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Milrinone Re-Dilates the Ductus Arteriosus in Patients with
Ductus Arteriosus-Dependent Congenital Heart Diseases
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Treatment of patent ductus arteriosus is crucial for the survival of patients with ductus arteriosus (DA)-depen-
dent congenital heart diseases. Prostaglandin E, (PGE,) agents are commonly used to keep the DA open; how-
ever, maintaining an appropriately sized DA is difficult. We saw a patient with hypoplastic left heart syndrome
(HLHS) and critical pulmonary stenosis (cPS) whose DAs had become narrow and were re-dilated by milrinone.
The patient with HLHS had bilateral pulmonary artery banding and was awaiting the Norwood procedure. The
diameter of the DA instantly decreased from 6.4mm to 3.0mm at 18 days of age during the administration
of lipo-PGE,. Although the administration of CD-PGE, was begun instead of lipo-PGE,, the DA remained
narrow. Therefore, we initiated the administration of milrinone at a dosage of up to 0.2ug/kg/min. The DA
quickly re-dilated to a sufficient size and remained open until the Norwood procedure. The patient with cPS was
scheduled for percutaneous transluminal pulmonary valvuloplasty (PTPV). The diameter of the DA decreased
from 3.7mm to 1.2mm at 3 days of age. The agent used was changed from lipo-PGE, to CD-PGE, but the DA
remained narrow. As a result, we began administering milrinone and gradually increased the dosage to 0.4 ug/
kg/min. The DA dilated after the initiation of milrinone treatment and remained open until the scheduled PTPV
date. A narrow DA is a critical problem for patients with DA-dependent congenital heart disease, and additional
treatments are required to avoid DA closure. Milrinone is another option besides PGE, agents to re-dilate the DA.

Keywords: ductus arteriosus, congenital heart disease, phosphodiesterase 3 inhibitor, prostaglandin
E,, milrinone

BIIRE ARAF IR I DR RIS & > TEIIREFIF I EFICRAZTH 20, #afIcBRE "Wk Med 2%
JEBIDMFAES 5. SR A, PGE, BAMGHICHVME L BIIRE D VY J U ERICHRBK L
FEOMEIE BOEMREE (HLHS) & EREMTBIRAIASE (cPS) DIEFIZ #%5% L7z, HLHS ERF I it Il ffiSh ik
A2 1T E N, Norwood Mt HIC BIRE 2P/ ME U7z, lipo-PGE, 785 CD-PGE, ICZ5H, %
HRzMaEI N eIREIEERET, IV R 0.2ug/kg/min X THEI Nz, cPSIEH
&, R S)V— BRI (PTPV) FHhICEIRE A F/IME L7z, lipo-PGE, "5 CD-PGE,
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ICAH, B RZEESNEDEIIRE IIARET, VY /U Z2ilE#% 0.4 ug/kg/min £ THEI Nz,
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IMERHT S N IRIBEEDEE T D 2 DY, A DRRER LU 72 2 FERNC BN TR VY J U REDER L .

ZOVEMBEREIC DWW TERZINAMET 5.

X Colc

E A

BIREARAAE TR TR, VAR OIEBRMERRIC
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Fig. 1 Clinical course of case 1
BP, blood pressure; PDE, phosphodiesterase.
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Fig. 2 Enhanced CT of case 1 (46 days of age)

Ductus arteriosus (black arrow) was re-dilated.
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ITERUE L.

