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Surgical Correction of Airway Malacia and Vascular Compression Syndrome

Makoto Ando

Pediatric Cardiovascular Surgery, Kanazawa Medical University, Ishikawa, Japan

Cartilaginous ring, tracheobronchomalacia (TBM), and vascular compression syndrome (VCS) may cause
airway obstruction. Many TBM and VCS are considered to be left undiagnosed, and thus, proper treatment
may not be delivered to a significant proportion of patients. Pediatric surgeons often provide surgical treatment
for congenital TBM. Conversely, coexisting congenital cardiovascular anomalies or previous cardiovascular
procedures may cause VCS. Therefore, cardiovascular surgeons may be the best provider of surgical treatment
in this context. A significant overlap of surgical techniques for TBM and VCS was observed although sufficient
knowledge and experience to treat TBM is mandatory, even for cardiovascular surgeons, in treating VCS. Herein,
we discuss surgical options for TBM and VCS to expand the surgical repertoire of cardiovascular surgeons.

Keywords: tracheobronchomalacia, vascular compression syndrome, external stenting, tracheopexy,
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SGBYASE, ZRREWERIC X 2 2E MNP, WML (tracheobronchomalacia; TBM), M &
%38 (vascular compression syndrome; VCS) I KHIE N 5. RHC TBM, VCS IZ KR E <, 2
Wi E N TV TEMERIGEMTDN TOERWEFINZHFET 2 L EZ 5N TS, TBM dHl (Ot
KIETBM) & VCSIZ K BMBHEHEFICLZLDONHD, E5HIC, VCSIIIMELLZMHES T LM
FEALTHYD, HBRIIREICISCTEEA 7Y a VHMFEIET 5. TOEMNT, EHs KUk
KM TBM OAERRERE, NLOKIMENRHEDNHTT T 2RI ENTH S, DO ENRIEDORE
HMWETH 2D, VCS D—EICIEE NS M, SR TBM IS % FiliFHEdd VCS IcHd % %
NEA—N=F v T BEHANEZ. EHICESED, LRI TBMICHT 2 FiliFRoEER LT
VCS Diiysiakid A LiGan. ARTIEEREZEE TBM & VCS DIGHHIC D EFFRd 5.

SOBPAHEE, SeS BT & B R Y,
#{LiE (tracheobronchomalacia; TBM)>®, 4#4ElHH#A -
FICMEIC KB (vascular compression syndrome;
VCS) I KAIENS. R TBM, VCS & ARZERD
<, BHIENTOTENERIBRMTbN TR
JEFIMNZHFIET 5 EZ 5N T W5, TBM & HiH
GERPETBM)?Y & VCSIE & 2 B EIC X %

LOMNHY, THIC, VCSICRMBEEEMES C &
MEEAETHD, HBIIBHREIIEC TSR A T
YavhMEES 5. TNHOREICIE, THICEER
EXR EORIGEEDIHFT 2T e NEL, HlrX
SICHMHET 5. COEhT, EIHROIERERE I
ZEDOYIFH (cut and sew) Z 5 JERMT DA 3ETH
B0, NI E S RIE AT S B2 EN

HHHHRIE T T920-0293  AJIILALILASNMEIT RS 1-1 - RIRIERDCE NI SR 22
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THH10, BMiEicEsc 35, Fie, 4
KM TBM & ARIG/NINRER EEZ 5N TEHED,
ANFLOME S A RHE DB 5 M H T dH % DIE, VCS
D—ICREE NS, LhrL, LXK TBMICHT 3
FH PR VCS I T2 Zh et —nN—Fv 7T 3
a2, E5ICE52%5, KRMETBMICHT S
T FHOBE% < LT VCS Dy xiagdix LG
TV, TOXSEHEHS, ARETREREEET
TBM & VCS DIRfHIC D E b d B 2 29 5.

TBM |39 % 8%

RIEFHIEE
AFIHNEHEEEL S DO TH D, NRHIEIERICRE
LLEERLEV. ke LT, TBM, VCSWIh
DEHEBREN = 2 LOFEF 2 — 7 2l LG
MBS EBE 5. 5IC, KRG U TRHE
WAT > MGEEEEIMT % 7Y, SOEPAEICH LT
RABIZ HFDICEEN AT > MEBEMTbN S T &N
H52. UL, HiBERISEOEUNEFTE, B
FEIC B TIERATIERIC X O FRAE NN FEDIBR T H
. —F, KERE - QEYRIC X D RIENRZ REE
5 LRSI ORE ST, FuEMAEENERE D
SEHINC TR 20T, NEFICBT 250EN AT~
MEFEEIIFEMICIZ I NZTRY. L, 2OBEG
DXGENAT ¥ MAEFIZSE TBM I U TIFIERIC
HHATHZHDICH L, WEiRTIEMETARTEET, VCS
KBV TEIRMIC K> TP EME EXEF 2 —7
K EN TRENENMEGE S NS & HH 5 (Fig. 1)
DOTHEENIKLETH 5.
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Fig. 1 CT scan of the patient with tracheal agen-
esis who had undergone external stenting
in the past. The arrow indicates distal end
of the endo-esophageal tube, positioned
against the compressing pulmonary artery.

