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Abstract: Introduction: We sought to investigate whether the development of sub-pulmonic systolic anterior motion (SAM) may be inherent to the anatomy of the the mitral valve (MV) or affected by external factors, such as a dilated right ventricle or chest abnormalities in d-looped transposition of the great arteries post atrial switch operation (d-TGA/AtS). Methods: Analysis was performed of clinical and cardiac imaging studies acquired on 19 adult patients with d-TGA/AtS (age 42 ± 6 years old, 56% male) between 2015–2019. Echocardiography data included mitral apparatus anatomy, and CT/MRI data included biventricular dimensions, function, and Haller index (HI) for pectus deformity. Results: Patients with leaflet SAM (n = 6) compared to patients without SAM (n = 13) had higher MV protrusion height (2.3 ± 0.5 vs. 1.5 ± 0.4 cm, p ≤ 0.01) and longer anterior MV leaflet length (3.1 ± 0.4 cm vs. 2.6 ± 0.3 cm p ≤ 0.05), when compared to those without. CT/MRI showed higher sub-pulmonic left ventricular ejection fraction (LVEF) in the SAM group (71% ± 8% vs. 54% ± 7%, respectively). RV size and function, significant chest deformity (HI > 3.5), presence of a ventricular lead pacemaker, and septal thickness did not play a role in development of SAM. Conclusions: An elongated mitral apparatus is associated with the development of SAM, and the development of left ventricular outflow tract obstruction (LVOTO), in d-TGA/AtS. LV hyperkinesia is associated with SAM. Systemic RV dimensions, septal thickness, and degree of chest deformity did not differ significantly between subjects with SAM and those without.
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1  Introduction

The development of systolic anterior motion (SAM) of the mitral valve has been linked to abnormalities of the mitral apparatus, such as leaflet elongation and chordal slack, anterior displacement of the mitral leaflets or papillary muscles, and abnormal ventricular septal geometry in which the ventricular inflow overlaps with the outflow tract [1,2]. The severity and clinical consequence of SAM is related to the duration of mitral-septal contact, and can range from life-threatening, due to significant left ventricular outflow tract obstruction (LVOTO), to an incidental finding. These mechanisms have been extensively studied in hypertrophic cardiomyopathy (HCM); they provide the pathophysiological rationale for the resect-plicate-release operation, in which septal myectomy and ancillary anterior mitral leaflet shortening by plication are performed together with papillary muscle release in selected patients [3].

SAM in conditions other than HCM is less well studied. In congenital heart diseases, SAM of the subpulmonic mitral valve has been reported in cases of both d-TGA post atrial switch (i.e., Mustard or Senning) and congenitally corrected transposition of the great arteries (cc-TGA or L-TGA). In both conditions, SAM develops when the large, hypertrophied systemic subaortic right ventricle (RV) displaces the interventricular septum towards the subpulmonic LV, causing inflow/outflow region overlap [4]. In contrast to systemic SAM, subpulmonic SAM may produce subpulmonic obstruction and mitral regurgitation. Overall, there is evidence to suggest that subpulmonic LVOTO may be beneficial for systemic RV and left-sided tricuspid valve function by limiting RV dilation and allowing for better coaption of the tricuspid valve. In this investigation, we sought to identify anatomical factors that affect SAM in patients with d-looped transposition of the great arteries post atrial switch (d-TGA/AtS). While the atrial switch techniques are rarely used in the current era due to advent of the arterial switch operation (ASO)—there are a large number of adults with atrial switch palliation who have reached adulthood. We sought to investigate whether the development of SAM may be inherent to the anatomy of the MV or affected by external factors, such as a dilated right ventricle or pectus deformity.

