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Objective: Percutaneous transluminal septal myocardial ablation (PTSMA) is one of the septal
reduction therapies without all satisfactory results in hypertrophic obstructive cardiomyopathy
(HOCM) patients. Initial r-wave in leads V1 and aVR on the surface electrocardiography is the
sign of ventricular septal base depolarization. Whether the initial r-wave in leads V1 and aVR is
predictive of good mid-term response to PTSMA in patients with HOCM remains unknown.
Design, Settings, and Participants: Among 546 consecutive patients evaluated in Fuwai
Hospital (Beijing, China), we selected HOCM patients who underwent PTSMA. During the
3-year follow-up after PTSMA, primary outcomes included death, surgical myectomy,
syncope, and NYHA classification III/IV.

Results: At last, 85 patients were selected, and were assigned to 3 groups based on the
presence of initial r-wave in leads V1 and aVR. Through multivariable Cox and Kaplan—
Meier method, patients with initial r-wave in both leads V1 and aVR were independently
associated with a decreased risk of primary outcomes (HR: 0.112; 95% CI: 0.024 to 0.518;
p = 0.005) during 3-years’ follow-up.

Conclusion: The results suggest that the presence of initial r-wave in both leads V1 and
aVR on the surface 12-lead ECG is highly predictive of good mid-term response to PTSMA
in patients with HOCM.

Keywords: hypertrophic obstructive cardiomyopathy, percutaneous transluminal septal
myocardial ablation, electrocardiography

Introduction
Hypertrophic cardiomyopathy (HCM) is a common heritable disease with
a prevalence of 1 in 500 of the general population.! Asymmetric septal hypertrophy
without an alternative cause is the most common manifestation of this disorder, and
70% of the patients with HCM have associated left ventricular outflow tract
(LVOT) obstruction.? Percutaneous transluminal septal myocardial ablation
(PTSMA) is one of the septal reduction therapies that relieve symptoms related to
heart failure in patients with hypertrophic obstructive cardiomyopathy (HOCM).>*
However, satisfactory results were not observed in all patients who underwent
PTSMA.>* It is important to identify the determinants of PTSMA outcome before
PTSMA procedure for better selection of patients and potential modification of
treatment plan in an individual patient.

Septal reduction via PTSMA alters ventricular activation as well as causes
a localized myocardial infarction (MI).® Altered septal activation by DDD pacing
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from the RV has been shown to reduce the outflow tract
pressure gradient.” These studies indicated that early acti-
vation of ventricular septal disturbance induced by proce-
dure could alleviate symptoms and outflow tract gradient.
Electrocardiography (ECQ) is a non-invasive examination
method that is widely used in patients with HOCM.
Cardiac activity was noted first in the upper septal
region,®” and depolarization then propagates in a base-to-
apex sequence.'’ Lead aVR is located in the upper right
quadrant and reflects the electrical activity at the ventri-
cular septal base. The initial r-wave in lead V1 represents
initial ventricular activation, and the initial r-wave in lead
aVR represents ventricular septal base activation. Whether
the appearance of the initial r-wave in V1 and aVR could
predict the midterm response to PTSMA is unknown.

Method

This study was approved by the Ethics Committee of
Fuwai Hospital and performed following the Declaration
of Helsinki.
informed consent to agree with using their clinical

All participants provided their written
information.

Study Population and Study Design

We analyzed retrospectively consecutive patients with
drug-refractory HOCM that were treated with PTSMA
for the first time in Fuwai Hospital (Beijing, China),
between June 2012 and January 2015. All subjects had
undergone comprehensive clinical, physical examination,
12-lead electrocardiography, echocardiography, coronary
angiography, and cardiac magnetic resonance (CMR)
within 1 week before PTSMA. The diagnosis of HCM
was based on a maximum LV wall thickness no more
less 15 mm (or no more less 13 mm with an unequivocal
family history of HCM), as measured by echocardiography
or CMR, excluded other cardiac or systemic diseases cap-
able of producing such magnitude of hypertrophy.'" In all
patients, the diagnosis HOCM was defined as HCM
patients with LVOT pressure gradients >30 mm Hg at
rest or during provocation by the Valsalva maneuver, and
confirmed by clinical and noninvasive criteria. Among
a total of 546 patients with HCM, we selected HCOM
patients with underwent the PTSMA procedures. Patients
were excluded from analysis if they had undergone
PTSMA in other hospitals before enrollment (n=2), right
bundle branch block (RBBB) before PTSAM (n=1), Wolf-
Parkinson-White (WPW) (n=2), uncompleted PTSMA
procedure (n=3, due to occurred with ST-segment

