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Outcome of Pulmonary Artery Banding without Cardiopulmonary
Bypass in Infants Weighing Less than 2.5kg

Tomomi Nakajima, Yuji Hiramatsu, Shinya Kanemoto, Masakazu Abe, and Yuzuru Sakakibara

Department of Cardiovascular Surgery, University of Tsukuba, Ibaraki, Japan

Background: Congenital heart defects have been an important cause for death among low birth weight (LBW)
infants. Corrective surgery is not always a favorable solution for these fragile babies, and surgeons may choose
palliative surgery, which is technically demanding. We reviewed our 10 years of experience and the outcome of
initial pulmonary artery banding (PAB) without cardiopulmonary bypass (CPB) in LBW infants.

Patients and methods: Eleven infants (age, 6~78 days; body weight, 1.1~2.5kg) underwent initial PAB with-
out CPB (9 cases of main PAB and 2 cases of branch PAB).

Results: One patient died from a non-cardiac event. Nine patients successfully underwent the second-stage
operation, at a mean weight of 4.6kg, and eight completed the final stage. One patient experienced ventricular
volume overload after main PAB. The mean Pp/Ps (pulmonary systemic blood pressure ratio) was 0.54 and the
circumference of the band for the main PAB was body weight (kg)+18.2 mm, which was a little tighter than Tru-
sler’s rule. The circumference for the branch PAB was body weight (kg)+8.0 mm. Of the patients who weighed
less than 2kg, all five gained body weight, and four of them successfully reached the final stage.

Conclusion: PAB in LBW infants resulted in fair clinical outcomes with acceptable morbidity and mortality. How-
ever, there is a need for specific guidance, based on accumulated experience, for the procedure and management.
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FeRMEDREZE T IR ERER T, WRHIYE
BIC K> THREENZE2 2L EHT LERS TIE R
V. IRV, EIAEE TORIMEEII R, itk
i COBRMARE L, WIMEERZ FHO DGR O
BEIRERBERLSNZ T LEDELIRY. KEAEILD
PAB Tl Mk 72 il & i LLARET A s BE & E N B 7,
AR NRICHT 5 N5 OFHREIREHIR T2 REYE
ftEn Tz, SEbhbnid, JKEERICET S
PAB DFEDEYIaBHR 2R T BT DI, 1K 2.5kg
LUF O LN I KU LI T 2 5 — AR BRI EE
F R & LT D PAB O3 & il & 72 Ak U 7.

NREFE

2003 4F 11 A/ 5 201347 A D 10 4EREIC, #1mA]
Fifi & UTYRCHMNGERZ (i 97I1C PAB 2175
72 25kg L RO AR EZFAR 11 FlEx R E L
Te. TN 6~78, {AHE 1.1~2.5kg (F¥5 1.9Kkg,
2kg Al 561D, MrizBIsMIE 5~1107 HTH -

To. W, X, R, HERE, RHARESSS
AR D FERIOPNER% Table 1119, £
11 B 4 BIDBSEMIECH D, Mo 7 AN 32~36
HTORET, 2FIHEKETH >,

A RO NERIE, EIBIIRKAEN (main
PAB) 7541 [5¢4 s = kR R4A%E (C-AVSD) 2
fl, DEPRRRERIEE (VSD) 2 6, miAME 4=k
JE£ (DORV) 1], main PAB+K#IRFEMK (arch
plasty) 74 Bl DREIRAEAEEGAE (CoA) 161, K
RS EEWE JAA) 161, HO% (SV)+KEIRS
KIE K (hypo-arch) 241 T, TdD5 HIAA & SV
D 1 BITIIAIERKINRIZ AN (EAAA) %2, o 2
BICIE8E FEIlR Y 5 v 7 (SFA) Z1T-7z. Whifll
ftBhiRAHE (bil. PAB) A% 1 i [FREhARENE (trun-
cus)], & SIAMENREIEN (rt. PAB) 2V 161 [
SR KBIIRECSAE (AORPA)+VSD] TH -7, 211
B R 2.0kg AdiA 5 Fd D, MWl main PAB %
17572 VSD (1.1kg) & DORV (1.3kg), main PAB+
EAAA 7Z17>721AA (1.7kg), bil. PAB Z{7>7 trun-
cus (1.5kg), KU rt. PAB Z17 > 7z AORPA+VSD
(l.6kg) TH-o7z.

