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ABSTRACT

Objective: This study was designed to determine the long-term safety and efficacy of using the Amplatzer Duct
Occluder II (ADO II) for the closure of various ventricular septal defects (VSDs). Methods: From January 2011 to
December 2019, selected VSD patients were treated through transcatheter intervention using ADO II occluders.
The closure results and complications from 188 patients, involving 167 perimembranous ventricular septal defects
(pmVSDs), 9 intracristal VSDs, 11 post surgery residual shunts and 1 post closure residual shunt with the mean
outlet diameter3.1 + 0.8 mm under angiography, were enrolled in this study. Results: The success rate was 98.9%
for all procedures. During the median 77-month follow-up period, no cases of complete atrioventricular block
(cAVB), infective endocarditis or death occurred. One major adverse event (0.5%) was recorded: cerebrovascular
accident occurred 1 day after the procedure in one patient who was transferred to the neurology department. The
residual shunt rate was 44.6%, which was the most common minor adverse event. The cardiac conduction block
rate was 4.3%. Specifically, one pmVSD patient developed intermittent LBBB during the 28-month follow-up.
There were 3 patients (1.6%) with new-onset mild tricuspid insufficiency, and the insufficiency degree was stable
during follow-up. There was no new-onset aortic insufficiency that occurred. Conclusions: Transcatheter closure
of pmVSDs, some intracristal VSDs, some postsurgery or postclosure residual shunts using ADO II occluders
were both safe and effective and yielded excellent long-term results in selected patients.
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1 Introduction

At the present time, transcatheter closure of ventricular septal defects (VSDs) has become an alternative
to surgical repair in selected patients of perimembranous ventricular septal defects (pmVSDs) [1,2]. With the
development of interventional devices, there are an increasing number of reports of successful interventional
closure of not only pmVSDs but also some intracristal ventricular defects with mild aortic valve prolapse,
outlet-type VSDs, and postsurgical or postclosure residual shunts [3—5]. Recently, the second generation
of Amplatzer patent ductus arteriosus occluders (ADO II) have been used off-label in the treatment of
VSD and exhibit promising prospects in reducing arrhythmia complications [6]. However, few studies
have focused on the indications for the treatment of ventricular septal defects with ADO II occluders and
the outcomes of long-term follow-up [7,8]. The purpose of this study was to investigate the safety and

This work is licensed under a Creative Commons Attribution 4.0 International License, which
@ ® permits unrestricted use, distribution, and reproduction in any medium, provided the original

work is properly cited.


mailto:xyangz2011@163.com
mailto:wqg1993@163.com
http://dx.doi.org/10.32604/chd.2022.021855
https://www.techscience.com/doi/10.32604/chd.2022.021855

184 CHD, 2023, vol.18, no.2

efficacy of ADO II occluders in the treatment of various VSDs through our retrospective study and to report
the long-term follow-up results.

2 Methods

2.1 Study Patients

From January 2011 to December 2019, 188 patients with VSDs underwent transcatheter closure in the
General Hospital of Northern Theater Command. Our study included 79 male and 109 female patients
ranging from 2.8 to 59 years of age. All patients underwent clinical examinations, chest roentgenography,
electrocardiography (ECG), and transthoracic echocardiography (TTE) before the intervention.

Based on the Chinese consensus and other references from our previous studies, the inclusion criteria for
percutaneous closure included (1) a moderate or large left-to-right shunt (Qp/Qs > 1.5) causing left heart
volume overload that resulted in hemodynamic changes, congestive heart failure, decreased exercise
capacity, atrial dysrhythmia, or recurrent bacterial endocarditis; (2) a VSD diameter <6 mm as measured
through TTE; (3) a distance from the aortic valve to the upper rim of the VSD of >1 mm as measured
through TTE; (4) a pulmonary pressure of <70 mm Hg as estimated through TTE. Exclusion criteria
included (1) active infective endocarditis; (2) pathologic aortic regurgitation; and (3) primary tricuspid
chordae tendineae located around the rim of the pmVSD; (4) patients with other structural heart defects
requiring cardiac surgery. Patients who were aged 50 years or older underwent routine coronary
angiography before VSD closure. Before the intervention, each patient provided informed written
consent. The ethics committees of the General Hospital of Northern Theater Command approved this
study (No. XXN-VSD-01), which was conducted in accordance with all relevant Chinese laws.