elevation in leads II, Il and aVF in electrocardiograph
monitoring during PTSAM procedure), death for peri-
procedural complication (retroperitoneal hematoma, n=1),
or lost to follow-up (n=5). Eighty-six patients were
included in our study. Among these, patients were classi-
fied according to the presence of initial r-wave in leads V1
and aVR within 1 week before the PTSMA procedure, we
divided these patients into three groups: Group A defined
as the initial r-wave in both leads V1 and aVR, n=24;
Group B defined as initial r-wave in lead V1 but not in
lead aVR, n=36; and Group C defined as without initial
r-wave in both leads V1 and aVR, n=35 (Figure 1). Only
one patient with an initial r-wave in lead aVR and without
initial r-wave in lead V1 was excluded. The data of 85
patients’ baseline were collected from electronic patient
records, and clinical outcomes of these patients with
HOCM after PTSMA were assessed by outpatient service
or telephone interview every half of the year during the
3-year follow-up after PTSMA.

ECG

Within 7 days before the PTSMA procedure, 12-lead
ECG’s were performed using Mortara ELI 250 and ELI
280 electrocardiographs with a gain setting of 10 mm/mv,
a paper speed of 25 mm/sec, a high pass filter of 0.05 Hz,
a low-pass filter of 150 Hz, and a notch filter of 60 Hz.
Patients with electrocardiographic evidence of prior MI, or
right bundle branch block (RBBB), or WPW were
excluded. We chose the r-wave in leads V1 and aVR, not
the septal g-wave in leads V3-V6, as the presence of septal
activation in HOCM patients, because of the clockwise
rotation of heart due to obvious ventricular hypertrophy
and the activation of the interventricular septal base. The
presence of the initial r-wave in leads V1 or aVR was
defined as the voltage no less than 0.1 mV. All ECGs were
reviewed by two investigators. Differences relating to the
presence or absence of diagnostic criteria were resolved by

consensus.

Echocardiography

All transthoracic echocardiography was performed, according
to the Society
recommendation,'? using an iE 33 Color Doppler Ultrasound
System (Philips Healthcare, Andover, MA). The peak velocity
across the left ventricular outflow tract (LVOT) was also

American of  Echocardiography’s

measured, and the peak pressure gradient was estimated
using the simplified Bernoulli equation, while the LVOT
gradient after provocation (Valsalva maneuver) was only
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546 patients with HCM

Exclusion critera
No PTSMA procedure, n=446
PTSMA before enrollment, n=2
Patients with RBBB, n=1
Patients with WPW, n=2
Uncompleted PTSMA procedure, n=3
Death for peri-procedural complication, n=1

Study population Lost to follow-up, n=5
N=86
Exclusion
> |nitial r-wave in lead aVR, but not in lead V1, n=1

Study population, n=85
3-years follow-up

Grouped by presence of initial r-wave in lead V1 or aVR

Both of two leads Only lead V1 with Both of two leads
with initial r-wave , initial r-wave without initial r-wave
Group A Group B Group C
n=24 n= 36 N=25

Figure | Study flow.

Abbreviations: HCM, hypertrophic cardiomyopathy; PTSMA, percutaneous transluminal septal myocardial ablation; RBBB, right bundle branch block; WPW, Wolf—

Parkinson—White.

determined in those with a resting LVOT gradient less than 30
mmHg.

