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Abstract

Long-term right ventricular pacing is associated with left ventricular dysfunction and cardiomyopathy, particularly in pedi-
atric patients and those with congenital heart disease (CHD). Research has shown that pacing-induced cardiomyopathy
can be reversed with nonselective or selective His bundle pacing in adults, however, the information available about the
use of this type of therapy in pediatrics and CHD is scarce. We performed a retrospective chart review of all the cases of
His or left bundle pacing at the University of Minnesota, division of Pediatric Cardiology from January of 2019 to April
of 2020. Parametric data are presented as mean + standard deviation. Non-parametric data are presented as median value
with interquartile ranges. Eight patients, ages 8 to 18 years (median of 11.5) and weight from 21.5 to 81.6 kg (median of
40 kg) underwent this procedure successfully. The most common structural heart disease was a repaired peri-membranous
ventricular septal defect. Three patients (37.5%) had selective and three (37.5%) had nonselective His bundle pacing, and
two patients (25%) had left bundle pacing. There were two cases of pacing-induced cardiomyopathy and each had a 14% and
16% improvement of the ejection fraction after nonselective His bundle pacing. There were no procedural complications.
Selective and nonselective His bundle, as well as left bundle pacing may be a feasible procedure in pediatric patients with
and without CHD. This procedure may improve pacing-induced cardiomyopathy in this population.
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Introduction demonstrated to be feasible in adults that require long-term

pacing, however, higher pacing threshold for His bundle

Pacing in the pediatric population requires thoughtful con-
siderations regarding type of pacing, the consequences of
long-term pacing, and how to best implement pacing. Long-
term right ventricular pacing is associated with left ven-
tricular dysfunction and cardiomyopathy in up to 13% of
the cases with this type of pacing [1, 2]. Pediatric patients
and those with congenital heart disease (CHD) are espe-
cially vulnerable to left ventricular dysfunction with chronic
right ventricular pacing [3, 4]. His bundle pacing has been
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capture, and high dislodgement rate have been important
considerations [5].

Cardiac resynchronization therapy has been used for
prevention and reversal of pacing-induced cardiomyopa-
thy in adults [6]. Recent data suggest that selective or non-
selective His bundle pacing can also reverse and prevent
pacing-induced cardiomyopathy [7]. The 3830 transvenous
lead (Medtronic, Minneapolis, MN, USA) was the first lead
approved, with accompanying sheaths, for His bundle pac-
ing. Due to their small size (4.1-French), these leads have
demonstrated an excellent safety profile in pediatric right
ventricular pacing [8]. Although there are some case reports
documenting the feasibility of His bundle pacing in adult
patients with congenitally corrected transposition (ccTGA),
no case series describing the feasibility and outcomes of His
bundle pacing in pediatric patients or those with other struc-
tural heart disease has been reported [9-12]. Furthermore,
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left bundle pacing in pediatrics has only recently been
described in patients 26 kg or larger [13].

Aim

We aimed to describe our experience and demonstrate the
feasibility of His bundle and left bundle pacing in pediatric
patients with and without CHD.

Materials and Methods

After approval by the Institutional Review Board, a retro-
spective chart review of all cases of selective and nonse-
lective His bundle and left bundle branch pacing was per-
formed. Patients were captured from the electrophysiology
database from the University of Minnesota, Division of
Pediatric Cardiology. These procedures were performed by
a single provider and included all cases done in our institu-
tion from January of 2019 to April of 2020.

All procedures were performed under general anesthe-
sia with either intubation or laryngeal mask placement and
without paralysis except during initial placement of LMA or
ET tube. His bundle pacing and left bundle pacing were per-
formed by standard method [14, 15]. However, given lack of
pediatric description, we have detailed the procedure below.

Femoral venous access was obtained via the Seldinger
technique and a 5-Fr sheath was placed in all patients except
the patient with interrupted IVC. Through the 5Fr sheath,
a 5Fr Livewire octopolar catheter (St Jude Medical, Saint
Paul, MN, USA) was placed and positioned in the subcla-
vian/axillary veins with AP fluoroscopy and saved for guid-
ance during axillary venous access. The Livewire was then
located to the level where the His bundle potential was larg-
est at the distal bipolar (by intracardiac recording). Cine of
the catheter position from RAO (—30°) and LAO (+30°)
were obtained for use later on during His bundle lead place-
ment. The Livewire was then placed into the RV apex for
backup pacing.

