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Abstract
The subcutaneous implantable cardioverter-defibrillator (S-ICD) may provide comparable protection while avoiding the 
disadvantage of transvenous lead, but the abnormal features of the hypertrophic cardiomyopathy (HCM) electrocardiogram 
(ECG) make it a challenge for S-ICD template screening. We aimed to investigate S-ICD eligibility according to the S-ICD 
manufacturer’s surface ECG screening template in China, and further analyze its corresponding ineligible predicting factors 
in 12-lead suface ECG. A total of 179 HCM patients (114 males; mean age: 45 ± 14 years) underwent S-ICD screening at 
rest and on exercise, among which 91 patients (50.8%) were eligible for S-ICD. Among the patients who passed screening, 
43 (47.3%) had 3 vectors eligibility; 64 (70.3%) screening qualified on both sides; 10 patients (11.0%) passed the screening 
while the electrodes located only on the left parasternal line versus 17 patients (18.7%) moved to the right line. The second-
ary sensing vector (Lead III) was mostly appropriate (53.6%), followed by the primary sensing vector (lead II, 53.1%) and 
the alternate sensing vector (Lead I, 46.9%). Higher R wave was the major cause, accounted for 70.5%, for screening failure. 
There existed significant difference in T wave in lead II, aVF, V5 and V6, adds R/T ratio in lead V5 and V6, between the 
screening success group (group A) and screening failure group (group B) at rest and on exercise. A multivariable logistic 
regression analysis was performed to identify that R/T ≤ 3.5 in lead V5 was the independent factor to predict the screening 
ineligibility, with odds ratio 3.648. S-ICD screening success is 50.8% in HCM patients, which is much lower than that in 
other studies. R/T ≤ 3.5 in lead V5 in 12-lead surface ECG was an independent predicting factor for screening failure.

Keywords  Hypertrophic cardiomyopathy · Subcutaneous ICD · Sudden cardiac death · Screening template · 
Electrocardiogram

Introduction

Hypertrophic cardiomyopathy (HCM), a genetically inher-
ited heterogeneous sarcomeric disorder that increases the 
risk of sudden cardiac death (SCD) mainly due to fatal ven-
tricular arrhythmias. SCD is the most devastating conse-
quence of HCM in younger patients, especially those below 
the age of 35 years. According to the latest report, with the 
early availability of genetic testing and cardiac magnetic 
resonance (CMR) imaging, the incidence rate of HCM was 
almost 1/200; the advent of contemporary management 
strategies and treatment interventions, including implant-
able cardioverter-defibrillator (ICD) for the high risk of SCD 
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prevention, resulted in a low disease-related mortality rate of 
0.5%/year and an opportunity for extended longevity [1, 2].

There is no doubt that the ICD has become a life-sav-
ing treatment for preventing SCD. For those who are not 
expected to receive pacing due to bradycardia or antitachy-
cardia pacing (ATP) therapy, the subcutaneous ICD (S-ICD) 
is emerging as a new promising therapeutic option. Implant-
ing in the lateral thoracic region of the body and using a 
tunneled lead to sense and deliver limits the risk of systemic 
infection, vascular/cardiac trauma, and lead failure since it 
is implanted entirely outside the vasculature [3]. EFFORT-
LESS study [4] found that successful defibrillation at < 80 J 
was achieved in 98.9% of HCM and 98.5% of non-HCM 
patients; one-year post-operative complication-free rates 
were similar (92.7% vs 89.5%); overall final shock con-
version efficacy was 100% in HCM; inappropriate shocks 
occurred in 12.5% of HCM patients, similar to non-HCM 
patients. These initial data indicate the S-ICD is safe and 
effective in patients with HCM who are at high risk of ven-
tricular arrhythmias, and there are no lead complications 
requiring reintervention.

