NY). Values are presented as mean+standard devia-
complications, hospital stay, and costs. tion or n (%). Comparisons between the TEE and fluoroscopy
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Figure 2. Percutaneous device closure of atrial septal defect (ASD) under the guidance of transesophageal echocardiography (TEE). A, The catheter was inserted
into the right atrium via the inferior vena cava and passed into the left atrium via the atrial septal defect, under the guidance of TEE. B, The guidewire was inserted into
the catheter and the catheter was inserted into the left pulmonary vein or left atrium under the guidance of TEE. C, The sheath was delivered to the left atrium under
the guidance of TEE. D, The left atrial umbrella folder was expanded under the guidance of TEE. E, The right atrial umbrella folder was expanded under the

guidance of TEE.

groups were made using Student ¢ test, the chi-square test, or the
Fisher exact test, as appropriate. Statistical significance was
defined as P<.0S.

3. Results

3.1. Baseline demographic and clinical characteristics

The TEE group (n=130) consisted of 54 men and 76 women;
mean age was 71.7+40.7 months (14-188 months) and mean
body weight was 22.0+12.0kg (9.6-77.0kg). The fluoroscopy
group (n=163) consisted of 66 men and 97 women; mean age

was 62.5 +38.8 months (12-192 months) and mean body weight
was 20.1+9.0kg (9.4-53.5kg). There were no significant
differences between the 2 groups in male/female ratio (P=.86),
age (P=.051), or weight (P=.134). No patient had pulmonary
hypertension.

3.2. ASD characteristics

As presented in Table 1, the 2 groups showed no significant
differences in ASD diameter (9.9 +4.2 vs 9.3+ 3.9 cm), distance to
SVC (13.4+4.6 vs 13.3+4.2cm), distance to IVC (13.4+4.3 vs
13.9+4.1 cm), distance to the roof of the atrial septum (12.1 +4.0
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Comparison of atrial septal defect characteristics between the
transesophageal echocardiography and fluoroscopy groups.

www.md-journal.com

Comparison of postoperative complications between the transe-
sophageal echocardiography and fluoroscopy groups.

TEE group Fluoroscopy group TEE group Fluoroscopy group

(n=130) (n=163) P (n=130) (n=163) P
ASD diameter, cm 99+4.2 9.3+39 270 Atrioventricular block 0 1 (0.6%) NA
Distance to SVC, cm 13.4+4.6 13.3+4.2 .869 Fever (>38°C) 1 (0.8%) 15 (9.2%) .002
Distance to IVC, cm 13.4+4.3 13.9+4.1 412 Cough 0 4 (2.5%) .300
Distance to mitral valve, cm 13.2+4.4 11.3+3.9 <.001 Diarrhea 0 1 (0.6%) NA
Distance to atrial septal roof, cm 121+4.0 12.3+3.2 701 All complications 1(0.8%) 21 (12.9%)
Size of atrial septum, cm 38.2+6.2 39.5+26.6 794

Data are presented as means =+ standard deviation.
ASD =atrial septal defect, IVC = inferior vena cava, SVC = superior vena cava, TEE =transesophageal
echocardiography.

vs 12.3+3.2cm), or atrial septal size (38.2+ 6.2 vs 39.5+26.6cm).
The distance to the mitral valve was significantly greater in the TEE
group than in the fluoroscopy group (13.2+4.4 vs 11.3+3.9cm;
P<.001).

3.3. Procedure characteristics

Table 2 shows that there were no differences between the TEE
and fluoroscopy groups showed regarding the size of the
occlusion device (14.3+4.6 vs 13.8+4.0cm) or the size of the
sheath (8.7+1.8 vs 8.7+0.9cm). The procedure duration was
significantly shorter in the TEE group compared with the
fluoroscopy group (21.5+14.6 vs 28.6 + 10.9 minutes; P <.001).

3.4. Compilications

Postoperative fever (>38°C) occurred less frequently in the TEE
group than in the fluoroscopy group (1/130, 0.8% vs 15/163,
9.2%; P<.001). There were no significant differences between
groups for the occurrence of other complications (Table 3). No
patient had postoperative residual shunt, occlusion device
shedding or displacement, or pericardial effusion.

3.5. Postoperative hospital stay and procedure cost

Postoperative hospital stay was longer in the TEE group than in
the fluoroscopy group (3.2+0.6 vs 2.9+0.6 days; P<.001).
Total procedure costs were higher in the TEE group than in the
fluoroscopy group (29,687+4218 vs 28,530+1668 RMB,
where 1 RMB = 0.15 US dollar; P=.002).

4. Discussion

An important finding of the present study was that percutaneous
ASD closure was achieved successfully in all patients. The

Comparison of the procedure characteristics between the
transesophageal echocardiography and fluoroscopy groups.

TEE group Fluoroscopy group P
(n=130) (n=163)
Atrial septal defect diameter, cm 99+42 9.3+39 270
Size of occlusion device, cm 14.3+4.6 13.8+4.0 .306
Size of sheath, cm 8.7+1.8 8.7+09 771
Procedure duration, min” 215+14.6 28.6+10.9 <.001

Data are presented as means =+ standard deviation. TEE =transesophageal echocardiography.
From heparin injection to removal of the sheath.