2.2 Occluder Devices

ADO 1II occluders are the second generation of Amplatzer patent ductus arteriosus occluders (Abbott St.
Jude Medical, St. Paul, MN, USA). It has been used off-label for interventional occlusion of ventricular
septal defects. The frame is woven with a self-expanding and ultrafine nickel titanium alloy wire without
a polyester fiber patch design. It is shaped in sequential lobes characterized by two low-profile retention
discs and a connecting waist. There are 4 specifications of the waist diameter (3, 4, 5 and 6 mm) and
2 specifications of the length (4 and 6 mm). The flexibility of the articulations allows this 4F or 5F
delivery system to simplify specific defect anatomies that are more challenging.

2.3 Peri-Procedure Management and Follow-Up

The transcatheter intervention procedure was described in previous reports [9]. To choose the occluder,
the size of ventricular septal defect was measured mainly based on the left anterior oblique 50° head 20°
projection position of angiocardiography, and echocardiography was used as an auxiliary measurement
and monitoring method. For ADO II occluder, the central cylinder waist should be 1-2 mm larger than
the narrowest diameter of the VSD. This minimal oversizing avoids excessive radial force to the
ventricular septum yet still maintaining device stability. The left and right retention discs should match
with the space in the left and right ventricles. The device length should match with the thickness of the
ventricular septum and tunnel length. In most cases, a 4 mm length device is most suitable.

Demographic data before the intervention and during the follow-up period and additional baseline
characteristics were collected from all patients. After the procedure, an ECG was performed on each
patient daily until discharge. All patients underwent 24-h continuous electrocardiographic monitoring and
TTE on the third day after the procedure. Follow-up evaluations included clinical examinations, ECG,
and TTE at 1, 3, 6, and 12 months and annually thereafter. Adverse events were recorded and classified
into categories of major and minor adverse events. Major adverse events included but were not limited to
death, infective endocarditis, cerebrovascular accidents, complete atrioventricular block (cAVB) requiring
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either pacemaker implantation or surgical treatment, thromboembolism, and new-onset valvular
regurgitation requiring surgical repair. Minor adverse events included but were not limited to cardiac
arrthythmias requiring medication, new or exacerbated valvular regurgitation grade <2, residual shunts as
trivial (<1 mm color jet width), small (1-2 mm color jet width), and moderate to large (>2 mm color jet
width) under TTE [10], groin hematoma, hemolysis requiring medication, fever, and rash.

2.4 Statistical Analysis

All continuous variables are expressed as either means + SDs or medians with ranges; discrete variables
are presented as either frequencies or percentages. Statistical analysis was performed using SPSS 16.0 for
Windows (SPSS, Inc., Chicago, Illinois). Analysis of continuous variables was performed using Student’s
unpaired ¢ test and 1- and 2-way analyses of variance; analysis of categorical variables was performed
using the chi-square test and Fisher’s exact test. A probability of <0.05 was considered statistically
significant. Freedom from major or minor adverse events was assessed using the Kaplan-Meier product-
limit method.

3 Results

3.1 Patient Characteristics

A total of 188 patients were enrolled in this study. Several basic characteristics were evaluated (Table 1).
The median follow-up time was 77 months and ranged from 12 to 143 months. Patients without
hemodynamic changes were enrolled primarily because they had significant symptoms, such as exercise
intolerance. Three patients had a previous history of infective endocarditis and were free from fever for at
least 6 months before the intervention. Of the 17 patients who underwent coronary angiography, all had
normal results.

Table 1: Baseline characteristics (n = 188)

Variable n
N (children and adolescents) 188 (117)
Sex
Male 79/188 (42.0%)
Female 109/188 (58.0%)
Age (median, years) (range)(n)
1 <age<5 3.9(2.8-4.9) (107)
5<age<I18 6.0(5.0-17) (46)
age>18 40.0(18-79) (35)
Weight (median, kg) (range)(n)
10 to 20 17.5(13.0-19.6) (86)
>20 41.0(20.0-85.0) (102)
Indications
Symptoms (decreased exercise capacity) 76/188 (40.4%)
Hemodynamic changes (cardiomegaly on chest X-ray, left atrial or left 172/188 (91.5%)

ventricular enlargement verified by echocardiography)

(Continued)
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Table 1 (continued)