ARk

RAEERYIBR : TBM *° VCS I & % KGHERAZICHTT %
cut and sew technique DHEEH % E DD @1V ]\
WOKENIED KISHED @ X & Z I K2k
7, EHICEERYEIREERR2ERT 5 L, TN
IS B2RETHBEEZS.

K[EBRAES | - JERIEICH U TGRS, WekZzH
DMUEAIITTDNAS KD E > i K TH D, XE
PR 2 BHEICHEGHEET 28D THS. HIDI
B 121 oft, BEMHEYEICAHT 5K E L
FEW O - THIE LTOMEDNZV. K% TE
51HfiE, AEPASREIGINC KU LIEDELE U 72 e
ICHIfTENZ T ENZV. CORE, AEPKED
HEEATERINTWA I EAHD, HEEEOS
KIEEE L REOMOILHS 2z TS 2 LhdD

‘M
.
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Posterior view

Fig. 2 Scheme of posterior tracheopexy (left). After mobilization of the esophagus, the trachea is fixed to

the spine with sutures. CT scan (right) of the patient who had undergone repair of esophageal atre-

sia (Gross type C) in the past. The esophagus was widely mobilized, in order to avoid compression.
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(Fig. 2), T OBMCKEMBEDBES, KEREME
OGN L NRESEZ KL SRIREM D D 5. £z, &
BXEEZETSH (Gross 7FIC AR E) & ETIENRE
ICHRAERDE Y, DI BB O ¥ T
LRGBS #2175 ikt 5 0. T
WA TS e L, 5k (<A TIT9
LaNd 5. %AELIMNE, BIESEIILECHT S
FEBROMRXEEZSNT VDD, BRFITLXE
FRESIR ISR 25U AT > Mt LR OHIR
N0, BEMAEOAREZRDIERHAL THLIET
H%.

EREXRILEICH T 5 REARE S ES | : 1277117
159 % FEHAMPKE CTEBETH S0 L, ik
BEXTEMIRIRTHS. VCSICX B _XNKE
DML, HIADNSMEIREVULEE, %505 M7
KREMRO S22 THAE (RICFED) 9§52 &%
V. ZoWE, KRRz REE - im0 L TRUE Lz
HRRICEIE T 2 DIFBHENTIE AL, Ko TKIR
ZHEFRTCRIMEICEES 22 Lic kb, KT
e U 7o 5UE 2 ZEIIC R #5925 KBRS [ 1fr
(Posterior aortopexy) AMTbN% 7. AhEIc#3d
LGB EEZITHET 5 T &3m0, FL AR
ESPFER L IEA TN E 75 DR T2 DICEIRMME.
—J5, MEBICIEES 256, KREIROFTTICERZ D
G CRIIRZ SRR TC [FR &, FEAUE LD
PRANL 2 T E AL T IS S [T 2 DDER TH B L&
ZbN% (Fig. 3). &%, OIS ZHER]
ICH T B TeDICA[EIENH <, Aortopexy IC & D &UE
KAERNEITICHET TN T, BAETNIOY Y RA
Y F COFRMIREERN EHEIE N S, FEHEOMEAMN
5T, VATV M AR TRE S ORBRIRIC
BHZMNTH 5. &, HEIMEZSGE & A1
IS | U CEHRR SICEE T 28Rm O L0
7, WREARDE L A EDOWE TRINRTH S 728,
—fRIYIC Aortopexy EFRFREN D T ENZWLD, %
W B &5, w0 ETRIME D MBEIMR BBk
5 EDYE Y 3 % 0D T Vascular-pexy & FESRD VY
ThaLEZ5.
[EREINRT Y M KEXENAT >V Mi
&, SO SCFHAICKIERE Z S LR T 5 E D TH
b, splinting & & MEFFE N2 520, K v T &
e-polytetrafluoroethylene (PTFE) A LIfil%E %2 XA L
Ui BH1E, 1997 4512 KA (Hagl 5)22
LHAK CK#iD) DT NV—ThEREINTNS P,
Hagl 53 ECA « R D5 KM TBM JEHNICBRE &
NTVBDITHL, HATOKELXUTEED I IL—

Ideal direction of the traction ====== >
When fixed to the rib

(=)

Fig. 3 Schemes of posterior aortopexy. When
the aorta is fixed to the rib (upper), the
obstructed bronchus is retracted posteri-
orly. When the aorta is fixed to the spine,
the aorta should be rotated so that the
obstructed bronchus is retracted towards
the spine (middle and lower).