Table 1 Patient characteristics
Case Sex Age  BW Atbinh Diagnosis 1° Palliation 2 3 Complicated
No. (d) (kg) Gestation BW (kg) Stage Stage disease
1 F 22 2.4 38w0d 2.1 C-AVSD main PAB (m)f (2VR) — Yes: a
2 F 45 2.1 36w0d 1.8 C-AVSD main PAB (M) 2VR — Yes: a
3 M 78 2.3 36w3d 1.8 VSD main PAB (L) 2VR — Yes: a
4 F 17 1.1 35whd 1.1 VSD main PAB (M) 2VR — No
5 M 52 1.3 36w4ad 1.2 VSD DORV main PAB (M) (2VR) — Yes
6 M 13 2.5 38w2d 2.5 CoA, VSD SFA+main PAB (L) 2VR — Yes: B
7 M 6 1.7  *36wild 1.7 IAA, VSD EAAA+main PAB (L) 2VR — Yes
8 M 6 2.2 37wad 2.2 Hypo-arch SV SFA+main PAB (L) BDG (TCPC) No
9 F 14 2.3 37w6d 2.3 Hypo-arch SV EAAA+main PAB  (L)* BDG TCPC Yes
10 M 40 1.5 *32wid 1.5 Truncus bil. PAB (M) 2VR — No
11 M 14 1.6 35wbd 1.5 AORPA VSD rt. PAB (M) 2VR — No

F: female, M: male.

d: days, BW; body weight, #: maternal disorder, ': died, *: ventricular volume overload after 1°! palliation.

a: 21 trisomy, B: Di George syndrome, CHARGE syndrome.
(operation): awaiting operation.

Diagnosis

AORPA: anomalous origin of right pulmonary artery from the ascending aorta, C-AVSD: complete atrioventricular septal de-
fect, CoA: coarctation of the aorta, DORV: double outlet right ventricle, Hypo-arch: hypoplasia of aortic arch, IAA: interrupted
aortic arch, PAIVS: pulmonary atresia with intact ventricular septum, SV: single ventricle, TA: tricuspid atresia, Truncus: trun-

cus arteriosus, VSD: ventricular septal defect.
Operative method

BDG: bidirectional Glenn shunt, BTS: Blalock-Taussig shunt, EAAA: extended aortic arch anastomosis, PAB: pulmonary artery
banding, SFA: subclavian flap angioplasty, TCPC: total cavopulmonary connection, 2VR: biventricular repair, (L): left lateral

thoracotomy, (M): median sternotomy.
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Wi T, 2.5kg LAF OMRMAKRE R TIEAREAR D
WNRHI AR 2 B85 U TRERINZM 2 gt LT
. 11 FIEO TR E RGBSR PE L O HEREE
HDREETH 2D, REBINDFFTER0nE NS B
TS & 72> 7o, Mlia(KIkE, HERHOR
SO 72 B8 U155 R 2 maett, & 2 OISR
IR 7T E O OHEMESMEER 2 H W is - Te T
H5. RHILER ARGz L IIREETOTFHRTH -
Feo 212U, &9 UE 2.5kg ZARIMIEGER S O BEAHR
ELEbIFTIEEL, FEFENC 560 2.5kg L FD
FEBNCARSIMIGERZ -l T ) El Fifi 217> TR L T
% (Ebstein #BIC R % LOEBE 1 ], VSDARIA
1, Fefilid iR R F B 3 41D, AVSD IC DWWV T
1% 4.0kg LN TIZ PAB 2179 Jigt L LT3, Fili
R FICITY, KBRS OBIEZET 55513
FERTRRT, Z oMk e Tl Eh IR T o 2.