With S-ICDs, ventricular sensing is conducted through 3 
sensing vectors (primary vector, secondary vector, alterna-
tive vector), and subcutaneous electrocardiograms (ECG) 
recorded between 2 sensing electrodes and the pulse genera-
tor. However, patients with HCM present obviously ECG 
changes, containing high R and T wave, T inversion, frag-
mented QRS and so on. A study showed that currently avail-
able pre-implant screening algorithms recommended by the 
manufacturer are associated with a significant failure rate 
(15–16%) in patients with HCM, particularly in the high-risk 
subgroup [5, 6]. In other words, HCM may be a potential 
independent risk factor for screening failure of S-ICD. How-
ever, in the above mentioned two studies, screening success 
was defined as a single ECG vector satisfied the screening 
template. While according to 2014 ESC guidelines [7], we 
consider each patient should have more than one ECG vector 
passed screening to allow alternative programming in case 
of T-wave oversensing. Thus we tried to assess the exact 
rate of patients with HCM, on base of the definition about 
screening success that at least 2 vectors satisfied the screen-
ing template, passed the prerequisite S-ICD vector screen-
ing and its corresponding predicting ineligibility factors in 
China.

Materials and methods

Demographics

The study population included 179 consecutive HCM 
patients admitted to our centers, the First Affiliated Hospi-
tal of Airforce Military Medical University, between May 

2017 and January 2018. The diagnosis of HCM was based 
upon the ESC Guidelines that echocardiographic demonstra-
tion of a hypertrophied but non-dilated left ventricle in the 
absence of any other cardiac or systemic disease that could 
be induced comparable left ventricular hypertrophy [7]. The 
clinical data, ECG, Echo, and stress ECG/Echo were all col-
lected, and the S-ICD screening was achieved containing 
exercise stress ECG. Using routinely collected anonymous 
data was approved by the hospital ethics committee and 
deemed not to require formal patient consent.

Screening for S‑ICD eligibility

To screen S-ICD eligibility, an ECG simulating three sense 
vectors of the S-ICD was obtained using three-limb lead 
electrodes, as recommended by the S-ICD manufacturer 
(Boston Scientific, Natick, MA, USA). ECG lead were 
placed in the standard configuration (left arm = 1 cm lat-
eral to the xiphoid process; right arm = 14 cm cranial to 
the left arm lead along the sternum, left leg = fifth or sixth 
intercostal space on the left midaxillary line) with a ground 
electrode placed on abdomen. The electrocardiogram was 
obtained at a paper speed of 25 mm/s at gains of 5, 10, and 
20 mV for a period of 10 s in the supine position as well 
as sitting position at rest and during activation [8]. The 
screening protocol was repeated after moving the sternal 
electrodes (electrodes RA and LA) on the right parasternal 
line, with electrode LA at 1 cm lateral to the right sternal 
border and 1 cm above the xiphoid process, and electrode 
RA at 14 cm superior to electrode LA, no matter whether the 
left parasternal sensing electrode position test succeeded or 
failed (Fig. 1a). The morphology of the QRS complex and T 
wave was analyzed using the template of the patient screen-
ing tool provided by the manufacturer. The tool contained 
six-colored templates corresponding to the six S-ICD auto-
matic gain morphology templates used by the discrimination 
algorithm (Fig. 1b). The template was placed over a single 
QRS-T complex and the horizontal line was aligned with 
the isoelectric line, whereas the left edge of the template 
was aligned with the onset of QRS complex. For S-ICD eli-
gibility analysis, the QRS-T complex must lie completely 
inside the colored shape. Moreover, the maximum ampli-
tude of the QRS must cross the dashed line (Fig. 1c). All 
tracings were analyzed by two independent experienced 
electrophysiologists. Using the Boston Scientific screening 
templates, a patient was classified to the group of“screening 
success” when ≥ 2 sensing vectors were acceptable for the 
template, at the gain of 5 mm/mv, 10 mm/mv and 20 mm/
mv, in all positions (supine, sitting and on exercise) (group 
A). Otherwise, the patient would be classified to the group 
of screening failure if only one vector or none satisfied the 
template (group B).
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Surface 12‑lead ECG analysis