Variable n
VSD type (%)
Perimembranous 167/188 (88.8%)
Intracristal 9/188 (4.8%)
Postsurgical residual 11/188 (5.9%)
Postclosure residual 1/188 (0.5%)
Complex cardiovascular malformation (%)
ASD 7/188 (3.7%)
PDA 5/188 (2.7%)
Coarctation of aorta or others 1/188 (0.5%)
Echocardiography data
EF score (%) (range) 61.5 (44-76)
Defect size (mm, X=+s) (range) 3.1+0.8 (1.5-5.6)
EDV (ml, X=s) 74.9+23.2 (34.3-157)
LAD (mm, X+s) 25.9+9.7 (17-54)
LVEDD (mm, X=+s) 39.4+7.1 (26-61)
Membranous aneurysm (%) 87 (46.3%)

Notes: VSD, ventricular septal defect; ASD, atrial septal defect; PDA, patent ductus arteriosus; EF, ejection fraction; EDV, end diastolic volume;
LAD, left atrial dimension; LVEDD, left ventricular end-diastolic dimension.

3.2 Procedure Outcome

Procedural data are presented in Table 2. Deployment of the device was successful in 186 patients. The
procedural success rate was 98.9%. Except for one intracristal VSD patient who developed severe aortic
regurgitation, 8 patients with intracristal VSD with mild aortic prolapse were successfully treated through
transcatheter intervention using ADO II (Fig. 1). The device closure failed in another pmVSD patient
because of occluder embolization. After retrieval of the ADO II, the closure of pmVSD was successfully
performed using the domestic symmetrical occluder. All 186 patients had no new aortic regurgitation
after immediate TTE examination.

Table 2: Procedural data

Variable Result
Success rate (%) 186/188 (98.9%)
Invasive data

left-to-right shunt (Qp/Qs) 1.6+0.4

RA mean pressure (mm Hg, X=s) 6.3+1.6

PA systolic pressure (mm Hg, X=+s) 37.1£6.6

PA diastolic pressure (mm Hg, X=s) 15.9+5.7

PA mean pressure (mm Hg, Xs) 229+6.1

PA vascular resistance index (WU-m?) 0.9+0.5

(Continued)
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Table 2 (continued)

Variable Result
Occluder size (mm)

Device waist diameter (mm, X=+s) 53+0.8

Device length (mm, Xs) 4.6+0.9
Immediate complete closure rate (%) 103/186 (55.4%)
Fluoroscopic time (min, Xs) 11.2+4.9
Procedure time (min, X=s) 43.3+20.5

XA
2018.04-11)

13:45:445

187

Figure 1: Closure of pmVSD and intracristal VSD with ADO II occluders. (A) Left ventriculography
showed pmVSD (red arrow) with a tubular shape without septal aneurysm; (B) There was no residual
shunt in left ventriculography after successful implantation of the 6/4 ADO II occluder; (C) Left
ventriculography showed intracristal VSD (blue arrow) with mild aortic valve prolapse; (D) There was no
residual shunt or aortic regurgitation under left ventriculography after successful implantation of the
6/4 ADO 1I occluder. pmVSD, perimembranous ventricular defect; cristal VSD, intracristal ventricular

septal defect
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The type of device was changed to ADO II in 4 patients after the initial procedure. cAVB occurred in
three pmVSD patients after the placement of a double-disk symmetrical concentric occluder, but they
returned to normal sinus rhythm after retrieval of symmetrical device and then the closure was successful
by implantation of an ADO II. One pmVSD patient with a double-disk asymmetrical occluder developed
severe aortic regurgitation, and the subsequent use of an ADO II was successful in this patient. The
overall immediate complete closure rate was 55.4%. All complex congenital cardiovascular
malformations (ASDs and PDAs) were successfully simultaneously closed. In one 46-year-old man with
aortic arch coarctation, a 5/4 ADO II occluder was successfully implanted into the intracristal VSD with
mild aortic valve prolapse, and an aortic arch coarctation stent was simultaneously implanted. The ADO
IT was successfully implanted in all postsurgical residual and postclosure residual patients (Fig. 2).

