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Stimulation du faisceau de His (1)
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symptoms of HF and 1 or more intensive treatments for heart
failure (HF) with intravenous diuretics or intravenous
inotropic medications. Information regarding mortality was
obtained from hospital records and/or social security death
index. New-onset AF was defined as AF documented by any
12-lead ECG during office/hospital visit or AF lasting 415
minutes as documented by the device log.

Statistical analysis
Data are reported as mean ! SD and median. All statistical
tests were 2-tailed; P o .05 was considered to indicate
statistical significance. Cumulative event rates were calcu-
lated by using the Kaplan-Meier method, and differences
between the 2 groups were calculated by using the Fisher
exact test. The Cox proportional hazards model was used to

Figure 2 Para-Hisian pacing. The top panel shows the baseline 12-lead electrocardiogram of a patient with 3:2 atrioventricular block. The middle panel shows
the final intracardiac electrograms from the permanent His-bundle pacing lead at the time of implantation. The bottom panel shows atrial sensed ventricular
pacing. In this panel, the pacing spike is immediately followed by QRS complexes with evidence for fusion from ventricular and His-bundle capture. A = atrial
electrogram; H = His electrogram; V = ventricular electrogram.

Figure 1 Direct His-bundle pacing. The top panel shows the 12-lead electrocardiogram of a patient with recent myocardial infarction, second-degree
atrioventricular block, and underlying right bundle branch block. The middle panel shows the final intracardiac electrograms recorded from the permanent His-
bundle pacing lead at the time of implantation when the patient was in complete heart block. Note the His bundle (H) electrogram (EGM) with injury current
(arrow) followed by ventricular (V) electrogram. The bottom panel shows atrial sensed His-bundle pacing. The pacing spike is followed by an isoelectric interval
of 40 ms and then narrow QRS complexes with resolution of right bundle branch block.
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Stimulation du faisceau de His (2)

analyze adjusted survivor function. Age- and sex-adjusted
analyses were performed for clinical outcomes.

Results
Between January 2011 and October 2011, 192 consecutive
patients underwent permanent pacemaker implantation and
met the inclusion-exclusion criteria. Figure 3 highlights the
study flow. HBP was attempted in 94 consecutive patients at
the Geisinger Wyoming Valley Medical Center and was
successful in 75 patients (80%; HBP group). Ninety-eight
consecutive patients underwent RV lead implantation at the
Geisinger Medical Center (RVP group). The mean age of the
patients was 74 ! 12 years (range 18–95 years), and 58%
were men. The mean left ventricular ejection fraction
(LVEF) was 56% ! 9% (range 25%–70%). The indication
for the implantation of the pacemaker included sinus node
dysfunction in 38% of patients and AV conduction disease in
62% (complete heart block in 25%) of patients. Baseline
characteristics of the patient population are listed in Table 1.
There were no significant differences between the 2 groups
except for a higher prevalence of AF in the HBP group (59%
vs 37%; P o .05).

Implantation outcomes
Permanent HBP was successful in 75 patients (80%). In
patients who underwent successful HBP, direct HBP was

achieved in 34 patients (45%) and the remaining 41 patients
(55%) had PHP. In the RVP group, the ventricular lead was
placed in the RV apex in 60 patients (61%) and in the RV
septum in the remaining 38 patients (39%). Dual-chamber
pacemakers were implanted in 65 patients (87%) in the HBP
group compared with 81 patients (83%) in the RVP group.
The mean FT in the HBP group was 12.7! 8 minutes (range
4–37 minutes; median 9.1 minutes) compared with 10 ! 14
minutes (range 2–53 minutes; median 6.4 minutes) in the
RVP group and was not statistically different (P ¼ .14). The
mean procedure duration was significantly longer in the HBP
group (79 ! 25 minutes; range 35–160 minutes; median 75
minutes; n ¼ 75) than in the RVP group (64 ! 25 minutes;
range 36–140 minutes; median 58 minutes; n ¼ 74) (P o
.01). HBP resulted in significantly higher PThs at implanta-
tion (1.35! 0.9 V at 0.5 ms) than did RVP (0.62! 0.5 V at
0.5 ms) (P o .001). The PTh remained higher in the HBP
group during a mean follow-up period of 25.5! 8.6 months,
but no differences were observed in the intragroup comparison
during follow-up. R-wave amplitudes were smaller in the
HBP group with sensed R waves of 6.8! 5.3 mV (range 1.4–
31 mV) than in the RVP group with sensed R waves of 13.7!
5.7 mV (range 4.4–30 mV) (P ¼ .035). Pacing impedances
were lower in the HBP group than in the RVP group, which
may be due to differences in lead characteristics (Table 2).

