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Avalon Elite Bi-Caval Dual Lumen Catheter to Facilitate Veno-Venous Extracorporeal
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The Avalon Elite® bi-caval dual lumen catheter (Avalon DLC) enables veno-venous extracorporeal membrane
oxygenation (V-V ECMO) with a single cannula. There are no reports of using this catheter in infants with con-
genital heart disease in Japan. We report a 3-month-old boy who weighed 3.5 kg and was diagnosed with Cantrell
syndrome, tetralogy of Fallot, and persistent left superior vena cava. He underwent multistage abdominal wall
closure, diaphragmatic suture, and tracheostomy for omphalocele, diaphragmatic hernia, and tracheomalacia.
At 3 months of age, hypoxemia appeared and cardiac magnetic resonance imaging showed low pulmonary
blood flow with a Qp/Qs ratio of 0.4, indicating the need for Blalock-Taussig shunt surgery. There was concern
regarding postoperative mediastinitis because of the proximity of the abdominal wound and tracheostomy site
to the sternum. Therefore, a left-sided thoracotomy was planned instead of a median sternotomy. However,
compression of the lung on the operative side was expected to further worsen oxygenation, and we planned to
introduce V-V ECMO before surgery. The right internal jugular vein was the only site where a cannula could be
inserted percutaneously owing to the anatomical characteristics of the vessels. A 13 Fr Avalon DLC was inserted
through the right internal jugular vein, and V-V ECMO was used to achieve good oxygenation. The Avalon DLC
may be useful in infants with congenital heart disease and multiple malformations who require ECMO.
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ATH BN, FHRMOEEINTRH T 2 AR d7%20. SEGNE Cantrell SEMERE, 7 7 0 —PUEUE, /&
LREIRER B E Nz % 30 A, (KE 3.5kg DB IBERANILZT, RERIENIL =7 L &UEIR
{BAEIT R U T 2 AR REREH S Atr, RPRAsReimst & UGS IR 2 it Uiz, 4% 3 A KD S KEgE M
JEMBELE(L L, DK MRIBEE CTHiffA MR =0.4 & KATMRIKETDH D, Blalock-Taussig shunt F-fiff
MRE LW U Tz, BEREDTRTAI & SUEYIBAFLAME LohHE: LINBMERAR DR E NIz, By
IR EAIBM TOF M ZzErE Uz, UL, o EicBR{bzBLEE5728, F
WMERJIHNC V-V ECMO D& A ZGH U7z, ERIROMHAEN D, A= a— L Z2RRRIICHATE
BEALIENHEFIRO A TH > Tz, HNGEFHIRD S Avalon DLC 13Fr Zffi A L T V-V ECMO ZfiiH]
U, BIfFEBEbZz157. FIHE TRIC V-V ECMO Z&HEE Bl 5 2 EDTRETH o 72, JER

TOREEZRFIED D250, NAF2T7—7 7 ACHIRDH 2 eNHH, HAKROFERE L

T Avalon DLC & —{&#HlC72 D 5 5.

1 =2
=] =

1975 RIS HAE JEPPIRANAT 69 2 PR T fili
(extracorporeal membrane oxygenation: ECMO) D4
FHAIID THE N V. FEHRIICIE, V-A SR
N i (Veno-arterial extracorporeal membrane
oxygenation: V-A ECMO) Dl AV A= YA~ 42
WXL COMBERE L T—RNTH 7. TDH%
V-A ECMO 7 V-V fFH RN Tl (Veno-venous
extracorporeal membrane oxygenation: V-V ECMO)
I U TR G OHE R EDFAERD E W T E N,
V-V ECMO W #TERFARICHEME NS K5I
mofz>?. UL, /MO V-V ECMO Tid 240D
1= a— LREICh D B, EEEROANE & ik
JENR, KIEEFIRNDEY) &Y XD AT —T VIR
BNBEEDOREND -1V, Tie, FRMLERR
FHUDER A 7 — 7 VREE SO 7 — T VIR E D
IR CHSAE 72 I KBRER IR 0 < 0 ¥, ECMO 0
A= a—LARAEMIARSG NS T EWH 5. RN
BHERDHELWGES, HOENDOAZalb—a Vi
KZEAMNDH BN, BIWEERT 7 0—F DNE &7
%°.