CMR

CMR imaging was performed with electrocardiographic
gating and breath-holding on a 1.5-T scanner (Magnetom
Avanto; Siemens Medical Solutions, Erlangen, Germany).
Briefly,'? cine images were obtained in left ventricular
two-chamber and four-chamber long-axis views, LVOT
view, and LV short-axis views by true fast imaging by
steady-state precession (TrueFisp) sequence. CMR images
were analyzed by an experienced radiologist on
a workstation (Siemens Medical Systems, Erlangen,
Germany). Endocardial and epicardial contours of the left
ventricular myocardium, except papillary muscles, were
traced at end-diastole and end-systole on each LV short-
axis cine image by the radiologist. The interventricular
septum (IVS), left ventricular end-diastolic volume

(LVEDV), left ventricular end-systolic volume (LVESV),
left ventricular ejection fraction (LVEF), stroke volume
(SV), cardiac output (CO), and LV mass (LVM) were
then calculated in a standard fashion. LVM was derived
by multiplying left ventricular myocardial volume mea-
sured at end-diastole with the specific gravity of the myo-
cardium (1.05 g/mL). All parameters were indexed to body
surface area, except LVEF.

PTSMA Indications and Procedure

The indication for PTSMA included the presence of
severe drug-refractory symptoms (NYHA class III/IV, or
NYHA class II symptoms with recurrent exercise-induced
syncope) in combination with LVOT pressure gradients
(PG) =230 mm Hg at rest or >50 mm Hg during provoca-
tion by the Valsalva maneuver. The procedure was offered
to patients with refractory symptoms despite being admi-
nistered maximally tolerated medical therapy, and those
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who were not candidates for surgical myectomy due to
either the presence of comorbidities (myocardial infarc-
tion, valvular disease, or other structural heart diseases) or
patient preference. In brief, all patients had a prophylactic
temporary pacemaker inserted before the procedure. A 6
Fr femoral arterial sheath was inserted for the guide
catheter system and a 6 Fr radial sheath was inserted for
pigtail catheter placement into the LV cavity. Continuous
invasive peak-to-peak gradients were measured across the
LVOT by comparing the peak LV and aortic pressure.
A septal perforating artery supplying the obstructing
part of the septum was identified on coronary angiogra-
phy, and was chosen as the target vessel. After the occlu-
sion of the septal target branch by an over-the-wire
balloon (Medtronic, MN, USA).
About 2mL of echocardiography contrast medium

Inc, Minneapolis,
(SonoVue; Bracco Imaging BV, Geneva, Switzerland)
was injected through the balloon catheter lumen under
continuous echocardiographic imaging to identify the
part of the myocardium that was supplied by the targeted
septal artery. After all the patients received morphine
chloride intravenously for pain control, 1-4mL ethanol
was slowly injected into the target vessel through
a balloon catheter. The balloon was deflated and removed
after 15 min. The occlusion of the target vessel was ver-
ified angiographically at the end of the procedure. Acute
success was defined as more than 50% reduction of inva-
sive gradient pre-PTSMA, or less than 30mmHg of inva-
sive gradient post-PTSMA. All the patients
monitored in the coronary care unit after the procedure
for at least 48 hours. Within 7 days after PTSMA, all the
patients had been performed transthoracic echocardiogra-

were

phy for measuring residual gradient.

Follow-Up

We defined the primary outcomes included that death,
surgical myectomy, syncope, and NYHA classification
[II/IV. There were no patients who occurred with death,
syncope, pacemaker, or stroke during 3-year follow-up
after PTSMA. The NYHA functional capacity classifica-
tion was evaluated as demonstrated according to the 1994
New York Heart Association Classification system.'* We
collected these events from hospital records and telephone
interviews.

Statistical Analysis
Continuous variables are expressed as mean = SD.