An incision was made 1 cm below the clavicle on either
the right or left side and dissection down to the pectoralis
major was performed. A device pocket was created within
the muscular sheath and subsequent access was obtained
with the Seldinger under fluoroscopy. Either ultrasound,
saved fluoroscopy image after 10 ml of contrast, or saved
fluoroscopy image of the Livewire in subclavian/axillary
vein position were used as guidance for access into the axil-
lary vein.

Two access points were obtained for the atrial and ven-
tricular leads. The C315 guiding catheter (Medtronic, Min-
neapolis, USA) was deployed over a Glidewire (Terumo,
Tokyo, Japan) close to the His bundle recording position.
Subsequently, a 69 cm 3830 lead (Medtronic, Minneapolis,

@ Springer

USA) was passed through the C315 (Medtronic, Minneapo-
lis, USA) catheter and positioned at a point where the His
signal was present and adequate sensing and threshold were
obtained. Pacing at high output was performed to assess His
bundle capture prior to coiling of the lead. Subsequently, the
lead was coiled into the myocardium, typically just below
the tricuspid valve or at the lower right atrium and then
threshold/His bundle capture, sensing (including degree of
injury), and impedance were assessed. The 3830 lead signal
was projected into our Cardiolab system so that improved
visualization of the His bundle signal could be seen before
and after coiling the lead into the myocardium (Fig. 1) also
similar to prior described procedure [14]. Sufficient slack
was allowed in the right atrium to allow for growth of the
patient, but slack was not allowed to accumulate below the
tricuspid valve. For Left bundle pacing a similar approach
to above was taken except the C315 delivery catheter was
placed deeper in the right ventricle and at least 10 turns
were given to the 3830 lead (instead of manufacturer-recom-
mended 4 to 6 turns) and assessment of right bundle branch
block pattern was noted to confirm left bundle activation
during pacing. Left bundle pacing was performed when left
bundle branch block was still apparent during His bundle
pacing. Diaphragmatic stimulation was assessed during high
output pacing.

A 49 cm 3830 lead was deployed with the J-curve atrial
catheter to find a stable atrial position, (typically septal).
The incisions were then closed with absorbable sutures and
Steri strips applied along with a dressing. All patients were
monitored overnight and underwent CXR and ECG within
2 h postoperatively and two-view chest x ray was obtained
the following morning prior to discharge to home.

Following the new His bundle or left bundle pacing, any
preexisting epicardial pacemakers were removed during the
same procedure (4 patients). One patient had an ablation
of intra-atrial re-entrant and typical flutter (via the internal
jugular vein) just prior to her pacemaker placement/epicar-
dial removal during the same procedure.

Statistics

Parametric and non-parametric data were presented. Para-
metric data are presented as mean + standard deviation. Non-
parametric data are presented as median value with total
ranges reported due to low number of patients in study.

Results

A total of eight patients underwent selective or nonselec-
tive His bundle and/or left bundle branch pacing between
January 2019 to April 2020. The median age was 11 years
(range 9 to 14 years) and four (50%) were female. Six



Pediatric Cardiology (2020) 41:1425-1431

1427

L T L S g

T L L T L i S T LT T TR TR TT R

}—-- — SOms
IO N A A .
Ao \-M...._..~'\-.-.--*“”"/""“"‘ M‘"—*-“"lf«r«.u’\{
} ,.”"-""N ¥
" .} e ——— A S W P O
"__,,J:f/" B e e Ve
- — e e e e e . et e P et e e e e e e e NSy S—-
P .’_. T T — e e A
- » a ”_'/‘-”'\*-M\" \-/"\( g ,._-—-jl'n-"w“——v-—-—“M._._,._,\r_ o~
"".,/V"') v
| N 1 N N
/\ /' /\ /1
A 8 /| S A
|Pace [ - _‘\"‘h ’/,— e ——— _____‘____“" '/\/-' | #_._____,_\‘ F,V»r \..‘,_‘-_m"‘v —X ,,---""‘
I i | |
| ' L
J h J IU ) 1'
PRSP PP | T | FTPPRTPN ARLRIE AL Lisaaia, | FPPPRN alesnsncass ARIAOQ AN anis Lasasanans Ly 1 NIARLAN. L 1 NLVARNCE ) | 1 1 SRINSR AN s
Corgolab v6.9.6
Fig. 1 His bundle signal on pacing lead after coiling of lead
(75%) patients had CHD (Table 1). The median weight Discussion

was 40 kg (range 21.5 to 80.7 kg). Median follow-up was
5 months (range 2 to 6 months). The four patients with
a paced rhythm had a baseline bundle branch block (1
RBBB, 2 LBBB, 1 intraventricular conduction delay).
The Median pre-implant QRS duration (QRSd) was 90 ms
(range 78 to 190 ms). Mean decrease of QRSd was 12 ms
with His bundle pacing. Four (50%) patients had right-
sided device implants and four patients had left-sided
implants. Average implant threshold was 0.5+ 0.05 V at
0.4 ms with average impedance of 597 + 120 ohms with
median R-wave of 6.9 (mV) (range 2 to 19 mV). In the
nonselective His bundle pacing patients, His capture
ranged from 2 to 3.5 V at 0.4 ms, respectively.

Baseline echocardiogram demonstrated normal ejec-
tion fractions in six (75%) patients. Two (25%) patients
had symptomatic pacing-induced cardiomyopathy
(exertional dyspnea). Left ventricular ejection fraction
increased by 14 and 16% for (cases 6 and 8, respectively)
after His bundle pacing. Improvement of the left ven-
tricular ejection fraction and symptoms occurred within
2 weeks after switching to His bundle pacing.

In regards to pacing location (Fig. 2), three (37.5%)
patients had selective His bundle pacing whether unipolar
or bipolar (Fig. 2a), three (37.5%) patients had nonselec-
tive His bundle pacing (2b) and 2 (25%) patients had left
bundle pacing (2c).

We describe our experience in eight patients who under-
went His bundle and left bundle pacing. We found that
selective and nonselective His bundle and left bundle
pacing provided excellent outcomes without peripro-
cedural complications in patients as small as 21.5 kg.
Achieving physiologic ventricular activation promotes
ventricular synchrony and may optimize the paced ven-
tricular function. Our cohort seems to also demonstrate
that pacemaker-induced cardiomyopathy may be reversed
with transition from epicardial right ventricular basal or
lateral wall right ventricular pacing to His bundle pacing.
No dislodgements or other complications were noted dur-
ing follow-up.

In our pediatric cohort, His bundle pacing required
lower threshold than what has been typically reported in
adult studies [5, 7]. In our cases, optimal lead pulse-width
was 0.4 ms. Although we anticipate an improvement on
battery longevity, the impact that this lower threshold
might have in pediatric patients will be a matter for further
research in the future.
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Table 1 Baseline characteristics of the population, pacing parameters and clinical follow-up

Case 1 2 3 4 5 6 7 8
Age (years) 10 8 14 9 18 9 13 14
Weight (kg)  29.3 21.5 50.3 30 60 22.1 50.6 81.6
Sex Female Female Female Male Female Male Male Male
Cardiac diag- Congenital Congenital Congenital Congenital LAL IIVC, Straddling Severe AS, CHB post VSD
nosis CHB CHB, PDA CHB, mus- CHB PAPVR, TV, CHB CHB repair, epicar-
cular VSD ASD, post VSD post Ross dial pacing,
epicardial repair, procedure, depressed EF
pacing epicardial epicardial
pacing, pacing
depressed
EF
Reason N/A N/A N/A N/A Intermit- Intermittent  Intermittent  Intermittent
for pacer tent loss of anodal loss of loss of cap-
change capture stimulation capture ture
QRS mor- Normal Normal Normal Normal Paced Paced Paced Paced
phology
QRS-d (ms) 90 80 79 78 90 150 160 190
BL Echo EF 60 55 65 65 55 38 55 40
(%)
BL Echo 4.8 (+2.7) 43 (+2.3) 5.0(+0.9) 44 (+1.4) 5.5(+2.0) 3.6 (+3.1) 5.1(+1.4) 6(+2.1)
LVEDd"
Access side  Left Left Left Right Right Right Right Left
Pacing type NS His S His S His NS His Left bundle S His Left bundle NS His
Pacing mode DDD DDD DDD DDD DDD AAIR-DDDR DDD DDDR
Paced QRSd 110 80 80 120 100 90 110 130
(ms)
R-wave (mV) 2 4 8 3.5 19.3 5.7 15.3 9.6
Impedance 600 551 570 570 855 665 513 455
(€9))
Threshold 0.75 0.625 1.0 0.75 0.5 0.75 1.0 0.4
vy°
His threshold  2? 0.5 0.5 28 N/A 0.5 N/A 3.5%
(V)
FU (months) 6 6 5 5 5 4 4 2
R-wave (mV) 4.2 6.5 11.2 5.5 >20 7.2 19.2 11.5
Impedance 620 520 540 570 650 640 531 460
(€9))
Threshold® 0.75 0.625 1.0 0.75 0.5 0.75 1.0 0.4
His threshold® 1.5* 0.625 1.0 1.5 N/A 0.75 N/A 2.5%
FU EF (%) N/A N/A N/A N/A N/A 52 55 56
FULVEDd® N/A N/A N/A N/A N/A 3.5(2.8) 5.0(+1.2) 5.9 (+2.0)

AS aortic stenosis, ASD atrial septal defect, CHB congenital heart block, EF ejection fraction, FU follow-up IIVC interrupted inferior vena
cava, LAI left atrial isomerism, LVEDD left ventricular end diastolic diameter, N/A not applicable/not available, NS nonselective, PAPVR partial
anomalous pulmonary venous return, PDA patent ductus arteriosus, QRS-d QRS duration, S selective, TV tricuspid valve, VSD ventricular septal

defect

*Unipolar

In cm (Z-score)

€At 0.4 ms

Right-Sided System

His bundle pacing from the right side was mostly nonse-

delivery catheter appropriately since it is designed for left-
sided access. As we had an unusually high proportion of

lective. This was likely due to inexperience in shaping the
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right-sided implants in our cohort (left-handed patients), a
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Fig.2 a Selective His bundle pacing (baseline-left, paced-right). b Nonselective His bundle pacing (baseline-left, paced-right). ¢ Left bundle
branch pacing (baseline-left, paced-right)
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right-sided 3830 His bundle delivery catheter would have
been helpful.

Cardiomyopathy Reversal

After demonstration of endocardial septal approach to His-
Purkinje ventricular pacing feasibility, other studies in adults
have demonstrated the ability to reverse pacing-induced car-
diomyopathy with His bundle pacing with nonselective or
selective His capture [5, 15]. Recently, in a pediatric series
of patients without CHD, left bundle pacing was shown to
reverse cardiomyopathy in a patient [13]. This study specifi-
cally shows that similar results can also be achieved with
this pacing system in pediatric patients with CHD. Whether
septal pacing would have been the same is unknown, how-
ever, given more physiological activation, His bundle pacing
provides better clinical outcomes than RV pacing [16, 17].
We witnessed this intraoperatively with one of our cases
where improvement in EF was noted when transitioning
from epicardial pacing to His bundle pacing.

In comparison with traditional cardiac resynchronization
therapy, given that His bundle or left bundle pacing requires
only two leads, this type of pacing may be a more favorable
long-term system in children with potential for fewer lead-
related issues [6].

His Bundle Pacing in CHD

We found that nonselective, selective His bundle and left
bundle pacing could be reasonably achieved in patients
with CHD and even selective His bundle capture could be
achieved, however with distortion of the conduction system,
by large repaired ventricular septal defects, for example, dif-
ficulty was increased in obtaining His bundle pacing. Selec-
tive His bundle pacing was achieved in all patients without
structural heart disease and one with a small muscular ven-
tricular septal defect. Although case reports of patients with
ccTGA undergoing His bundle pacing have been described,
we are the first to describe patients with large peri-membra-
nous ventricular septal defects undergoing His bundle pac-
ing [9-12]. However, despite being damaged in those with
large VSD’s, the His bundle was not anatomically displaced
in any of our patients with or without CHD.

Conclusion

Selective and nonselective His bundle pacing, as well as left
bundle pacing is feasible in pediatric patients with and with-
out structural heart disease via left or right-sided access. His
bundle pacing may reverse pacemaker-induced cardiomyo-
pathy in a pediatric patient with CHD. More collaborative

@ Springer

studies are needed to assess true outcomes over long-term
follow-up, but short-term results seem promising.
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