AFTIE, FASFERINERMHHA =2 —1
N® X7 )V )b— A (Jostra VVDL; Maquet Getinge
group, Rasttat, Germany) 7' V-V ECMO 7z %9 %
INREEFEITN U THE—fEHIPTRE T H o 72 AY, 2015 4
ICftafEIE £ 72572 7. Avalon Elite® Bi-Caval Dual
Lumen Catheter (Avalon DLC; Getinge Group Japan
K.K, Tokyo, Japan) (& 2009 I KETHIEE N,
NTIF 2018 £ 2 HICABA &N/, AZa—LAICY
A Y —fifisRz AR AR, {0 RN X B EHEEZ ]
IET28FHEE>TWVWa. i, TRk E FRH:
IRICHimfLz, =RAMNCEMAZMES TR L
T recirculation Z{J{ P> T E 5 KEH 2Rz L TV 5.

ARNRBERSBSFME F4NE F15

YA XX 1BFr S 31Fr £TH O, HERNSHKA
FCIRIA HEHRRETH 5. 5, /INEOBEEETLA
LR EADHEAPHEENTVS Y B, RO
BN Lz i3 awy. 4 E, V-V ECMO N
AF 2 T7—=7 7 ZAHIBRD B 2 e KM IREDFLIIC
Avalon DLC ZfI\WT ECMO % A3 5 LW TE
fe—BllzHiti 3 5.

E B

JEBNZ %3 MH, HE55em, {kHE3.5kgDY
W BRIRBNCE RNV =7 ZERREE N T 1Bk
3616 H, 1,462g THAEL, /ME, &t —i#oH
MR LTz, £z, HAERICIE RO RIEICN
ZDETO—METT 7 O—PUBE, /& REHIRER
RSl LRIEBICZHINIEEEASM Z 1T L,
S FE PRI AR 2 AR bR RE Rl A [RIRF IS T b N
Teo WERANVZT, B NRRAE, DNATE, AR
RIBOFT RN 5 4/5 JkME7% 7z 9™ Cantrell SEMERE & 72
WrL7z. His 10 FICIEEEPASHIN 217> 7. HZERFK
Y High Frequency Oscillatory (HFO) ZHW\ 7z AT
MR B2 T > TV, SUEIRILD e DR E
RIS % T M TE RN > T IRAITRBERMIED
TS O AR 1A, (KE 2.1kg RFIC RS AR H Y
ICHBEANILPE & 75 > T2, HFENELfEREE HFO, FiO,
0.8, Mean airway pressure 14 cmH,0, Amplitude
60 cmH,0, Frequency 12Hz T SpO, 83%, pCO,
65mmHg (EMIEM) THol. BRIEARETD
FPNE AL, T M ORERIEAN L = 771 K B il
Bk, F7 /=B E EEBOERNERX SN
7o, BRMONTHRERNRE L FOAE NI A%
2 M HRHICKUE VIR 2 i1 L, HFO A5 Intermit-
tent mandatory ventilation N\ZZEE M AIHE & 7% o Tz,
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Fig. 1 Frontal view of the patient

(A) Tracheostomy site. (B) Defects lower sternum.
(C) Surgical wound area by omphalocele repair that
has not healed.