ECG characteristics
The baseline QRS duration (QRSd) in the HBP group was
109 ! 26 ms (range 80–184 ms), and in the RVP group it
was 102 ! 24 ms (range 70–176 ms). Paced QRSd was
significantly shorter in the HBP group (mean QRSd 124 !
22 ms; range 80–172 ms) than in the RVP group (mean

192 
Pacemakers 

implanted 

94 HBP 
attempted in 

Center 1 

75 (80%) 
successful 

HBP
19 implanted 
in RV septum

98 RVP
in Center 2

60 RV apex 38 RV 
septum

Figure 3 Schematic representation of the study. HBP ¼ His-bundle
pacing; RV ¼ right ventricular; RVP ¼ right ventricular pacing.

Table 1 Baseline characteristics

Characteristic
His-bundle
pacing RV pacing P

No. of patients 75 98
Age (y) 76 ! 1.5 72 ! 14 NS
Sex: male 49 (65) 51 (52) NS
Hypertension 62 (83) 81 (83) NS
Diabetes mellitus 23 (31) 35 (36) NS
Coronary disease 34 (45) 38 (39) NS
Atrial fibrillation 44 (59) 36 (37) .005
Heart failure 24 (32) 20 (20) NS
LVEF (%) 55 ! 11 57 ! 7 NS
SN dysfunction 31 (41) 35 (36) NS
AV conduction disease 44 (59) 63 (64) NS

Values are presented as mean ! SD or as n (%).
AV¼ atrioventricular; LVEF¼ left ventricular ejection fraction; NS¼ not

significant; RV ¼ right ventricular; SN ¼ sinus node.

Table 2 Procedural outcomes

Parameter
His-bundle
pacing RV pacing P

No. of patients 75 98
Dual-chamber implants 65 (87) 81 (83) NS
Baseline QRS duration (ms) 109 ! 26 102 ! 24 NS
Paced QRS duration (ms) 124 ! 22 168 ! 21 .001
Fluoroscopy duration NS
Mean (min) 12.7 ! 8 10 ! 14
Median (min) 9.1 6.4

Procedure duration o.01
Mean (min) 79 ! 25 64 ! 25
Median (min) 75 58

Patients with 440%
ventricular pacing

47 (63) 60 (62) NS

R wave amplitude (mV) 6.8 ! 5.3 13.7 ! 5.7 o.05
Pacing impedance (Ω) 639 ! 159 754 ! 167 o.05
Pacing thresholds
(V at 0.5 ms)
Implantation 1.35 ! 0.9 0.62 ! 0.5 o.001
2 wk 1.50 ! 1.1 0.73 ! 0.2 o.001
1 y 1.60 ! 0.9 0.80 ! 0.3 o.001
2 y 1.50 ! 0.8 0.80 ! 0.4 o.001

Values are presented as mean ! SD or as n (%).
NS ¼ not significant; RV ¼ right ventricular.
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QRSd 168 ! 21 ms; range 120–226 ms) (P ¼ .001). In the
HBP group, 21 patients had a wide QRS complex at baseline,
with a mean QRSd of 146 ! 18 ms (right bundle branch
block 11; left bundle branch block 5; intra ventricular
conduction defect 5) with successful HB capture and a paced
QRSd of 141 ! 14 ms (Figure 4). In the RVP group, 30
patients had a wide QRS complex at baseline, with a mean
QRSd of 136 ! 13 ms (range 120–176 ms) and a
significantly wider paced QRSd of 176 ! 18 ms (range
152–226 ms) (P o .05). HBP was successful in 75% (15 of
20) of patients with complete heart block. Baseline QRSd
was 123 ! 31 ms, with a paced QRSd of 134 ! 14 ms.