The surface 12-lead ECGs at rest and during activation 
were all obtained, moreover, exercise ECG was recorded 
during peak exercise. Two independent electrophysiologists 
who were blinded to patients’ identity and S-ICD screening 
results analyzed the ECG separately. Each intervals meas-
ured by 2 observers were average. Lead I, II, and aVF were 
analyzed because they mimicked 3 sensing vectors of the 
S-ICD, V5 and V6 were also included because of HCM sub-
jects. The following parameters were assessed and meas-
ured: HR (heart rate), PR Interval, QRS duration, numbers 
of T-wave inversion (TWI > 0.1 mv or > 1/10R wave) and 
QRS-T discordance, adds R, T, RS (the total QRS) ampli-
tude and R/T in lead I, II, aVF, V5 and V6. Cornell index of 
RV5 plus SV1 was collected. VAT was the duration between 
the start of QRS and the summit of R or S wave, Tp-e was 
the duration from the peak to the end of T wave, RS was 
equal to R wave plus S wave amplitude, which denoted the 
total amplitude of ventricular depolarization. The lead of 
R/S = 1 located among all precordial lead was the R wave 
migration one. Reasons for failure were recorded for every 
analyzed vector and categorized into high T-wave voltages 
or T inversion, high R wave and wide QRS/QT interval.

Statistical analysis

SPSS statistical software (v22, SPSS Inc, Chicago, IL, 
USA) was used for all analyzes. Normally distributed 
continuous variables were presented as mean ± SD, and 
number and percentages for categorical variables. The 

differences of the continuous variables between two 
groups were assessed using two-tailed Student’s t test or 
the Mann–Whitney U test. Categorical variables were 
compared using the chi-squared test or Fisher’s exact 
test when the data were very unequally distributed. ROC 
curves were used to detect the best cutoff point of sensi-
bility and specificity of interested parameters. Finally, A 
multivariable logistic regression analysis was performed to 
identify the independent clinical predictors of S-ICD ineli-
gibility. P < 0.05 was considered statistically significant.

Results

Baseline characteristics

A total of 179 patients (114 males; mean age: 
45 ± 14 years) visiting the HCM outpatient clinic under-
went the S-ICD screening. Ninety-three patients were 
identified as non-obstructive HCM (NOHCM). None had 
implanted ICD. No statistical differences were found in 
age, sex, BMI and heart size, except for maximum thick-
ness of interventricular septum (IVS) between two groups. 
Unlike RBBB, there was significant difference in left bun-
dle branch block (LBBB) numbers between two groups 
(Table 1). Among all the screening patients, 11 patients 
underwent interventricular septal resection, 3 patients 
accepted percutaneous alcohol septal ablation, and 7 
patients received percutaneous interventricular septal radi-
ofrequency ablation.

Fig. 1   a Location of the surface electrocardiogram lead and S-ICD 
sensing vectors during screening for eligibility for subcutaneous 
implantable cardioverter defibrillators (S-ICD) in left parasternal and 
right parasternal positions are shown separately. RA right arm, LA 

left arm, LL left leg, G ground. b Six different screening templates 
to fit the shape and size of ECG. c Examples of the surface ECG for 
screening pass or fail, QRS-T should entirely within the shape of the 
template, and QRS complex required to cross the peak zone
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Comparison of ECGs between two groups

The surface 12-lead ECGs at rest and during activation 
were all obtained, unless the patients had contraindica-
tions for stress Echo or could not tolerate because of other 
reasons such as leg discomfort or severe left ventricular 
outflow obstruction. What we would like to highlight here 
was that there existed no difference in the exercise equiva-
lent [(6.26 ± 1.59) vs (5.48 ± 1.77)w] and target heart rate 
[(132.70 ± 21.85) vs (134.75 ± 21.94) beats per minute] for 
patients on exercise between the two groups. Then HR, PR, 
QRS interval, QT, TWI and QRS-T discordance numbers 
were all calculated, adds R wave amplitude, T wave ampli-
tude, R/T, RS (the total of QRS amplitude), VAT, Tp-e of 
lead I, II, aVF, V5, V6, Cornell index, which were all ana-
lyzed by two separate electrophysiologists. Except for QRS 
duration, there existed no significant difference in HR, PR 
interval, QT, VAT, Tp-e, TWI and R wave migration lead 
between the two groups, no matter at rest or on exercise. 
Obviously, there existed evident difference in T wave ampli-
tude in lead II, aVF, V5 and V6 at rest and on exercise, adds 
R wave in lead I, II and V6, R/T in lead V5 and V6. Further-
more, not like T and R wave amplitudes, R/T were all higher 
in group A, which indicated that smaller T wave or proper 
R wave amplitude got a relative higher R/T ratio was more 
easier to satisfy the template (Table 2, Fig. 2).