Categorical variables are shown as frequencies

(percentages). The baseline characteristics among the
three groups were analyzed by ANOVA and LSD #-test
for parametric variables, and the chi-square tests or Fisher
exact tests for categorical variables. Survival estimates
were calculated by the Kaplan-Meier method and the
Log rank test was used for comparison. The association
between initial r-wave in leads V1 and aVR on 12-lead
ECG before PTSMA and outcomes of HOCM after
PTSMA were estimated with univariate and multivariate
Cox proportional hazards regression models. Multivariable
models were fitted using backward elimination of non-
significant factors at a 10% level. These covariables in
multivariate analysis were mainly selected for the follow-
ing reasons: the variable which has significance in univari-
able analysis, or the known variable as related to the
outcomes. Model 1 was unadjusted; Model 2 was adjusted
with age, sex, and NYHA class III/IV; Model 3 was
adjusted with age, sex, NYHA class III/IV, hypertension,
NT-proBNP, SAM, and left ventricular mass index.
A 2-tailed p-value <0.05 was considered statistically sig-
nificant. Statistical analysis was performed with the statis-
tical package GraphPad Prism 5 and SPSS 20.0 (SPSS Inc,
Chicago, Illinois).

Results

Baseline Characteristics

Baseline clinical and procedural characteristics are summar-
ized in Table 1. Among the total 85 patients, patients were
51.4 £ 9.7 years old and consisted of 54.1% men. A total of
43.5% of patients presented with hypertension, 60.1% had
NYHA classification III/IV, and 88.2% had SAM phenom-
enon in echocardiographic. There were 24 patients with
initial r-wave in both leads V1 and aVR, 36 patients with
initial r-wave in lead V1 but not in aVR, and 35 patients
without initial r-wave in both leads V1 and aVR. Subjects
with initial r wave in QRS in both leads V1 and aVR showed
lower NT-proBNP (p<0.05), lower SAM phenomenon
(p<0.05), and lower left ventricular mass index (p<0.05).

PTSMA Procedure-Related Profiles

In Table 2, the rate of acute success of PTSMA, with using
mean 2.1+0.8 mL ethanol, was 87.1% in all 85 patients,
and there were significant differences when grouped by the
rate of changes of the presence of initial r-wave in lead V1
or aVR, but none differences in aspect of ethanol volume,
acute success rate, and residual gradient according to these
three groups. As illustrated in Figure 2, when compared
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Table | Clinical Feature of HOCM Patients Grouped by Initial r in QRS Waves of Leads VI and aVR