Complications
Ventricular lead revision was required in the HBP group in 3
patients during follow-up: loss of capture in 2 and high PTh
(45 V at 0.5 ms) in 1. Two patients required ventricular lead
revision in the RVP group owing to lead dislodgment. There
was no pericardial effusion in either group, and 1 patient
developed pneumothorax in the RVP group. One patient
developed device infection in the RVP group compared to
none in the HBP group.

Clinical outcomes
Table 3 compares clinical outcomes between the HBP
group and the RVP group among all patients and those
with 440% ventricular pacing. There were similar num-
bers of patients in both groups (63% in the HBP group vs
62% in the RVP group) with 440% ventricular pacing.
There was a significantly increased risk of HFH in the RVP

group as compared with the HBP group during follow-up
(15% vs 2%; P¼ .02). Six of the 9 patients with HFH in the
RVP group had a significant reduction in LVEF from a
mean of 58% to 33% (non–ischemic cardiomyopathy 4;
aortic stenosis 1; coronary artery disease 1). Two patients
had preserved left ventricular (LV) function, and 1 patient
did not have follow-up LVEF assessment. New York Heart
Association functional status declined from 1.7 to 3.5 in
this group. All patients with HFH required diuretic therapy,
intravenous diuretics in 6, β-blockers in 7, angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker
in 5, and hydralazine in 2. In the HBP group, 1 patient with
HFH had preserved LVEF. There was no significant

Figure 4 His-bundle pacing with recruitment. The top panel shows the 12-lead electrocardiogram of a patient with 2:1 infra-Hisian atrioventricular block with
underlying right bundle branch block with a QRS duration of 148 ms. The middle panel shows intracardiac electrograms from the permanent His-bundle pacing
lead during implantation. Note the atrial electrogram (A) and the sharp His (H) potential followed by ventricular (V) electrogram (EGM) in a 2:1 atrioventricular
conduction pattern. The bottom panel shows atrial sensed ventricular pacing. In this panel, the pacing spike is immediately followed by QRS complexes (QRS
duration of 110 ms) but with normalization of baseline right bundle branch block and recruitment of the entire His bundle.

Table 3 Clinical outcomes

Parameter
His-bundle
pacing

RV
pacing P

All patients
Total no. of patients 75 98
HFH 2 (3) 9 (9.2) .11
Mortality 9 (12) 14 (14) .82
AF 2 (3) 3 (3) 1.00

Patients with 440%
ventricular pacing

Total no. of patients 47 (63) 60 (62)
HFH 1 (2) 9 (15) .02
Mortality 6 (13) 11 (18) .45
AF 1 (2) 2 (3.3) 1.00

Values are presented as n (%).
AF ¼ atrial fibrillation; HFH ¼ heart failure hospitalization; RV ¼ right

ventricular.
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Stimulation du faisceau de His pour la 
resynchronisation

N = 29

Raccourcisse
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FIGURE 3. His Bundle Lead Placement and QRS Response to pacing
A) Fluoroscopy image following His bundle lead placement. Also shown are the right 
ventricular (RV) defibrillator lead), and the right atrial (RA) lead. The fluoroscopic image is 
shown in the antero-posterior (AP) projection. B) Representative example of 12-
electrocardiogram showing QRS narrowing pre- and C) post-His bundle Pacing.
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Stimulation septale VG au travers du septum (1)

3  Mafi-Rad et al  LV Septal Pacing via the Interventricular Septum 

after each measurement to allow for hemodynamic stabilization. 
During each measurement, LVdP/dtmax was measured and averaged 
over an interval of 20 seconds. The acute hemodynamic effect of pac-
ing at each ventricular site was calculated as the relative change in 
LVdP/dtmax compared with the average of the 2 adjacent baseline 
AAI measurements.