S‑ICD vector morphology analysis

For a patient to be eligible for an S-ICD, more than one ECG 
vector need to pass the screening template. A total of 179 
HCM patients, 91 (50.8%) satisfied at morphology analy-
sis. Among the patients who passed screening, 43 (47.3%) 
had 3 vectors eligibility, the left 48 (52.7%) had 2 vectors 
satisfied; 64 (70.3%) screening qualified on both sides; 10 
patients (11.0%) passed the screening while the electrodes 
located only on the left parasternal line, when the electrode 
was switched from the usual left parasternal position to 
the right, 18.7% (17 patients) of previously ineligible ECG 
turned eligible. On the contrary, 88 (49.2%) patients failed 
for S-ICD screening, including 37 (20.7%) patients with 1 
eligible ECG vector and 51 (28.5%) patients with no quali-
fying ECG vectors (Fig. 3). Among the 88 screening failure 
patients, 62 (70.5%) with too high R wave resulted in screen-
ing ineligibility, 17 (19.3%) with wide QRS/QT interval and 
9 (10.2%) with high T wave (Fig. 4). For every object, nearly 
9–12 vectors were analyzed. Among a total of 3222 sens-
ing vectors (three positions for each vector), 2.8% vectors 
were absent mostly because of inappropriateness for exercise 
ECG, such as severe obstruction, low LVEF, leg discomfort. 
No matter which screening gain satisfied, it was denoted as 
screening successfully for this vector. The secondary sensing 
vector (Lead III, 53.6%) was mostly appropriate, followed 

Table 1   Clinical characteristics 
of patients

Values are presented as mean ± SD or as n (%)
NOHCM non-obstructive hypertrophic cardiomyopathy, IVS interventricular septum, LVmax walls maxi-
mum LV thickness, LA lr left atrial (diameter of left to right), LV long left ventricular long axis, RA right 
atrial, RV right ventricular, EDV end-diastolic volume, ESV end-systolic volume, LVEF left ventricular 
ejection fraction, FS left ventricular fractional shortening
*P < 0.05

Items Group A (@@n = 91) Group B (n = 88) t/X2 value p

Age (years) 45.82 ± 12.94 44.00 ± 15.03 0.870 0.386
Male (%) 59(64.84) 55 (62.50) 0.105 0.758
BMI (kg/m2) 24.57 ± 3.37 23.32 ± 4.10 − 1.944 0.052
NOHCM (%) 53(58.24) 40(45.45) 2.931 0.101
LBBB (%) 1 (1.10) 7 (7.95) 4.925 0.033*
RBBB (%) 6 (6.59) 4 (4.55) 0.356 0.747
IVB (%) 1 (1.10) 0 (0) – –
IVS (mm) 21.23 ± 4.58 23.62 ± 5.53 − 3.054 0.003*
LVmax walls (mm) 17.99 ± 6.96 18.86 ± 4.08 − 0.986 0.326
LA lr (mm) 41.96 ± 4.89 41.82 ± 5.50 0.176 0.861
LV lr (mm) 45.45 ± 4.75 44.24 ± 4.39 1.730 0.085
LV long (mm) 77.00 ± 7.34 77.29 ± 7.36 − 0.260 0.795
RA (mm) 34.80 ± 4.06 34.00 ± 3.18 1.424 0.156
RV (mm) 23.68 ± 2.48 23.35 ± 2.28 0.888 0.376
EDV (ml) 81.29 ± 18.81 78.65 ± 17.34 0.941 0.348
ESV (ml) 32.35 ± 9.50 30.60 ± 9.27 1.208 0.229
LVEF (%) 60.11 ± 4.95 61.15 ± 5.85 − 1.253 0.212
FS (%) 32.04 ± 5.41 33.36 ± 4.77 − 1.674 0.096
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by the primary sensing vector (lead II, 53.1%) and the alter-
nate vector (lead I, 46.9%). Among the screening gain of 
20mm/mv, no obvious difference was observed between two 

groups, and most patients were satisfied for the gain of 5mm/
mv and 10mm/mv, about 12.45 and 1.40 vectors to meet the 
needs of gains per one in group A separately, otherwise, only 
3.67 and 0.56 in group B (P < 0.05) (Table 3).