2  Methods

2.1 Mitral Apparatus Evaluation from Cardiac Imaging

Anatomic measurements were performed on Syngo and PACS for echocardiographic and cardiac MRI data, respectively. Measurements were done twice by blinded cardiac imagers. Two-dimensional echocardiography measurements were performed according to guidelines from the American Society of Echocardiography (ASE) guidelines [5]. Echocardiography data consisted of mitral apparatus anatomy, including anterior and posterior mitral leaflet length (mm), mitral coaptation point to septal distance (mm), mitral coaptation point to posterior wall distance (mm), mitral regurgitation grade (0–4, ranges from 0—no regurgitation to 4—severe regurgitation), tricuspid regurgitation grade (0–4) (Figs. 1 and 2) [6]. Distances were measured between the mitral valve coaptation point and the anteroseptum and the posterior wall on the parasternal long-axis view. Also in this view, anterior mitral leaflet (AML) length was measured in diastole from the tip of the valve to the aortic annulus, and protrusion height was measured at coaptation from the most protruding mitral leaflet tip to the mitral annular plane. SAM was defined as displacement of the distal AML into the LVOT during systole. LVOT velocity measured by Doppler ultrasound according to guidelines from the ASE guidelines [5]. CT data included biventricular dimensions, ventricular function, and Haller index (HI), which is calculated by dividing the transverse diameter of the chest by the anterior-posterior distance in CT of the chest [7]. MRI was used to verify biventricular function as ejection fraction. The study was approved by the institutional review board of New York University School of Medicine.
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Figure 1: Transthoracic echocardiography mitral valve measurements in a d-looped transposition of the great arteries, in the parasternal long axis view
Note: AML = anterior mitral leaflet, PML = posterior mitral leaflet, PH = protrusion height (measured in early systole from the coapted leaflet tip to the mitral annular plane). LV = left ventricle, RV = right ventricle, AV = aortic valve, PV = pulmonary valve, S-CP = Septal to Mitral coapt distance, CP-PW = Mitral Coapt to Posterior wall.
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Figure 2: Representative echocardiogram in the parasternal long axis view, of a patient with d-TGA/AtS and SAM with LVOTO

In this frame, both the PML and AML are elongated and show bileaflet SAM with complete obstruction of blood flow through the PV during mid to late ventricular systole; pressure gradient measured at 110 mmHg.

2.2 Statistical Analysis

Data were expressed as mean ± standard deviation (SD), unless stated otherwise. Student’s t-test was used to detect differences in AML, mitral valve protrusion height and EF. Subgroup analysis was performed within a one-way ANOVA with post hoc testing (i.e., Bonferroni correction for homogenous variables or Dunnett T3 for non-homogenous variables), which was used to detect differences between groups. Data was analyzed using GraphPad Prism 8 for Windows (San Diego, USA). A p value < 0.05 was considered statistically significant.

3  Results

3.1 Patient Demographics

In this retrospective cohort study, we included 19 adult patients with d-looped transposition of the great arteries, a single discordant ventriculo-arterial connection, who are post-surgical atrial switch. For inclusion in the study, patients were 18 years or older, and were excluded if the d-TGA was repaired with surgery other than atrial switch (i.e., arterial switch operation or Rastelli) or if they had a hypoplastic ventricle. Clinical factors, including age in years, gender assigned at birth, height (cm), weight (kg), body surface area (BSA), medications, presence of pacemaker, baseline heart rhythm, and comorbidities, were obtained from chart review and are included in (Table 1). For analysis, subjects were separated into three groups: no SAM, the presence of SAM, and SAM with LVOTO. Furthermore, cases with other causes of LVOTO (e.g., pulmonary stenosis) were excluded.
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3.2 Study Population

Study participants were aged 42 [6] years, predominantly male (58%), and Caucasian (84%), as reported in (Table 1). Thirteen patients had a Mustard procedure, four had a Senning procedure, one had a Senning procedure with Shumaker Modification, and one patient had an uncharacterized procedure (Supplemental Table 1). Three patients had ventricular septal defects (Supplemental Table 1). Participants were assessed by non-invasive mean systolic blood pressure (116 [15], mmHg) and diastolic pressure (67 [10], mmHg) at time of imaging. Participants were generally free of traditional cardiovascular risk factors (Table 2). Half of the population had pre-existing pacemaker implantation (50%), of which 26% had a lead traversing into the LV. Baseline rhythm was predominantly sinus (53%), followed by paced rhythm (37%) (Table 2). The most used cardiac medications were ACE-inhibitors (47%) and beta-blockers (63%) (Table 2). Of note, two of the three patients with SAM and LVOTO were on beta-blockade. None of the subjects with non-obstructive leaflet SAM were on beta-blockers.
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3.3 Qualitative and Quantitative Assessment of SAM in the Left Ventricle