Follow-Up
R-wave amplitude, pacing thresholds, and impedances were recorded 
immediately after implantation; the day after implantation; as well 
as 10 days, 1 month, 3 months, and 6 months after the implantation.

Statistical Analysis
Continuous variables are expressed as mean±SD. Categorical vari-
ables are expressed as observed number and percentage values. Means 
of continuous variables were compared among pacing conditions us-
ing repeated measures ANOVA with Bonferroni multiple compari-
sons procedure applied to pairwise comparisons. A P value <0.05 was 
used to denote statistically significant differences. Statistical analysis 
was performed using SPSS version 20.0 (SPSS Inc) software.

Results
Patients
Ten patients (mean age, 72±10 years; 5 men) were included 
in the study. The baseline characteristics of the patients are 
shown in Table 1. All patients were in sinus rhythm, had a nor-
mal QRS duration on standard 12-lead ECG, and had a normal 
LV ejection fraction at echocardiographic evaluation. Mean 
IVS thickness assessed by echocardiography was 9±1 mm.

Implantation
All patients underwent a successful implantation of an LVS 
lead through the IVS in a single procedure. In 8 of 10 patients, 
a lead position at the midlevel of the LVS (halfway between 
the apex and the base) was achieved (Table 2). In patients 2 and 
7, the lead was positioned in a more apical and basal region 

of the LVS, respectively. The mean time required to implant 
the LVS lead was 29±24 minutes (limits 9–90 minutes), and 
the mean fluoroscopy time during the entire procedure was 
20±9 minutes (limits 10–44 minutes) with a clear trend of 
shortening times with increasing experience (Table 2). Dur-
ing implantation of the last 2 patients, the implanter felt safe 
enough with the procedure to accomplish implantation of the 
LVS lead without guidance by ICE.

Lead Stability and Complications
There were no clinically significant changes in pacing 
threshold, R-wave amplitude, or impedance of the LVS lead 
between implantation and the day after implantation, as well 
as at 10-day, 1-month, 3-month, and 6-month follow-up. 
Mean pacing threshold, R-wave amplitude, and impedance 
at implant were 0.5±0.2 V, 12.2±6.7 mV, and 715±83 ohms, 
respectively. At 6-month follow-up, mean pacing threshold, 
R-wave amplitude, and impedance were 0.9±0.3 V, 16.0±8.7 
mV, and 550±55 ohms, respectively.

No periprocedural complications related to the LVS lead 
were observed. None of the patients developed ventricu-
lar conduction disturbances during the procedure. During 
6-month follow-up, none of the patients showed signs of dis-
lodgment of the LVS lead, loss of capture, prolongation of the 
paced or intrinsic QRS duration, or infections associated with 
the implantation procedure.

ECG Characteristics
Figure 3 shows the ECG from patient 2 (Table 1) during 
intrinsic activation, RVA, RVS, and LVS pacing. During 
RVA and RVS pacing, a left bundle-branch block–like QRS 
morphology was observed, and QRS duration was consider-
ably prolonged relative to intrinsic activation. During LVS 
pacing, a right bundle-branch block–like QRS morphology 
was observed in the precordial leads and QRS duration was 