Figure 2: Transcatheter closure of postsurgical residual shunts and postclosure residual shunts. (A) Left
ventriculography showed a postsurgical residual shunt (red arrow); (B) No residual shunt was found with
left ventriculography after a 5/4 ADO II occluder was successfully implanted; (C) Left ventriculography
showed a postclosure residual shunt (blue arrow); (D) A 5/6 ADO II occluder was successfully implanted
by a retrograde approach
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3.3 Follow-Up
All patients were followed up for at least 12 months. Of these, 122 patients were followed up for
>36 months, and 59 patients were followed up for >60 months.

The major and minor adverse events are summarized in Table 3. A total of one major adverse event was
noted. A 47-year-old female who had diabetes and a history of cerebral infarction suffered acute cerebral
embolism 1 day after closure, was transferred to the neurology department, and was discharged on the
11th day after closure. Mild residual shunting after the procedure was the most common complication,
with an overall rate of 44.6% as measured through TTE. The 83 cases of immediate residual shunt after
closure were mild. There were 76 cases residual shunts between disks of the occluders, and 7 cases
residual shunts around disks due to multiple outlets and anatomical morphology confirmed by TTE.
However, these problems did not persist because most residual shunts diminished before each patient’s
12-month follow-up visit (Fig. 3). No patients developed either trivial or small residual shunt flow, as
determined through echocardiography at the latest follow-up examination.

Table 3: Major and minor adverse events

Complications Number (%)

Major adverse events

Cerebral embolism 1/186 (0.5%)
Minor adverse events
Mild residual shunt 83/186 (44.6%)
Arrhythmia rate 17/186 (9.1%)
Conduction block rate 8/186 (4.3%)
LBBB 1/186 (0.5%)
RBBB 6/186 (3.2%)
II-AVB 1/186 (0.5%)
Ectopic arrhythmia rate 9/186 (4.8%)
Accelerated idiojunctional thythm 8/186 (4.3%)
Intraventricular conduction delay 1/186 (0.5%)
Tricuspid regurgitation (trivial to small) 3/186 (1.6%)
Other (e.g., fever >38.5°C, transient headache, rash) 11/186 (5.9%)

Notes: LBBB, Left bundle-branch block; RBBB, Right bundle-branch block; II-AVB, Il-atrioventricular block.

The frequency of arrhythmia development after the procedure was 9.1% (Fig. 4). Cardiac conduction
block developed in 8 patients. Right bundle branch block (RBBB) was the most common type of cardiac
conduction block detected. Of the patients with conduction disturbances, a 3-year-old boy who
experienced II-AVB 2 days after his intervention reverted to a normal sinus rthythm on the 11th day after
the administration of intravenous hydrocortisone and phosphocreatine therapy.

Only 1 left bundle-branch block (LBBB) event was noted in a 5-year-old girl 8 days after the placement
of a 5/4 ADO 1I, and there was a return to a normal heart rhythm on the 11th day after the procedure.
However, intermittent LBBB was still detected during follow-up without further intervention. Conduction
disturbances typically developed while each patient was in the hospital after the procedure. Of the
8 patients who developed cardiac conduction block, 5 patients reverted to a normal sinus rhythm after
discharge. The 3 patients continued to experience RBBB after discharge until the latest follow-up
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examination. As mentioned earlier, the LBBB patient continued to experience intermittent LBBB during
follow-up examinations; this patient was asymptomatic and was followed for 4 years. Nine patients with
either nonparoxysmal junctional tachycardia or intraventricular conduction delay reverted to a normal
sinus rhythm after discharge.

Figure 3: A mild residual shunt after the procedure did not persist. (A) TTE showed a postclosure mild
residual shunt at the 1-month follow-up; (B) No residual shunt was found with TTE at the 12-month
follow-up
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Figure 4: Arrhythmia after the procedure. (A) LBBB 8 days after the procedure in a 5-year-old girl after the
placement of a 5/4 ADO II; (B) RBBB 3 days after the procedure in a 4-year-old girl after the placement of a
5/4 ADO II; (C) II-AVB 2 days after the procedure in a 3-year-old boy after the placement of a 6/4 ADO II;
(D) Idiojunctional rhythm 4 days after the procedure in a 40-year-old female after the placement of a
5/4 ADO II. LBBB = left bundle branch block and RBBB = right bundle branch block
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The overall incidence of new-onset tricuspid valve regurgitation was 1.6%, and no new aortic valve
regurgitation was observed during the follow-up period. As the latest TTE follow-up data demonstrated
that no new aortic valve regurgitation in each 8§ intracristal VSD patients. No new-onset tricuspid valve
regurgitation more severe than second degree was noted. At their 12-month follow-up examinations,
3 patients with tricuspid valve insufficiency were deemed to be stable, and 1 patient was followed up for
>5 years without intervention.