Mitral valve protrusion height (Fig. 1) differed between patients with SAM (n = 6), SAM with LVOTO (n = 3), and without SAM (n = 13) (2.2 [0.5]cm vs. 2.3 [0.4]cm vs. 1.5 [0.4]cm, respectively, p-interaction < 0.01, Table 3). This difference was driven by the presence of SAM (p < 0.05). AML length differed between patients with SAM, SAM with LVOTO, and without SAM (3.1 [0.4]cm vs. 3.4 [0.4]cm vs. 2.6 [0.3]cm, respectively, p-interaction < 0.05). AML was driven by differences between patients with SAM with LVOTO and those without SAM (p < 0.05). No difference was seen when those with pulmonic stenosis (n = 2) were separated from the analysis, relative to when they were included in the no-SAM group. Left ventricular ejection fraction (LVEF) differed between patients with SAM, SAM with LVOTO, and without SAM (71 [8]% vs. 73 [9]% vs. 54 [7]%, respectively, p < 0.0005) (Table 4). Patients with SAM and LVOTO had longer AML, and this was driven by differences between patients with SAM and those without (p < 0.05). There were no observed differences in posterior mitral leaflet lengths (PML), mitral coapt to septal distance, indexed left ventricular end diastolic volume (LVEDVi), or mitral coapt to wall distance. There was too little MR to qualitatively obtain pulmonary pressure; however, qualitatively there was no evidence of pulmonary hypertension by septal position. Notably, both leaflet and chordal SAM could occur in the absence of significant LVOT velocity as measured by Doppler ultrasound (Table 3).
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3.4 Qualitative Assessment of the Right Ventricle and Chest Anatomy on SAM

Among subjects with SAM, SAM with LVOTO, and no SAM, RV Stroke volume (86 [24]mL vs. 77 [29]mL vs. 78 [25]mL, p = 0.6, respectively), RVEF (41 [16]% vs. 43 [22]% vs. 40 [14]%, p = 0.99, respectively), RVEDVi measured (120 [26]mL vs. 110 [24]mL vs. 118 [37]mL, respectively, p = 0.85), and Haller Index (3.3 [0.9] vs. 3.0 [0.6] vs. 2.9 [0.7], p = 0.7, respectively) did not differ significantly between groups (Table 4). In order to illustrate the biventricular interaction, the RV/LV ratio was also evaluated and found to have no statistical significance.

3.5 Effect of Pacemaker on SAM

Subgroup analysis was performed on patients with pacemakers relative to those without to evaluate if those with pacemakers had a higher rate of SAM. Of those with SAM, four had pacemakers (one ventricular paced, two atrial paced, and one dual chamber rate modulated) and five did not. Of those without SAM, seven had pacemakers and three did not. There was no association between pacemakers and SAM (p = 0.37). The presence of pacemakers did not have a significant effect on limiting the interpretation of imaging measurements and there was no tethering of the mitral valve.

4  Discussion

Although there have been case reports which describe the presence of SAM in patients with a systemic RV, this retrospective review of clinical and cardiac imaging data is the first study to our knowledge to examine anatomical correlations of SAM in adult patients with d-TGA/AtS, in a systematic fashion [8,9]. The primary findings of this investigation are: (1) SAM is prevalent in the d-TGA/AtS population (6/19 32%); (2) SAM is associated with more elongated AML and a higher protrusion height; (3) LVOTO is observed in subjects with a longer AML leaflet and MV protrusion height; (4) SAM is associated with hyperdynamic LV function; (5) systemic right heart global ventricle factors, such as volume or function, did not correlate with SAM in this cohort; (6) chest deformity producing left lateral displacement of the heart into the left hemithorax did not affect the presence of SAM and (7) the presence of a pacemaker was not associated with the presence of SAM. Taken together, these observations suggest a primary intrinsic mitral valve apparatus mechanism to explain SAM in d-TGA/AtS.

The primary association with SAM observed in this cohort involved mitral anatomy, specifically a longer AML and higher MV protrusion height. On average, in patients with HCM and obstruction from SAM, the average MV protrusion height is 2.6 cm, compared to 1.9 cm in non-obstructive HCM and 1.3 cm in normal hearts [10]. This data shows that, in normal hearts, the mitral valve coapts in the mitral annular plane while in obstructive HCM it protrudes into the LV where it is subject to abnormal flow vectors early in systole. In our cohort, protrusion height was 2.2 cm in patients with SAM and 1.5 cm in patients without SAM. Analogously, the AML was 3.4 ± 0.2 cm in patients with SAM and LVOTO, compared to 2.6 ± 0.3 in those without SAM. The constellation of a reduced septo-mitral distance with anteriorly displaced papillary muscles predisposes to SAM in d-TGA/AtS patients but does not explain why it occurs in particular patients though a higher MV protrusion height appears to be the cause. Of the three patients in our study with leaflet SAM and LVOTO, all had mitral regurgitation. Of those patients in our study with leaflet SAM but no LVOTO, all had mitral regurgitation. All patients without SAM had mitral regurgitation with the exception of one who had no mitral regurgitation. It does not seem that in our cohort mitral regurgitation made a difference on the occurrence of SAM.

