6 3 hi

THIRD EDITION

FIMRIFERS
=l E S

ECMO Specialist Training Manual

A

=A

A

CDI 500

Sv! OJMI
E?JAGFI

-

\

JFZZ& Billie Lou Short
Lisa Williams

* E O F REKE

(= A K2 LK MG



JAZE#E Billie Lou Short
Lisa Williams

E OFE OB A ek
BERE X O % M

FEEMEZTIREZHIMER D=

A K248 MBI



EHEWSFE (CIP) ¥R

RAMNERTE A B IFM/ (3£) E¥F (Short, B. L.),
() BBESMHT (Wiliams, L.) HE; &%, S¥kRbERE.
—JtE . ANRIBA:H Rtk 2015

ISBN 978-7-117-20751-5

SMEFR-FHE V. DR654. 1-62

Hh [ A P 308 CIP $di %5 (2015) 5 123715 5

ABHER www. pmph.com HER¥Zia, ELBE

ADEZ#M www.ipmph.com EFEREHES, EXH
EERS, EXHER
iR, KAR@EERR

R E, BRBR!

ok 5 B il 48 & 4511 5 A

E OFBE SRE

HAR&IT: ARTAHMAE (4R 010-59780011)

Mo mb: JEETHEIHXERERE 195

BB 4&: 100021

E - mail: pmph @ pmph. com

W H Lk . 010-59787592 010-59787584 010-65264830
ED o Rl AR AR

g . BB

T A 889x1194 1/16 ERgk: 12

F  H:.3N2FF

R R:20154E7 ASS 1 AR 2015 4F 7 J55 1 JiRES 1 YREDR
¥RAEPB S ISBN 978-7-117-20751-5/R - 20752

E #y: 48.00 7T

¥ B AR AR R i : 01059787491 E -mail: WQ @ pmph. com
(MR e B & [ 8E S AT HE R h L RR )



Robert H. Bartlett, MD
Professor of Surgery , Emeritus
University of Michigan

Ann Arbor, MI

Stephen Baumgart, MD

Professor of Pediatrics

Division of Neonatology

Children’ s National Medical Center
Washington , DC

John T. Berger, MD

Medical Director, Cardiac Intensive Care
Divisions of Critical Care Medicine & Cardiology
Children’ s National Medical Center

Washington , DC

Jeanne Braby, MSN, RN, CCRN

Unit Based Advanced Practice Nurse
Children’ s Hospital of Wisconsin
Milwaukee , W1

Dominick Carella, RN, MSN

ECMO Coordinator:

St. Christopher’ s Hospital for Children
Philadelphia , PA

Daniel Conway, MD

ECMO Medical Director .

St. Christopher’ s Hospital for Children
Philadelphia , PA

Elaine Cooley, RN, RRT

Sr. Clinical Specialist
University of Michigan
Ann Arbor, MI

Heidi J. Dalton MD,FCCM

Chief, Critical Care Medicine
Director, Pediatric/Cardiac ECMO
Phoenix Children’ s Hospital
Phoenix ,AZ

Edward Darling, MS, CCP

Associate Professor/Staff Perfusionist
University Hospital

SUNY Upstate Medical University
Syracuse ,NY

Joel Davis , RRT-NPS, AE-C
Advanced Technologies Specialist
Children’ s Healthcare of Atlanta

Atlanta, Georgia

Patricia English MS, RRT-NPS
ECMO Program Coordinator
Massachusetts General Hospital

Boston , Ma.