Figure 1. A, Lead design of the lead Model 09066. The lead is a modification of the market-released Select Secure Model 3830 with an 
extended helix. The lead has been fitted with a 4-mm helix instead of the standard 1.8-mm helix of the Model 3830. The helix is partially 
insulated to have an electrically active portion of only the distal 1.27 mm. B, Schematic representation of lead positioning. The lead Model 
09066 is introduced transvenously into the right ventricle (RV) and, after positioning against the RV septum, driven through the interven-
tricular septum (IVS) with the screw-in tip until the left ventricular (LV) septum is reached, without perforating the IVS. The ring stimulates 
the RV side and the tip, the LV side of the IVS. LA indicates left atrium; and RA, right atrium.
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and coordination. Activation of the RV wall has been shown to 
remain moderately delayed during LVS pacing,11 which may 
explain why in this study QRS duration during LVS pacing, 
although shorter compared with RVA and RVS pacing, was 
still prolonged compared with intrinsic ventricular activation. 
A remarkable finding of this study is the large difference in 
QRS duration and hemodynamic effect between pacing at the 
RV and LV side of the IVS, despite the fact that these sites 
were not >1 cm apart. These observations are consistent with 
earlier observations in animals and patients11,18 and have been 
related to a significant delay in transseptal conduction during 
RVS pacing, which causes considerably later LV mechanical 

activation and peak contraction of the LV lateral wall, thereby 
inducing both inter- and intraventricular asynchrony.

Another pacing site that is capable of preserving native 
ventricular activation is the His bundle. Similar to our obser-
vations in LVS pacing, His bundle pacing in patients has 
been shown to result in less inter- and intraventricular dys-
synchrony19 and better hemodynamic performance than RVA 
pacing.20–22 Permanent His bundle pacing has been achieved 
in patients with SND,23 in patients with atrial fibrillation post-
AV nodal ablation,19 and in patients with AV block.24 Although 
the various studies have demonstrated beneficial effects of this 
alternative pacing site, at present, His bundle pacing is not 
recommended in patients requiring permanent cardiac pacing 
because of technical challenges during lead positioning and 
concerns about lead stability and threshold.25

Currently, the most common way to reverse or prevent 
pacing-induced dyssynchrony is the application of biventricu-
lar pacing. An upgrade of RVA pacing to biventricular pac-
ing in patients with permanent AV block, severe symptoms 
of heart failure, and depressed LV ejection fraction is likely 
to improve their symptoms and cardiac function and reduce 
hospitalization.26–29 In addition, several small randomized tri-
als have suggested that patients with a conventional indica-
tion for antibradycardia pacing with moderate to severe LV 
dysfunction might benefit from de novo biventricular pacing 
compared with RV pacing in terms of LV function and remod-
eling, hospitalization, heart failure symptoms, and quality of 
life.30–32 However, biventricular pacing also has drawbacks, 
such as the more complex and time-consuming implantation 
procedure,33 the higher rate of complications, failed implan-
tations, and loss of pacing associated with a coronary sinus 

Figure 3. Twelve-lead ECG from patient 2 (Table 1) during intrinsic activation, right ventricular apex (RVA), right ventricular septal (RVS), 
and left ventricular septal (LVS) pacing. During RVA and RVS pacing, a left bundle-branch block–like QRS morphology was observed. 
During LVS pacing, a right bundle-branch block–like QRS morphology was observed in the precordial leads. RVA and RVS pacing con-
siderably prolonged QRS duration relative to intrinsic activation. QRS duration during LVS pacing was prolonged compared with intrinsic 
activation, yet considerably shorter than during RVA and RVS pacing.

Figure 4. Acute change in left ventricular (LV)dP/dtmax 
(mean±SD) during pacing at different ventricular sites relative to 
baseline atrial pacing. Dashed lines represent individual hemo-
dynamic responses to pacing at different ventricular sites. LVS 
indicates left ventricular septum; RVA, right ventricular apex; and 
RVS, right ventricular septum. *P=0.001 vs RVA and RVS.
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La resynchronisation avec une électrode VG 
endocardiaque sans sonde.  
(The WISE system) 