Most of the current understanding of SAM and its mechanism is derived from observations of patient populations with HCM, in which SAM is best characterized, and which was originally believed to be pathognomonic for the disease. Drag forces, the pushing force of flow on the valve which can occur at low velocity (unlike the Venturi effect), are thought to play a dominant role in the development of SAM [10–13]. SAM has previously been found to occur in patients with excessive MV leaflet tissue, as this tissue provides a large surface area on which drag and vortex forces can act to cause SAM, with or without LVOTO. Some studies have shown that elongation of the AML can be associated with SAM in patients with normal LV anatomy without hypertrophy, particularly during stress testing [14,15]. Changes in posterior leaflet height have also been proposed to cause SAM, by shifting the mitral apparatus anteriorly. Subsequent studies showed that malpositioning of the posterior leaflet of the mitral valve can result in SAM, even in low flow, due to drag forces as described above [13]. In this cohort, both leaflet and chordal SAM occurred in the absence of a significant increase in Doppler LVOT velocity. Recently, positioning of the anterior and posterior mitral leaflets has been shown to be connected to flow vortices occurring in late diastole, which help to pre-position the leaflets, subsequently causing SAM in patients with hypertrophic cardiomyopathy (HCM) [16]. SAM has also been associated with anterior and basilar displacement of the base of the anterolateral papillary muscle and muscular connections between the head of the anterolateral papillary muscle and the anterolateral wall in patients with obstructive HCM [14].

LV hyperkinesia was observed in patients with obstruction. SAM occurs very early in systole in patients with severe obstruction and is caused by early LV systolic ejection flow acceleration that catches the valve and sweeps it into the septum in early systole [17]. LV hyperkinesia increases the hydrodynamic drag force on the mitral valve by the square of the instantaneous velocity, predisposing to SAM. This phenomenon has been observed after administration of positively inotropic drugs. Of note, in this cohort, there was too little MR to qualitatively obtain pulmonary pressure; however, there was no evidence of pulmonary hypertension by septal position.

Like SAM in HCM, sub-pulmonic SAM in d-TGA/AtS patients has also been observed in the setting of ventricular abnormalities. Such anomalies include asymmetric septal hypertrophy, chordal abnormalities, and an abnormally shaped LV in d-TGA [18]. An important ventricular geometrical consideration in the presented cohort includes the pressurization of the systemic subaortic RV relative to the subpulmonic low-pressure LV, which results in. bulging of the IVS into the LV. This was observed in all subjects. Displacement of the IVS serves to bring the anterior mitral leaflet closer into the LVOT during systole and may serve to trigger LVOTO [9,19]. Previous studies have shown the relative frequency of mitral valve anomalies in patients with d-TGA/AtS [20]. One study demonstrated that in infants who had undergone AtS, 4% were found to have MV anomalies, including anterior displacement of the MV toward the LVOT and rotation of the MV leaflets so that the commissure is oriented towards the anterior ventricular septum [20]. Our study, while limited in size, shows a higher prevalence of SAM (32%, 16% with obstruction), which is associated primarily with mitral valve abnormalities, as described above.

In this cohort, the LV faces a lower pressure than the RV; mechanistically, this study builds upon previous research showing that SAM does not require the presence of high flow velocity, as previously postulated. The pressurized RV, with the interventricular septum bulging into the lower pressure LV, reduces LV cavity size further and reduces the distance between the mitral apparatus and the interventricular septum, promoting SAM. Prior observations showed a clinical advantage of pressurizing the sub-pulmonic LV in patients with systemic subaortic RVs (i.e., d-TGA/AtS or cc-TGAs) by shifting the septum towards the systemic RV, decreasing RV sphericity, thus increasing its efficiency and improving tricuspid valve coaptation. Moreover, reports show that patients with cc-TGA, a double discordant lesion (both atrioventricular and ventriculo-arterial), who underwent relief of pulmonic obstruction had paradoxical increase in systemic tricuspid regurgitation (TR) and decrease in systemic RV function [21]. However, a critical difference between the pressurization of the LV that occurs due to pulmonic stenosis or subpulmonic stenosis and the pressurization which occurs from SAM, is that the latter only causes this pressurization during late systole and not during the entire cardiac cycle [22]. Notably, the exclusion of two patients with pulmonic stenosis did not significantly alter the analysis presented, and these patients were included in the no-SAM groups. Theoretically, increasing the afterload to the sub-pulmonic LV by the creation of pulmonary arterial stenosis (i.e., placement pulmonary artery band) may reduce SAM. Thus, the effect of septal deviation towards the systemic RV has not been elucidated in this cohort. In addition, there were no associated differences in RV size, function, atrial and/or ventricular pacing or degree of tricuspid regurgitation in patients with SAM, relative to those without SAM. However, the presence of SAM was associated with a hyperdynamic subpulmonic LV.