Ruth Ferroni , RN

Clinical Instructor , CICU

Children’ s National Medical Center
Washington , DC

Geoffrey M. Fleming MD

Division of Pediatric Critical Care



5 B i 8 & 35 Il 5 At

Vanderbilt University Medical Center
Nashville , TN

James D. Fortenberry MD

Pediatrician-In-Chief

Children’ s Healthcare of Atlanta

Associate Professor of Pediatrics

Chief, Critical Care Division and Pediatric ECMO
Emory University School of Medicine

Atlanta, GA

Penny Glass,PhD

Director, Neonatal Neurodevelopmental Clinic
Children’ s National Medical Center
Washington, DC

Barbara M. Haney , RNC-NIC ,MSN, CPNP-AC
Clinical Nurse Specialist and ECMO Coordinator
Children’ s Mercy Hospitals & Clinics

Kansas City ,MO

Daphne Hardison, RN BSN
Manager ECMO Services
Vanderbilt University Medical Center

Nashville , Tennessee

William E. Harris CCP, FPP

Chief Perfusionist,Department of Extracorporeal
Technology

Ochsner Medical Center

New Orleans, Louisiana

Micheal L. Heard ,RN

Advanced Technologies Coordinator
Children’ s Healthcare of Atlanta
Atlanta, Georgia

Darren Klugman,MD , MMS
Departments of Critical Care Medicine & Cardiology
Children’ s National Medical Center

The George Washington University
Washington, DC

D. Scott Lawson ,MPS,CCP
4

Chief Pediatric Perfusionist, ECMO Liaison
Duke Children’ s Hospital

Duke University
Durham,NC

Laurance Lequier MD ,FRCPC
Director , ECLS Program
Stollery Children’ s Hospital
Edmonton , Alberta Canada

James E. Lynch,BS,RRT

ECMO Coordinator

Department of Women and Infants

University of Texas Medical Branch-Galveston

Galveston , Texas

William R. Lynch,MD

Director of ECMO Program

Director of Cardiothoracic Intensive Care Unit
University of Iowa Hospitals and Clinics

lowa City, Iowa

M Patricia Massicotte MD. Msc , FRCPC , MHSc
Director, Vascular Patency and thrombosis Program
Stollery Children’s Hospital

Edmonton , Alberta Canada

Sharad P. Menon MD
Cardiac Intensivist

Phoenix Children’s Hospital
Phoenix ,AZ

Matthew Moront , MD

ECMO Surgical Director:

St. Christopher’ s Hospital for Children
Philadelphia , PA

Eugenia K. Pallotto, MD

Assistant Professor of Pediatrics, University of
Missouri-Kansas City School of Medicine
Associate Medical Director,Neonatal Intensive
Care Unit, Medical Director, ECMO, Children’ s
Mercy Hospitals and Clinics

Kansas City ,MO



EFE B R

Giles J Peek MD FRCS CTh

Consultant in Cardiothoracic Surgery & ECMO

Head of Service

East Midlands Congenital Heart Centre
Glenfield Hopsital

Leicester, UK

David Powell , MD

Division of Pediatric Surgery
Children’ s National Medical Center
Washington DC

K. Rais-Bahrami, MD

Division of Neonatology

Children’ s National Medical Center
Washington, DC

Nancy Rees, RN BSN
ECMO Coordinator
Children’ s Memorial Hermann Hospital

Houston , Texas

Jennifer Schuette , MD

Division of Critical Care Medicine
Children’ s National Medical Center
Assistant Professor of Pediatrics
George Washington School of Medicine
Washington, DC

Curt Shelley MEd RRT
ECMO Coordinator
Children’ s Memorial Hermann Hospital

Houston , Texas

Billie Lou Short, MD

Executive Director, ECMO Program
Chief, Division of Neonatology
Children’ s National Medical Center
Washington , DC

Christine Small, RN
ECMO Assistant Coordinator:
St. Christopher’ s Hospital for Children

Philadelphia, PA

Wolfgang Stehr, MD

Senior Fellow, Division of Pediatric Surgery
Children’ s National Medical Center,
Washington, DC

David C. Stockwell, MD MBA

Executive Director,Improvement Science

Medical Director, Patient Safety and the Pediatric
Intensive Care Unit

Assistant Professor of Pediatrics

Children’ s National Medical Center
Washington, DC

Jeffrey B. Sussmane MD
Medical Director ECLS
Critical Care Medicine
Miami Children’ s Hospital

Miami , Florida

John Waldvogel ,RRT
Sr. Clinical Specialist
ECMO Program
University of Michigan
Ann Arbor,MI