N= 35
Succès: n=34 
(97%)

commonly employed approach is surgical placement
of an epicardial lead. However, this procedure is
limited by need for a thoracotomy, poor long-term
performance of epicardial pacing leads, and limited
access to optimal LV pacing sites (basal). An alternative
technique for achieving nonconventional resynchro-
nization therapy is transseptal (either interatrial or
interventricular) implantation of a transvenous pacing
lead. However, this approach can be associated with a
concerning high thromboembolic risk (10%) despite a
relatively high international normalized ratio goal
(2.5 to 4.5), a requirement for lifelong anticoagulation

therapy, and the potential for long-term negative ef-
fects of these conventional pacing leads on adjacent
structures (e.g., the mitral valve) (13). Nonetheless, as
demonstrated in the ALSYNC (ALternate Site Cardiac
ResYNChronization) study, which evaluated atrial
transseptal LV pacing, there are some important
potential benefits of LV endocardial pacing. Nearly
one-half (42%) of the ALSYNC trial patients were
nonresponders with conventional CRT, but converted
to CRT responders with transseptal endocardial LV
pacing; 55% of patients had significant ($15%) re-
ductions in LV end-systolic volume, and 59% of

CENTRAL ILLUSTRATION Wireless Left Ventricular Endocardial Pacing

Reddy, V.Y. et al. J Am Coll Cardiol. 2017;69(17):2119–29.

The WiSE-CRT system is shown. The pacing system consists of a receiver electrode and an ultrasound transmitter, which is powered by a battery. The transmitter
detects the right ventricular pacing pulse from a co-implanted pacing system. The transmitter then transmits ultrasound energy to a receiver electrode, which is
implanted in the left ventricular endocardium. The receiver electrode converts the ultrasound energy into electrical pacing impulses. The cumulative effects, including
clinical response, structural remodeling, and electrical remodeling are depicted. ESV ¼ end systolic volume; ICD ¼ implantable cardioverter-defibrillator; LV ¼ left
ventricular; RV ¼ right ventricle.

J A C C V O L . 6 9 , N O . 1 7 , 2 0 1 7 Reddy et al.
M A Y 2 , 2 0 1 7 : 2 1 1 9 – 2 9 Wireless LV Endocardial Pacing
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La défibrillation optogénétique: arrêter une TV par la 
lumière
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therapeutic applications in humans. We previously used adeno- 
associated virus (AAV) with tropism toward cardiomyocytes 
systemically injected into WT mice and found ChR2 expression 
in approximately 58.2% of cardiomyocytes 4 to 8 weeks later, 
enabling optogenetic cardiac pacing (6). With the same approach, 
1 year after AAV injection we found uniform ChR2 expression 
throughout the ventricles (Figure 3A) and in all myocardial layers 
(Figure 3B), localized to the sarcolemma and the T-tubule system 
of cardiomyocytes (Figure 3C). In vivo optogenetic pacing exper-
iments (5, 6) in these hearts demonstrated stable ventricular pac-
ing 1 year after the AAV injection with a threshold of 0.64 ± 0.20 
mW/mm2 (Figure 3D; 10 ms pulse duration, 15 mm2 illuminated 
area, n = 3). This value is similar to our previously reported data for 
optogenetic pacing 4–8 weeks after injection of AAV (6). Impor-
tantly, we also tested optogenetic defibrillation ex vivo 1 year after 
the AAV injection. Therefore we induced ventricular arrhythmia 
after low K+ (2 mM) and pinacidil perfusion and found that illumi-
nation (1 second, 0.4 mW/mm2, 143 mm2) of the anteroseptal epi-
cardium reliably terminated ventricular arrhythmia in all 3 tested 
mice (Figure 3E).

Optogenetic defibrillation via epicardial illumination in a mod-
el of a patient heart. In order to explore whether our findings in 
mice could be translated to human hearts for potential clinical 
applications, we conducted computer simulations of optical 
defibrillation by epicardial illumination in the heart of a patient 
suffering recurrent VT. The model (Supplemental Figure 2) 
was reconstructed from a late gadolinium enhancement MRI 
scan of a patient with myocardial infarction and VT episodes 
that required defibrillator implantation. Consistent with clin-
ical observations, rapid electrical pacing from the ventricular 
apex in this model induced infarct-related, sustained VT (cycle 
length: ~350 ms; Supplemental Figure 3 and Supplemental Video 
1), which was evident in the pseudo-ECG (Figure 4A). Based on 
expression levels in our previous reports on AAV gene transfer 
(6), we simulated expression of ChR2 in 58.2% of the cardiomy-
ocytes (Supplemental Figure 4) using an optogenetic modeling 
framework (13) validated by comparison with in vitro recordings 
from ChR2-expressing cardiomyocyte syncytia (14). The ChR2 

tion rate in the absence of illumination in transgenic ChR2 hearts 
(Figure 1C, black). Thus, neither illumination of ChR2-negative 
hearts nor ChR2 expression in the absence of illumination caused 
or facilitated arrhythmia termination.