Finally, although few studies exist in regard to pharmacological treatment of patients with sub-pulmonic SAM, use of beta-blockade was shown to mildly reduce LVOT gradients and mitral regurgitation in patients with d-TGA/AtS. Of note, however, d-TGA/AtS patients commonly have sinus node dysfunction and thus beta-blockade usage carries higher risk in this population [23].

5  Limitations

Given the small number of patients in the study, generalization to the whole population of d-TGA/AtS should be made with caution.

6  Conclusions and Future Directions

Patients with a history of d-TGA/AtS have a higher prevalence of SAM than previously reported. This study demonstrates that those with a higher mitral protrusion height, longer AML and higher LVEF are more likely to have associated SAM. The pressurized systemic RV causes a septal shift that, in the right constellation of elongated MV apparatus findings, creates SAM. The clincical significance of SAM in this patient population remains unclear and larger studies with longer follow-up may demonstrate the potential risks of SAM in d-TGA/AtS patients.
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OEBPS/Images/table-1.png
Table 1: Baseline demographics

Mean + SD

No SAM SAM
Age (years) 44+ 6 36 £3
Height (cm) 171 £8 172 £8
Weight (Kg) 71+ 10 73 £ 11
Hemoglobin (g/dL) 14+1 13+1
Systolic blood pressure (mmHg) 118 £ 15 114 £13
Diastolic blood pressure (mmHg) 69 £ 10 63+£9
Heart rate (Beats per minute) 68 £11 75+£9
O, saturation (%) 98 + 1 96 +2

Note: Average of age, weight, height, hemoglobin, and hemodynamic factors, obtained from chart review of clinical data of cohort in the presented

study. Shown are averages + standard deviation.
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Table 3: Mitral valve anatomy measures

Echocardiography  All SAM

SAM with LVOTO No SAM

p-Interaction

(n=06) (n=13) (n=13)
Protrusion height 2.2+ 0.5 23+£04 1.5+04 <0.01 *(No SAM vs. All SAM
(cm) p <0.05)
Anterior mitral 3.1+04 34+£02 26+03 <0.05
leaflet (cm) *(SAM with LVOTO vs. No
SAM p < 0.05)
Posterior mitral 21+0.5 22 +£0.6 1.4+£04 0.09
leaflet (cm)
Mitral coapt to 1.8+ 0.1 1.8+£0.2 2.1+£0.7 0.9
septum (cm)
Mitral coapt to wall 0.9 + 0.3 1.0+£04 1.0+0.3 0.9
(cm)
LVOT velocity 38 +44 75 +33 <1+3
(cm/sec)
Left ventricular 71 £29 51+21 73 +£30 0.06
mass

Note: Mitral valve protrusion height was 2.2 [0.5]cm, 2.3 [0.4], and 1.5 [0.4]cm in all those with SAM, SAM with LVOTO, and no SAM, respectively
(p-interaction < 0.01). Anterior mitral leaflet length measured 3.1 [0.4]cm, 3.4 [0.2]cm, and 2.6 [0.3]cm in all those with SAM, SAM with LVOTO,
and no SAM, respectively (p-interaction < 0.05). Posterior mitral leaflet length measured 2.1 [0.5]cm, 2.2 [0.6]cm, and 1.4 [0.4]cm in all those with
SAM, SAM with LVOTO, and no SAM, respectively (p-interaction = 0.09). Mitral coapt to septum measured 1.8 [0.1]cm, 1.8 [0.2]cm, 2.1 [0.7]cm in
all those with SAM, SAM with LVOTO, and no SAM, respectively (p-interaction = 0.9). Mitral Coapt to wall distance measured 0.9 [0.3], 1.0 [0.4],
and 1.0 [0.3] in all those with SAM, SAM with LVOTO, and no SAM, respectively (p-interaction = 0.9). LVOT velocity measured 38 [44], 75 [33],
and <l [3] in all those with SAM, SAM with LVOTO, and no SAM, respectively. Left ventricular mass did not differ significantly between groups. *

specifies which groups were statistically different from each other in post hoc testing.