Total Population Group Group Group p value
(n=85) A (n=24) B (n=36) C (n=25)
Electrocardiography
Initial r in QRS wave of lead VI, n (%) | 60 (70.6) 24 (100%) 36 (100%) 0 (0.0 -
Initial r in QRS wave of lead aVR, n (%) | 24 (28.2) 24 (100%) 0 (0.0) 0 (0.0 -
Age (years) 51.4+9.7 52.6+10.6 52.8+8.7 48.4+9.8 0.175
Male, n (%) 46 (54.1) 13 (54.2) 21 (58.3) 12 (48.0) 0.728
Heart rate (bpm) 70.9+13.1 72.0+12.5 68.3+12.0 73.6x14.9 0.271
SBP (mmHg) 116.9£19.5 113.1£18.0 119.1£21.4 117.2£18.3 0.506
DBP (mmHg) 722x11.7 70.7+9.7 72.6x11.4 73.1x13.9 0.745
Hypertension, n (%) 37 (43.5) 9 (37.5) 21 (58.3) 7 (28.0) 0.049
Diabetes mellitus, n (%) 5(59) 2 (8.3) 3(83) 0 (0.0) 0.382
Hypercholesterolemia, n (%) 29 (34.1) 9 (37.5) 15 (41.7) 5 (20.0) 0.197
Current smokers, n (%) 30 (35.3) 8 (33.3) 15 (41.7) 7 (28.0) 0.532
NYHA classification Ill/IV, n (%) 51 (60.0) 15 (62.5) 15 (41.7) 21 (84.0) 0.004
Family history of HOCM, n (%) 17 (20.0) 4 (16.7) 4 (I.1) 9 (36.0) 0.075
Family history of SCD, n (%) 9 (10.6) 2 (8.3) 2 (5.6) 5 (20.0) 0.228
Syncope, n (%) 22 (25.9) 9 (37.5) 7(194) 6 (24.0.0) 0.285
Atrial fibrillation, n (%) 6 (7.1) 0 (0.0 5(13.9) 1 (4.0) 0.120
Non-sustained VT, n (%)* 11 (12.9) 3 (12.5) 3(83) 5 (20.0) 0.282
NT-proBNP (fmol/mL)* 1521.3£1084.6 1196.0+£806.7 1436.0+1003.1 1957.3£1310.8 0.044
Medications
B-Blockers, n (%) 66 (77.6) 20 (83.3) 24 (66.7) 22 (88.0) 0.106
CCB, n (%) 20 (23.5) 8 (33.3) 5(13.9) 7 (28.0) 0.181
Echocardiographic parameters
Anomalous muscle bundle, n (%) 18 (21.2) 5 (20.8) 10 (27.8) 3 (12.0) 0.372
SAM, n (%) 75 (88.2) 18 (75.0) 32 (88.9) 25 (100%) 0.016
LVOT gradients at rest (mmHg) 82.5+38.3 744378 81.0+41.8 92.4+32.1 0.246
LVOT gradients at provocation 99.9+35.6 110.1£49.2 92.6+23.4 111.0£62.2 0.541
(mmHg)"
Cardiovascular magnetic resonance
LAAP diameter (mm) 41.3£7.0 39.9+6.9 42.6+6.9 40.8+7.3 0.316
LVEDD (mm) 45.8+5.2 443+34 46.0+4.8 46.8+6.8 0.218
Septal thickness (mm) 22.0+3.4 22.0+3.1 22.6+3.3 21.3+3.6 0.313
LVEF (%) 71.3%6.5 71.3+6.8 70.5+7.2 72.7+4.9 0.447
LVEDV index (mL/m?) 66.3+15.4 62.9+12.3 67.1x16.7 68.3x16.0 0.431
LVESV index (mL/m?) 19.3£6.9 18.4£7.0 20.1x7.6 18.8+5.7 0.613
SV index (mL/m?) 47.0%10.9 44.4+7.7 47.1x11.9 49.5%11.7 0.267
Cardiac index (I/min/m?) 3.2+0.8 3.0£0.7 3.1£0.8 3.5%1.0 0.059
Left ventricular mass index (g/m?)* 82.0+23.4 73.4+225 81.5+22.3 90.8+23.3 0.031
LGE in ventricular septum, n (%) 6l (71.8) 17 (70.8) 28 (77.8) 16 (64.0) 0.497

Notes: Values are mean * SD or n (%). Group A defined as initial r-wave in bothleads VI and aVR, n=24; Group B defined as initial r-wave in lead VI but not in lead aVR,
n=36; and Group C defined as without initial r-wave in both leads of VI or aVR, n=25. *NT-proBNP (fmol/mL): LSD t-test showed the difference between Group A and
Group B (p=0.384), Group A and Group C (p=0.014), and Group B and Group C (p=0.067). fLvot gradients was provoked in 22 of the 85 patients. *Left ventricular mass
index (g/mz): LSD t-test showed the difference between Group A and Group B (p=0.178), Group A and Group C (p=0.009), and Group B and Group C (p=0.118).

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; NYHA, New York Heart Association; HOCM, hypertrophic obstructive cardiomyopathy; SCD,
sudden cardiac death; VT, ventricular tachycardia; NT-proBNP, N-terminal pro-brain natriuretic peptide, CCB, calcium channel blocker; SAM, systolic anterior motion; LVOT,
left ventricular outflow tract; LAAPD; left atrial anteroposterior diameter; LVEDD; left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; LVEDV, left

ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; SV, stroke volume; LGE, late gadolinium enhancement.

between with and without changes in initials r-wave in
leads V1 or aVR, before PTSMA procedure there were
significant differences in the left ventricular mass index

and none in LVOT gradients at rest, but after the PTSMA
procedure there were significant differences in residual

gradients only in lead aVR but not in V1.
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Table 2 PTSMA Procedure-Related Profiles and 3-Year Follow-Up