T T EL B 2 2 TN 2 Huiic TBM OAtit VCS
JEBIC & FEBZ IR L TOBDNKERENTH 5.
NAT > MFMEIOR, SR TBM I TREFE K
WeZFE(E (dying spel)®” DIFTET B il 2 Kk 5
JSE L, ORI L AR, PEURER - AR
ODEMtA L TEBEINS. VCS TO@EIGIE, K
R FEE D FRBRR I WA LIE & 72 13 E 2 I & b %08
WREDFi T BRI TH 5. —75, ZOEEPICIEES
2 B TH 2 RER, Bk, £ OEMhH
ZIRRET, MEPRICHEPETHbROBF]RY >V &N
MEZFHEATZE, TNHOMKE H2VIFEGER
WK AN TIMENENT 2 EMED S 2. B TEInE L
Bl - SOHEICRIRFZEE U7 40d, Bl - K0 KEH
MTRIETZHT ENHO, EEEET S, ZTOD,
SOE 7 E FRHER A D I HEE U7 ETHALIEAT
MiE21A% 0.1mm @ e-PTFE >— h T, H%WZY
Ve NTIE O THETZ T EHNLEEL
W DX S R PRLE ZEYNC T A, FE
FINCc T HeR il TH 5. 7z, Hagl HE A LIl
ERXERERFICHES, TR BAIEDFRICET S
WMEZRAFIP ZIER L THEWD, HATDOZEN
BALMEZ2E—RAE LT, EWEHEE LTV
B, REICHENE VWO E— 205 U TR E %I
FRNWE S THAENTWS (Fig. 4). TORRE,
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Fig. 4 Schemes of external stenting. A ringed polytetrafluoroethylene graft is cut into two pieces. The

cartilaginous portion of the airway is fixed to one of these grafts. Then, the membranous portion

is fixed to another piece (left). Finally, the graft is wrapped with a 0.1 mm polytetrafluoroethylene

sheet, to avoid perforation of the graft into the neighboring structures (right).
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Fig. 5 Kaplan-Meier estimated survival (left) and freedom from reoperation (right) following external stenting.

EEHHIC AT > MRIEHOWAE K U TH TR ZEL
TEIREBNEREER LT WL, 2017 ICHEE LISk S
DT IN—T LEEHED T IV— T ThiitT L Iz5GEN AT >~
N D EBR RS 2 T, 20 fEAE1ER 84%, T
fiif a1 90% Td - 7z (Fig. 5). THDXICHAT
> Mifilk, TBM 7% 5 CICHE A IC K 5 &EkAE %
fRlRd % i b IR T CTH 2 K, (KAE Tl
By amiE? - ik, SEASNOZEANEHE N
LV RHEET 5.

I, BIRE R TR SEILAEIC 3530 |1l 2 5
—EIRE L TWS. S SCEIC S LTI AL
BIALIRE, AlRETH UL 1A EICTHR TV &
—3ER, FLVAHAR I TIX Aortopexy DA, %ikd %
HMOTFEEEERE LTVBED, WINEEROHR
BICZ ULV TH B 720, 5% BB - (thigf]z
SHIC, MirGEREEZE T U0E L TS REN D 2
EEZTWVA.

VCS o wbak

VCS DHRHEFE, MEIC K2 HEHEORREA & 5k
PRERRICHAF LT TBM, EZEIBICHS % iaHt 72 i
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HHAGDETITS. LR VCS EMERA D > 7
HE KBRS % EOMERHICHBT 2 5EEHZEL T
HHENZ T ENEM -7 B2 SEETIE, KBk
BRUDHONME R, KEIRIEEN O HHE T
AENBEDET, MEAOVTHSZ—UDEET % T
LHEBEINDEIICE -7, BB, MEHICH
T 5iRE, MCEZHOLMPHEELEIN TS D
T, TNHICED T LICT 5. 2017 EDOFEE D

TVCS DIEREZFT LIz T A, KRILT4DDIS
R—2ERDIz  IhkbE, KR - KERSIC
X B HERE, FTRERS X OMiEhR - £EN SO
WERE, IhEhARA GIEE, SHE TEIR - sk
HHEHECH 5 (Fig. 6). LG TN 5 DfFEIICDNT
BIRE A R 5.