OEBPS/Images/table-4.png
Table 4: Cardiac imaging data

CT/MRI data All SAM SAM with No SAM  p-Interaction
(n=6) LVOTO (n =3) (n=13)
RV stroke 86+24  77+29 78 £ 25 p-Interaction = 0.6
volume (mL)
LVEF (%) 71 +£8 73+£9 547 p-Interaction < 0.0005

*(No SAM vs. All SAM and SAM with
LVOTO vs. No SAM p < 0.05)

RVEF (%) 41+16 43+£22 40+ 14  p-Interaction = 0.99
RVEDVi (mL/ 120 +£26 110+ 24 118 £37  p-Interaction = 0.85
BSA)

LVEDVi (mL/ 67 £15 61 £11 89+ 50  p-Interaction = 0.35
BSA)

RVEDVY/ 2+1 2+1 2+1 p-Interaction = 0.62
LVEDVi

Haller index 3.3+09 29+0.7 3.0£0.6 p-Interaction = 0.7

Note: RV Stroke volume measured (86 [24]mL vs. 77 [29]mL vs. 78 [25]mL, respectively, p = 0.6), RVEF measured (41 [16]% vs. 43 [22]% vs.
40 [14]%, p = 0.99, respectively), RVEDVi measured (120 [26]JmL/BSA vs.110 [24]mL/BSA vs. 118 [37]mL/BSA, respectively, p = 0.85) in all
patients with SAM, SAM with LVOTO, and no SAM, respectively. LVEF differed measured 68 [5]%, 69 [6]%, and 54 [7]% in all those with
SAM, SAM with LVOTO, and no SAM respectively (p < 0.005). RVEDVi/LVEDVi was (2 [1] vs. 2 [2]1 vs. 2 [1] mL, respectively, p = 0.62) in
all patients with SAM, SAM with LVOTO, and no SAM, respectively. * specifies which groups were statistically different from each other in
post hoc testing.
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Table 2: Subject medical history

No SAM SAM
Medical history N=13 N=6
Male at birth 8 3
Beta blockade 8 3
ACE inhibitor 7 2
Essential hypertension 1 0
Smoking 0 1
Stroke 1 0
Pacemaker 8 3
Ventricular tachycardia history 2 1

Note: Pertinent medical history, including medications, age of procedure, and number of surgeries. Data is reported as number of participants (n).
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Supplemental Table 1: Individual characteristics for each participant

Subject Age Sex Type of Ventricular ~ Systolic Left ventricular Pulmonary Pacemaker Pacing QRS
(years) repair septal anterior outflow tract stenosis mode  length
defect motion obstruction [Gradient [Gradient as (msec)

(SAM) of  as assessed by pulsed assessed by
the mitral  wave doppler mmHg] pulsed wave

valve doppler mmHg]
| 54 Male  Mustard None None — No Dual DDDR 176
chamber
2 44 Female Mustard None Chordal No No — — 86
SAM
3 52 Female Mustard None None — No Dual DDDR 188
chamber
4 52 Male  Mustard None None — Yes [0] Single VVI 88
ventricular
chamber
5 42 Male  Mustard None None — No Dual DDDR 122
chamber
6 43 Female Mustard None None — No Single DDDR &4
atrial
chamber
7 39 Female Mustard None Chordal No No — — 80
SAM
8 36 Female Mustard Yes SAM No No — — 100
9 37 Male  Senning None SAM No No — — 100
10 36 Female Senning None SAM Yes [110] No Single AAI 82
atrial
chamber
11 31 Male  Senning None None — No — — 100
12 40 Male  Senning None None — Yes [0] — — 106
with
Shumaker
Modification
13 34 Male  Senning None SAM No No Single AAI 98
atrial
chamber
14 41 Female Unknown None SAM Yes [30] No Dual DDDR 74
chamber
15 42 Female Mustard None None — No Single VVIR 92
atrial
chamber
16 42 Male  Mustard None None — No Single DDDR 156
atrial
chamber
17 52 Male  Mustard None None — No — — 112
18 43 Male  Mustard Yes None — No — — 94
19 30 Male  Mustard Yes SAM Yes [85] No — — 106

Note: Column four lists whether the subject had systolic anterior motion (SAM) of the mitral valve and, if so, whether it was leaflet or chordal. Column
five lists whether SAM resulted in left ventricular outflow tract obstruction and, if so, what the maximal recorded pressure gradient was. Column six
lists if pulmonic stenosis was observed by echocardiography and, if so, what the maximal recorded gradient was.
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