Total Population (n=85) | Group A (n=24) | Group B (n=36) | Group C (n=25) | p value
Ethanol volume (mL) 2.1+0.8 2.3+0.9 2.0+0.8 2.2+0.8 0.248
Number of ablated branches, n 1.0£0.0 1.0£0.0 1.0£0.0 1.0£0.0 1.000
Invasive gradient pre-PTSMA (mmHg) 98.5+44.8 101.0+£48.6 92.6+43.8 104.4+43.3 0.575
Invasive gradient post-PTSMA (mmHg) 32.0+29.3 29.5+15.6 29.5+30.8 37.9+36.6 0.492
Acute success, n(%)* 74(87.1) 23(95.8) 32(88.9) 19(76) 0.107
Within | week post-PTSMA procedure
Residual gradient (mmHg)* 47.0£32.9 39.4+36.0 50.5+34.9 49.8+26.0 0.404
New occurred RBBB, n(%) 47(55.3) 11(45.8) 20(55.6) 16(64.0) 0.441
Initial r-wave in V|, n(%) 28(32.9) 11(45.8) 14(38.9) 3(12.0) 0.025
Initial r-wave in aVR, n(%) 4(4.7) 4(16.7) 0(0.0) 0(0.0) 0.005
Changes in initial r-wave in V|, n(%) 38(44.7) 13(54.2) 22(61.1) 3(12.0) 0.000
Changes in initial r-wave in aVR, n(%) 20(23.5) 20(83.3) 0(0.0) 0(0.0) 0.000
Follow-up
B-Blockers, n(%)* 21(24.7) 4(16.7) 11(30.6) 6(24.0) 0.472
Primary outcome, n(%) 22(25.8) 2(8.3) 10(27.7) 10(40.0) 0.038
Death, n(%) 0(0) 0(0) 0(0) 0(0) -
Surgical myectomy, n(%) 9(10.6) 1(4.1) 4(11.1) 4(16.0) -
Syncope, n(%) 0(0) 0(0) 0(0) 0(0) -
NYHA classification IlI/1V, n(%) 13(15.2) 1(4.1) 6(16.6) 6(24.0) -

Notes: Group A defined as initial r-wave in both leads V| and aVR, n=24; Group B defined as initial r-wave in lead V| but not in lead aVR, n=36; and Group C defined as
without initial r-wave in both leads VI and aVR, n=35. *Acute success was defined more than 50% reduction of invasive gradient pre-PTSMA, or less than 30mmHg of
invasive gradient post-PTSMA. Residual gradient: within 7 days after PTSMA, all the patients had been performed transthoracic echocardiography for measuring residual

gradient. *B-Blockers: during 3-year follow-up.
Abbreviation: PTSMA, percutaneous transluminal septal myocardial ablation.

Cumulative Incidence of Primary

Outcomes

During 3-year follow-up, there was no significant differ-
ence concerning taking f-blockers. There were 9
(10.6%) patients with surgical myectomy, 13 (15.3%)
patients with NYHA classification III/IV, and 37
(43.5%) with
Univariable and multivariable Cox analyses identified

patients cardiovascular symptomatic.
independent predictors of the primary outcomes in
Table 3. Compared with without initial r-wave in leads
V1 and aVR, initial r-wave in both leads V1 and aVR
before PTSAM were independently associated with
a decreased risk of primary outcomes (HR: 0.112; 95%
CI: 0.024 to 0.518; p = 0.005) in patients with HOCM
during 3 years after PTSMA (Table 3). In Figure 3,
Kaplan—Meier curves with cumulative hazards of pri-
mary outcomes compared according to the presence of
initials r-wave in leads V1 and aVR, changes of the
presence of initial r-wave in lead V1, and changes of
the presence of initial r-wave in lead aVR

Discussion

The main and novel finding of our study is that, before
PTSMA, the presence of initial r-wave in QRS waves of
leads V1 and aVR on the surface 12-lead ECG is highly
predictive of good mid-term response to PTSMA in
patients with HOCM.