1. main PAB

Expanded polytetrafluoroethylene (ePTFE) thin-
wall A T2 2mm 18D 7 — FIRICHECIRIKT L T
sino-tubular junction i3I IC &\ 7z, Trusler O S HE
ZHLZELENE, KILHED Pp/Ps 1Y 0.5~0.6 £ 7%
3T xR TFHEICHEI L. FiO, 0.21~0.4 DR
T, O=EEBEEHTRERMERTE (PaO,) 45~
55mmHg (% & f f1 & (SpO,) 85~95%), Fontan
&1 % HR 9ERI Tl PaO, 35~45mmHg (SpO,
75~85%) ZHEEL L, KiJED2~3H D L7
EERBEBORENEFOSNE T —TOEE 24
0.5mm & X HTHE LTz, IR ZIET HHRIC
T —77% 4-0 £7213 5-0 IR CIEE L, RETR
&7 —7 7% 6-0 IERIGH T FIHBIARSMEIC [EE L7z,
Pp/Ps HIEICIHNTIE, REIRE (Ps) & EACE 72
TRDEIREZ > THIE L, BiBiRE (Pp) 1k
P CEMEIRICERTES > 2EE L TELZ. &
HEIARANHY 35 2 WG FEEG T L AFBIARERE 1€
9", Pp/Ps LISV DFGERICHE > 7o, MR s A I &
% MHLDRHffE S L TR,

2. branch PAB

branch PAB T% main PAB & [A/fIC 2mm TRICE
Wi L7z ePTFE N TIEZ AV, AlligEhRE 17 KH)
k& EREIRE ORIT, LMEIIRIEARE T — 7 %%
Wiz, AR CldAE (kg) +7.5mm Z, i)
IR Cidth®E (kg)+7.0mm ZRIEZFEOHEZ L L,
COMNETT—TEZMHFAR LU Tz, BIRF OB
main PAB & [EERT, LLEBIERER]TIX PaO, 45~

55mmHg, SpO, 85~95%, Fontan AEE & H IG5
Tl PaO, 35~45mmHg (SpO, 75~85%) 7 H
&L, HIiED 2~3 B ERAMFES NS X S IR
UZz. FEfi@iROPE A4 Mgk & Fik U T 0.5 mm 2
JERINC e, TNEBEICKIET 5 L NEDR
HEORHEMAS 2 KT BN 5. 2T TIELDHIC
TERTEIAROAIE 2 AR D JE 1% & Al I Tiiish % R
THA, SRR HE OFRETEA BN IR DAHE
KXo TR LTz, FEROMBEREIC O 2 73 % 7z
BT, T— T DONEADEE I THhIEh > Tz,

PAB IC 31T % i@ I e A 7%, #HEE % D Pp/
Ps, ST X COWIM, & SICdAERMORE
Z#iEt Uz, PAB 150 FEFAl O A5 -0 DA 2 s H
OOV THMEE L. BUEfE R ral, %
Tl GrME~ KM TRdf L, HEBdsatic
& tBEZ LV, p<0.05 ZHfa AN R LR L 7z.

wm R

21160, 1z RE Ak - Tz, JERI No. 1,
main PAB 717> 72 C-AVSD Tb 5. JLRMD > /3E
A 2ZE0 L, igeEOeg iy > STREDH
BUTz. A7 —TIVERZRO IR UENBIRLICEE
IREENTYL L, MUBHOF v Az HnEERnk %
main PAB O 1 fF12ICUMAE TR - 72.

AA7 10 BIHR 9 BV “HITFARICERZE L, 1 BIARE
B THhs. BE_MFMEL> T LEBELZZT
L7z 7 BITC, H=JFl & LT total cavopulmo-
nary connection (TCPC) Z#%¢Z 7z 1472 &8 Tt
SHINEREERZFE T L, 1#i& TCPC Rt T
& % (Table 1). main PAB+EAAA %17 - 7= SV+
hypo-arch @ 1 & fifi i 2 1 &K % 02 A & A
R Uz, WRHNTERRIC X 2 0 R E P& kG L s
5, MRS Glenn Fili (BDG) ZFELD
BBt s et L, WIRIFMON 77 A%, 6.4kg
DR RICFMfiZIT> 2.

1. main PAB

main PAB O V¥ #HE £ 1& F il ki ik & (kg) +
18.2 (16.6~20.7) mm T Trusler DFHE [{AH (kg) +
20mm] LURAHETH -7z, PABHE T HED Pp/Ps
315 0.54 (0.50~0.60) Tdh o7z, 9fild 16l GiE
Bl No. 9) TR LEARAMDKFZEDTD, Y
I OFLEE 261 BW (kg) +17.7mm, #ZHEHZ D
Pp/Ps 0.55 & VAT H - 7z

CLEBER O R BB AE (kg +
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18.3mm, Fontan B 15 5l © = N &tk #H (kg)+
178mm TH O, 2RMICHELZ I >z (p=
0.67). H_WITFMiZHKT L TWVSDIELEBER
T 5/7 B (71.4%), Fontan BUEHERET 2/2 5] (100%)
Tha. B IAFMFNIONEA 7 — 7 VRIS ThHliE)
IR IE DRI &2 17T - 72 .0 ZE(EE O 3 5135 X U Fontan
BHEED 2 Bz Ltk Uiz & T 5, PAB EZDF Pp/
Ps 371 0.55, #%# 0.53 THozDIcxL, 51
FMATEZNZFN 041, 0.34 THo Tz, HFHAIFHE
I E 570, Fontan BUEERETlE LEIEEAE
I EEX, BBIARARHERE, 25— HAFAim Pp/Ps & &1C
RREfETH o 7.

X S NS Y i 3% T1T > 72 main PAB D 5 5,
2.5kg Z 8 A B EHIE 27 Bl (2.6~4.2kg) BH D, F
i AR kA E (kg) +18.8 (15.8~20.9) mm T
BTz, 2.5kg WHEEE Trusler D FLHELL R DR
Lo TED, FHFHAREIS NI WIZE GRiiEr—
BW (kg)) DL /NE LA HAICIEH > T2H DD,
2.5kg LR OBE L ik U CHEAGRD R > 7z (p=
0.25).

Kz, B HATFM R TOFARHEHRIE OEEE
# 5.8 H, Fontan B{EERF 657 H (p=0.52), *F
R ERE IR AT 2.1kg, %E 3.9kg THO, AE
RV E OO ILEEERE TR EEINARIR T
Hotz (p=0.23) (Table2).

2. branch PAB
IR ENIRAHEMT (branch PAB) & 2 i, &34
IKATo e, WEN G FHAE 2.0kg Kifi TH - 7z

Table 2 Outcome of PAB

FHE U Tz 0 Bl B ik D J& 7% O -2 Ak B (kg) +
8.0mm TdH bV, 2JEHI & &EY) AT N Z 15 TH
THITFMICERE L. 7272 L, JEM 15 1 branch PAB
DORI5r A% %57 H) IKRiGihizir> e 0
D, FHITERGHEABRBOIAT R U CTHFMiZ L
7z.

3. FEFAE 2.0kg KBRS

2.0kg A {ifi D 4iE ] (X main PAB @ 3 f§il & branch
PAB @ 2 Dt 5 ] (1.1~1.7kg) T&H % (Table 2).
WINE OEBEEGIT, PAB % RAF AR E N
MEoN, 554l 42kg (2.8~5.2kg) TH
THATMCEEL, 582 1618 2.5kg A TR
Tdb 5. Jiffl 41 1.1kg T main PAB %217 > 7z VSD
T, 2.8kgICE LTz 47 ARICHUAIN 211> 72, 1l
HCEEIE A > 7oy, RIMIEERBE BRI S P e
sk E 2 U7z, 6 RERIRICOME I & 78 o THRA LD
fiiighEEiE (ECLS) Z%##&, %> 6 HHIC ECLS &
5l U s <SBB L7z,

z £

1. main PAB

FERIAD main PABICEBWTIE, FDH%OLR
IR E RGO 25 U T Trusler DEHEL D &
SRDICKIET 2N DB LT TW0B Y. i, i
iR SRR BN AR Bl 2 e E 272, 1k
5 3kg Rl DFERIT & Trusler DFEAEZ LT U B 5EH
TEEVETREALHS Y. HBWVIE, 3.0kg L

Case Age BW Circumference of PAB (mm)

Pp/Ps 2" stage

No. (d) (kg) Measured (A) Theoretical** after PAB before 2" stage (Age (m)/BW (kg))
1 22 2.4 19.0 (BW (kg)+16.6) 18.8 (A—0.2) — — (2VR)
2 45 2.1 21.5 (BW+19.4) 18.6 (A—2.9) 0.50 0.28 2VR (11/6.6)
3 78 2.3 23.0 (BW+20.7) 18.7 (A—4.3) 0.50 0.54 2VR (8/3.6)
4 17 1.1 20.0 (BW+18.9) 17.7 (A—-2.3) — — 2VR (4/2.8)
5 b2 1.3 18.0 (BW+16.7) 17.9 (A-0.1) — — (2VR)
6 13 25 21.0 (BW+18.5) 18.9 (A—2.1) 0.60 — 2VR (2/2.5)
7 6 1.7 19.0 (BW+17.3) 18.2 (A—0.8) 0.60 0.42 2VR (7/4.8)
8 6 2.2 20.0 (BW+17.8) 18.6 (A—1.4) 0.50 0.26 BDG (6/5.9)
9 14 2.3 20.2 (BW+17.7) 18.7 (A—1.5) 0.55 0.42 * BDG (7/6.4)

10 40 1.5 R: 9.5 (BW+8.0) 2VR (6/5.2)

L: 10.0 (BW+8.5)
11 14 1.6 R: 9.0 (BW+7.4) 2VR (5/4.0)

m: months, Pp/Ps: pulmonary systemic blood pressure ratio.

L: left, R: right.

*: ventricular volume overload after 1% palliation.

**. Circumference of PAB calculated using the formula of Hagen-Poiseuille, BW (kg)*<0.84+16.8 (mm).
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ANOREEINZ AT T 2 T= DI iZMiBRE 272 16~
17mm ISFHITNE L DORREH S > Y. bhbhid
Trusler D}LHEZH ETELHLZE LiaW b, Bk
@ Pp/Ps, PaO, EEREIEZfRIRIC L, RiEEIEZ
R LT & .

4Bl main PAB 9 ffl D%k £ 1F, Trusler DELHER
Ty R Z2ETEH D, (KRENLD main PAB IC
BWTIE Trusler DEAE X D & NI Z S Tld 7k
WhrkEbns.

RIS DB B R AR DEAE U TERID 1615 - 7z
W, TOEFITHEAERERNIESNTEHD, PABIC
KB —EOMREH->TzbDEBbNG. BEARD
HNL 7275k o T oD iE ] & DRI BiBIARE T 28088
JLRE D Pp/Ps D2 FBDH TR, AR A D 5 [A
ZRIET AT LIEREETH D, 1%L 02 DNz
& LICREI LS B IREAOKET DR & b
ns.

X7z, HERMIIC Fontan BHEIEHE Tl O EEIEE
FHX DT 0.5 mm BHNRIE L 72D, # T Mmoo
Pp/Ps i3 X DXETdH > 7. 72721, Fontan HUETE
FECIEEE T X CORMEIBIMMNELS, AEE 0
ZEERIOHEZTED, 2O EME HHFHmio
Pp/Ps DFEDEIKTdH 2 nREMEIFTE T E R

A 1.0~2.0kg DF L < A&/ E 7B D main
PABICHBWTIX, T07adishike KERDO LR
Iyt s (R & 2 Wi S % 72 b DRTAFIF D IEF 1L
<, HEM7ZEREIN RO ENS. L LENSLINGED
BT EMENIR B AR BN TIERE D Tz D Dfifi
FREGRE 2 bbb, REMEMMEIETH 5 7z
OHIC Pp/Ps Z AN R OIFIEE T LML L.
2 Bl DGEF] T BRBIAR L (330 E B3I ik i £ D21k
& PaO, DR 2 FE DG MM B IO E 2 TE L,
SEWVICE BUFIRAERZ21G720Y, 5123 0%
FHIE iR Ry S —DEA BRI ARNE EEZ
%. JiEfl 4 1% PAB FARHAT 1.1kg LMD TNE o
7ehy, DERBLUNOGIHE, AR ITZEDT, =
IDEBIEMRRIAR DA HPIRERIC IR - 72 R 50 T
otk

bbb PAB DFE, ePTFE thin-wall A\ Tifil %
7 2mm IED 7 — TIRICHOCEET LT L T 5.
Trusler (& 4mm 1§D 7 — 77z FW THAEE 2 7% (k&
(kg)+20mm L EHTED Y, F—TIEDEICK %
BB DN ZEET 5 0EBNH 5. KitEFRAD
B LTHENZRN25E O EZ 7R L7z Ha-
gen-Poiseuille D& IV ©, i@k Mifiid—id
ThHHERET D&, 7—7DE%Z 4mm 75 2mm