MARE © 70t 2 K 2mg/kg/day, AR/ FT b
1 mg/kg/day, FLEE71)L> 7 L 0.17g/kg/day

B8 (Fig. D: BIRERIEHE 17 T64mm TH -
fo. REHOME X 1, E=X—0EKX, SpO, fH,
MEART—2 & BICFELEL L, KNDIEIRICH R
TANEF RGN o e, @O OBV THE
18 TEIREE MZEIR 3.0mm £ TH/MEL, BHF—T
I— @ CEREEEMIRICEY A 72— 22 L
7z. lipo-PGE, » 5 CD-PGE, Ic £ #, & 51Z 50ng/
kg/min ¥ TH RS NHHE 19 1BV T EHIRE
I, BREOHMKZEHMICIILY /v
% 0.1pug/kg/min A 5 AR S N7z, 554G 12 K
%, MK Fa EORWERNHEEY, v /v
% 0.2 ug/kg/min ICHE E Nz, BIIRE IZTR A< ICHKR
L, Hiin21 T58mm &% -7z, RIEIMEHLEEH
D % FHANC X Blrh, Il OMEERENREN D ED
REND, BHENTREE LTHELENTY
% CD-PGE, Zfkfi LoD IV J dikEd % 5t
lxofe. VY / VI HIE 311 0.1 ug/kg/min I
I, Hii 38 TH T SN2 L EIIRE X HPoIMEE 3
(Fig. 2), Hin 60 T Norwood fifi & 15 2% -ifi f iR 8
iR 2 i T & Tz,

FEB 2

fEG : Hilm3 B
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gL E Z 5N, lipo-PGE, 8 FIF; ki #HE % 3ng/
kg/min THRE N7z, SpO, & 80~90% % #EHs L 7z
M, DITI—TEHE 0 T 3.7mm Tdh - HIIRERE
MHE 212 1L.7mm &P/ ME L7z, SpO, KT & 38
Tz 72 I Hig 2 X b CD-PGE, # | % 30 ng/kg/min
hHEBE N, Hiin 31 40 ng/kg/min ICEH S Nz,
LWL Z0%LEREEOMAIG SN Him 4 1ICH)
IRERRE 1.2mm F THvIME L 2.
IR © Rl I NEHIHZ L
SFRR Rk 2,822g, 1Al 37.3°C, 0%k 136 A1/
53, WEIRES 45 [61/5y, [fiJE 73/46 mmHg, SpO, 93% (&
WD, [TEF7 /—EREH D, FERAEE T
We7x L. RIRMUETEH. OERY XL, 52 e
#xIC Levine 2/6 OULAHE ISR HPEAE ¥ 72 HEHY. W05
. MEESIETH - ), 2GRS S R 0.5 cm fiftkl.
FE&EHDD. ZOMORRNZETA L.
MBRE - &=L
%@ (Fig. 3): HHA 4 1C CD-PGE, 50ng/kg/min I
BENSLHIREIHKRES, AE»SIVY /Y
FHiEHEZ 0.2 ug/kg/min S EIKE Nz, Z D1,
)LV J V7% 0.4ug/kg/min T THEBEI NI T A,
WRICEIRERDHEA L. V) GRS X
RIS ERIEOFE X EDRWEHIZ &E >
fo. Hw 14 ICHIRE T 3.1mm X THAL, SpO, I
Fre S IR O BINAMG S N7, [RIHKIZ & 5
MRS EEE, D40 [/ FE O TR
& Sp0O, 40% EDEERILEK F2K L, TEERAEE LT
HEEH L T MEAED ENTERHEFO,
WERLI A S Bl i E IO IS KO FIRE Z T LT
AT Y 2 F IS X5 @R A K & # 2 5
N7z7z¥», CD-PGE, % 20ng/kg/min, )LV J V7%
0.2 ug/kg/min ¥ TR S Nz, ZDt%, HEEF FICHE
RIpEIIZE L, BIREEOHIVMEZRO /2D
CD-PGE, % 40ng/kg/min, X)LV /J ¥ 7% 0.4ug/kg/
min £ THEREIN, Hiw 19 ICREA 7 — 7 )VIfiliE)
IRFe7 IV —AEERAT (PTPV) ZHiEE Nz (Fig. 3).
PTPV 1%, Mgkt 0z O EESEDHIAD & oD 22
WICBI B AT v FHBIL, AZE-HiEhIRDIE
R LR & Nz L FIrE N, CD-PGE, ##I &
VY U liiass 7 E NI, BIRE 3 Hin 20 1ICPA
L7z
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BP, blood pressure; PDE, phosphodiesterase; PTPV, percutaneous transluminal pulmonary valvuloplasty.
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Y VEEILEN, VTV 7S —H 2k 6
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AC6 DIETLIT X D cAMP DREENTIEL, & 5IC
WL UEATF—E A (PKA) I 4> i
U VAL EEETE N B U7 RS R, M S i At
LEIRE D BIRT 5. HAERZRIGRMAHRD PGE, HH
9L, EP4 2R 7%/ Uiz cAMP OFELDME R LE)
R DBIARIER D b 5 V.

