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Abstract: Objectives: To access the effectiveness of our modified right-ventricular overhauling procedure on tricuspid valve (TV) growth in patients with pulmonary atresia with intact ventricular septum (PAIVS). Methods: We retrospectively reviewed 21 patients with PAIVS who underwent modified right ventricular overhauling (mRVoh) between 2008 and 2019 at two institutions. Our mRVoh consisted of wide resection of hypertrophied infundibular and trabecular muscle, peeling off fibrotic endocardial tissue in the right ventricle (RV) cavity, surgical pulmonary valvotomy, and Blalock-Taussig shunt or banding of ductus arteriosus under cardiopulmonary bypass. The TV annulus sizes were measured and analyzed using echocardiography before and after mRVoh. Results: No mortalities were observed during a median follow-up of 3 years (interquartile range: 1.3–4.7 years) of follow-up were noted. mRVoh was performed at a median age of 163.5 days (range: 21–560 days), including seven neonates and two infants (<60 days). During follow-up, the median TV annular z-score increased significantly from −2.24 to −1.15 before and after mRVoh (p = 0.004). In ten patients with a prior history of percutaneous interventions for RV outflow tract (RVOT) widening at least 6 months before mRVoh, the TV annular z-score significantly changed during the period after mRVoh (−2.03 to −1.61, p = 0.028) compared with the period before mRVoh (−2.51 → –2.03, p = 0.575) after percutaneous intervention only. Conclusions: mRVoh in PAIVS patients was positively associated with TV annular growth, and it was more effective than percutaneous RVOT widening interventions without mRVoh.
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Nomenclature



	BSA
	Body surface area



	BT shunt
	Blalock-Taussig shunt



	cMRI
	Cardiac magnetic resonance image study



	IQR
	Interquartile range



	IRB
	Institutional review board



	LV
	Left ventricle



	PAIVS
	Pulmonary atresia with intact ventricular septum



	PDA
	Patent ductus arteriosus



	RV
	Right ventricle



	RVEDVi
	Indexed right ventricular end-diastolic volume



	RVESVi
	Indexed right ventricular end-systolic volume



	mRVoh
	Modified right ventricular overhauling procedure



	RVOT
	Right ventricle outflow tract



	TR
	Tricuspid regurgitation



	TV
	Tricuspid valve





1  Introduction

Compared to the Western population, which more frequently presents with left-sided congenital cardiac diseases, right-sided congenital heart diseases are more common in the Eastern population [1]. Pulmonary atresia with intact ventricular septum (PAIVS) has a broad spectrum of treatment strategies ranging from single ventricle palliation to bi-ventricle repair [2]. The relief of right ventricular outflow tract (RVOT) stenosis through percutaneous balloon or surgical pulmonary valvotomy is widely accepted to enable right ventricular (RV) growth in this disease [3–7]. Previous studies have shown that increased antegrade blood flow through the RV leads to RV growth and eventual bi-ventricular circulation in some patients.

Based on our clinical experience, we have occasionally observed fibrotic changes in the RV endocardial layer (Fig. 1A) and hypertrophied muscle bundles in the inlet or trabecular portion, as well as the infundibular area (Fig. 1B), in these patients. We theorized that the endocardial fibrotic tissue and hypertrophied muscle bundles might impede the efficient growth of the RV and tricuspid valve (TV). While we have not yet identified the pathological characteristics of this RV endocardial fibrotic tissue, it reminds us of endocardial fibroelastosis in certain patients with a borderline small left ventricle, a condition known to restrict left ventricular growth [8,9].
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Figure 1: Operative findings of patients with pulmonary atresia with intact ventricular septum. (A) Fibrotic change (yellow arrow) on the right ventricular endocardium, view from tricuspid valve; (B) Fibrotic change in the infundibular area (yellow arrow), view from opened pulmonary valve; (C) Resected out fibrotic endocardium from RV cavity; (D) Atretic pulmonary valve just before surgical valvotomy