D5 FRBBRMAE LRI T > F— ADRAZICHE
11 U7z, {RIf A 72/58 mmHg D HFO I & % Mean
airway pressure 14mmHg fflif7 F COLL I—HE T
F=RPWRIEERD T, MBIk ~FF EIAEIC K Bl
BIARAGE MR 3.1m/s TH > Tz, KREBINIHES H
7 Ml AR R 72 %8O Dk MR AR A 72 S0 L 7z &
A, Qp/Qs=0.4 & RMIMFIKAETH O, Blalock-
Taussig shunt F-1ff (BTS) VA &l L7z, &UE
YIBHSL R S RRIC i d B REEIN RN D 5 728, 1E
HYIE RS & BIEEIER 2D ) A7 D b FE I
T D BTS Z5t# L7z (Fig. 1). TN THRMLH
BEiiol& T A, FiO, 1.0 TE PaCO, 84.9mmHg,
PaO, 52.8mmHg &7 0, fifid iz EPE L An 5
DI A& 75 % T D75 2RI MUE & & BRI AT A il
JEMRGAE N, ECMO OEANKE L HIW Lz I
¥R9 % PR C Central ECMO # A &8 L <, FREM
ECMO EANRKRETH - 7z, BHENIVZT 75 EDRY
BT TRk IS IR RN T — EBHE o2 TR IS TS
HHEZREY) > THOBENER, o, REEomE
< ifr Uz e H O (Fig. 2), ECMO A= a—
L 24 AT REZR iRl A NSERE RO H TH - 7. V-V
ECMO Of{H & U TR V-A ECMO Z#i5f L 7z
W, AIEFN 2 SMREZIZ Tz 1RBREEE
& DOMEFCARITINA, /7B K © I iKiES
bz Bk X %728 V-A ECMO D215 13 B R
Tl < FSHBIIRICHI AT 2 080 H - 7Y, FREEIR
MWT L w7 XA A+ PCKN-A-8YPS 8Fr CRLERT
¥, Hnl, IR EMA=a—LZANZDI 57k

Fig. 2 Coronal view of enhanced computed
tomogram

The inferior vena cava (IVC) is located on the left
side of the descending aorta (DAo) (arrow). The
right femoral vein (Rt FV) is thin and tortuous,
crossing over the spine and returning to the IVC
(arrow). The left femoral vein (Lt FV) was suspected
to be partially stenotic (arrow).

MERZHL TR L, 2 MEIRSERIC RS
YIBAFLAMATE L, ASEEICIEImE DA %l A B
D, WOHERIEMI TOFiHiZ TE L T\ iz, S
DT ATRERIPADE S NIZIRIH TH -2 L TH .
V-A ECMO &, 7@z OAEHIEREEDHD,
TEERMHBI N A E T dH 2 AMER TIE V-V ECMO H ¥ %
LWLz, Ta—ME&ETAME4.0mm H- 724
NSEE#IRD 5 Avalon DLC 13Fr Z4fi A L V-V ECMO
ZEAT B8 Uz,

X AR B E %2 H iR 5 Avalon insertion kit
(Maquet Getinge group, Rasttat, Germany) O ] 7
7, 0.038 A > F X 20cm O XA ARE @A A R
A Y —= FRERNFEZ AR T=D, FREIRD ZEH]
U7z Pl & 0 e IEFEE TN L T s D IR T
Holz. FTT, 0035 A VF TV TH—NAHAR
7 A ¥ —260cm, 727 )V (035RFGW ; 7L E,
Wut, BAR) ZHOWT FR#EIRICT A v —Z2/>IEL,
Avalaon DLC DA >~ b TF a—H—y—A% IVC £
THiIALTz (Fig. 3A, B). XS, A baTFa—Y—
V=R HAT 427 LTOBREGW O 5 [ F v 7,
0.038 1 > F X 20cm D X fpAE WA A KT A v —
WKANZZA T FRERICHIEL, 1> b7 a—Y—
o — 2% 4k#, Avalo DLC Z#fiA L7z (Fig. 3C). %%
fgEE LT a— (TTE) & XFEEBEEZ VT EX
Bk & FREFIRIC B LA E L, XifnfLAS =RFp
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Fig. 3 Fluoroscopic image showing insertion of the Avalon DLC
A 260-cm 0.035 radifocus guide wire (035 RFGW) was placed in the IVC (A) and only the introducer of the Avalon DLC
was inserted up to the IVC (B). The 035 RFGW was then replaced with a flexible “J tip”, 20-cm, 0.038 radiopaque guide-
wire. The introducer was removed, predilation was performed using 12Fr and 14Fr catheters, and the catheter was
inserted so that its tip was implanted in the IVC (C). Transthoracic echocardiography and fluoroscopy confirmed that the
drainage ports were in the SVC and IVC, and that the infusion port was pointing toward the tricuspid valve.