Sigwart was the first to report a successful nonsurgical
myocardial reduction in cases of HOCM through occlu-
sion of the septal branch using pure alcohol.'> PTSMA
aims to achieve a reduction in septal muscular mass
through a limited therapeutic infarction, thus reducing the
extent of the outflow tract obstruction. Several registries
have demonstrated that PTSMA could improve mid-term
prognosis and is an established treatment for resolving
heart failure-associated symptoms in HOCM.'®!” There
were no patients occurred with death during a 3-year fol-
low-up in our study population. But from Figure 1, there
was one patient death for peri-procedural complication,
and the mortality was about 1% (1 in 100 patients) in
patients who underwent PTSMA, which was near to
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Figure 2 Compared the left ventricular mass index (A and D), LVOT gradients at rest (B and E) and LVOT residual gradients (C and F) according to the presence of initials

r-wave in leads VI & aVR.

Angelika’s study. They reported that 952 patients under-
went PTSMA, and 70 patients died during 5-year follow-
up.!®

Satisfactory results were not observed in all patients
who underwent PTSMA. It is important to identify the
determinants of PTSMA outcome for better selection of
patients and potential modification of treatment plan in an
individual patient. Chang’s study’ has demonstrated that
the residual LVOT gradient and peak CK leak after
PTSMA are the independent predictors of PTSMA out-
comes, and all of age, septal thickness, mitral regurgita-
tion, baseline gradient, and ventricular function before
PTSMA procedure were not determinants of PTSMA out-
come. The main limitation of Chang’s study is that these
predictors, included residual LVOT and peak CK, were
only to be known after the PTSAM procedure. In our
study, we did not analyze the data of peak CK leak after
PTSMA, and the residual LVOT gradient was significantly
different when grouped by the presence of primary out-
come (Figure S1). Steggerda et al'® had demonstrated that
baseline gradient was associated with an unsuccessful out-
come in 4 months follow-up after PTSMA, which was un-
compatible with Chang’s study. We also did not find that

the baseline gradient was the predictor of PTSMA out-
come during 3-year follow-up. The possible reason is that
the follow-up time of Steggerda’s study was short.

Initial r-wave in both leads V1 and aVR before
PTSMA is an independent predictor of good midterm
PTSMA outcome in our study. The mechanism of this
phenomenon was unknown. The initial r-wave in both
leads V1 and aVR is the sign of depolarization of the
ventricular septal base. As shown in Table 1, before
PTSMA, the presence of initial r-wave in leads V1 and
aVR was associated with the presence of SAM phenom-
enon, left ventricular mass index, and level of NT-proBNP.
Patients without the presence of initial r-wave in both
leads V1 and aVR had worse cardiac function (NYHA
classification III/IV). After PTSMA procedural, the most
basal part of the septum may be spared causing residual
obstruction in some patients,?” and the benefits of PTSMA
depend on electrical effects, which involve both main
branches of the bundle of His and loss of septal r-wave,
as well as on the extent of septal myocardial infarction.®
A case report published in 1991 described the ECG
changes in pure septal infarct resulting from the iatrogenic
occlusion of the first septal branch of the left anterior
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Table 3 Univariate and Multivariate Cox Analysis for Primary
Outcome

Primary Outcomes
HR (95% CI) p value
Model |
Group A (n=24) 0.120(0.026-0.554) 0.007
Group B (n=36) 0.465(0.192-1.127) 0.090
Group C (n=25) Ref Ref
Model 2
Group A (n=24) 0.120(0.026-0.554) 0.007
Group B (n=36) 0.465(0.192-1.127) 0.090
Group C (n=25) Ref Ref
Model 3
Group A (n=24) 0.112(0.024-0.518) 0.005
Group B (n=36) 0.533(0.217-1.310) 0.170
Group C (n=25) Ref Ref

Notes: Group A defined as initial r-wave in both leads VI and aVR, n=24; Group
B defined as initial r-wave in lead V| but not in lead aVR, n=36; and Group C defined
as without initial r-wave in both leads of VI or aVR, n=25. Primary outcomes
included death, surgical myectomy, syncope and NYHA classification [lI/IV. Model
I: unadjusted. Model 2: multivariate adjustment was made for age, sex, and NYHA
class ll/IV. Model 3: multivariate adjustment was made for age, sex, NYHA class IIl/
1V, hypertension, NT-proBNP, SAM and left ventricular mass index.

