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[ Abstract] Extracorporeal membrane oxygenation ( ECMO) is a mode of life support for children with
severe cardiac or respiratory failure. Critical illness,body stress,immune reactions and hemodynamic alterations
trigger immense difficulties in clinical nutritional supports. With recent improvements of energy metabolism
measuring protocols and nutritional support strategies, clinical prognosis has greatly improved. This review sum-

marized the latest researches of nutritional supports for children receiving ECMO supports and offering matching

assistance.
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and children during ECMO support

I () Wit AR ER (s - k™' - d7h)
0~2 2.0~3.0
2~13 1.5~2.0
=14 1.5

ECMO 32471 1R], 83 HLAR 3 (5K i #E
Keshen 25" B 55 1, 2k )L ECMO 375 F R4
AT 3 B o AR 28, SR 0 B) J8 2 s A IR R
T SR AR A T R B 4 )L T, RO A
F(-2.31+0.8)g - kg™ - d7' ,ECMO L 45k 5
fik( -0.33 £1.1)g - kg™' - d™', Shew %" §F
S, HAE )L ECMO SR Rl AP A~ 2 o (=23
+0.6)g - kg™ - d7' X A[fiEE ECMO S AL
AR 15 R S B G 38 I, AL 35 o L 3 %%

(=) HfEFRRTK

HATEXT ECMO 32 #5835 1y ik 16 & 9 SR
0 2, i R 2 B PR S, K 28 ECMO rho
Nl T B R E N 0.5 g - kg™ - d7' AR I
WH =B RT IR T, B E 2 ~3 g - kg -
A7 BRT R FE R MR R SR A1, 3 B R s W T
B RN B KO AR AT 5 B0 /I sk 2D FT
DIReA 4 AIREE ] S BUL R, (B S D REAS 2B
AIRE P EWRE B, TR . E R JC ] SRR
FW] ECMO LB A A R MR TR =,
i E— e

= JL# ECMO 3R] 8 57 335 0

(—) ImNEFR

ECMO SCHEBIR)E F7 SCRpg ARl 73 il N8 5%
(‘enteral nutrition, EN ) | iz 4 & 3% ( parenteral nutri-
tion, PN) FIR A3 M7 = Fh 5 =X, EN AT DU S b 4 1t
AE EE BT oo R, A B TR KR 1S 1 0E e B
i, 32 5 Wl e T e, ELSEAT S AR B 1
ECMO SZH¢i[E] EN [ & 40 F Pk : O SEe
AN AR ] e A B L A T 1 24 ) £ T RE R A
i T ke L, 2 I 45 493 7 Ak T R R B D RE L S 2O
W5 0 R GEVERIE SO 25 B E I 2 4 B DI e v
GRRIFRTY; @ECMO, R Bk - # ik (V-
A) ECMO #1306 48 3l i 0, v] fE S B0
JUTERE AN S R TR L, 3 BRI BEE /N 45
% P i ZE AL B I 2 A B L
FALGH R A T RE 52 e J8 18 W G 2, S BUB K
H U B AT AE . R H AT A2 ECMO e 4T
PN VE R LSe35 178 F5 SCRriR A% (BN B W By PN
ﬂ?)gﬁ EN[G,IQ: .

Piena 253 o Wl W R 36 1E W, SRS ECMO
SCAPR BT A LI 1 266 P30 35 P 53 2 ey, (H )17 1
SEREPEIF AN EN (9 BT AL . Pettignano 45>
IR, A TE ECMO SRR 457 EN IR H B9
WIFRIE,IFREBTE 4 d NG 2 B IR, IS
EN S22 2 A7 3001 . Hanekamp 5517 % B, S 43
BFRAT HUEE RS RF O, HIF R 0
Wi | IS K 55 7 O A, B AR L ECMO 3 H
T AT AR 2 EN [R] s AL 25 04 ] 5
M B EN 06 . Ferrie 451 £ N R 119
WrFE W], S WUAL 259 JF R 52w 21 EN i} 32,
Wertheim %' 5 W1, EN ££355 4 JL ECMO 37 $§
AT DL R A A2, HE BRI A Sl 5 A 1) XSS
FERIE M. A, ECMO SCHRpiE] EN %2R LS
JAE K- (B W R R ) BE T,
5K ECMO S35 [ i LA A 45