Table 2   ECG characteristics at rest and during activation

Values are presented as mean ±SD (%)
HR heart rate, PR PR interval, QRS QRS duration, QT QT interval, R R wave amplitude, R/T the ratio of R wave amplitude and T wave ampli-
tude, Cornell Index RV5 plus SV1, RS equal to R wave plus S wave amplitude, DISQRS-T number of discordance of QRS-T, TWI number of 
T-wave inversion, VAT the duration between the start of QRS and the summit of R or S wave, Tp-e the duration from the peak to the end of T 
wave
*P < 0.05

Items At rest During activation

Group A (91) Group B (88) t/z P Group A (91) Group B (88) t P

HR 71.57 ± 12.16 71.90 ± 11.20 − 0.185 0.854 136.36 ± 30.37 131.68 ± 21.42 1.179 0.240
PR 158.43 ± 26.70 153.99 ± 24.10 1.155 0.250 119.66 ± 30.56 125.17 ± 32.21 − 1.159 0.248
QRS 97.02 ± 17.34 103.70 ± 21.46 − 2.287 0.023* 94.27 ± 16.83 99.83 ± 26.60 − 1.652 0.101
QT 395.04 ± 40.23 396.73 ± 39.58 − 0.281 0.779 310.84 ± 38.28 319.07 ± 44.87 − 1.306 0.193
RI 0.89 ± 0.41 1.15 ± 0.72 − 2.788 0.006* 0.63 ± 0.34 0.83 ± 0.58 − 2.412 0.018*
R/T I 6.90 ± 4.33 6.62 ± 5.57 − 1.009 0.313 4.85 ± 4.28 4.13 ± 2.78 − 0.218 0.828
R II 1.10 ± 0.53 1.46 ± 1.00 − 2.815 0.006* 1.34 ± 0.71 1.74 ± 1.14 − 2.145 0.032*
R/T II 8.78 ± 7.26 6.97 ± 6.15 − 1.937 0.053 4.47 ± 3.41 3.70 ± 3.35 − 2.137 0.033
RaVF 0.90 ± 0.53 1.17 ± 0.93 − 1.260 0.208 1.23 ± 0.68 1.62 ± 1.13 − 1.980 0.048
R/T aVF 7.85 ± 6.64 6.15 ± 5.38 − 1.839 0.066 4.35 ± 3.41 4.53 ± 4.85 − 0.834 0.404
R V5 2.04 ± 1.00 2.27 ± 1.34 − 1.261 0.209 1.40 ± 0.87 1.67 ± 1.12 − 1.508 0.132
R/T V5 8.35 ± 6.66 6.31 ± 5.87 − 2.875 0.004* 4.78 ± 3.25 4.29 ± 4.85 − 2.324 0.020*
RV6 1.68 ± 0.84 2.11 ± 1.27 − 2.625 0.010* 1.25 ± 0.73 1.70 ± 1.09 − 2.239 0.025*
R/TV6 8.17 ± 5.07 6.77 ± 5.00 − 2.098 0.036* 5.63 ± 5.12 4.46 ± 4.30 − 2.239 0.025*
Cornell Index 2.24 ± 1.17 2.50 ± 1.36 − 1.335 0.184 1.80 ± 1.14 2.16 ± 1.65 − 0.691 0.491
RSI 1.08 ± 0.43 1.28 ± 0.82 − 2.023 0.054 0.81 ± 0.39 0.90 ± 0.61 − 1.110 0.269