Lisa Williams , MHA ,BSN, RNC-NIC
ECMO Program Manager

Children’ s National Medical Center
Washington , DC

Edward Wong,MD

Associate Director , Transfusion Medicine
Children’ s National Medical Center
Washington, DC

Joseph B. Zwischenberger , MD
Johnston-Wright Professor and Chairman
Department of Surgery

University of Kentucky College of Medicine
Lexington , Kentucky




t Training Manu:
§ﬁ mw

Billie Lou Short
Lisa Williams

B EiRbE
USSR S A

(R4 L EHT)
% L s v R L A B
SR DU ZE 2 R 4 — PR IR I e P e B
I %00 RS 0 BB A L R
B DU A B A 5 — B IR I B et B
I 20 A o0 BRSO ML B B
SF DU B A B — R T R e 7 e B
I 5o S 0 B4/ I 5 B e
B DU % B R — W T B e P et R e
I 200 R 0 BB/ ML R
I 200 HE 0 B A0 L 5 R
1R 00 R 0 B A/ ML R e
I 0 A L B A/ LA R e
BF5 VY 7 I R 5 — PR R R e P R
I R L 0 B A L R P
B DU ZE R RS A — MR R e P e B e
G0 R 0 B A L R R e



S 8 3 55 ( extracorporeal life support, ECLS ) 24k #A T 118 & 58 i3 % IE IR 5 3K T BE O3 BY
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ARTRELTR LN ECMO 557 B AFIEK, %4 % E ECMO EHRGENLERE R, BANERTEAR L
MBS ARSMBIRAEX L RRBIF T % 3 BR(ECMO £ FM) , F B I3k E ECMO 6 IT HBA B9 22
&, RIREFR SR, #— S IRFIHRE ECMO 3577 89 Z 5k A1k, ABESSEREELITHRAEEXA
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B A ILOFRAEER HAFRERFFAERAEZ O OMEIR) . RITBEI T FIERE S LR 5
MABGLIE MR BIIAR D& IR B HB O R L FEL B HEEE RS,

K% ECMO Wl —BEREP > B, AFMiE 4 THE ECMO 35 ECMO F BA 5 4 254
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YEE 5% 30N, 7 5 65 4= )L ECMO (1
FEHEE35 ¥, —REFZANE T, Bl
o B IR S fin SR 2 28 T N SEIR %= v
A7 8 I AR R, P 3 RV T ik AR AL . 1
EE, B NEENIILEERIRE B O MRS G
ZRARITHEIBA , L1 13A 97 Ho At B BT B o s ™
O FEE B L, B4R ECMO —JF 4k 2 M T ik
JUIF W 08 HIR YT , 20k AW ) B ATde it , BRE &
EHTFRGILFEANEE WG, FX L A
XoF 3 A ) LI e i i i 3 A PR A () TR DA B R A1)
Bi VAR ) LB B0, 3B A LA S i SCREIR ST 0 191 %4
TERSE T RE . Bl FRATTOE JL B AN B0 o B A= B i
TR LA B IR TT 7 U W S 3 , PR Ah A i SRR T 1Y
PR RIAE B D T B

AT MifiHLSE B John Gibbon B E S6IF %1,
AEHG T 1939 4, 7E 1954 A4 A A 10 il 1L 52 056
—BIFFOFAR OHESMEEFA A 8136 6 # K i 4>
S B A T 0L, FE A LR EABEIE
I, (5 s 1] AL P B LR, SR O ARFIE 4
FECE R RGEHITFAR . BEAEOME EHTT
ARZMET Y ER A T LA B 25 5 | I i
A B A o i s , T ELARSMEERE i 2 ~ 3 /)N
J& s B R IF R AE . IR O i 32 2R
S R i o SR AT S Y AR S B U
16 Y T, e ke T R 2 B I AR A ) s L
A LARFSEIE FHOR , PR A 3 A S8 20 1 A B 2 A
I PR A2 WF SO RAE SE R P OF R T o