BRE AR R M DR RIS % PGE, A5
& PGE, WMEH L 72356 & AR D BIIRE B AER 242
558D TH BN, AMEREHID XK 5 I PGE, #H
B HICEIIRE D IMES B IERIDFES 5. PGE,
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SRR 512 K 0 Z OBRE BAARIEFH DRSS %
CHEIE NG, Th7Z2EMNT2HE & LT CHO #ild
ZfEHI LTz in vitro DFEERBRGR XD H 5. T ORTR
K%L, EPAZAKT A= bzl UT14IC EP4
ZRKDBZIE TSR 0 ¥, PGE, WA GHD
BIIREDIMED KNI, BHIRE R IC 5510 % EP4 32
BHAD PGE, BIHNHS 2RI NICH B LibN\5
NTWVs. LhLiaDs, ARLEIREZHERSES
7T EPA RBURDRETL EEZ SN TVICE D
o5, EPARENRZ /v T T P LIEY T AT
BEIRERIHEERIET % LS. co—R
M I 2HiRZ2E LI, MRS ZER, v b
FIIRE I T PGE, EEIRE BRI DB R 5T,
PKA Zfr L7z 77)bu VDR, Epac 24T L 72#i
Helk, RARYIN—=E CyZN LTI ATF VDR
IZ K> THIIRE MO ZIECEH & 3B IPASHIEEEH]
ERHOCEERFLMCL (Fig. %9, ThBOHIZ
FEERIC K D PGE, I & D #IRE O L PR 70 P EH
M—TTIICERE NS LHEIE Nz,

t MZBW T EBREY OFERZ & T X THBUE
RAKWT 50 AW TH O, PGE, HAKRLG TICH)
IRE OPR/IMEZe K UTAEBNIC DWNT, B & NI
ZVEDEIT P MEICHF G LB AHTH 5. 5
%, PGE, R 7% ki 5 & 117c HLHS O & It
U Synchrotron radiation-based X-ray phase-contrast
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Fig. 4 Molecular mechanisms of dilation, constriction, and remodeling of ductus arteriosus

Referred to citation 1) and 8) modified partially. AC, adenylyl cyclase; AMP, adenosine monophosphate; ATP, adenosine
triphosphate; cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate; Epac, exchange pro-
tein directly activated by cAMP; EP4 receptor, E-type prostanoid receptor 4; ER/SR, sarco/endoplasmic reticulum; ET-1,
endothelin-1; ETA, endothelin receptor type A; FBLN1, Fibulin-1; NA, Noradrenaline; NF«B, nuclear factor-kappa B; NO,
nitric oxide; PDE, phosphodiesterase; Rap, GTPase-activating protein; SOC, store-operated Ca?* channel; TRP, transient
receptor potential channel (TRPC1 and TRPM3 are isoforms of TRP); VDCC, voltage-dependent Ca®* channel; a1AR, a1l

adrenergic receptor.

tomography (XPCT) 72 M\ TEIIRE D BEMIE 2 77
Fr U745, PGE, 8|08 5 & NARAEIE & O
BRI L WS SN H 5 7. PGE, HH5I#
B #iiReE H P IME UTERNS 38U T e m i 25
ERLTOERWESTIUE, PGE, BHIO g fstiElE
MMM L7z T D BEIRE S IMED 2885 T db % nlRE
MRENEEZ D, TDI EPAZEEREN T IR0
g R 2 R D HFNCEI LT, PGE, #HloD
B IME LT BIIRE ISR L T R T8 2%
IR TE 5.