As a result, we hypothesized that: (1) hypertrophied trabecular muscle and endocardial fibrosis on the RV endocardium would impede the efficient growth of the RV and TV; (2) removing endocardial fibrotic tissue (Fig. 1C) and dense trabecular muscle in the RV cavity, particularly when performed alongside pulmonary valvotomy—with or without Blalock-Taussig (BT) shunt or patent ductus arteriosus (PDA) stenting—would promote more effective RV growth. To evaluate our hypotheses, we reviewed and analyzed the clinical outcomes of patients who underwent our modified RV overhauling (mRVoh) since 2008.

2  Material and Methods

This study was approved by the Institutional Review Board (IRB) of two institutions [IRB approval number: 1910-037-1068 from Seoul National University Hospital (October 10, 2019); 2020-0488 from Sejong General Hospital (September 02, 2020)].

We conducted a retrospective review of patients with PAIVS (without RV-dependent coronary circulation) who underwent the mRVoh procedure between 2008 and 2019 by three surgeons from two institutions. Some of the patients were referred from other institutions, where they had already undergone single ventricular palliation or one-and-a-half ventricle repair. In one case, we performed the procedure twice when the patient was 17 and 112 days old. We have provided a detailed explanation of our mRVoh procedure in the “operative strategy” section later.

Upon detecting a suspected RVDCC pattern during the initial echocardiographic examination, our cardiologists attempted to perform an angiographic study. If the patient’s condition did not allow for this invasive study, we resorted to computed tomographic angiography to evaluate the coronary pattern, although we were aware that this examination was not ideal for clarifying an RVDCC pattern. We divided these patients into two age groups (1) neonates and infants less than two months old and (2) those older than two months to evaluate the effect of mRVoh according to the age at the time of the operation. Among the 17 patients who underwent balloon pulmonary valvuloplasty once or more prior to the mRVoh procedure, we looked into ten patients who underwent the mRVoh procedure at least six months after the pre-mRVoh interventions to analyze the changes in the tricuspid valve (TV) annulus. This additional analysis aimed to inspect the effectiveness and superiority of the mRVoh procedure compared to interventional treatment alone. Currently all patients are being regularly followed in the outpatient clinic.

2.1 Measurement

All patients underwent pre- and postoperative echocardiography and were completely followed up. The sizes of the TV and pulmonary valve (PV) annulus and opening, as well as valve function, were accessed via echocardiography. The echocardiographic data obtained closest to the time of mRVoh were considered as the preoperative (baseline) data, while the most recent data were selected as the last follow-up data to evaluate changes in TV annular size. To obtain z-scores for cardiac structures, we used previously recorded studies by Pettersen et al. [10], which were based on the patient’s height, weight, and body surface area (BSA).

2.2 Operative Strategy

In cases where the patients had undergone prior surgery or interventions, we performed wide resection of the RV muscle and endocardial fibrotic tissue if observed in the RV cavity. If required, we also conducted valvuloplasty for the PV or TV if needed. In neonates, cases of primary percutaneous intervention failure for right ventricular outflow tract (RVOT) widening were an absolute indication for a surgical approach. Recently, we have been primarily resecting the RV infundibular hypertrophied muscle and fibrotic endocardium in conjunction with surgical pulmonary valvotomy (Figs. 1B, 1D, and 2A) and TV repair, even in the neonatal period. This approach is taken, especially when the patient’s atretic pulmonary valvular portion is less likely to open effectively by ballooning due to the atretic portion’s characteristics (less membranous or much muscular). Another indication for this approach is when effective antegrade RVOT flow is not anticipated by balloon valvuloplasty because of severe hypertrophic infundibular muscle.
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Figure 2: A schematic drawing of the modified right ventricular overhauling which is consisted of (1) resecting hypertrophied right ventricular trabecular muscle and peeling off the endocardial fibrotic tissue (A, B), (2) surgical pulmonary valvotomy (A, B) and modified Blalock-Taussig shunt or patent ductus arteriosus banding (B) under cardiopulmonary bypass support