1971 4£, J. Donald Hill Z24% A T.0 MWL 8
MHATFRA MR, BER-MERB L, HA
PR H B 4 A R WU B Z5 B i (Acute Re-
spiratory Distress Syndrome ,ARDS) , Ffif5, XA JL{7
L A RSN ™ O it v 5 451 R ) B R, ]
i, ORI 38 £ S AL T TR AT , TR Ah A i
SCRHUF SR BRI Z il . 1975 48, 78 NIH f) &

3

RobertHi Bartlett MD:

d: )7k

T T, ¥ 46 347 6K R A6 R 36 9T IR R A
ARDS HEATIGRBIFFE o XAEH A A SR AR &
PEBFE 97 4 B B 1 B HLIF 9, LB 9T 48 05 3B
1= I RT3 28 BT AT 7 T A0 A AR £ [a)
LA 9 SR LS AR R 3 Al
TEAIA S — B 5B & Z Hi B 45 ECMO MK 256 .
MO IR FE H, FRfi12% 2] ], ARDS f S ASET-F R
66% ,/"“F ARDS & L T-F H ik 90% ; A1
3, R R ACEHUGE E BT, 5048 2 A9 F BA
#HFT VA-ECMO — J&, - A A 202 & ™ # ARDS
%%—Hﬁﬁ%iﬁ% FRATTEXRAE b2 5] B X 2
VEBBE A B A T— TR RSP A0 5 B 0 3% 3 R )
R, XX R FEAT T H a4 KIMNER A S
(ECMO) , XIIHFFE L, & FRAE 1979 4F 3 ffi &
HPAE i SRR YT A 52 50 A PRAESE R A5 10 4,
XTRF IS BRAEATS R % W 851 L 2 5 448 ECMO
SRR K R, SR, ECMO 7687 4= JLIVE 0% 5838 75
i FRTRIT A A4 NSk
1£ 1975 4E NIH {1 ECMO I R i 38 i 31 %1 By
B FRANARIE T 55— B AR S fis X897 Eh BUA
A LI e . AR, FRATT Y SE 50 = AT A
T A B SMER S P LR R T L 10 £ 7,
1972 45, FATHHARII AT T & A J5 O il 558 L&
RSN S RERGR , White 1 Dorson 76 5 4k JLIFE K 3=
EIRIT B . AT EFE Z—B4 % T
FEMG AN 2 F) R ey i )L R SR A Y 3 SR A
S it Bl fok e e 5 | A 1 22 3h ik A RN BB (B FL Y A5 1) A2
St XAE MR AT AR MR A, HERITEMIA
PE G LPEER A= B R S A2 7E OB A LSSt 3h
Jik & e, PPHN ) J& K 2 B0 H B A LIV 35358 i =
BIRE R S50 % v R R A 28 1 A AR B
A FUBER AR WF IR AL A B R IR SME R B, IR
T AS B AE O T 1 4l JLEEAT T IR AMEER S 5
Bife 5 AE e, FRATIXT 40 il A L BEFT TIRYT,
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TG 50% . HoAth = Be 38 A2 L % FR SRt = U
FIFRATIX LA 2E I XTI A . F 1986 4F, 18 ZHT
A LRI EESE T ECMO il

5520 ZAFRTHTAE LAE 1B FALMGE SRR
T AL P B B — A, 330 0BT 2 R 19 1 B R R 32 3 475 )
BT L R R SR, FRATTHAT 158
— AR BEYE ) ECMO R0i6 B A JLIF 0% 22 8 1Y B 111
WFFE , REL T — 26 F A s i g 5 ik, 4 1E
T LARTZE AT R R 1R o Bad K [ (1 5
W, XTI IE (1 45 SR B 2 R FRAE 1985 4R 1) Pediatrics
i b IEEIE T X WA IR A ST T
FEM A B, XL R EE M Grip D) O’ Rourke %57
WL B B AT T AR AN BT REHEREYLBTY . 1l
NTIFRER R AR f sk 00 58, 45 SRt Al W) (EC-
MO HRIEFFIE RN 94% ) . FHARX BB R
i FfEE B B LG A ECMO 41 1 5% 3| i 58, W 4F
J&i , BRI T R Sk 5 40K Xt B ZH A8 LA EC-
MO Hias2 B3t . B AEZEAREMSE, Fid L
2 NRENH HLV FH ECMO 4558 B SR E T
PR AR BE L B, I ECMO %R % 57 F HoAt 7
2 R0 A LT T 08 A AR HE YR T B