Abbreviation: HR hazard ratio.

descending coronary artery during percutaneous translum-
inal coronary angioplasty. Compared to the pre-procedure
ECQG, the post-procedure ECG showed new ST-segment
elevation in leads V1 and disappearance of r-wave in leads
V1.2! As concluded for Figures 2 and 3, the changes of the

A Grouped by presence of Initial r-wave, Log-rank p=0.006

)
$
)

$

Log-rank for trend=0.001

B Changes in Initial r-wave of lead V1, Log-rank p=0.447

presence of initial r-wave, especially in lead aVR, were
associated with left ventricular mass index and LVOT
residual gradients. Loss of the septal r wave was asso-
ciated with septal asynchrony, whose most obvious char-
acteristic is post-gjection shortening.*? In our study,
compared with none initial r-wave in both leads V1 and
aVR or initial r-wave only in lead V1, the presence of
initial r-wave in both leads V1 and aVR on the surface 12-
lead ECG is highly predictive of good mid-term response
to PTSMA in patients with HOCM (primary outcomes,
HR: 0.112; 95% CI: 0.024 to 0.518; p = 0.005). We
speculated that the PTSMA procedural maybe could be
more effective to improve the cardiac function during
midterm follow-up in HOCM patients with the presence
of initial r-wave in both leads V1 and aVR, through con-
duction disturbances of the interventional septal base, not
just the limited myocardial infarction. And in HOCM
patients without initial r-wave in leads V1 and/or aVR,
maybe the early activation of septal basal was not the main
cause for worse cardiac function after PTSMA procedure.
However, the presence of initial r-wave in QRS waves
of leads V1 and aVR was not predictive of acute success
response to PTSMA in patients with HOCM, maybe due to
delayed electrical reconstruction and the ongoing reduc-
tion of the SAM phenomenon in further follow-up.**
There are some limitations in our study. First, we defined
NYHA classification III/IV and surgical myectomy as primary
outcomes because there were no patients occurred with death,
syncope, pacemaker, or stroke, and not every patient under-
went echocardiography for measuring LVOT gradient during
3-year follow-up. Since NYHA II/IV symptoms persistence
would have likely led to the surgical myectomy, it is possible

C Changes in Initial r-wave of lead aVR, Log-rank p=0.002

)
8
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Years After Index Procedure Years After Index Procedure Years After Index Procedure
Number at risk Number at risk Number at risk
GroupA 24 24 24 18 Without 47 41 3 24 Without 65 57 44 32
GroupB 36 36 30 23 With 38 36 3 % With 20 20 20 16
GroupC 25 25 10 7

Figure 3 Cumulative incidence of primary outcomes. Kaplan—Meier curves with cumulative hazards of primary outcomes compared according to the presence of initials
r-wave in leads VI and aVR (A), changes of the presence of initial r-wave in lead VI (B), and changes of presence of initial r-wave in lead aVR. Primary outcomes included
surgical myectomy (Morrow surgery) and NYHA classification lll/IV (C). Group A defined as initial -wave in both leads VI and aVR; Group B defined as initial r-wave in lead
V1 but not in lead aVR; Group C defined as without initial r-wave in both leads VI and aVR.
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that conclusion was been over accounted for. However, pre-
vious studies to evaluate outcomes in patients who have
undergone PTSMA, mostly using functional assessment by
NYHA class with 3-year follow-up, have shown that the
method is safe and effective.”*® Second, this was a single-
center study with a relatively small sample size. But, the
difference between groups is significant and obvious.

Conclusions

The results suggest that the presence of initial r-wave in
both leads V1 and aVR on the surface 12-lead ECG is
highly predictive of good mid-term response to PTSMA in
patients with HOCM.
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