A 46-year-old female who was diagnosed with postsurgery (27 years ago) residual VSD and
rehospitalized because of heart failure (NYHA II-III) was observed 43 months after closure. The other
patients displayed New York Heart Association functional class I or II heart function.

After closure, no cases of infective endocarditis or death were observed during the follow-up period.

4 Discussion

Compared with other simple congenital heart diseases (ASD or PDA), transcatheter closure of
ventricular septal defects is more challenging due to its variable anatomical structure, especially for some
postsurgical or post closure residual patients [10—12]. Sometimes it is difficult for the delivery sheath to
pass through the relatively small defect or directly into the left ventricular apex. The ADO II occluder is
a kind of double disc occluder made of extremely fine nickel titanium alloy wire without fabric material
filling and was originally designed to close small patent ductus arteriosus. The delivery sheath is flexible,
and the profile dimension is relatively small. All these characteristics allow the ADO II to be released
through a retrograde approach (arterial side) or an antegrade approach (venous side) [13,14]. In some
cases where the delivery sheath could not be directed into the left ventricular apex via the vein, the
retrograde approach could be used [15]. In our one postclosure residual case, left ventriculography
showed that the residual shunt direction was downward, which predicted that the traditional delivery
sheath could not have crossed through the defect to the left ventricular apex due to the complex local
tissue. Therefore, ADO II was successfully implanted by a retrograde approach, and postoperative
angiography showed no residual shunt. In theory, the retrograde approach can simplify the procedure,
which reduces the exposure time and operation time. However, we still care about the femoral artery
injury especially for young age group, left ventricular side adjacent conduction system, and the potential
damage to the aortic valve through retrograde approach. In our study, except for one postclosure residual
case through retrograde, all other occluders were released anterograde through the femoral vein with the
establishment of an arteriovenous track. Due to the small profile and super flexibility of the ADO II
occluder delivery system, combined with the super elasticity of the occluder, it is possible to achieve
more challenging ventricular septal defect closure.

The common characteristics of patients with various VSDs enrolled in this study were small defects
without obvious symptoms, but most patients had more than 2/6 grade cardiac murmurs or signs of left
heart enlargement by imaging examination. Although the defect was small, there was a risk of infective
endocarditis in the future. It has been shown that 4% of patients with small ventricular defects developed
infective endocarditis by 6 years of follow-up [16]. Moreover, the presence of heart murmur influenced
the physical and mental health of children with VSDs. In addition, the application of ADO II occluders in
patients with small ventricular defects achieved a high success rate and less trauma [17,18], so we
suggest that patients with small ventricular defects should be treated in this manner.

Proper selection of the occluder is a crucial step in ensuring the success of transcatheter pmVSD closure.
At the same period, we had performed other 275 pmVSD closure, mainly domestic modified double-disk
symmetrical concentric pmVSD occluders (S-pmVSOs) and double-disk asymmetrical S-pmVSOs (AS-
pmVSOs) were used. Aneurysmal pmVSDs are common and are often characterized by morphologic
diversity, variable numbers of outlets, and complex surrounding tissues. If a multioutlet membranous
aneurysm is diagnosed, the selection of an occluder should be based on the VSD number and size. The
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AS-pmVSO closes multiple outlets at a time because of'its larger left disk. The right disk of the AS pmV SO is
relatively small, which minimizes the risk of tricuspid valve impairment. The thin waist structure of this
device is adapted to the diameter of the larger outlet shunt, and the 2 disks can be fully extended,
avoiding over compression of the defect and the surrounding tissue. The waist lengths of both the S-
pmVSO and AS pmVSO devices are longer than that of the first generation Amplatzer VSD occluder
(2 and 3 mm, respectively, vs. 1.5 mm). These changes in occluder design could decrease the incidence of
severe arrhythmias and gain high complete closure rate; therefore, modified double disk occluders are
more favorable devices in selected patients.