1990 4E NIH 4R T —ME B W EHE AR E¥
M2 25 [ I PR 55 AL B9 TAE 4, & 1 1K 4 )L EC-
MO 1ER—ABIFKiTie . EHT4 L ECMO M
AR HE AN SRR, AL B R R T XA
i o AR M 4071 58 & R AESL R = s Y
R Hea F SRR, ARG A AT IR R Mo Il
ROFFEZ 0 T 1. A IR SRHIE , & 30 i 5
PHE R (HRAE R AR B UK RIE .
PRI — I d sk @S T BT o0 i BE A
BICH B, Jo ARAE B 3X — 28 5 X TR iy 25 2 ik
EMER ., ECMO R t (45 % Bf L4 A EC-
MO ZHHBH T ST M fEE B E WP A ]
fE. XEAE RN 1B LI B i B A BRA YT
FEARFZ A REIABTF RS, RS R 18 AT
H AN fE B ARIT FBA T AR AR . BEE T
AWK &, ECMO FARFFahr AL I AW HE T, gk
TEAE 0 R P 33 i A ) B2 T 20 4 b BF 2 e
ik, 1989 47, X L fiff 55 & G PR EE I EE S T 4 1
“URAME SR (ELSO) " Y IERAL AW, 7
Bt 20 4 i PR U ST T 25 p A
ARERESCE, KRR TARESEND , 31 BRF T RshE iy
SCRRRIT R EM R 48, ELSO tiBER A 3% T
PRSP i STRABYT BARTE LA 5 70 8 38 (9 1L

2

FAEAE, #2010 4F 1 A4 1k, &t 4 TR G18
% PR A L. XA A I A BT A2 L
Wge e T HIR 45 5, — D RAE I EIT R i KA
BRI PROFZE , g Bt JL TP ik 7 S BOE R
A LEER BOIA J7 T A IS BE DL AT 5 T i /9 B A 1)
i, ECMO BAER &M L T HALIG 7 FBay &
FIRTT ik, SRR T I 85% , IR FEM A B LR
R B, 35 98% , 56 R VE IR A7 18 R, A
55% .

TEFT A ) LI W S vy BT BB ) Bty b, A SR B
Ui 3 HF B %% 1) JL B ARG N BE IR 3 0B ) BOTR
Kolobow % & Bt & He i Ui =X ( il 2 5K ) Fnad & Y
FiO, ( fraction of inspired oxygen ) A 5 8™ & ¥ fiffi 1
)i . Gattinoni F1 Kolobow R FASMEFAHE H — & 1k
ik, BB A ST A PR S A AT, X
FERLA 5 EEAUAGE S, 7T LA BH Lk il 20 21 2 545 155 , 7™
H ARDS & B B0A B HIL B 56% . XLLL5R
HHTHOE T AR RSN A SRR T BOE AT
W, 2 By Y %8R , 7E 20 42 90 4EAX, 24N AR IE T
KGR

—. BAFRIRFIR

R feti R I 5 L 75 B9I6 9T 75 28, ARDS [ 3% 1 &
IR 30% ~40% . SERE)E 1 AN
ESET K 1) ARDS 83 RS A i SCHRRBYT 1S
WIE, XLEBEMES 2 ~4 Kuf, i sh ik d s &
Z= ( Alveolar-arterial oxygen difference AaQ, ) ## it
600mmHg , 58 1= 25 80% , i K FH AR SN A dr S
TBITIEROA R Rk 70% , R A Ay X+
TR HT, AR ERE R 5 K, WK R L3RR
1, PR R PR S M A i SCRFIR YT B ARDS | A
IR RN 55% o T BRR KA 4R0E T 5% FARSh
A SRR YT BOR ARDS BoR % 1 I IR 56, Sk
TG FN 52% , 1M 2002 4E LISk, HAEWE RN 65% ,
HABE R R K, AT LLor B 3 B R 3 s,
L AT LA 3 B 4F 0 L0 38 S0 K B0 R & 9 Y
2009 4F, Brogan & & T B W 1R & 8 R ik 77 i HY
ELSO 8% .