To determine how different illumination parameters affect 
defibrillation success rates, sequential protocols with light stimu-
li of varying duration, intensity, and size of illuminated area were 
tested (Supplemental Figure 1, A and C). This revealed a signifi-
cant influence of light stimulus duration, and the defibrillation 
rate was low for durations less than 100 ms (Figure 1D), suggest-
ing that illumination lasting for at least the duration of the entire 
VT cycle (~80 ms) was required for successful arrhythmia termi-
nation. Decreasing the illuminated area to 15 mm2 also reduced 
efficacy (Figure 1E), and in this situation the light intensity needed 
to effectively defibrillate increased from 0.4 to 1 mW/mm2 (Fig-
ure 1F). This suggests that optogenetic depolarization of a critical 
portion of myocardium was necessary to successfully defibrillate.

Optogenetic defibrillation after acute myocardial infarction. To 
experimentally assess the feasibility of optogenetic defibrillation 
in a scenario clinically more relevant to the underlying causes of 
life-threatening arrhythmia in humans, we determined whether 
infarct-related arrhythmia could be terminated by light. There-
fore, hearts from ChR2 mice were perfused ex vivo with stan-
dard Tyrode’s solution, and the left anterior descending coronary 
artery was ligated (Figure 2A, arrow). This led to acute myocardial 
ischemia, which was proven by ST-segment elevation in the ECG 
(Figure 2B) and by the lack of local perfusion documented by dye 
injection after the experiment (Figure 2A). Prolonged ventricular 
arrhythmia could be induced by electrical pacing in 6 of the 12 
hearts investigated. In these 6 hearts we found that a single light 
pulse (1 second, 0.4 mW/mm2, 143 mm2) could terminate arrhyth-
mia (Figure 2B) with a success rate of 88% ± 0.04% in contrast 
to the significantly lower rate of spontaneous termination in the 
absence of illumination (27% ± 0.07%, P = 0.03; Figure 2C).

Optogenetic defibrillation in WT hearts after gene transfer. After 
establishing the feasibility of optogenetic defibrillation in trans-
genic mice, we sought to test the same approach in nontransgenic 
hearts after gene transfer in vivo, since this would be required for 

Figure 2. Optogenetic defibrillation of infarct-related ventricular arrhythmia in ChR2-expressing hearts. (A) Image of the whole heart after ligation of 
the left anterior descending coronary artery (red arrow) and dye perfusion (blue), highlighting the nonperfused infarct area. (B) Representative ECG (black) 
after ligation. Note the prominent elevation of the ST segment during normal sinus rhythm. Ventricular arrhythmia was induced by electrical burst stimu-
lation (50 Hz, red bar) and terminated by epicardial illumination with blue light (blue bar, 470 nm, 1 second, 0.4 mW/mm2, 143 mm2, n = 10). (C) Arrhythmia 
termination rate in infarcted hearts induced by one 1-second-long light pulse (0.4 mW/mm2, 143 mm2, blue) applied 5 seconds after induction of arrhyth-
mia compared with control (i.e., no illumination, black) within the same time window (see Supplemental Figure 1B for experimental protocol; Wilcoxon 
matched pairs test, P = 0.031, n = 6). Scale bar: 1 mm. Data are shown as the mean ± SEM. *P ≤ 0.05.

Souris transgéniques ou infectées dont le cœur exprime un canal 
ionique sensible à la lumière (ChR2) 

Brugemann T et al. J Clin Invest. 2016;126(10) 