RS II 1.45 ± 0.67 1.78 ± 1.02 − 2.571 0.011* 1.87 ± 0.81 2.34 ± 1.19 − 3.030 0.003*
RS aVF 0.75 ± 0.77 1.02 ± 1.06 − 1.563 0.118 1.70 ± 0.80 1.98 ± 1.35 − 1.149 0.250
RS V5 2.67 ± 1.04 3.01 ± 1.53 − 1.319 0.187 2.08 ± 0.91 2.41 ± 1.24 − 1.938 0.053
RS V6 1.97 ± 0.90 2.50 ± 1.42 − 2.982 0.003* 1.71 ± 0.78 2.03 ± 1.25 − 1.983 0.049*
TWI 3.26 ± 2.93 3.75 ± 2.67 − 1.175 0.242 3.31 ± 3.02 4.02 ± 2.98 − 1.580 0.116
DISQRS-T 6.16 ± 2.82 6.98 ± 3.11 − 2.011 0.044* 7.31 ± 3.34 8.09 ± 3.47 − 2.071 0.038*
TI 0.17 ± 0.13 0.26 ± 0.29 − 3.024 0.002* 0.17 ± 0.12 0.24 ± 0.15 − 2.775 0.006*
T II 0.19 ± 0.13 0.28 ± 0.17 − 4.337 0.000* 0.37 ± 0.20 0.58 ± 0.37 − 4.612 0.000*
TaVF 0.17 ± 0.14 0.25 ± 0.17 − 3.664 0.000* 0.36 ± 0.19 0.52 ± 0.30 − 3.560 0.000*
T V5 0.36 ± 0.27 0.52 ± 0.39 − 3.587 0.000* 0.38 ± 0.33 0.56 ± 0.66 − 3.558 0.000*
TV6 0.28 ± 0.22 0.43 ± 0.33 − 3.739 0.000* 0.31 ± 0.20 0.54 ± 0.33 − 4.954 0.000*
VATI 0.04 ± 0.02 0.05 ± 0.02 − 1.592 0.113 0.04 ± 0.02 0.05 ± 0.02 − 1.714 0.089
VAT II 0.04 ± 0.02 0.05 ± 0.02 − 1.529 0.128 0.04 ± 0.02 0.05 ± 0.02 − 1.624 0.106
VATaVF 0.04 ± 0.02 0.04 ± 0.02 − 1.548 0.123 0.05 ± 0.01 0.05 ± 0.02 − 0.176 0.860
VAT V5 0.03 ± 0.02 0.03 ± 0.02 − 1.884 0.060 0.05 ± 0.02 0.05 ± 0.02 − 1.319 0.187
VATV6 0.04 ± 0.01 0.04 ± 0.02 − 1.577 0.117 0.04 ± 0.02 0.05 ± 0.02 − 1.994 0.048
Tp-e I 0.06 ± 0.04 0.08 ± 0.04 − 1.837 0.066 0.07 ± 0.09 0.06 ± 0.03 − 0.772 0.440
Tp-e II 0.07 ± 0.04 0.07 ± 0.03 − 0.054 0.957 0.07 ± 0.03 0.08 ± 0.03 − 0.229 0.819
Tp-e aVF 0.07 ± 0.04 0.22 ± 1.37 − 1.047 0.297 0.08 ± 0.03 0.08 ± 0.03 − 0.482 0.631
Tp-eV5 0.08 ± 0.04 0.08 ± 0.04 − 0.345 0.730 0.07 ± 0.03 0.08 ± 0.02 − 1.319 0.187
Tp-eV6 0.08 ± 0.03 0.09 ± 0.03 − 1.586 0.115 0.07 ± 0.03 0.08 ± 0.02 − 1.037 0.301
Migration lead 2.93 ± 1.35 3.15 ± 1.46 − 1.064 0.289 3.45 ± 1.49 3.21 ± 1.57 1.035 0.302
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Predictors of eligibility in HCM