Regarding the pulmonary blood source in neonates or young infants, we recently performed PDA banding in five patients, including four neonatal and one 32-day-old patient, who did not undergo any previous surgical intervention, including three balloon failure cases, instead of a BT shunt (Fig. 2B). For PDA banding, we used a 5-mm-diameter polytetrafluoroethylene (PTFE) strip to wrap the PDA with a 3–4 mm width for neonates. Then, we adjusted the band’s tightness by clipping the PTFE strip to achieve an internal diameter equal to the patient’s body weight in millimeters, as determined by echocardiography. To prevent the band’s migration, we made a couple of fixation sutures at the adventitia of the pulmonary artery. We continued to use prostaglandin E1 (PGE1) to maintain the PDA’s patency after banding for about 2 weeks while observing whether the enlarged RV could generate adequate forward flow to the pulmonary artery through the PV. If the RV could make adequate antegrade pulmonary blood flow during this period, we stopped PGE1 to allow the PDA to spontaneously close. Otherwise, we planned to place a stent in the PDA to supply pulmonary blood flow [11]. In this study, no patient required additional PDA stenting after PDA banding due to the lack of antegrade flow from the RV cavity following mRVoh.

All operations were performed under cardiac arrest with mild hypothermia (30°C–34°C). Hypertrophied trabecular muscle or fibrotic endocardium in the RV cavity was divided and resected using a dual approach through the TV and the main pulmonary artery. In patient with fibrotic endocardium, we peeled off the fibrotic tissue until the myocardial tissue was exposed. We tried not to make an additional separate external ventricular incision at the RV infundibular area to preserve the infundibular function. We believed that right ventriculotomy might be detrimental to future RV function and that the external RVOT patch following an external incision does not function well during RV contraction. Pulmonary valvotomy was cautiously performed along the vestigial commissure, with attempts to minimize valvular regurgitation and preserve the pulmonary annulus. Once pulmonary valvotomy was performed, hypertrophic muscle or thickened fibrotic tissue in the infundibular area was resected through a widened PV opening. We divided secondary or tertiary chordae for restrictive motion TV’s for better mobility. In cases of leaflet prolapse, we applied artificial chordae. Endothelial fibrotic tissue and hypertrophied muscle in the inlet and trabecular portion of the RV cavity were extensively removed through the TV (Figs. 1A and 1C). We considered concomitant reresection of RV fibrotic tissue or hypertrophic muscle if it regrew after the prior operation, when other surgical procedures for TV or PV problems after initial surgical management were also required. RV myectomy through the increased TV tended to be much easier in grown patients. Even after extensive resection in prior operations, it was not uncommon for the RV endocardium to show fibrotic changes again. Our surgical procedures are more precisely depicted in our recently published paper, which includes a video clip [10].

2.3 Statistics

Continuous variables were presented as means and standard deviations if the data showed a normal distribution; otherwise, medians with interquartile ranges (IQRs) were used. We used Wilcoxon’s signed rank test to compare the changes in paired variables over time.

3  Results

3.1 Perioperative Patient Characteristics and Follow-Up

In our study, we included 22 cases from 21 patients. Among these cases, we present seven cases of neonates (<30 days old) and two cases of young infants (32 and 60 days old) who underwent mRVoh. Thirteen patients, including four neonates, underwent primary RV myectomy without “prior surgical treatment”. Additionally, one patient from abroad underwent mRVoh as primary operation at the age of 1.3 years.