SEEG LIV VIERARIIATI—E
(PDE) 3 BHEHO—FTH D, cAMP H5 5AMP D
BREHET S, 5, cAMP DMEIN L EdROEH
BEFIC K0 SFmatRE 2L 2 9 hY, AT IE EP4 %2
BEDIEHZNESHEVEDTH 5. BIIRE DHEREN
IEicix, JIV7 RLFU Ry Rt VORHE
RN Uiz CalBfED LR, T harv R 7Iicks
ATP, H,0, DFEAEBENNCIES 1) 7 LF v FIVDAR
T b7s SR D AN B 595 L E XA 6N T
W57H, PDE3 BHFESEICEEG U 5 % Mt Bl U HEIxl
FRMEENTOARY (Fig Y. 512, MiliET
HAE LTz ey YORRFIZ DWW T PDE3 I KBk & O H)
IREICZLHMT BT EAMEENTED ¥, HEE
#%o# A RIS LT PDE3 fHE SR IC X % #hiRE Bk
TERMDMIE NS, FEEIEBEBOT Y MR LT

W R LTz T, Gl A 2 N TR
T ZEIRE EBAfE MR L, PGE, 8|25 Uiz
BE 0 EBICHENESNIEBNERTVS 10,
F /2, FFRSCTIE U PDE3BHER E LA TV
JUCODOWVTERRIENTVED, AV i3
W e U TR G FHICEIRE D P L T

0, BIIREOZENMERICH LTIV /U DIESH
BRFERTH- 2. COMEREE LTS, Bk
B HY O PDE3 fHFEHE DI HICIEZ I VY /W
WLTWEEEZ5N%. PDE3BIEHKICIE PGE, &
BN AT OISR B EORIER B A5 NS, il
IR B, B S OAEM 2R S 5 HINE LT
WHEMHINECEND, XOLEEMDE 2 OBIRE
PfFERER e L TR TE 5.

FREOMEREREZE LI, Fi4ld PGE, 3Kz iKkE
L CHHIIRE OHMEFED R EE T > 72 2 FEFNT R L 2
V) UAEERE R T o T, VY IR SR
M 0.5ug/kg/min TH %A, MEILEERIC K 5 1L+
KR 282 L 0.1-0.2 ug/kg/min 7 5 BAkG U7z, SEH]
2 TR, SR RN E S 2 5N 5 —RE
vaw R RS Th, VY SV OREHEL
TeeEZSNBME, IRIPERIEOZH)Z EIEER
Tho .

VY VBB DT NORERNIC BN T B IS
RO HAKERD 120, b 2 SERNCE

© 2023 Japanese Society of Pediatric Cardiology and Cardiac Surgery



30

LT, PGE, AT X 2 BIRE O EMNHEIE T 5
LTWiEWeEZ N, 2720, EH 21OV TR
4% 1 HH TO#IRES/IMETH D, PGE, #HID%)
RIS OV T DA ZAENEEL TV B EEEDH 5. N
ZC, FORU T2 29ERNIE & BICBIIRE O 20807 50
fLIC X B 2EMERZ I N0, PGE, ME|OKEN
53V ARG E TORMBEAEY. BEE DT
< & HFHORSHE TENRE OFBERNED SNEh >
1z 128 PGE, BIAIHHITIE R HEN T & Hk LT

PGE, A D RIC X 2 HEN EDRED - F2hid 5
[0 2 JERI7Z 0 TEEHmAHE L <, S ORERIDERE
CIRNTIC X B MO e B, iz, JEF 1128V T
VY TR B BIRE iR T & 2B I DL T
I cAMP OEhNZ N L TMERNEDOY £5Y v 71k
S IMERDEE T N5 EOBERHHEN X 115 HH
5T (Fig. 4).

PDE3 [T X 2 BIIRE OBIARI R 2 0 9 1l
PGE, #FIDREEZMZ 5 T EHARETH D, M
W7 & ORWERAHE LT WIEIc WL Tidc
SBOFHREIC K > THMRIBEZITHS T TE S &
#Z %. PDE3 [HEFHOMHIC K 2 NEIRARIMH 7%
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