ROC was used to detect the best index predicting the 
screening results according to the area of the curve 
(Fig. 5). The curve showed that the AUC of R/T in lead 
II, aVF, V5 and V6 was much bigger. Then the logistic 
model took into account the above 4 values. Obviously, 
R/T in lead V5 was left in the last equation, and the ratio 
of the cutoff point was 3.5. As a result, a multivariable 
logistic regression analysis was performed to identify that 
R/T ≤ 3.5 in V5 was independent factors to predict the 
screening ineligibility. Logistic analyze showed that odds 
ratio of the parameter was 3.648. Specifically speaking, 
if RV5 > 3.5, the screening success rate was 3.648 times 
than the group which RV5 ≤ 3.5.

Discussion

HCM is the most common genetically inherited cardiovas-
cular disease. SCD due to sustained ventricular tachycardia 
(VT) or ventricular fibrillation (VF) is still the most common 
cause of mortality, accounting for nearly 51% of all HCM-
related deaths. SCD is more common in younger patients, 
especially those under the age of 35. Fortunately, the advent 
of ICD therapy as a break-through effective measure could 
terminate life-threatening arrhythmias between 4 and 6% 
per year [9]. There is no doubt that ICD is efficacious in 
preventing SCD. The primary difficulty for the clinician 
lies in how weigh the risks and benefits of ICD implanta-
tion, since as many HCM patients are young and will have 
a device in place throughout their adult lives. Therefore, 

Fig. 2   Surface 12-lead ECG at rest influencing screening pass (1) 
vs fail (0). Box plots of differences in QRS width (a), T V6 (b), R/T 
ratio in lead V5 (c), and R/T ratio in lead V6 (d), between patients 

who passed and failed in screening. Statistical significance is shown 
above each box plot
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ICD-related complications in patients with HCM cannot be 
ignored. There are two particular risks which should cause 
great concern, that is, the risk of device-related complica-
tions/malfunction, and the risk of inappropriate ICD ther-
apy. For example, young teenagers tend to have a higher 
incidence of lead fractures because of the increased strain 
by their growth and development; furthermore, the risk of 
device-related complications, between 4 and 6% per year, 
such as pneumothorax, pericardial effusion and haematoma 
or pocket infection, endocarditis and upper extremity venous 
thrombosis/occlusion is much higher, and they will also need 
multiple ICD generator changes throughout their life, which 
also increases the relevant complications [10–12].

The advent of the fully subcutaneous ICD (S-ICD) 
avoids lead and venous-related complications, besides car-
diac perforation and endocarditis since the system has no 
access to the heart, only implanted below the subcutaneous 
layer of the chest. However, the S-ICD owns several indica-
tions, containing those without a need for pacing because 
of bradycardia or stable regular ventricular tachycardia. 
Thus, S-ICD is particularly practical in younger patients for 
primary or secondary prevention, with no need of pacing, 
which could avoid the relevant complications—mentioned 
above as well as the potential procedural risks related to the 
removal of existing transvenous lead. The EFFORTLESS 
study [4] showed that the HCM cohort was younger and 
more likely to receive a primary-prevention S-ICD (88.5% vs 
67.5%, P < 0.001), and its efficacy and safety was similar to 
non-HCM patients, which indicated the S-ICD was safe and 
effective in patients with HCM who were at high risk of ven-
tricular arrhythmias and could pass preimplantation electro-
cardiogram screening. Inappropriate shocks were mainly due 
to T-wave oversensing [13]. Unfortunately, pre-screening 
test was not satisfactory in HCM patients, mainly because 
of its special ECG characteristic, such as high R wave in V5 
and V6 because of LV hypertrophy, high T voltage resulted 
in T oversensing, wide QRS interval as a result of conduc-
tion disorders induced by myocyte hypertrophy. Louise et al.
[14] reported that in patients without an indication for pac-
ing, 7.4% would be not suitable for a S-ICD according to 
the QRS-T morphology screening (TMS). HCM, a heavy 
weight, a prolonged QRS duration and a R:T ratio<3 in the 

Fig. 3   Proportion of patients with 0, 1, 2 and 3 ECG vectors that eli-
gible for the ECG screening template

Fig. 4   Proportion of reasons for screening failure

Table 3   Screening gain and 
lead

Values are presented as mean ± SD (%) or as n (%)
*P < 0.05

Gain/lead groups 5 mm/mv 10 mm/mv 20 mm/mv Lead I (%) Lead II (%) Lead III (%)

A (91) 12.45 ± 4.31 1.40 ± 2.88 0.14 ± 0.68 68 (74.7) 88 (96.7) 82 (91.1)
B (88) 3.67 ± 3.48 0.56 ± 1.60 0.06 ± 0.35 16 (18.2) 7 (8.0) 14 (15.9)
Z/X2 − 10.005 − 3.083 − 0.697 57.430 141.481 99.048
P 0.000* 0.002* 0.486 0.000* 0.000* 0.000*
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ECG lead with the largest T wave were independently asso-
ciated with TMS failure, because they may not satisfy ECG 
criteria for adequate sensing.