Previous studies on transcatheter closure of ventricular septal defects have shown that cardiac block was
the most common complication [19,20], and the incidence of cAVB was approximately 1.1% [11]. Although
the exact mechanism remains unclear, one of the potential reasons may be related to the damage in the
conduction system caused by the stiff disks of the occluder. In addition, younger children may be another
independent risk factor for conduction damage [21,22]. The ADO II constitutes a safe and effective
therapeutic alternative for morphologically varied VSDs in all pediatric age groups [23]. Our long-term
follow-up study showed that the incidence rate of arrhythmia was lower than the incidence of residual
shunts using ADO II after closure, and no cAVB occurred over the entire follow-up period. However, one
case of intermittent complete LBBB in our study needs to be highly studied. There are a few case reports
of cAVB after closure using ADO II, which indicates that the treatment of VSDs using ADO 1I still needs
long-term follow-up [24]. In our study, we found that there was no arrhythmia after closure in
postsurgical or postclosure residual patients. Local tissue hyperplasia and organization, and the anatomy
of the residual shunt were far away from the conduction block, which all may be possible reasons.

Postoperative residual shunt was the most common complication in this study, with an incidence of
44.6%, which was significantly higher than that using other types of ventricular septal occluders.
Previous studies have shown that residual shunts are more common after closure of membranous
aneurysm pmVSDs with multiple outlets [25]. The ADO 1II occluder is specially designed for occlusion
of the small patent ductus arteriosus (according to the instructions <5.5 mm), and there is no fabric filling
in it, which may be the mechanism underlying the high incidence of postoperative residual shunts. As
there is no polyester patch design in ADO Iloccluders, most residual shunts between disks of the
occluders in a short time after closure. When endothelialization after 3 to 6 months post closure, the
residual shunts between disks have been disappeared, and the residual shunts around disks have been
gradually reduced. During the follow-up, there was no increase in the residual shunt, effect of
hemodynamic changes, or mechanical hemolysis complications.

The anatomy of pmVSD is complex and adjacent to the tricuspid valve and aortic valve. Intracristal VSD
with aortic valve prolapse is common and potentially leads to aortic valvular insufficiency after closure; it is
still regarded as an occlusion contradiction [3]. As the risk of major complications such as unacceptable
aortic valvular insufficiency and cAVB were high after closure using asymmetrical occluders [26], the
ideal distance between the defect and the aortic valve was more than 3 mm according to the current
research criteria. In our study, closure of the distance from the defect to the aortic valve >1 mm and
intracristal VSD with mild aortic valve prolapse were successfully performed using the ADO II. Our
long-term follow-up showed that the successful implantation of ADO II had little effect on the aortic
valve. Beyond this study, ADO II can be attempted in the following conditions: some ventricular septal
defects with mild aortic valve prolapse; the tubular type VSDs with small outlets; it is difficult to
establish the traditional orbit under anterograde pathway, so the occluder should be implanted in the
retrograde approach; high risk population of complete atrioventricular block after implantation of VSD
occluders. In our study, three patients were newly diagnosed with mild tricuspid regurgitation after the
procedure, and the degree of valve regurgitation was not significantly changed during the long-term
follow-up. The distance between the defect and tricuspid valve and its anatomic relationship still needs to
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be carefully evaluated before closure. The ADO Il is longer and has less stiffness than traditional symmetrical
or asymmetrical occluders, which might have little influence on the membranous aneurysm and surrounding
anatomy of the VSDs. Failure was observed in two patients with the ADO II in our study. Therefore, it is very
important for experienced experts to strictly select the appropriate patients and monitor these patients
throughout the perioperative period.

5 Limitation

The present study had several limitations. First and foremost, as was the case during our previous study,
and in accordance with a consensus reached by Chinese experts, we followed strict inclusion/exclusion
criteria. Second, because this was a retrospective study, ADO II selection depended on the experience of
the operators, and we lacked a controlled cohort study design with large sample sizes for testing several
types of occluders. In addition, this study has not been compared with surgery at the same period. Third,
patients were enrolled from only one center and therefore may not be representative of the general
population. Finally, the number of patients included in the study was relatively small, and a prolonged
follow-up period was not adopted for all patients.

6 Conclusion

Transcatheter closure of pmVSDs, some intracristal VSDs, some postsurgery or postclosure residual shunts
using ADO 1II occluders were both safe and effective and yielded excellent long-term results in selected patients.
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