IZ LT BRI HAEER AT CO A2 H L DI
&, BAEEHOXEE (2/4) =K 0.84 {5I1C T 5L E
N5, Txbb, 2mmiE7T—TZHVize EicH
BENLRAEEEZ, hHE (kg) X0.84+16.8mm &
%%, BURINCIE, fAE 2.5kg OFITIE, 4mm i@k
5F225mm TE WA, 2mm g7 5 18.9mm A%
WL ad., WICHEIRRIEE Rz —E L LIZEaIc
&, BT TOEREE 2mm H Tl 4mm IHD
RED 05 f5IcE EE 5.

SENGE LIZIERICH TIESHTEZS L, 2mm
&7 — 7 7% iz & EICHERE S N2 R0 A 2R 1T
18.5mm, fAHE (kg)+16.5mm &7%% (Table 2). i
BISDERBAMN K UFIEG] No. 9 ZFRI L CHE
T % & MG EORAERE TS 184mm, (AFE (kg)+
16.4mm 75 %. FEETKIE LR E DEIZ 0.1~
43mm T&H > 7z, JEHI3E K HE (kg)+20.7mm &
Trusler DFHEL] FORAEEFR L Ix>THD, Hamlis
DN 43mm & KEWVD, ZNRLIND 7§l OB E
CEBROBAER & DEDFEE 1.4mm TH- Tz,

Hagen-Poiseuille D& 3 D I & D REEDZE D
5V a— b UTIKICBWTORKIIT S EDTH
D, MKz & aa A RFRS &7 Tk EDIE
Za— b UHRIKICIE BB TE RD. Uk
PEE PR DM & BERE & DARZE T TV AHER
EEEZLN, i 1mm KO AT 2ET %
PABICBWTIZCOFECOMRMEAEHEIME LT
HnaZ &LV, SRIOMEN51d C OBEEmiELL
FICEDO0EIiEEEm0EIICT BT ENEEN,
FOBEHE L THWAZ LIZTESHE LNEW.

JEZa—hUHKICBOWTCIEERY I 2 l—Ya v
21T E SIS RIS Ea B2 B9 2 0,
T—T DRI BAN, T—TOME, KD S
WIEIFBEIREED > TS A 7 > AFIC K o TH Ml
kT 210, ThHOMLEDMHFANLETH
2.

2. branch PAB

branch PAB IC DWW CIdARE R EHEIZ T STV
7%, Kitahori 5 (& 45 ifi #1 Ik %2 BW (kg) +7.5mm
~, felifiEiicz BW (kg) +7.0mm NHET 5 T ki
X0 BIFRERZETVWS 7. IAERTH-> THA
PRI B D F A BRI B EANE & K2RV T
A%<, bbb Nid Kitahori 5 DEHUER S E Y
LTV,

branch PAB %305 ORGRIL-LWARARE 24 T
IV, FRTKIEDHIEER & 75 % BDG TIHAIEMRRR
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HOFRAEAEN M TENEANFUE T EII AR E L, LIk
UINSBEAEARTR D T2 D O FTFAG0 A 7 — T IVIR D A
L 72%. branch PAB £ OJRMZLIXMiE 9 DR
THICAELTWB LT 33i0H5—4Y, 3~47H
BTEMEELSE HFNZITo T3 EDMED
B3 2. KHERHENE HERMNT B T L3I
A, GER 11 O S LT, L &% branch PAB
%4 ALUINICEINEE 2175 TEDNLEE LD T
37559 h.

=
gi=] A

2.5kg LU FOKAAEYLD PAB Tld Trusler DFEHE X
D ERREIVAEAR L T % T & TR KRN
Fon, M B WITMcERETE 2. KIKER
T B EMOFRIBEEL SN TE 5T, %2
MR DR E TRM A TN, KOEEOROTFES
LRITEIHEHDH I END T L 2R LTz, Al
HMWZDTHD—B L mNUTFENTHS.

51 RSk

1) SREHEE, HARE, REIRE, Eh  EHLATEIC
xf9™ % B E R WIER L OGS O F . H /ML &Rk
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