AN TWS C e 2R LT, ~/3U 2 100U/kg
ZEMIRIE 5 U 7211 V-V ECMO ZBili L7z, ECMO
3 A 1% PaO, 1& 52.8mmHg A 5 550mmHg & T &
Uz, flidid i & 60~100mL/kg/min, B i [ —7~
17mmHg, XM 110~160mmHg THE L, T
T IRFIC ECMO Z B U 7z, ilifgiciRi% L7z CT M
A THNSEFIRD AR D I o Te.

z £

BTS Z 9 2 e RIEOEENIC R L, HERED v
A7 EZRLUT, WBARTON AZRG LD, #
D EL WEEREEP LN ETH -7z, LHL,
Cantrell JEREERESD S D ET 2 HOEIR A T —
TIVHEIC X 2 MEETRELRAEND D, HHohE
BEEOE AN TRPRETH > 2. SR L IEH
FICERA & N7z 13Fr @ Avalon DLC % WV C V-V
ECMO %#3 A L, ECMO IC B3 U7z & BHE 7% < Fif
i 195 ENTE.

ASEF T IEERAI 2 B & U A RPEELE 2
HURED WM ELR & N Tz 128, V-V ECMO DG &
EZbN. TNETREMNT 7a—FIc X% V-V
ECMO IZ BT, #HAEWRDAL N TiERBEE RO i
BRAVNEL, HEZFZ el -8, &
I, FERMOEERIIEHOEMR A 7 — 7 )V E 0D
T —T IVRED K187 & TREEFHIRD 280 & Tk
R HREY, MEREBMIARENS EHDH 5.
FEEZHY V-V ECMO AN LGS, FDEAND A

ARNRBERSBSFME F4NE F15

Zal—33 I &% Central V-V ECMO *, V-A
ECMO DI 5 N5, HOEZHAVSEA,
REE OB S BRI Ta—FIcH 0 ¥, KE
YIBAt% 7% & T EYIBIC X B MEmRD U X7 H3E
W12 V-A ECMO TR 3158, BilRA D%
FERRMIRIERDY A7, FIKS#Rz W28
FIMEFROATREN: & 2 E 8T 2 08 D 5 V.
AJERN D X ST F P EHN A 7 — 7 IV E &
EDGGETNAF 25 —7 7 2 ADHIRN B % it fi
BT, NEERR 1 AT V-V ECMO HYitEf 1] fE7x
Avalon DLC 3727 /8 A TH 5.

ZT)WI—RA Y KT —7 )V Eib T 2 EREIRICE
FZ AV MIhA T, ECMO {7 O S#EERE I
DN TF—2a UNMAIRBNTERENH S, A
T TNZET, Jostra VVDL DMEHAIRETH - 7273,
2015 ISR £ 725 72 7. WCKTlE 12 Fr Origen
717 —7 ) (Origen Biomedical, 7FH X, 7 XV
A1) BMEHENTWED, KUY LAV EREMEL,
RIRICHIEAE N % L E LT K AT —T VDN D
IC X BB ERTVEHE TN T/ Y. Avalon
DLC @ A= a— VWY AV —filivhz A, dh
MO RERIUC KB T —TIVOMZER ERIIET 5%
item-oTWwa (Fig. 4).

JEAE, Avalon DLC OffHICEBWT, HDLFRELL
RN T =TIV ERFICXZEEIRESNTS
n 1219 TTE RBFEMLT I—, XEEHEES S
FANTHA RTAY—hT7—T IVONiE 7z iR
BCEHEETHS. Avalon ZHi AT BFRICHNS
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Avalon insertion kit DA R 74 ¥Y—I1%, Zf DV
A7 WA % D OFMEREENIC, KODMEND
BIDNTIL—TZ B LEN S FREFIRICA - TV
BTENHZ Y. CoL—THRIENEVE,
A= a— LRAEREES A BRI bR L E
FTCLESBHRMND O THICERELAETNRE RS R
WY T a—H A ROBTIE, TV
HIUCFRFANSH O, TA Y —=2H0EN 5 FREIRICHE
FTEICE W R T NP Imnied, X LB E
DOPEFAMNEE LY, FHCTSEIO X 5 14 KPR
BICNATERFIEZAT 550, MEEI TR
& ¥L75 5 Te DR OMERR 2T AT —T )LD
ETZ{B T 208N H 5 & b5,

K 7z, Avalon DLCIEE KD AT —T IV KD &

Fig. 4 Design concept of the Avalon catheter

(A) Anti-kink stainless steel-reinforced catheter with
an ultrathin wall. (B) Reinforced reinfusion port. (C)
Ultra-thin membrane reinfusion lumen. The image

was provided by Getinge.

recirculation Z /> & % i FRKEIR & FAEIR
Wil =R AL i BAE & 7-> C
B0, @Y R—MMIEZEDOCEHNEETH 5.

