Pediatric Cardiology and Cardiac Surgery 37(4): 283-294 (2021)

Review

FeRMEDMEPRBIC GBI B e RIS E DA

RS T, L e
VP RN R
VSN NS AR > 2 —EEHER
¥ BRI DR N H

Congenital Tracheal Stenosis as a Complication
of a Congenital Cardiovascular Defect
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Congenital tracheal stenosis is caused by complete cartilaginous rings and leads to obstructive respiratory dis-
ease. Most patients with this condition experience respiratory symptoms from the neonatal or infantile period.
In more than half of these patients, the condition is associated with a congenital cardiovascular defect, especially
a pulmonary artery sling. Cardiovascular procedures for treating this condition are performed often. However,
its complicated pathology, involving interactions between the respiratory and circulatory systems, poses a
challenge to the pediatric cardiologist and cardiovascular surgeon. Therefore, a multidisciplinary team-based
approach based on cooperation between pulmonologists, pediatric surgeons, anesthesiologists, neonatologists,
and intensivists is highly recommended. Thus, this review provides an outline of congenital tracheal stenosis
from the embryological, anatomical, and pathophysiological perspectives, with special attention to possible
complications of congenital cardiovascular defects. Furthermore, it provides some recommendations regarding
surgical techniques.

Keywords: congenital tracheal stenosis, complete cartilaginous rings, congenital cardiovascular
defect, pulmonary artery sling, multidisciplinary team-based approach
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Fig. 1 Bronchoscopic images of the trachea

a) Complete cartilaginous ring. Note the absence of
the membranous portion (posterior pars membra-
nacea). b) Normal trachea with the membranous
portion.
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SESRE L, [EAEIED & FOKEN S
FHEAIEAD T 2 BERAXE X 2R L, LEOKIH
K d NTHIINRA—2 (TR TR DRI IR—
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Fig. 2 Tracheobronchial anomaly on coronal reformatted computed tomography (frontal aspect)

a) Tracheal bronchus (white arrowhead), b) Trifurcation, c) Bridging bronchus (black arrowhead)
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(Fig. 3). T WhBIAR AV > 7 E MR T & 2 HiPHTH
figsi0r (lifili T MO E DI S 2 —2) O 1l
HENTVREFTHD 2, M#RAY > 7 LvS 8
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Fig. 3 Left pulmonary artery sling with tracheal
stenosis on computed tomography with
3D reconstruction (posterior aspect). Note
that the image also shows the tracheal

bronchus (white arrowhead)

LPA, left pulmonary artery; RPA, right pulmonary
artery; Tr, trachea
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%2, iz, KENEEFHOPTIE, bridging bron-
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B 5KEFREDRED, WEIIRA Y > ORI & B
592%-#E25N%. Chen 5iF, M#IRAY > 7D
AT E LT, XUE - [EXHOFRERIC, X
EOLHMICRBAR—ANECZ T EHFERET S
‘space available’ i1 LT3 20, IEHHiBIIR
W&, T O VI WHEE S EhRARLES & [ o il i
EOHEET 2T LTI ENS. ‘Space available’

BT, [KEOHMNCECERBIAR—ZT, £HiN
MEFNRE - BEMOMEH (postbranchial chan-
nels) 7247 U TAH VIWHEE = BIR R O A5 Il R - X
HetitdsT eicky, MBMRAY > 7T 5 L
AL TWS. KEAINCHET S LDZVRER
BRI EOKEREFEOEIHNZN T LY, TO)R
MELRFTREDEEZILNS.

FtEhER R 1) > 7 D B BRI

HEEN T/ N B ERE Y~ 2 —IC AR U T 52 2k
R 2 0 5 ZUEPAE DIER] (72 FlOKE WA D4
FEFID S B, FRIBMEZR « K ORER] Z D Z Wiz
61 %) T, EMBIRAY > 7 &R IESBIRET,
CT Hi{§7 D TAE DRz 4 L1 . sk 2
V) VT EOREZ 26 B (43%) T, SEROHBIRDK
BEADNMARNEEICED -T2 (Table 1). BE{ROFR;
e LTid, MBhRAY > 7 G0 CLIETD S E
NTWVAED 2830 SEpkzsfifia R x <, KE
ML Cinverted TD EMEENTWV3), &E

Table 1 Comparison of patient characteristics in the LPAS and non-LPAS groups
LPAS Non-LPAS p Value

Total no. of bilateral lung patients 26 35

Male, n (%) 15 (58) 25 (71) .29

Symptoms, n (%) 26 (100) 27 (77) .02

Intervention, n (%) 19 (73) 15 (43) .02

Bronchial anomaly, n (%) 15 (58) 8 (23) .008
Bilateral SVC, n (%) 18 (69) 11 (31) .005

Complication

Heart defect, n (%) 10 (38) 16 (46) .61

Gastrointestinal/anorectal defect, n (%) 7 (27) 5 (14) .33

Genitourinary defect, n (%) 9 (38) 2 (6) .008

Musculoskeletal defect, n (%) 10 (37) 6 (17) .07

Chromosomal aberration, n (%) 1(4) 9 (26) .03
LPAS, left pulmonary artery sling; SVC, superior vena cava

Table 2 Comparison of qualitative variables in the LPAS and non-LPAS groups
LPAS Non-LPAS p Value

Th, median (IQR) 5.25 (5.0-5.5) 4.5 (4.0-5.0) <.001
RBA (°), median (IQR) 75.7 (66.8-81.7) 44.0 (39.4-50.3) <.001
LBA (°), mean (SD) 54.8 (13.9) 54.4 (9.4) .89
SCA (°), median (IQR) 129.9 (118.3-140.9) 100.7 (87.3-111.9) <.001
Cardiac axis (°), median (IQR) 50.3 (37.6-65.0) 41.1 (35.1-49.5) .06
%range, median (IQR) 56.7 (46.4-67.0) 42.3 (32.7-51.9) .02
%stenosis, mean (SD) 54.4 (10.2) 62.2 (9.7) .005
%carinal depth, mean (SD) 51.8 (7.0) 41.7 (7.1) <.001

IQR, interquartile range; LBA, left bronchial angle; LPAS, left pulmonary artery sling; RBA, right bronchial angle; SCA, subcari-
nal angle; SD, standard deviation; Th, thoracic vertebral level of the tracheal bifurcation; %carinal depth, ratio of carinal depth
from thoracic entry to total thoracic height; %range, ratio of stenotic length to total tracheal length; %stenosis, ratio of trans-

verse stenotic diameter to reference diameter
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Fig. 4 [lllustration of tracheal formation in left pul-
monary artery sling. Vessels surrounding
the trachea squeeze and milk the trachea
while accompanying the descending heart.
Solid arrows indicate the direction of the
descending heart and vessels surrounding
the trachea, resulting in an increased bron-

chial angle (dotted arrows)

LPA, left pulmonary artery; PDA, patent ductus
arteriosus; RPA, right pulmonary artery; Tr, trachea
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TRV, TOX S BIERONERAREE LT, 1982 4F
@ Kimura 5 DR E Z2HH Ul UE BN O %2
i, ACHBZME LIRFD TN S XS
o, ZUTHCHE LT, MREDIEHNL
R, & (GIRRLIRAEE) R EMBHINhTER
AV, RSO T U 72 i TR YIRS
IV—UHKRIZ EHNADY A WEL, FECEL
25~50% Lo e, HEDOXE (autograft) Z2{HH
L7l Tld, HEMREFZEENHRE SN TVS
W, WASHPHA K O JAHIZ L A DREIHT %5755 8
DITERPREL RS .

2000 FERLLRE, 2 < DRIt T AT A FRER KD
Tz X3 Ichkotz. COHRTIE, WAoo iR
FUCEE BN BT U, SO RS R RE R I
WBE 2 TR E THECYIBE L, RBHIOKE B AED
Koo EETHRICYIBE®® L, FFOYBE,EZS
KSIC TASA R) EAWET % (Fig. 5, Kk,
BBE « EEDOYIBIM | RTi ™), 254 REEKR
W& D, EPFEHOERE 265, Wikt 45ek
BH, A5A4 RUERA, WA DEEDRSET
SEDERET 5. R T, BROELERDE) 90% &
WEENTVE Y, CofROREE, mEoMzh
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Fig. 5 |lllustration of slide tracheoplasty
Reprinted by courtesy of M. Terada®”
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MKEZES XS IEMAT 3. L, TBRLUEER
FORUNMNELT, PAERRIENEITTEY XY
EH 5. PHEEHOKELEKD S £ WX, 72IE
AR U TN AZTR/DRIC L T RUE L DRREN
HiAD 2 EOMEELH D, BHIFSTIEEmD TN
2 16)‘

KERELX RO LK EYAE T, O
LT OKEBED L U CRES I L < BAEMES A
BED, FEEICAT A FRERAMHPRHEINS.
Wang 5%, &E&KEZOHEE (D ZYBL,
HEWT L 728 5 — T ORE TIFRERE L LB F
) ZYpd, A4 FLTMAYES S TRlG1 X
T4 RRERRT 21TV, BEFRREZRE LT
2. L, oMK TEWAEIEIRICIE S
% ORI ORENNE L, RO ETREN
NS 2V R DH 5. £z, KEICMFE G
T B SUENEED BN ILHIC N SN2, kI &UETR
{EIEDE C B EHRIEDNH B, Morita 51, KERE
I BIT SIS B8, T O R
& L CHiAYIBT 2@ DA T A R&UETE AN T2
HEVERE LTV 2,

FRMESERAETIE, MRICKE - KBS
BALEIL L72I5A, AN TRRIRAs i FIIAR, ARBHAR,
FECRICHEST 2 Y. oK « KESIbIED
BRI 20% EME SN TV B D, Miaiicideze
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(LT D, 254 RIERLIZICHILEDFE LR
9755, ATV MEEBMRDREN TEIHENZ
V. N5 D FIEINENSETE BT O FAEAD
NAECAEDTF 5N P, —RICEBAT > B
fEHENZH, WHFEEOY A7 hE <, HEElNc Hik
RENRF LT BT ENLNT0, iRk L
B EHTERMIRTHS.

EXERERENDODNADESR
SEHAEOHEIERE - VRO TR X THERNTAD
BEEOMGHNCDOWTIX, LGRS DM TN
T&7=. JEHEM (anatomical) @M 5id, KERD
PAERDLE R RIS 2 ASHI P OGN 2T 5
N%. Wilcox 5%, %)W HALIREICEZM S Nz <GEE
IRDERIGT, PASHIPADY 50% LLF DIERFID 17% T,
PRI ROBH R TR EDRENERTEZ R
W L7z %, Cheng 51&, & 5ICIHAERA EH G
BED 60% LA L &S SefF 2N A TIRFERYE BlLoD AL e
ELTHERIL, KBEEPRELZZEZHEL T
% *_ Antén-Pacheco 51, THHEERVELGIC A, &
BIERORE> B IHREEO A % & DGR IEHRZ vk
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(anatomo-clinical correlation) LU, G¥#/58172RET
BT ERWIBLTOD Y. i, BEEMGHINIC HAE
I CONEHZ Ik (anatomo-functional information)
Lo BINIRRR S LT, PRI BT 2 50 T, Bk
ZEHDH11% T DHERKIRO L ZFHI S 5 T & WET
5N, BN TKUEIC pressure catheter % [ A
L CTAUEIPIZHHT 22 LIc KO M AZRE LT
WMEHH S Y. TOHEZ, BEMESE HER -
FLRW R TR AR 72 h, i TlE 3D ML
7z CT L OXUE D geometry 70 5 computational fluid
dynamics 1€ & O BERERVIC AT L 724G 5K 72 B AR IG T 9
ZHRADMEETNTVS ®* . Mimouni-Benabu 5
X, KERENSTMULEZEEEKLDE, computa-
tional fluid dynamics I & 2 PEAEHii12 D22 72 Tl
LAt U7z EAEFE DIE 5 A, ik e K <HHBIT %
CHELTWS. XUEREN S OHEEE TN, &
I LTCEFHIEDEBINAS 28, BHBIUCEMT
%z A A T AIC DWW TGS 2 BRICiE, compu-
tational fluid dynamics @ X 5 7= &BIN LML L
ENns.

KRRXMEDEEZAHT HHAXEIERENDHARIE
A

P RMESUEPRI e R OB Z G L, WiFAOD
HERHNA ADREE L BMTE NS, TIRECERRM
BEOHENEING 2 C & I3AGICHES . wiido K
1T, MIRAE & I ERBIRE IS HHAC RIS T 5D T, 1
HCTNT N2 BMUCRHE I 5 IS IR EEDME S 28, 0
MEREZEET S T & THICRENSGE L, KB
FENDEFZNTS T N 72 [E15EET & 2 JEBIZETC oW T
TN, FRDVRATZ2HET N TES. Wang
5, PAERDIEERD 60% 7z 82 255130k
BOBERZF ZRIEL, 40~50%DPAERTHNE,
FRARIEIRIC K > TRENDN AZ#GET 2 T & Z21dE
[ONQAT-Ru

DIMERBISM A TRKENOHNRII T AZ F T %
ey, BRBERIC/T AT % (staged repair) 7, [RIFFIC
T AT % (simultaneous repair) MIC DV THE L7k
TNR7ESRWV. BENTATEREENATE, &
B RS Tt &N T2 (619 2 BRI I3 HERs 2
IREDRGYEIC—EREET 5 0ENH D, HIMR
NFEICHHT 2 L2 EE T HXETHS. Staged
repair DIy, XUH, DIMEREDOWT NONRLTf
ZHATT BONRODZRET 5. KGENDNT Az
19550, FMIICIEREIENZOE L TE S AR
RERARERRLF T/ — LI X DIEKIEBORE S A0

ROMENEC S, DIERENDNT AZEITS 25
A, ANLOHTORE iR OO KR 5 E 7
JEDER L, SEPAEE O IMEMNHEST U TRGEE
IC#EREd % Y. Okamoto 513, R 217> 72
Bl THE LIFlc DV TR L ™, VYK
& UTNTOMRER, #HELORED AP 22 TV
%. Staged repair Tl&, SHMIDFHBIHRIFIC K 2 EG-P
RAREHC K2 MDY X7 W EWS T8, #MER
PEEERICBR > T staged repair &35 C & ZMafd
LONHEEEZEZENS. AT RKERRIMCLD
EEAED T LU & T, DMmEEEE O simulta-
neous repair & RUFAHGHEZINGD, RS EMENTH
% 20 LR —WINC B E T RE T H NI,
a9 A MiEDH % & TdH %. —77, Fontan BT
i 7 &0 IR AZTT 2 51, F7
/S —EIERMEDNLZENEDH D, FHROMET
% . RACHS-1 7% LI2 & b, D B ik
DA X BFEINLEITO D, EOLNVETH
simultaneous repair I3 LTV 20, el 7z 8 R UM
T BRENDBIEH .

FEIR R U > T2 BT 2EREIERENDNRE
A

SEREIRIRE 2 G0 LR WIiBIIR R U > 7T,
SOEIEIR D 72 W EFE AFINC OB EBIES S . SR
H BIEHNC I EMBIROB A 21TV, MEIC X 55
EADLEE IR % T & TRE DB A% [l
L, TOBROXEDHREZINTS. KEZDEDOD
FEREZEDRVER EERBIRSZE) T
b, MEDOFMIC KL XUEDEEZ MRS IR, K
B KEXORENRIAD LD LTS S.

—77, seREREE R 2 M S Bk A Y > 7 D8
&, MR OBALIC X 2 (18 O 138 2 EER U7z 720
TIRAGERAEDNREL, [ERHIZHRE Ladn
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Fig. 6 a) Axial view of pseudo-ring-sling complex on preoperative computed tomography. a-1) Aorta tra-

versing anterior to the trachea. a-2) Left pulmonary artery (LPA) passing posterior to the trachea.

b) Axial view on computed tomography after tracheoplasty with anterior translocation of the trachea
Note the aorta traversing posterior to the trachea. LPA, left pulmonary artery

[ERRDOIERI 2R B2 69 DIEHIN D 5. CDHE,
sl kT iz S XEWRAEZ G T2 L Z
<, ‘pseudo-ring-sling complex’ & &IEEN % . /¢
Fritioa, wik Uiz &k 5 IC&EE - Ok - HERDH 5
ANROLL, KBRS DSEZ R0 5 EET %729,
pseudo-ring-sling complex Tl 5UVE D KBRS D E
TR E&ITN, FEMEIIROD & S TS S i
ANEEE N, HRGH 5D ELETRIRD *S-shape’
L%, KB L & LIRS 2 DA
THIEAIIC RIS 2728, PAHERDVEELT 2
ATHENDH % . COBE, NUAE R TE T
9 L3R, BNIICE LU TRl S N7c i Bl
LHIzZCHs 7.

RGBT, 6Bl e fifEfID 5 B 35T pseudo-
ring-sling complex Z2 & f}f L T 7z, a4 4~83H D
SUE - SESIEBINCAIIDE R E iz hid, &
DRI IEHFHER &L D &2 < DRFIAN—ZADFEE
9% k&b, pseudo-ring-sling complex D ¥4
e & U T o1k U7z ‘space-available’ iRt V2 FF &
ns.

Tnagid, KEEVHERNRIIN TS X5 TH
Nk Z E R ISR L, & 5ICKERD
D ETFMZEINT 5. [EROIERDLEZS BRI
&, A4 RRERRINZEH T 5. Xz, KJEE

ARDY ‘S-shape’ £ 7x>TWVWB T &M D, AT7A FRUE
JE A & [RIRRIC 5 72 KB RAGT 751 translocation 9
BB WM TN TVS 7. [ pseudo-ring-sling
complex @ 2 I T, WeNEEREIRS, MK
BIR TRV KBRS D AR—AD 2D E SICAEDIE
BENZIEET, X774 FRUEEIRCXE D trans-
location ZfifH] L THMZ > 7z (Fig. 6).

Down JEfRE$

Down JEMERECI3HMHEE, MroH, AP NOPAEZR
BB ENEL, MWEEZEGHT 2 LRI A T
WOREEN EAL T %. L7zhi > T, Down JEMRERECOME
BEATHEEFOBDHE T, MEERIAEZ T Tldk M
WIRAEIC & 1R U CaMilid™ % 45h% 5. Down JiEfiz
BEIC e R IRICE iR X B e KRR EREE &L
P BIE, MR T EZHIPHT 1961, ZDN 136l
(68%) I REZGHEL, 10 BTl .OBEE MO
FE RO LIRS R EEC X O &KEEHAENHL MR > T
Wz ST 5D 0 6 il T, 56T EUETEIR OB
NG, 1 B TOEBLIN O FARHRE R O RS R EHED
ZW ORI IR > Tz, DERZET S Down JiE
FEHOEE TKEPAEZGH LT VAREEDNH 2
W, DERBOFMTR.OEA 7 — T IVRE D Tz DI
OHEIEZ 22 IckD, BHOZEIHEZ T0hD
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