Jo[E Leicester ] ECMO AT T —31 ARDS
MR RLBE SR T A ECMO {897 B9 A BE 1 bE
Bl RBEFE , R FAE BT A LA FE P B 23R AT
BT TR, KT 45 R (CESAR iK% ) & % F 2009
L HIIRIT A7 % 47% , T Leicester ECMO
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B RBIGHFFIEFEN 63% .
—. JLEMREIR

1991 4=, JLEE HAE Wi 47 B 58 /N 4L A ELSO JF Ji
BABII, A 32 FILEEIE W39 57,679
TR B . BARSET-F N 40% , 22508 H 53 H
W], ECMO 2ME——TiA £5 TG K 13697
Bt. Green 3K F 1% WF 75 0O 5048 FEAE T BC XT 43 47 e
B, &P 55 B ECMO RORTFIEFH 74% , 1 110 ]
HHRIRITAAIE R R 53% .,

5 A LA A H, R4 LB R AR S PRI
TR 1) JLARARAIR , 5 i UL 1% i R 2 2 1 4 I
iR . CEMmiFs RS R JLE 5 b — 1 Blam 6 4E .
FEH AR A AR TR RGO T, RO B AR S
M HFHRIT , BEFETE R KAR 15% , B F KH)
UG AR IR DL R T A B AR . Z250vF i g 1) )L &
A LAR A VV-ECMO 897, ARAEFIEMILE, &
LA FE T I PR T S e s it 2 2R AN T i 3, 5
ARG iy SCRHG YT AT SR 4EUBR 1L BB 5 | A A5
. BEVIE RS AR ILEREA FRIERE M, — Bl
HHRPRE , D REFIIZ Sl 52 AE 1 FB BB 2 3 1E 56

=, B R B

ECMO 7 VA BT AT L[] B 47 O JFE A0 i ik
X FF. 1972 4ELIK, ECMO Bi—H M T L E 8 #
a (R EERGT 10 45, A P K, H %
RAEJLE B FE . HIFHAET ECMO 2% Er—fE
BT ILERCAEDIRER R E, vl LUIRZRA 5k
FRE PR A E A, AR AR D AR, ECMO
WAL T O UK e AL O BRI AR, LUERAR T
Aol o PR 8 B2 A R e 244 2% AR 4 e ]

2008 4F, 7 — A B9 AT, 2 4 10 88 5 0 L
LRI A R E , X L% B (1§ ECMO T8 fin 4z 4>
TR H, — Y ICU TAE A R RER A 3, X
BAR (FATFR ECMO- T 555 I X ECMO) A A ¥
ECMO % F 3| B2 g b H A B SUs K3 71 . ECMO /%
A Al RERAR 2 T — T8 %l FUSAY Hh B ECMO £
ALK XL BE WP IE T A Tl R IR 1Y
BRoE R RERIRAT T L T TR AR A , 2 LB A Al
AEFRR AR SME fir SCRFBOR t B 25 F A R8E, EC-
MO & Zl 57 7K HH A [ AR G0 0 S0 3 A B 4 R R
fE, S 7Y f) ECMO BUAR b FLHR 53 77 R 2 © VR 3 45 i

U AR 7 ) BR300 7 I Y T B LR
WERAIL E , AR i e SRR . AT
F T ECMO B AT 223K 19 & KB I Fge i, DA &%
ECMO & B 140715 .

(FR . BIREE B35

2 % X M
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