In our cohort, 18 patients had undergone previous surgical or percutaneous interventions before mRVoh, including balloon pulmonary valvuloplasty alone or concurrent or sequential modified BT shunt or PDA stenting. Of these 18 patients, three had undergone a 1.5-V repair before mRVoh; two in other hospitals and one in our institution. Except for one patient who had undergone a 1.5-V repair in our institution (pulmonary valvectomy and RVOT muscle resection at the time of 1.5-V repair after balloon from another hospital), there were no “surgical” RVOT widening procedures performed before mRVoh in our cohort.

mRVoh was performed at a median age of 163.5 days (IQR: 21.0–560.0 days). The median body weight and BSA at the time of the operation were 7.1 kg (IQR: 3.7–10.5 kg) and 0.34 (IQR: 0.23–0.43), respectively.

3.2 Surgical Results of mRVoh

The mean cardiopulmonary bypass (CPB) time was 130.8 ± 65.9 min, and the mean aortic cross clamping time was 76.5 ± 41.3 min. Most patients underwent one or more repair techniques concurrently for the TV and PV. Additionally, concomitant procedures included pulmonary artery angioplasty, mitral valve repair, atrial septal defect closure with or without fenestration, or bidirectional cavo-pulmonary connection.

Fibrotic tissue was observed on the endocardium of all patients, including neonates, with varying depth and extents. It tended to be thicker in patients who had been exposed to pulmonary stenosis for longer periods. The fibrotic tissue was most commonly detected in the infundibular region but also in the trabecular region.

Three patients had already undergone a 1.5-V repair in other institutions, and two of them were being considered for a Fontan procedure due to their hypoplastic RV and right-sided valvular structures. However, we believed that the patients’ RV and valvular problems could resolved with mRVoh, and we completed the 2-V repair for one of them. For another patient, we performed mRVoh (valvuloplasty + RV endocardial fibrosis and hypertrophied muscle resection) and are waiting for RV to grow. The third patient, who had been in a 1.5-V state for 10 years, showed pulmonary valvular problems requiring surgical repair. We deemed the size and function of the patient’s RV to be tolerable as a whole pulmonary pump and therefore performed mRVoh, converting the patient’s 1.5-V to 2-V concomitantly with pulmonary valvuloplasty.

Two patients who had planned to undergo single ventricular palliation in other institutions with a BT shunt received 1.5-V repair and 2-V repair concomitantly with mRVoh, respectively.

At the end of the study, 19 patients were in 2-V status (86.4%) and three patients still had a 1.5-V status. Recent cardiac MRIs of these patients showed tolerable RV volume and function for a bi-ventricular repair, and we are considering a bi-ventricular conversion soon. However, despite undergoing mRVoh in the neonatal period, the RV of the third patient did not grow sufficiently for bi-ventricular status, and this patient remained in a 1.5-V status until the end of the study.

There were no mortalities during the median follow-up duration of 3.0 years (IQR: 1.3~4.7 years).

3.3 Changes in the Size and Function of TV in the Imaging Study

The most recent echocardiographic evaluations were performed at a median of 3.0 years (IQR: 1.34~4.73 years) after mRVoh. During the follow-up period, the median z-score of the TV annulus significantly increased from −2.24 (IQR: −3.4 to −1.60, before mRVoh) to −1.15 (IQR: −2.37 to −0.42, after mRVoh, p-value = 0.004). The change in the z-score of the TV annulus for individual patients before and after mRVoh is shown in Fig. 3.
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Figure 3: Changes of the z-score of the tricuspid valve annulus of individual patients before and after the modified right ventricular overhauling procedure

We divided the patients into two groups based on their age: (1) less than 2 months or (2) more than 2 months old. The younger group comprised neonates (n = 7) and infants (n = 2), and the median z-score of the TV annulus before mRVoh was −1.94 (IQR: −3.17–0.09) at a median of 21 days old. The z-score changed to −1.40 (IQR: −2.30–0.31) at 27.3 months (IQR: 15.9–52.7 years) after mRVoh, but this change was not statistically significant (p = 0.260, Table 1). In patients older than 2 months (median age: 17.1 months, IQR: 7.1–44.2 months), the z-score of the TV annulus before mRVoh (−2.75, IQR: −3.57 to −1.72) showed significant growth on the most recent echocardiography after mRVoh (−1.25, IQR: −2.57 to −0.60, p = 0.023, Table 1) for 48.1 months (IQR: 9.1–77.9 months).
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Regarding TR, three patients showed an increase in TR degree (from trivial to mild in one patient and from mild to moderate in two patients), eight patients showed an improvement in TR degree (from mild to trivial in two patients, from moderate to mild in two patients, and from severe to moderate in four patients), and 11 patients showed no significant change in TR degree (trivial in four patients, mild in six patients, and moderate in one patient).

3.4 Effect of mRVoh: Comparison with Balloon Pulmonary Valvuloplasty Only

Seventeen patients underwent balloon pulmonary valvuloplasty once or more than once before the mRVoh procedure with or without concomitant or consecutive BT shunt formation or PDA stenting. Among these 17 patients, changes in the TV annulus were observed in ten patients who underwent mRVoh at least 6 months after the pre-mRVoh interventions (balloon pulmonary valvotomy only) to evaluate the effect of mRVoh on the growth of the TV annulus. We compared and analyzed the changes in z-scores of the TV annulus between two intervals: (1) just after interventions to pre-mRVoh (period without mRVoh) and (2) immediately after mRVoh to the most recent follow-up (period with mRVoh). The remaining seven patients were excluded from this comparison because their follow-up duration was insufficient to observe changes in the RV and TV.

The z-score of the TV annulus during the period after pulmonary valvuloplasty without mRVoh changed from −2.66 (IQR: −3.43 to −2.22) to −2.03 (IQR: −3.45 to −1.67) without statistical significance (p = 0.445), over a period of 14.9 months (IQR: 6.5–31.8 months). Meanwhile, the z-score of the TV annulus after mRVoh significantly changed (p = 0.028) from −2.03 (IQR: −3.45 to −1.67) to −1.61 (IQR: −2.42 to −0.42) for 37.4 months (IQR: 6.3–93.7 months) (Table 2).
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3.5 PV Function on the Most Recent Echocardiography

When we define the degree of pulmonary stenosis (PS) into three grades based on the peak pressure, mild (peak pressure < 36 mmHg), moderate (36–64 mmHg) and severe (≥64 mmHg) [12], we had 19 patients with mild PS, two patients with moderate PS, and no patients with severe PS on the most recent echocardiography. Regarding pulmonary regurgitation (PR), six patients showed a moderate degree of PR, and three patients showed severe PR. Twelve patients had PR ≤ mild. The z-score of the PV annulus on the most recent echocardiography was −1.73 (IQR: −2.69 to −0.52).

4  Discussion

4.1 Endocardial Fibrotic Tissue and Hypertrophied Muscle in the RV in PAIVS

Fibrotic tissue on the endocardium has been reported in various types of cardiac diseases, such as cardiomyopathies, diseases associated with infection or immunological problems, and congenital heart diseases [9,13–16]. Endocardial fibrotic tissue tends to restrict the growth of the left ventricle (LV) in some patients with a borderline size of small LV; therefore, the resection of this fibrotic tissue is believed to help increase the size of the small LV [17,18]. However, there are only a few reports about fibrotic tissue on the endocardium or similar fibrotic changes in the RV cavity [19,20]. To our knowledge, few studies have been found about the correlation between the resection of RV endocardial fibrotic tissue and RV and TV annular growth.

However, we have observed ineffective growth of the RV cavity and TV annulus even after RVOT widening or PV opening in some PAIVS patients. In almost all of these patients, we also observed endocardial fibrotic tissue and hypertrophied trabecular muscle in their RV cavities. This clinical observation led us to consider the effect of surgical resection of trabecular muscle and endocardial fibrotic tissue on the growth of the tricuspid annulus in these patients. Therefore, we hypothesized that leaving the endocardial fibrotic tissue and hypertrophied trabeculation tissue in the RV cavity without removal might not result in adequate RV cavity and TV annulus to support sufficient pulmonary circulation, although we could expect some degree of RV growth after RVOT alone.

4.2 Why Do We Call Our Surgical Approach “Modified” RV Verhauling?

Mee et al. reported their surgical strategy for patients with PAIVS based on the state of infundibular development [6]. Their step-by-step approach consisted of pulmonary valvotomy and BT shunt without CPB first, followed by resection of the hypertrophied RV muscle to achieve ultimate bi-ventricular status in the next stage of operation. They reported a high success rate in terms of achieving bi-ventricular circulation in these patients with almost 60% of their patients achieving this outcome.

Our current strategy differs from Dr. Mee’s original RV overhauling in two primary ways. First, we used CPB during pulmonary valvotomy. We believed this surgical approach would allow for to more precise and effective pulmonary valvotomy under direct vision, ultimately leading to reduced PR and improved PV function. Most patients in our study demonstrated PS⫹ of mild or lesser severity except for two patients with moderate PS. Furthermore, 57% of patients exhibited mild or lesser PR in the most recent echocardiography. We recognize that a longer follow-up is necessary to access the ultimate PV function, and future interventions for valve issue may be unavoidable for some patients in the future. However, fortunately only one patient required PV replacement during the study period. Some authors have reported PV incompetence after RV overhauling procedures or palliative RVOT widening procedures in most patients [6], or they have not even specifically commented on PV function [21]. Given that the function and morphology of the TV in these patients are typically unfavorable, we argue that the importance of PV function should be strongly considered.

Second, we concomitantly attempt to resect RV hypertrophied muscle and remove fibrotic endocardial tissue as an initial surgical procedure alongside pulmonary valvotomy. This is another critical reason for using CPB during the initial operation. Our resection range includes not only the inlet and trabecular portions but also the infundibular area. Thus, our modification seems advantageous in maintaining relatively steady antegrade flow from the RV to the PA with much less dynamic obstruction caused by hypertrophied infundibular muscle than the original RV overhauling procedure with pulmonary valvotomy alone.

We cannot say that we purely applied our surgical strategy to all patients in our study because some patients had previously undergone surgical or interventional pulmonary valvotomy with BT shunts at outside hospitals (36.4%, eight out of 22 cases) prior to RV cavity muscle or fibrotic tissue resection at our institution. However, at the time of their first concomitant surgery with the RVOT widening procedure and pulmonary blood flow source management, 13 patients underwent RV cavity muscle or fibrotic tissue excision, which was compatible with our current surgical strategy. In terms of RV and TV growth, as well as PV function, they nevertheless had acceptable surgical outcomes.

4.3 Effect of the mRVoh Procedure

Our surgical strategy covered a wide range of operative ages from neonates to almost adolescents, because a significant portion of the patients were referred from other institutions with various hemodynamic statuses such as BT shunt or PDA stenting and were either planning to undergo further single ventricle palliative procedures or were already in a 1.5-ventricle status. We believe that our mRVoh procedure can transform a small RV into a tolerable pulmonary pump. Regarding neonates who were diagnosed with PAIVS in our institutions, we have recently applied our mRVoh as a primary treatment option in cases of muscular pulmonary atretic area or severely hypertrophied infundibulum, where percutaneous intervention is not anticipated to be effective for RVOT widening.

In this study, the z-score of the TV annulus significantly increased after the mRVoh procedure compared to that after percutaneous pulmonary valvotomy alone before RV endocardial fibrotic tissue or muscle resection. The observation period after mRVoh was longer than the duration after the prior intervention. However, considering that the z-score includes the concept of somatic growth (height and weight) of a patient at a specific time point, we believe that mRVoh had a meaningful positive effect on RV growth in patients with PAIVS.

TR or PR of a significant degree might lead to dilatation of RV; however, we do not consider it as an ideal healthy “RV growth” process. Although we do not have exact measured data of RV volume for comparison between the groups according to the degree of right-sided valvular regurgitation, we expect that increased forward flow with preserved valvular function might promote healthy ventricular growth.

We expected younger patients who underwent mRVoh would have better RV growth. However, the younger patients (<2 months-old) who underwent mRVoh did not show better results compared with RV growth after mRVoh of the older (>2 months-old) patients. Although the effects of age at mRVoh on RV growth were unexpected, we still have the impression that older patients have a chance of RV growth after undergoing mRVoh (Table 1).

4.4 Study Limitations and Future Plans

This study was retrospectively performed based on a small and heterogeneous patient population who underwent our mRVoh procedure with or without prior surgical or interventional treatment.

In this study, we did not compare the outcomes of our surgical treatment with those of percutaneous interventional treatment (n = 14) that had been performed during the same study period. Comparing these two patient groups was difficult because their basic characteristics, especially in the pre-procedure TV annulus z-score, were significantly different. The pre-percutaneous interventional TV z-score of these 14 intervention-only patients was −1.11 (median, IQR: −1.65 to −0.41), which was significantly larger than that of our surgical treatment patients (pre-operative TV z-score of our patients: −2.24, IQR: −3.45 to −1.60, p = 0.006).

A longer follow-up duration is required to examine the effect of mRVoh in neonates, as it could reveal other concerns, such as arrhythmia, and the development of right-sided valvular problems [22]. The RV function and volume changes after mRVoh should also be evaluated using cMRI during follow-up. Currently, we are evaluating the mid- and long-term RV status of the patients who underwent mRVoh using cMRI, and we plan to analyze these data as soon as all the patients undergo a cMRI exam.

Regarding PDA banding as a pulmonary blood source, we need more data to verify the rationale of this technique. However, in our study, the banded PDA of all five patients worked very well as a temporary source for pulmonary flow until the RV allowed adequate antegrade flow through the opened RVOT after mRVoh.

In conclusion, despite the limitations of our study, we observed more effective growth of the tricuspid annulus and RV after mRVoh, which ultimately resulted in two-ventricle repair. Our mRVoh appeared to be much more effective regarding tricuspid annulus growth than the percutaneous intervention for RVOT widening alone.
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Table 2: Changes in z-score of tricuspid valve annulus after balloon pulmonary valvuloplasty and after mod-
ified right ventricular overhauling procedure

Balloon pulmonary valvotomy mRVoh Most recent EchoCG
T-valve annulus, z-score (median, IQR) —2.66 (—3.43~2.22) —2.03 (—3.45~1.67) -1.61 (—2.42~-0.42)
Follow-up duration, months (median, IQR) t_ 149 (6.5~31.8) & 137463937 %
p-value 0.445 0.028

Note: *EchoCG: echocardiography; IQR: interquartile range: mRVoh: modified right ventricular overhauling procedure; T-valve: tricuspid valve.
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Table 1: Changes in z-score of tricuspid valve annulus size before and after modified right ventricular over-
hauling procedure

Median Age (days) N Pre-mRVoh Post-mRVoh p-value Intervals

(IQR) (z-score of TV (z-score of TV (months)
annulus) annulus)

Total cases  163.5 (21.0~560.0) 22 —2.24 (-3.45~-1.60) —1.15(-2.37~-0.42) 0.004 36.0 (15.6~56.4)

<2 month old 21 (9.5~30.5) 9 -1.94(-3.04~0.12) —-1.40(—2.30~0.31) 0.260 27.3 (15.9~52.7)

>2 months ~ 512.0 13 —2.75 (-3.57—1.72) —1.25(-2.57~0.60) 0.023 48.1 (9.1~77.9)

old (211.5~1326.0)

Note: *IQR: interquartile range; N: number of patients; mRVoh: modified right ventricular overhauling procedure; T-valve: tricuspid valve.
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