Bl zE, Jeumh e IRIC A% &M AReER L, %

SVC drainage &y

port
r
Right atrial
infusion port [\ - AR
nAY
Tricuspid C
valve

IVC drainage . J

port % - ——

Weight(kg) in

previous report

Size(Fr) A(cm) B(cm) C(cm)

13 11 1.7 2.8 3.0(2.5-8.5)
16 14 3.1 4 8.1(2.9-17.8)
19 21 4.3 5.7 11.7(9.3-23)

Fig. 5 Patient weight in previous cases and the
distance between the drainage port and the
infusion port of the Avalon for each size

In a 13Fr cannula, the insertable length is 11cm (A);
the right atrial infusion port and SVC drainage port
are only 1.7cm apart (B); the right atrial infusion
port and IVC drainage port are only 2.8cm apart (C).
Body weight in a previous report refers to Refer-
ences 17-20).

Pressure Drop vs. Flow
Avalon Elite® Bi-Caval DLC - 13, 16, 19 Fr.
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Fig. 6 Relationship between the pressure drop and flow rate for each catheter size.

The image was provided by Getinge.
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AL ECEMAMAFERIRAEIC A < EAF S o 1fL
ERTEDHENTVS W, NG RERICE
95K BRROVIRENF L &, DEREARKGIN &
WA b b ZHfLICE S et E e s h T
%9 L3 EAT—FIVOMBERRICE G0
S, RBRAT—FIVTA v LA % 1P,
Avalon DLC 13Fr TI&, ##iMfle FRERB LT L
KEFIRMI O P fL & OFFEEEH I 1.7cm, 2.8cm T
»% (Fig. 5). GOEDYAXWNENWT LEHE->
T, BEOWID AN ABRORIRIROMEIC KD, R
WYRAE L DRV, TOXNT/NRTIE, Kb
KA T—=TIVEMBHTZRALD S, SOHEMNE
TERXFTWVWEEZLONS. hT—T IV A XIFHEED
HAEDNI L ENDHBIC K DEINT B LI B D
(Figs. 5, 6), AR NSHFIREEICINA T EKF#IR,
=, RO ORI Z IR % C LI BHHED
THcHEMTH S >, Fig. 6 DIEESELT, TO
PRI AR IR ED I k2 IO BERIETH D, R
MDD 2 IMETIE K O R iRz < 728, £REK
DERNHT—TIVEET BLAEND S T &2 ZHHIC
BOTBEILTZ20END 5. AEHITIETHiHOR
DFEHTHY, I T—TVOMBERRICEK S EIHER
o fehy, EIEMER AR REFICEMBEHT 5 X
5 IGACIE, B X ARSS TTE ZHWCTHAR 17—
FILVONEZERT S EHEE L 2.
SEIOMEHMEICEET S 27— 3 VIZLUT O
MEZ 5N, —DHEEGIHERIRBB LD, Hi
MOMHTH - Il 5% ENEHRRZHERQR TN
DENHBT L THD. —DHIFNEEIRAND = 2
L— g i X 2R S Ot & T %
RENHB L THS Y. FzE, AEFOXSIC
e ERERERN D 250, ERERIEAICHART
M EMNBN2 . FREATIE, DAL Alvaon
DLC AN H M O FEAE #7256 % nREME Vi &
NTHEL P, FEHENAOHE, MR MEHEEIC
HMELEDNS, 17 ECMO B ZER T E % /)
DHZa—L7ZEHITNEC EARBEINS.

=
g =[=]

BERDTINA ANV TD ECMO NAF 2 5—7
7 KICHIRD B % ZHATE 2 H T 2 f e RKIEDRED
AIRBNT K LT Avalon DLC WEHTH > 7z, AIEH]
TREBHERL V-V ECMO Z#HAHETH - 72 hY,
Avalon DLC BZL4EAD V-V ECMO & A J71ED—
D& U THALY 2113875 % [N O ERN R E T

ARNRBERSBSFME F4NE F15
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), EEIEGEECHEORE S K T IR RIS L e,
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