XFFEN (R, 1% 7% FEAE B A R 1Y I
B J1 5 B MRS IS AT, R A B H R SR
Bk AR ZEL 1 K2, KT EN AR, Scott
A PR A S B, A 20 ml/h B R
B ,7E24 ~36 h N4 h 487Ut & 2 Hirdt .
Hunt 25230y, 24 1t 85 3% 1 25 49 43 ( vasoactive-
inotropic score, VIS) > 11 B}, Jif i /b 18] M2 & &= 20
mL/h, VIS = ZE [ pe/ (kg - min) | + ZEE Tk
[pg/ (kg + min) ] + 100 x ¥ R R [ ng/ (kg -
min) | +100 x ZHE FARE [ pg/ (kg » min) ] +10
x KA pg/ (kg + min) ] +10 000 x T {4 )5 12



I 5 UshaisE 2021 4 11 5% 20 %5 115 J Clin Ped Sur, November 2021, Vol.20, No.11

-1079-

[pe/ (kg = min) | +10 x ZE¥H EJREFR [ pe/ (kg -
min) |, Hanekamp 2T U LIRS A
KA T 100 ml/kg, Farr 267 #H % LA 10
mL/kg TFRIESLARINL, (AR I (]2 6 ~ 12 ho Oy 1R
IR W A XU, 45 4 b I 75 15 3% B i < 150
mL Z A Sy o AR SR B IR DL R R
TR MIMASE R (L85 R) . HEEHREE
R e i B i S AT 52 1, T AR R 1] )5 1)
F0 BEHTE EN WAL L B 150,

(=) shESR

PN 125 ECMO Y 5 BLE 77 34507 30, X T 1
HR R ARG B L3R B A7 e 4T . FE 32 ECMO JA
ISP T O K R 2 T R D LR
R SRR, A Ty 3 | S I 4 e 3 28 IS e 2 Tl
S FUAR TG IE 235 0 1M 3 05 B 18 hm ke % 1 5k b
ik, ELVIAE 12 ~24 h RS , i o 5
F o KT BT B2 2 B g R B, BB
i PR 7 L) A T T R 2 e ARG A L 4 T R 2
R RO, SE R AR O IR B8 8 IR S e X AL
it o LI H i =R R i 227 mg/dl
s R L 3 400 mg/dl, B8 45 48 T A D 5L
A MLEHLLE R 170 pmol/L(10 mg/dl) (™
Y I B IR RS S R D
i 2 P W% A 2 v 1) A IO AR B T LR . X T
JHFEhRE S 1 S Al T i 17 L) i, e e e
B — R R B B NG 7 F L

U JLEE ECMO SRR E SR SR I AL

ECMO SZAF AR]85 % SCRE CRe i)
W EN)TSAAAE S, * ASPEN G A4 JL ECMO 35 57 52
Rl RAG B HEAR 8 97 SCR I 2R RS2, [F] I EN
7S TE B MR sh e e B B e R e
FRE' o ST AT R, B I A 75 AR
4> ( European Society for Clinical Nutrition and Metab-
olism, ESPEN) “ i 5 8 7 FL W 1A 7 Sl PR 52 e i
B Uk, RETE I 3 8 ) 2 R R F IR EN SRR
26 [E FAE 25 2% 2> (Society of Critical Care Medicine,
SCCM) /ASPEN N SEH B & 7 S P L R PEAG
A BRI DU S0 ™ 5, DA A o7 7 A8 56 4 s T A
(B0) FaE 5 A REITF I EN 2450

ESPEN fg M8 & 11 i N 8 5 i IR 52 Bk 45
P RN R LB G T R I R 3R A
e SRR R EN SRR, DO A B TR
TE S HAFIG R, Greathouse 45 JRUESE 13X — WA
fHH AT 54 EN 3 JC B # & L, SCCM/ASPEN

BN S B 8 B R SR R P IR R A, A
ICU J5 24 ~72 h ]Wi#E4T EN SR, BT o0 2 540
ENUY . