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In Japan, there has yet to be a report of a leadless pacemaker (LPM) implant in a pediatric patient. We present
a case of a pediatric patient who underwent LPM implantation for various reasons. A 12-year-old girl suffered
rejection for heart transplantation that was performed for the treatment of dilated cardiomyopathy 2 years
after the procedure. The rejection caused sinus node dysfunction syndrome, which necessitated pacemaker
(PM) therapy. However, bilateral subclavian vein obstruction, invasiveness, and risk of device infection under
immunosuppressive therapy made implanting either intravenous or epicardial PM difficult. The disadvantages
of LPM, such as the limited number of reimplantation and the limited setting to ventricular single chamber
pacing, were deemed insignificant because of the possibility of heart reimplantation and transient bradycardia
attacks. Although vascular access was a concern because of the small body size, the LPM introducer sheath could
be safely placed with adequate prior evaluation and gradual dilation of the femoral vein. There were no compli-
cations during or after the implantation procedure, and the LPM was able to work with bradycardia. A month
later, we performed a catheter biopsy and successfully sampled the myocardium. With careful consideration of
our indications, our experience suggested that LPM can be safe and useful in pediatrics.
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Fig. 1 Leadless Pacemaker Micra™

Micra™ has four fixation tines to anchor the device
to the myocardium. The distal tip of the device is
the cathode electrode, and the proximal black ring
is the anode electrode. The image was provided by
Medtronic, Inc.
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Fig. 2 Electrocardiogram (ECG) at diagnosis

(a) Twelve-lead ECG documented the bradyarrhythmia. (b) In addition to P waves of the sinus rhythm of the transplanted
heart (arrows), she had P’ waves (triangles). The absence of P waves indicated sinus node dysfunction. The constant
PQ intervals of beats 1-5 and 7 of the P waves confirmed atrioventricular conduction. P’P’ interval was constant at 92
msec. P’ was not associated with excitation of the transplanted heart but was suspected to be excitation of autologous

rhythm.
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Fig. 3 Clinical course

Treatment of Rejection included Pulse Methylprednisolone Therapy (PMT) in 1st; PMT, Plasma Exchange (PE), and Intra-
venous Immunoglobulin in 2nd; and PMT and PE in 3rd. The white triangles mark the date of bradycardia, and the black
triangles mark the date when the pacemaker worked for bradycardia. BNP, brain natriuretic peptide; ECMO, extracorpo-
real membrane oxygenation; LPMI, leadless pacemaker implantation
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Fig. 4 Post implantation test
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(a) Chest X-ray demonstrated final position of leadless pacemaker. (b) Limb lead electrocardiogram showed waveforms

with LPM pacing. QRS was wide (170 msec).
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Fig. 5 Fluoroscopic images in right anterior oblique view (A) and left anterior oblique view (B)

The right ventricle was contrasted through the long sheath (arrow). The tip of the long sheath was sufficiently distant
from the LPM (triangle). The biopsy forceps could enter the right ventricle through the long sheath, allowing myocardial
biopsy from the right ventricular septum without interfering with the LPM.

z £

ASEFNE, OISR ICIERARZ S SSS 2%
fiE L, PMIBHEDE L & FIWTE N, LPM KA F A
T E Nz, AFT/NRBIAN LPM KA A 2 i T L
TeWIEERICTH .

AIEFNE 12 FEOEXME (Fig. 2) KD SSS &
D LUTe. AIEHIOD X 5 I DIEBRERIC, DENDE
SIMGE TS P & DEANDOBEXMNEEZ LD
WP 2 RRS B HTHIE pseudo AV block & W9 #4 i
THWEINTVS Y. WFe LT, BXUEHPANHR
HICEKD, HiEE R F—DOEOLEENTHD, %
& FF =Dl b EXMCHR EN LY EDY D
DEEMEREENTVS Y. UL, KEFFLY
Yy b O4LEZRZE T % bicaval anastomosis 7%
TBREINTED, [FJ5LETIE pseudo AV block DR
HERD TRV, 2078, AEFID PO RKIA
& UG Ei 23 4 DB RO EAE U7 alReMEe b
KRR & O RLFT MR O n e Z BRI 281 T2 3,
EiERFEARHTH -1, TN TH, LENHEE S
5 PPIE RS —DBOLEENTHZ EEZ BN, P
B OZDOWEE DT PIIC K O AN ED S &
W ENH FF—blif 3ESNEEDTN LT
¥ MHEEOHRTH % EHENIE N, pseudo AV block
ERBROIRRETH B L HEWI LTz, F 7z, SSS DA -
PEMER I3 HCE 2 5Nz, Bicaval anastomosis 1213
PERD TR L U THENDIZ O, DIEEEZ O
PHIEEL LT SSS ZFIEL 5 % 7. MG « DRRD

JRASDIRIERLHE & SSS DB - BEEN KR LT3
TEMND, MHEIESSSDEREEZSNS. IMAT,
BHEWTSE « 14 INT' T V> OIEFIED BN G E T X
Motz @M T H 2B ERERMERALIC K O R
AeEECTC L, ZORKTHBIEHISO T b
H— VB TRWVIRN, AAR2OMERFTH S
B blocker A /XTS5 Y > D AME MO AR EIARD
DI EARRRTH B Lh b, HAMNE PMIA
BEDY T A1 S &Il L7z,

LPM (& PM JG#E D3RR & U T RN TEIE Tl B4t
BEREZRTTOS 1 0, NEEEORGIE xRS
<RV, b Z /NI ZI - MG TE 9 Bl
FoTHED Y, AMTORGIIEV. —HT, RVE
i s RANMEAETH % 4% « 1KH 16kg 2 38 10 %A
1ifi + 20kg LU DEEID T LPM REGAFMRT O HY
D W RIKER - REEIADO LR - HRMAVREN
DDOHB. AREFITIE, OmRISHE FElRD 7R
L, ENSEERD S A BRI E R LSRR - 7 —
TIVHHEINTED, BEIRY — ROZo0imE 7
Ta—FHHEEN TV E, @O0FRY — R
DIz HOBIMOREEN, @FHAHHIFIMEH BT %
)— RRET v MNEROBR Y 2IRL, ko
FEEAR - OB PM I3 NE T LPM OIS TH 5 & f]
Wil7z. DIEEBMEEZITDROEEREENHELV &
FREIN, KEFITCRIEICIZED D50 E FHEINE
N, FREIRYD — RIC X % & OBZEvmS, KB K
5V —R I 7)NVOMEZET 5N5NE LPM OF)
MTH-oTz. LPM WARN 2 a7 L 7/ NG D BEHR

© 2022 Japanese Society of Pediatric Cardiology and Cardiac Surgery



68

TE, MEY 72 AOHR - (RN - B X7 2
DT RO M T LPM ASEIRE T 5 11417,
INRTZLHVWBNS O MEY — RZ28 ) 728l & L
T, #0iIRLDOIEFMIC K DO — ROHR) R
HENNBETH -7 &, BIBFME%L TRBAD
Vit L —R2—HEMNAIV AT THozT k, 7L
LWEENTVS WY GERIZDIME Y — R DR
IRV —RZHWz PMDBRAENTWzEEZENS
JEBNC, FEARMDAR—Y D LPM HEIRE Nz
WG ERD S S5, NREITE, BERRENIC
X722, HEROBEEIR PM 054 E PM X O LPM
BT REJEHNNDG C LR BHT 2 0ENH 5.
— T, LPM DU R 70T A v Mg 2 B
IS DMGHCAEAR R TH 5. LPM D—fi%H7x
MR e LT, BHyEFERRIC IS Tld A B iE
L0, HEWA - FMEBICERLD B &, KT
T AE7 LPMIEERED VVIICIR S5 N5 T L A%
Fons. FERMCT%DOEL, DDD ORENEHE
TRIREBZ UV NRBITIE LPM DEIGIC R 5 2 23
T ARERITE, RIS OREDEIFICaY b
O—)LENAUE—EHERIRO ) R 7 MERL, =
VOMWNAREICED 25Tk, — T OREDIRENL
HLBZWEEROMEEEMUNC EREGD#L OV
EEZLNZ T NS, HEROBIMYED A HEME
BIEWEEZ SN, REMN VVIICE SN S sl
LClE, FrEo@bhERUTz. AGEFORIRDE R
MORERFETH O, AL - M ICORREIC K D A]
WIS LT RED 5, PM IBIED T HIIZEW
e R—= V7 TR L N IEEROMR TH 3 & &
Zlz. Z DI, VVI DN TH % EREIER L
FEAOZOIEMAW], R —2 VK% 0
DY A7, HiEREO LPM Z8#INT 2 2@ &
DTIEREWEHB Uz, F£7z, LPM OAHHEDSEEE
BELBEVWEDD, LIEK - LEZYRF—T, ZHER
OIMAE « 1Mk - BRSO 1) 2 713 HEkOREE IR
PM % L[E 2 ATREMED B B V. AT, /NEEHE DR
B L UTIRES « DIEDNVNE W EWNBEF 5N, D
MEGIHEDOV AN EATZ2EDEEZEND. K
THEHAETNTWVS LPM (Micra™) ORI 1mL
EDENARE L IR L TRELTRWNTD, DAREDVI
TN T EATHE U 7o DNE O S L SOREA A O D%
RENDZEII K ZL BV ERDNED, LK - DR
VRF—TOHBUCE TR ERT 208 NH 5. (i
B 72ROV TIE, #ME27Fr (9.0mm) D1 Y
FEF 2 —Y T —ZABLPM OFT YN —IZHETH
D, /WNRICET B IEAIHEORRIZE. KRR

ARNRBERSBSFRIME £38F 15

DEPRELTWBEE, cut down Bl X D EREA
Y haT a2 —Y T —AZRET 2 F ORI IS
T BRENG B LI KD M 7 7 AT
DT, HEflcoa— - CT CIERZHNML TH

D, FHKRREIR 7.7mmXx82mm, FAHIK 9.9mmX
Ilmm Th - 7. KE#ERIE DR LS 1.2 5 E
FTHIET AT EMHISNTED 2, AREFIOH K
BEEFIRNDA > b T 2 —H > — A AT AT RE
LEZ LN BEIC, MERDPAEMX D B/NE
W51 mm BOKEEIRNA > bOTF 2 —HY 2 —XD
HEMTbNIRELH 2 Y. AEFITIE, Hinct
DMK CTIMENRY) 2 —LEBHHEL, FIALTY
72 6Fr O3 — AW 5 12Fr, 16Fr, 23Fr & BRI X A
L—avZz115 T e THEEFGEL 27Fr — AN
MR TE, itk & LRI O S OHE XD h > 2.
BREA Y FAT 2 —Y ¥ — AMRD = DI HR/i DL
N CEERZA L — 3 VHAEEEZ 5Nz UL
EokSic, LPMICBI 2EEM, /NEFITIEZD
DAT « TRy hBXOPEFEICERD 552 L2 EE
L, JEFIC EICHEEICHET % T &h, Y& LPM
FA T O 3 R By M G2 TG REA RIS DI IN B L&
AbN5.

ASEFNS NRBBIOH T & DAL &0 5 Rz Ff
5, LPM HARILIC B0 K LIDERZTT S a6
TN H % IR TH - 2. LPM HARHi % 1
HIChT—7 I X3 0z T Leh,
T X 0 HREMEE S LPM OhiE 2R T 5 2 L T,
LPM ICFH T 5 e EMAJGETH > Tz, flitg,
DEEKR LPM O FFEDOHHFEHRRIIED LM -
Tz, ANRO/NEWVILIE T LPM A OO0 R
OWEEE fERENTZD, ZRIOIHEMDATRETH 5
TEMRENT.

s B

DI RERE T &0 SRR IR T D o 7oy, RS
THIDT, /NEFNSH L TY — R L AR—ZA—J7kd
B2 1T Uz, @IRDRENTH ST EICHE
L, @Y Ed 7z BN i, NEFICHT %) —R
L AR—=ZA A= DRGAPH S L 2D DERICED S
5.

& B
W HRICH Tz > TV Te N e B 213 U
B & UTGINAR NREAEE DA TS iR 72 L
ESC



69

FIZHER
RIS DOWT, BRI NEFEEME (COD 370,

EEDRE

e SRS ONRE, hT—TIVOEN, T—2UEE, 74T,
FRRUCBIG- L, Azt L.

INETRER ¢ RS ORERL, AT — T VDI, GRSCNAICBIL T
DRBEISNEIEZTT> Tz,

REMZ, DI, b & Beh—, 48H 1, s
W, OMMHEZED, SRHHVESS, CPHEERE, N ER, gcl A
XNBICEE U T2 D RRE N CHEHIHER 217 5 T2,

R 5% GO, SRCNAICET %2 Y PO R Uit
FIHERE, AR BRRROREZTT- T2,

5| SR

1) Reynolds D, Duray GZ, Omar R, et al: Micra Transcathe-
ter Pacing Study Group: A leadless intracardiac transcath-
eter pacing system. N Engl ] Med 2016; 374: 533-541

2) Duray GZ, Ritter P, EI-Chami M, et al: Micra Transcath-
eter Pacing Study Group: Long-term performance of a
transcatheter pacing system: 12-month results from the
Micra Transcatheter Pacing Study. Heart Rhythm 2017;
14: 702-709

3) Soejima K, Asano T, Ishikawa T, et al: Micra Transcatheter
Pacing Study Group: Performance of Leadless pacemaker
in Japanese patients vs rest of the world: Results from a
global clinical trial. Circ J 2017; 81: CJ-17

4) Cataldo R, Olsen S, Freedman RA: Atrioventricular block
occurring late after heart transplantation: Presentation
of three cases and literature review. Pacing Clin Electro-
physiol 1996; 19: 325-330

5) Holt ND, McComb JM: Cardiac transplantation and pace-
makers: When and what to implant. Card Electrophysiol
Rev 2002; 6: 140-151

6) IZIfREs, S o, AT, & EET O AR
Bt REE 7y Ik ke 2 U7z 16 D
X 2010; 30: 402-409

7) Rothman SA, Jeevanandam V, Combs WG, et al: Elimi-
nating bradyarrhythmias after orthotopic heart transplan-
tation. Circulation 1996; 94 Suppl: 11278-11282

8) Breatnach CR, Dunne L, Al-Alawi K, et al: Leadless

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Micra pacemaker use in the pediatric population: device
implantation and short-term outcomes. Pediatr Cardiol
20205 41: 683-686

Mahendran AK, Bussey S, Chang PM: Leadless pace-
maker implantation in a four-year-old, 16-kg child.
JICRM 2020; 11: 4257-4261

Cortez D: Innovative implantation of a leadless pace-
maker in a 19kg paediatric patient via the right internal
jugular vein. EP Eur 2019; 21: 1542-1542

Gallotti RG, Biniwale R, Shannon K, et al: Leadless pace-
maker placement in an 18-kilogram child: Procedural
approach and technical considerations. HRCR 2019; 5:
555-558

Déring M, Richter S, Hindricks G: The diagnosis and
treatment of pacemaker-associated infection. Dtsch Arz-
tebl Int 2018; 115: 445-452

Polyzos KA, Konstantelias AA, Falagas ME: Risk factors
for cardiac implantable electronic device infection: A sys-
tematic review and meta-analysis. Ep Europace 2015; 17:
767-777

Surti AK, Ambrose M, Cortez D: First description of a
successful leadless pacemaker implantation via the left
internal jugular vein (in a 20kg patient). J Electrocardiol
2020; 60: 1-2

Hackett G, Aziz F Samii S, et al: Delivery of a leadless
transcatheter pacing system as first-line therapy in a
28-kg pediatric patient through proximal right internal
jugular surgical cutdown. JICRM 2021; 12: 4482-4486
Tejman-Yarden S, Nof E, Beinart R, et al: Leadless pace-
maker implantation in a pediatric patient with prolonged
sinus pauses. Pediatr Cardiol 2018; 39: 844-847
Jedrzejczyk-Patej E, Wozniak A, Litwin L, et al: Successful
implantation of leadless pacemakers in children: A case
series. Eur Heart ] Case Rep 2020; 4: 1-6

McCanta AC, Morchi GS, Tuozo F, et al: Implantation of a
leadless pacemaker in a pediatric patient with congenital
heart disease. HRCR 2018; 4: 506-509

Siddeek H, Jimenez E, Ambrose M, et al: Pediatric Micra
leadless pacemaker implantation via the internal jugular
and femoral vein: A single-center, US experience. Future
Cardiol 2021; 17: 1116-1122

Fronek A, Criqui MH, Denenberg J, et al: Common fem-
oral vein dimensions and hemodynamics including Val-
salva response as a function of sex, age, and ethnicity in a
population study. ] Vasc Surg Cases 2001; 33: 1050-1056

© 2022 Japanese Society of Pediatric Cardiology and Cardiac Surgery


https://doi.org/10.1056/NEJMoa1511643
https://doi.org/10.1056/NEJMoa1511643
https://doi.org/10.1056/NEJMoa1511643
https://doi.org/10.1016/j.hrthm.2017.01.035
https://doi.org/10.1016/j.hrthm.2017.01.035
https://doi.org/10.1016/j.hrthm.2017.01.035
https://doi.org/10.1016/j.hrthm.2017.01.035
https://doi.org/10.1016/j.hrthm.2017.01.035
https://doi.org/10.1253/circj.CJ-17-0259
https://doi.org/10.1253/circj.CJ-17-0259
https://doi.org/10.1253/circj.CJ-17-0259
https://doi.org/10.1253/circj.CJ-17-0259
https://doi.org/10.1111/j.1540-8159.1996.tb03334.x
https://doi.org/10.1111/j.1540-8159.1996.tb03334.x
https://doi.org/10.1111/j.1540-8159.1996.tb03334.x
https://doi.org/10.1111/j.1540-8159.1996.tb03334.x
https://doi.org/10.1023/A:1017972129833
https://doi.org/10.1023/A:1017972129833
https://doi.org/10.1023/A:1017972129833
https://doi.org/10.5105/jse.30.402
https://doi.org/10.5105/jse.30.402
https://doi.org/10.5105/jse.30.402
https://doi.org/10.1007/s00246-019-02277-y
https://doi.org/10.1007/s00246-019-02277-y
https://doi.org/10.1007/s00246-019-02277-y
https://doi.org/10.1007/s00246-019-02277-y
https://doi.org/10.19102/icrm.2020.111002
https://doi.org/10.19102/icrm.2020.111002
https://doi.org/10.19102/icrm.2020.111002
https://doi.org/10.1093/europace/euz128
https://doi.org/10.1093/europace/euz128
https://doi.org/10.1093/europace/euz128
https://doi.org/10.1016/j.hrcr.2019.08.011
https://doi.org/10.1016/j.hrcr.2019.08.011
https://doi.org/10.1016/j.hrcr.2019.08.011
https://doi.org/10.1016/j.hrcr.2019.08.011
https://doi.org/10.3238/arztebl.2018.0445
https://doi.org/10.3238/arztebl.2018.0445
https://doi.org/10.3238/arztebl.2018.0445
https://doi.org/10.1093/europace/euv053
https://doi.org/10.1093/europace/euv053
https://doi.org/10.1093/europace/euv053
https://doi.org/10.1093/europace/euv053
https://doi.org/10.1016/j.jelectrocard.2020.02.020
https://doi.org/10.1016/j.jelectrocard.2020.02.020
https://doi.org/10.1016/j.jelectrocard.2020.02.020
https://doi.org/10.1016/j.jelectrocard.2020.02.020
https://doi.org/10.19102/icrm.2021.120403
https://doi.org/10.19102/icrm.2021.120403
https://doi.org/10.19102/icrm.2021.120403
https://doi.org/10.19102/icrm.2021.120403
https://doi.org/10.1007/s00246-018-1832-9
https://doi.org/10.1007/s00246-018-1832-9
https://doi.org/10.1007/s00246-018-1832-9
https://doi.org/10.1093/ehjcr/ytaa064
https://doi.org/10.1093/ehjcr/ytaa064
https://doi.org/10.1093/ehjcr/ytaa064
https://doi.org/10.1016/j.hrcr.2018.07.012
https://doi.org/10.1016/j.hrcr.2018.07.012
https://doi.org/10.1016/j.hrcr.2018.07.012
https://doi.org/10.2217/fca-2020-0169
https://doi.org/10.2217/fca-2020-0169
https://doi.org/10.2217/fca-2020-0169
https://doi.org/10.2217/fca-2020-0169
https://doi.org/10.1067/mva.2001.113496
https://doi.org/10.1067/mva.2001.113496
https://doi.org/10.1067/mva.2001.113496
https://doi.org/10.1067/mva.2001.113496

