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Modified Norwood Procedure (Pulmonary Artery Trunk-Saving Method) for
Tracheomalacia in a Patient with Hypoplastic Left Heart Syndrome
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Tracheomalacia is a complex anomaly associated with congenital heart disease. Surgery is required for patients
with severe symptomatic tracheomalacia. Reported here is a case of hypoplastic left heart syndrome (HLHS)
complicated by tracheomalacia with symptoms that improved after the patient underwent a modified Norwood
operation involving a novel pulmonary artery trunk-saving procedure. A 5-month-old girl with HLHS under-
went bilateral pulmonary artery banding at 12 days of age. Bronchoscopy was performed owing to respiratory
distress, and tracheomalacia was diagnosed at 4 months. At 5 months of age, a Norwood and bidirectional Glenn
procedure was scheduled for her cardiac malformation. The procedure consisted of dividing both pulmonary
arteries at the base of the main pulmonary artery trunk, closing the branch defect directly, and end-to-end anas-
tomosis of both pulmonary arteries to utilize the main pulmonary artery trunk tissue for aortic reconstruction
longitudinally and to make circumstances small for the room of the left pulmonary hilum. Postoperatively, her
respiratory distress was resolved and bronchoscopy demonstrated an improved tracheal shape.
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SUB ST EREIE RIS IS C CORBIMRMa 5 15 5 iy -0
NRTF Y MR EREE T HRETHB VY. —
73, MBI BUEBREC A9 % Norwood F1fi T,
RECHHEM R Z ] La 0 B A RIMERR DO I X B
RENRFFEE T AMFTRRIASIC X 2 KUEWILAE, iR
WA DI RN EREEN TS >, LEFIE A
HID 5 ESESCLEZ GO L TH D, MigOKE
WALIE D FL NIRRT N hy, MiBfREIEFE (PA
trunk saving i% : PATS) ZfitifT L RUFSEASRZ1G72
DTHTOXHAELRZ ARG T %.

iE A
Bl s H, i

2B © HLHS, atrioventricular discordance, ventricu-
loarterial discordance, CoA, Mitral atresia, VSD, ASD,
Subaortic stenosis, /&S SR EAE

IRFRAE 1 388, 2,618g THIE. Hilm7 HICF 7 / —
VB UMt © HLHS &2 WrE Nz, A LB
LAEBrc ML I N, TaR2 550y B
W52 LT, Hilm 12 HIC S iR& el % e
11U, Hifn 19 HIC AN LP0ds & O BERL L 72 h3 H s 22
HICFHRE L7z > 7. Him 27 HICHERERE L 720 %
PR, Bai i AMik#E L 72 728 High flow nasal can-
nula ZfH UEIRIZSE Uz, 47 HRRCOE A 7 —
TIVEB KU CT, <EXHEMREZMiTL TAXE
SCHALSE & W L7z, 5 AIRFIC Norwood, BDG F
fitr 2 i T L 7z.

IRfE - (AHE 5.18kg, & K 56cm, M/ 76/37, O
¥ 142 [91/53, SpO, 84%, (High flow nasal cannula:
FiO, 21%, 7L) T, PPWeEidEE. O3 2 E
FEAARICUAEAERS Levine TI/TV Z 8L, AFlEZ 4
RIS 2em il U7z, EREGRE X AR TldoOMasn L
62% T, MM (—), &M sinus rhythm. AR
TR ZRS 7.
DIFBERRE  RVDd 41mm, =R T EF
40%, —RIPPASEARA trivial. KEIIRSPEGEE 4.6 mm,
KR FEEASER 3.8 mm, A5 EIARAZIEHS 1.8 mm,
flow 4.0m/s, FEMfEIIREHIEES 1.2mm, flow 4.2m/s,
DB HBRRIESL 8.4mm.

MARE(LFHEZE - WBC 8,570/mm’, Hb 12.5g/dL, Plt
36.2X104/mm’, BUN 14mg/dL, Cre 0.38 mg/dL, AST
241U/L, ALT 7IU/L, BNP 266 pg/mL.
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Fig. 1 Preoperative computed tomography scan
and bronchoscopy

a) The left bronchus is pressed between the heart
and descending aorta. b) A decreased diameter
>b50% of the left bronchus is recognized specially
pressed from behind.

17mmHg, 15mmHg, Rp 0.73U-m’. RVP 64/28
mmHg, RVEDV 259mL (217% of normal), RVEF
32% T, rudimentary LV (&(F & A EHER L. Qp/
Qs 1.6, CI 3.96 L/min/m? SBIRICEIRET 375 <,
CoA @ isthmus (X 2.3mm TH - 7z.

EBECT: MBARA D 548K X T O
4mm, FEREZEKEREOEETESFEN TS
(Fig. 1).

[UERIRRE | fo5<UE SCAEE 50% DL FO%E & 1%
HBIEHFENTOSATE (Fig. 1b).

Fifr

W& IErR AFYIEE.  WiBRENIRIC direct cannulation U
T EPEEADEIME U, PR M TREIRICIE R
BADKIMA =2 L—a e Uiz, B RKEIRBI0
BRUOAGEANY MK O ERIVEERZ T Uz, OE)
FICEIIRE Z 5858 U, oA itEiiRzRIEE L T,
PIRGBIIR O AACARIR 21T o 2. BhBIARIE oA DFChA
THERT L TR A WIS 21410 D 2/3 1 7-0 PDS #iikE &
T, Wi 1/3 1& 7-0 polypropylene I & % HifSHi Tf 7o
Tz FHEREN & T REINRGE A O FIRE 2 U)
FRL, MBIAREHC 18mm ORI iR TE T &b
HlEKEXFEEICH EE A SN, SERH)
RN & M T RIIRENIZ 6-0 polypropylene TW)
al, Eoichisiicz F1rh S S5EKElRICYIS LT
REWRFFEZ1T - 72, RS BT RBIIRIC side clamp
2 U CKENRSEH NS & FrKEiRiEN E TYIR
WIa L, OB Fic o7z, T L UMIE i T O MAIME
B SEET L7z (Fig. 2).
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Fig. 2 Operative technique
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a) The left and right pulmonary arteries are divided at the base of the pulmonary trunk. b) Both pulmonary arteries are
anastomosed in an end-to-end fashion. c) The pulmonary trunk is used for aortic reconstruction. d) The pulmonary trunk
dividing line in the usual Norwood procedure @ and the dividing line in the pulmonary artery trunk-saving method @ .
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5529 HIC 2 WIMBAM Z 17w, 35 4 9% HIC AN T
Wean HHEEBEL 7. 55 795 HIC ICU ZB= L, 5 14
I3 S PRI AE IR O HiB 7% < High flow nasal cannula
Oz HIETE .

hERE
iER CT @ fliai & b U T SUE ST O AT I3 e
LTw% (Fig. 3a).

i D KRBEARIC & % 5UE B OFHE & LT LT
KR & AT RENIRFEEEEE/ AT (mm/kg) Z25Hld
% & 3.26mm/kg T, 7RO KBRS %D Nor-
wood Tl (H flid% 6 B, H .0 BRAFE G 2 5 &)
1.15mm/kg & LR U THRFERDRTAD RS SN iz
DA T — 7T IVEZE © /4 D PAP (15mmHg), Rp
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Fig. 3 Postoperative computed tomography scan

and bronchoscopy

a) Deformation of the left bronchus is improved.
b) A decreased diameter is <50% of the normal
diameter.
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0.84U-m’. RVP 70/8 mmHg, RVEDV 42.6mL (278%
of normal), RVEF 29%, Qp/Qs 0.85, CI 2.78 L/min/m’
[EZBRE | %70 FMTREIIRD 5 O AV
U, FSESZABEDORED 50% L MictE LT
% (Fig. 3b).
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JRRETT, WE SCRHHRR O R A O primary 72 &
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PEREPABEIC 3 0F L 72 secondary D& DICHFHE N
%. WEEE TOIEEEDZ IFBENIC BIRE RS
20, BEERFT /) —LHEZEL ZEEDREHT
&, ARG L ARG RZ 8 L T 5RIETH
2 1,2).

TR DR BICKE SCALIEDN B F 9% T & 3Tk
LTRiTHL, UELILIED 20~58% I DI E
LREGHLTVDSEENTVS Y. Z0ZIFEEK
Ik, PA sling DIME A 1/2~1/3 %2 5%, VSD
PDA I R\ THULE, Fallot PUBUE, & 1 KM iz
fHEL ENTVBN Y, SEFIOD & 5 1T/ METE L
JEMERE & OEHHHIOHE DRV, e LTAEX
NOIENNELFE R A Tz Z2ICHE LB T e HIE
SEFICAETRT L, IERLIZEETEERNERD S
% Y. UIERICIE W BRI M E U T e
DWTEMGETLI2A, CT MRE THIE D SR \DE
B 8 % EfiB R OB S 25T 5 L ilikic s L
AWHPLTHEODEENTH - T,

HEEZWNE EICKUE XBIME T, B N TOX
EXZAIE50% L, EOPAE TS NG, Hilh-> K%
W75 & 5UE SORA D RED N 2 ITIE M T 5 X
T, A B DOEMEIC X BZREHREICH LT
CT® MRl & G METH 2 2. 4JEHI T High
flow nasal cannula I X % PEEP #h5 CHREIRIZAGE L
1ehy, —HICIIKIET % EAGEERSE &GS & o Foig
JED 5, dying spell & o2 Winz il Jd DBy
ISR X CTEE T, HREHITIE N TR s
KRB EEN, S8 AT > Mt o T EREHEDN
LB,

— 77, DRI BORE 1 BE IS 6 9 % Norwood Tl
&, HEEMREZ LR RENIR N 0O R 7%
SOUFHZEDMENEZ T3 Y. MBS T %
Norwood F-ffifld 1982 I it kL2 i Uizwvok
BREEZRE L TWEH Y, AORMEHRKDIIC
K2 HEFM T, KBRS MTREIRE, Wb

W % LEMTFEIASIC K % Fo Sl SOAS O B R pEAS Y
BB 7> TWB > AIEFNCHT % Norwood F
ihrCi&, ERiMERAE Dbk z B, M@k 2 i@
17 U C A A ARER 2 KBIAR A FHV % PATS i
AT > fe. i B AR 22 1t B Ak s D L bR T EEWT L T
SRR WG LT, EEWRISE T % T & TRER
PSR © % 2 BHERE MR 2 iR L, E5IC

2/ NG % T & CHRPEAE 2 mlkk U7z, i
BICPE AR IEIEE U, SE A T B XN
JER IR DS E 2 728 7.

Norwood T 381 % KENRFE TIERCK TIEFH
HERR S JTED—RIEL TV B D, AFTIRRE
727 b ATFR#ER7zDICH OB ORIC K B 1B1E
EDNTEHTH S . WEME VS HETRE
i PSR AE & D T Ay, & bR T D KB IR B A4S
T EAHEETNTVE Y. —, AdKmEH
DI K B /73 TR NT K % 2 sk
Werg, EXESAENDIE N ENREENTE
D, 38.9% CTXUEXHLAE, MBIARMAZ ISR L TKE)
R EE T BRI B 7 S )V — S K 7 & D Ff i 72 b
W LTWie Y. YR TO PATS i3 H ORI
ORI KB 51T, BMOREHEREEE VST
WD BIEBIHTOREAED Y A 7I3/NEL, EHICKE
HEFEB DA Z2 [k S 2 /1L THh B EEZENS. [FH
FEOEERG 5 FHITE, 1EkD Norwood Fii (6 i,
HOOBEMIHEGIZET) L LT HrRBlkE FT
KEARMEIEEEE/ A E (mm/kg) Y 2.76+0.73:1.51£0.27
(p=0.003) EHREICKEL, LMMPTEAEREEICH
MTHBT EHREBEEINTVS.

AER T LA 5 EXE S EZ &L TV 5
728, ko H DM X % Norwood KENRIE
I K > TEMP O P/ IMEIC X % 58 SR AE
DESFRZENEZEI NN, PATSEZITH T &
T, KEINRME EERE 28N 2 & 7% < P
Pergz kL, & HICERE CIMBIEDWE 2155 C
LINTE T

#& G

S ALNL, SESCALIE Z B OF U 72 METE R
FEABEREI R U C Il Bk iR 7775 Norwood 227% (PA
trunk saving i% 1 PATS) 217\, SUE STHILIED N
BRI 2R LTz, 1%, REIRGEBEE
THBH, HEkoERMEHKRORIC X 5 KEIIRE
B CRAESIRLIED LN ER E N B DICH L
T, KECKOBEEMISNTZT LA S FEMFTE
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