T KREARIC K B EHE

IEW KBRS O, K[EN ML S IEHZZT %
TENBHB. TOHE, KBRS MUZ B X 72130
BICHEF TERICTHEL T BT LIk, JEPELRER
ARERC &M BB, 2L, KBRS % Efri & E A
TACHESILEL S &9 5 &, EEHRMIEME L%,
WG EEN D % 728D, Kihis EISEORNYIETE
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Left bronchus 2 24
Total 17 24
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Fig. 6 Anatomical patterns of vascular compression syndrome. The bottom table indicates the number

patients for each mode of compression depicted at the top. The red arrows indicate the site of com-

pression.

NBAREMED DS, iz, ME K HEREONEIC
ReMF T8, ROYINE NS ATREMEIZ D E0D,
KBRS A ETEIE A T & D ERiHICE I E NS 7
b, EHZRET 208D (Fig. 7). KICEhER
MRV G, KBRS 2 I LHEIC R L &S & O
HEZRELR L, SNAT > MEZBINT 2. RIS EARE
PRCEaWEERE, KBRS ICHIEM K2 LT
ET5MANEREINDD, FEORBRTIHIFEAL
DFEFITRENRS S NEEHAN AT > Mz %
TETIHIROUEMGENS. —F, KEIIRES [,
REIRIE R CHLRE R T E M2V OD, 72K
BHRNDEIC T 5 KBEIR A A Filitgc D BT KBIiRIC
X25EHEETHS. ERKIMERIIED KBRS X
EHfERIOZ N LA THIZFAICEL, FTREIR
D JTENLS A > TREIR = D EHE TN g % Al
REMED D 5. & Bl FT KEIIRIE IR A 5 b
T 570, EHEMFENCHEAR TR O BRI S 1
WH5. EHICEITRBIRESDIERT 282 L,
BHEL DINICAFAE T H5UEZ BT 2T ENZ . T
DIGE, FTREIRZTT#L 15 &, migiahLiz
i AR7Z BB EHE B 728, RBIAROILK - R
2ot LTHER 21T BN DD, AAHEEMT
BEWEEZBLN, RENEL, FHEAG LB THE
Bugiau. Kb oica g CHREFNCTT > T E 7l
&, VU EANLMEZEY0ICLCRUEZE S K
SICHEMEICEEL, TOANTMEICKGEZEE L TH
W23 HEDTH% (Fig. 8). TOMiIE A LiinED
G & O SOHNG KERZ ATICH L LI 2IRETH S
DT, MEFMNEHINS. FEHIKERE OMIC
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Fig. 7 Scheme of aortopexy of the aortic arch
(upper). If retracted towards the sternum,
the aortic arch is mobilized anteriorly. It is
more ideal to retract towards rib, by which
the arch is mobilized in the perpendicular
direction. In the case of transposition of the
great arteries after arterial switch operation,
the ascending aorta is mobilized towards
the spine. With simultaneous dilation of
the aorta, the airway can be compressed
against the spine (middle and lower).
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Before operation

Left bronchus
compressed by the
ascending aorta

Expanded left bronchus

After operation

Fig. 8 Scheme (left) of the modified external stenting technique for transposition of the great arteries after

arterial switch operation. The compressed left bronchus is suspended to the graft fixed to the spine.

CT scans of the patient undergoing the same technique (middle and right). The left bronchus was

widely expanded.