In our single-center observational study, S-ICD screen-
ing failure in HCM patients was about 49.2%, which was 
much higher than other studies reported 7.0% and 15% 
[5, 15, 16]. In addition, the presence of higher R wave, T 
wave voltage and wide QRS/QT interval was major causes 
for screening failure. Just as the above mentioned, their 
target heart rate was (132.70 ± 21.85) vs (134.75 ± 21.94) 
beats per minute, respectively, both of which were simi-
lar to the maximum heart rate on exercise. Consequently, 
both groups of patients achieved the target exercise met-
abolic equivalent. Since in the previous studies [5, 14, 
15], screening successfully was defined as a single ECG 
vector satisfied the screening template, while according 
to 2014 ESC guidelines, we consider each patient should 
have more than one ECG vector passed screening to allow 
alternative programming to avoid inappropriate shocks 
from T-wave oversensing, which resulted in a higher 
ineligibility rate than other studies. Second, unlike other 
studies [14, 16], patients in our study were defined passed 
successfully in both supine and standing positions at rest 
as well as on exercise, which might partly contribute to 
the higher ineligibility rate. Third, in the latter study [16], 
HCM patients only accounted for 12.8% of all screening 
subjects versus 100% of ours, which may explained its 
lower ineligibility. Finally, IVS and LVmax walls were all 
much bigger than 17mm, resulted in high R and T wave or 

wide QRS interval, which partly explained its high screen-
ing ineligibility. In our study, those screening successfully 
had less LBBB, narrower QRS interval, higher R/T ratio, 
and less T wave amplitude in lead V5 and V6, which all 
existed evident differences between two groups either at 
rest or on stress ECG. This was in accordance with other 
studies, larger T wave lead to T wave oversensing or small 
R/T ratio resulted in failed screening. However, VAT and 
Tp-e had no obvious impact on screening results, which 
indicated the initial ventricular depolarization and end 
of the ventricular repolarization had little effect on the 
screening results.

We could see that 91 patients (50.8%) satisfied at mor-
phology analysis, and among those with successful screen-
ing, screening of 64 (70.3%) patients qualified on both sides; 
17 patients (18.7%) whose electrode placement was switched 
from the usual left parasternal position to the right paraster-
num, making the previously ineligible ECG turning into 
eligible ECG; and the left 10 patients (11.0%) satisfied on 
single side. Thus the right side screening was so important 
for patients especially those screening failure on left side. 
Furthermore, the secondary sensing vector (Lead III, 53.6%) 
was mostly appropriate, followed by the primary sensing 
vector (lead II, 53.1%) and the alternate sensing vector (lead 
I, 46.9%). Between the two groups, most patients were satis-
fied with the gain of 5 mm/mv and 10 mm/mv, and almost 
12.45 and 1.40 vectors vs 3.67 and 0.56 met the needs of 
gains separately (P < 0.05).

ROC curves showed that R/T II, R/T aVF, R/TV5, R/
TV6 may all had more important effect on screening results. 
According to the data, we set the values as 1 if it is larger 
than the cut-off point, otherwise, as 0. Logistic regression 
showed that among these data, only R/TV5 entered the equa-
tion, which bigger than the cut-off point was more liable to 
pass the screening test than the smaller one. In other words, 
the patients whose R/TV5 > 3.5 was over 3.648 times easier 
to pass the screening compared with those ≤ 3.5. T wave 
amplitude less, proper R wave voltage got a bigger R/T, 
which indicated the possibility of screening eligibility. Oth-
erwise, T wave oversensing will lead to screening ineligibil-
ity. It is showed that obstructive severity of HCM patients 
seemed to have little conquence on the screening, unlike 
the R/T ratio.

Limitations

This was our initial, single-center study with limited samples 
about S-ICD screening for HCM patients, so there is a need 
to enlarge the sample size in the future study. Furthermore, 
it is much better to perfect relevant gene tests to analyze if 
the gene type will affect the last results.

Fig. 5   ROC curve showed that the interesting items affected screen-
ing results
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Conclusions

This is our initial single-center conventional study to evalu-
ate SICD screening in HCM patients in China; the eligi-
bility rate was 50.8%, much lower than reported data. Fur-
thermore, 12-lead surface ECG could predict the screening 
results, R/T ≤ 3.5 in lead V5 was the independent predicting 
factor for screening failure to some degree.
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