Data are presented as n (%).
NA=not applicable, TEE=transesophageal echocardiography.

procedure duration was about 7minutes shorter (~25%) in the
TEE group than in the fluoroscopy group. Furthermore,
postoperative fever occurred less frequently in the TEE group
than in the fluoroscopy group, with no significant differences for
the other complications. No patients had postoperative residual
shunt, occlusion device shedding/displacement, or pericardial
effusion. Compared with fluoroscopy-guided closure, minor
disadvantages of TEE-guided percutaneous ASD closure were a
slightly longer hospital stay (~6hours) and higher costs (by
~1157 RMB, equivalent to ~175 USD). The main innovation of
this method is the completion of ASD closure completely guided
by ultrasound, which is not routine practice. In most centers,
closure of ASD is completed under digital subtraction angiogra-
phy and ultrasound. Avoiding radiations should have a certain
significance on the long-term health of the children and
medical staff. Therefore, we suggest that TEE-guided percutane-
ous ASD closure is a good alternative to fluoroscopy-guided
procedures in children.

Numerous studies have reported the use of fluoroscopy-guided
procedures for the percutaneous closure of ASD and most of these
studies used fluoroscopy in combination with TEE or
TTE.[P1112.1417.21.221 preyious studies in pediatric patients using
procedures guided by both fluoroscopy and TEE or TTE have
reported successful implantation rates of 93% to 100%, low
complication rates of 0% to 20% (predominantly minor
complications), and good long-term outcomes.!®1%1415:171 1
the present study, the fluoroscopy group showed a successful
implantation rate of 100% and the complication rate was 13%,
which are in agreement with the previous studies,®:10:1415:171
Importantly, successful implantation was also achieved for all
patients of the TEE group, and the complication rate was lower.
There were no postoperative residual shunt or occlusion device
shift, and postoperative cardiac function was normal in all
patients. There was 1 case of atrioventricular block in the
fluoroscopy group and the incidence of postoperative fever was
lower in the TEE group than in the fluoroscopy group. Although
the 2 groups received different anesthesia regimens, there were no
differences in anesthesia-related complications.

Only a few previous studies reported the use of TEE-guided
percutaneous ASD closure without fluoroscopy. Consistent with
our series, these studies achieved successful ASD closure under
TEE guidance alone in a high proportion of patients (86 %—
100%) with low complication rates.®**! Therefore, we
consider that percutaneous ASD closure under TEE guidance
alone is an effective and safe procedure. Nevertheless, the
distance to the mitral valve must be considered carefully because
it can complicate the procedure if the distance is too short.[*34!
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Mean procedure duration for fluoroscopy-guided percutaneous
ASD closure has been reported to range from 40 to 110 minutes,
although it should be noted that the definition of total the procedure
time varied among studies.””'*'>17!n the present study, procedure
time (measured from heparinization to removal of the delivery
system) was significantly shorter in the TEE group (21.5+14.6
minutes) than in the fluoroscopy group (28.6+10.9 minutes).
Ewert et al™*! also reported numerically shorter duration for TEE-
guided ASD closure (88 minutes) than for conventional fluorosco-
py-guided ASD closure (100 minutes), but the difference was not
statistically significant (P=.09). A number of reasons may be
responsible for the difference between the 2 procedures. First, the
image obtained with TEE is clear, allowing an accurate assessment
of ASD location, size, and shape. This facilitates the selection of the
appropriate occlusion device for first-time closure success.
Secondly, TEE can display the shape of the steel wire, sheath,
and occlusion device in real time, thereby facilitating the assessment
of residual shunt and the effect of the occlusion device on the
atrioventricular valve, pulmonary vein, vena cava, and coronary
sinus opening. This greatly reduces the operative time. Indeed,
among all patients in the present series, the fastest procedure took
only 6 minutes. Thirdly, x-ray digital equipment is unable to display
the anatomic structure of the heart accurately. During the closure
process, the requirement to rotate the equipment and the need for
repeated TEE increase the procedure time.

A potentially important advantage of TEE-guided percutaneous
closure over fluoroscopy-guided closure is that it avoids exposure to
radiation and contrast agents. In addition to reducing the risks for
the patient, TEE-guided percutaneous closure without fluoroscopy
also prevents radiation to the medical staff and avoids the need for
heavy lead clothing. In our hospital if the ASD is found unsuitable for
percutaneous closure or if the procedure fails, the procedure can be
converted immediately to a TEE-guided thoracotomy or cardiopul-
monary bypass surgery. This insures patient safety.

This study has some limitations. First, this was a retrospective
analysis and may be prone to selection bias or information bias.
In addition, the strength of the evidence is not as high as that of a
prospective study. Secondly, this was a single-center study and
the generalizability of the findings is unknown. Thirdly, although
the sample size was not particularly small, the study may have
been underpowered to detect certain differences between groups.
Fourthly, the follow-up was short, so longer-term outcomes
could not be assessed. Finally, the 2 procedures were performed
by 2 different teams of surgeons, but the 2 teams has similar work
experience and all surgeons were qualified in cardiac surgery and
congenital heart disease intervention by the National Health and
Family Planning Commission for Cardiovascular Disease
Interventional Therapy, and had received cardiothoracic surgery
and interventional cardiology fellowship training. In addition,
prospective, randomized trials are needed to confirm and extend
our observations.

In conclusion, TEE-guided percutaneous ASD closure has
similar short-term outcomes to fluoroscopy-guided closure, but
shortens the procedure and avoids the use of radiation or contrast
agents. The main innovation of this method is the completion of
ASD closure completely guided by ultrasound, which is not routine
practice. Avoiding radiations should have a certain significance on
the long-term health of the children and medical staff.
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