0.lmm A7 7w I A —bhEMESHLT LICKD,
ZFILTFBIL TV 5. ZORER, 2 FliciTo A% o
SCHRATAFIEIFCH O, KEIRZGLERD TR,

T1TKENR & BEIARD AL S D EHE S S UL gk
S DR REIESHE

TTRBIRD 5 EXE L OEPHER T, 1AL
OREFITHIT D S OBk (% & A E DA AiHE)
R &2WEAEEOFEHNRD SN S, Fi/THED
B AR O 35 & & wi IS AL S 5 2 58 SiE O 2T
F I IFTE A RIC K 2 WALAE DS @ & 7% % il REPE D
mW. AfERELE, RSN RDOBRSEL T O R e
AR, KEIRKESS - BEWTE S Norwood FifiZk i
BOT, ATOMiZMR L TERYIRED 5175 K
BREEN LIz Lick D, BT 2SN
L7z, bbb, AHREE LT, T
KIIRO ILF S HEENRETH S & &, MTRH)
k7 X O EiF NGNS B EIANCH 2 T & h B ARIEHE
DVCS ZZBH D XS o Tz, RIFHICHNT
1%, Posterior aortopexy ¥ 7z l35UE LN AT > Miih
BEA Ty a v ein B T LIFBRCIRA . — A, Wi
DOIFEIRDFEHED R 2 FHR & U THRHEHEZ1TS T
EEAMRETH B, — DIXFRCIBENIRR R AEE DL A
BIRIC X B 50ETEHE (T OHAITBIIR MO EHED
ZWV) IKftbns T 2w, fishikkEiEiii ch 5.
AU MR AINCE 2T, IBIIRIERE 2 | 3RS 56
N E CILHEICYIBR U TR S 2080 % 5. ANl
i3 Z DWW X IR TKGETH O TERMBRICE S 7%
WIEBIDZ N WS IS Z2F5 13K > TR D,
a5 LIEIRMAE L C 3. & 5 —DDANRA%
Ty a VIGMEIRO ‘I TH 5. KERE
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Fig. 9 Scheme of anterior translocation of the
pulmonary artery. The right pulmonary
artery is transected and translocated ante-
rior to the aorta. The red arrow on the left
panel indicates the site of bronchial com-
pression. The red arrow on the right panel
indicates the reimplanted right pulmonary
artery.



75

Fig. 10 CT scans before anterior translocation (left panel). The airway was widely compressed by an
enlarged pulmonary artery. After the operation (right panel), the pulmonary artery was placed in

front of the aorta.

Fig. 11

Scheme (left) and CT scan (right) of the translocation of the anomalous innominate artery. The

red arrow on the right upper panel indicates the site of tracheal obstruction. The red arrow on the

right lower panel indicates the reimplanted innominate artery.

ICIEIREENI R DILRIEAR—AMNTE S 728, XUl
11 ORHERRRZ BT RBIIRICHES 5 2 Lic kD,
SUEZ 178G | U CREBIANICHAR E B % C L L AIRET
HY, FBIRTRIEZ &S THRILHEIGZERE
NBEREZNAEEZ TS, ETHIC, WIFEMDTZD
I MBRZ UIWrd % 751k &, EATRERZ —kY)
W U CIBIRZ R0 2 /55D E 2 5120, Bk
PERMEIITHROVEEGNCH LTI, PRAERIEH IS T
HIBEZ RS ZDNZHEEZ TV, &, fillfig)
k% w540 U ey, TNMEIIRYIBEEIC Mz C
ENZ L, Fig. 9,109 &1, Effi#iRe > = v
TIRICYIH L CHD DR CHEEAMET 2, H2WVIE
FRETRATMEZMESE 27X EDTRMNEL
5%.

#HE TEAR - BEEEENARIC & DR EEHE
VCSDFRERE LT, MEHE LBICHEIMND
HHENTORMAILEETH B >3, AT EH
TENROZHES IDRLEATHZM, X 0HERTITEHEHR
FRZHMNE T 5551, BsEERz 17 KEIIRT AL
WCHENLT B O HHETH . 72721, AREIE AN TOM
TCMEIEZET 5 X TH O, BFBEIRYINTH A K
FIRYIBH I & EE LR 5BVDT, WAERERS S
DIIEKENRYIBIZ 7 Z v TIRICT B2 ED TR
HTH3 (Fig. 11). Ko T, LEIATI TDITIFRA
LT Efi B TH O, HEISC T TR ZET 5.
DL, f@slz S 2 — b U TF i FRZ it Uz
M, VCSIT & % &GEEHEEE & 17 DT H i
Hx->THY, #mY)aifGERZT S I3z 2y
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%. o, KEHEEIRENEZHRECT 2 LAY
ICNIRESEZEEC L, [EG 2R3 EBBENE b
2D 5 5DT, KINFREEZHIGY 2B 07
N2 T TH BT TENEE L.

= &I

DR MENRHE T H % FEENTEPAERTR S
DBX2TE-TeDIF, ek BRI O
MR « e =5k BB A T IR R R R R
22— RREE - ERIIAR DRSO
TH5. fbhlizk s, NEDOKEWRASRE I AL
WHEBINZ <, & ZICHEY)IRIGEMTES BN TWV5S &
EEABRWIRATH S, HIZIE TBM X, HEEFT
WEHEEZW LISRV. HERRAE - BnREE T OXE L
ERBDETHS. Fiz, HIZIXBRIC TREIC
B FMNzZiTo2mERE, RRIEMITT 74 3—
BIERZITD IRV & B GRBER MUE 2 2K 3 7z DI fE s
ThHs. ETORENEYZRZW 22T 5N 255
iz B e e yic, LORHEMiZHE T 2 XKD/
2R EHERIO B S Th 5 2 L 25 L TA
KA BT LT 5.
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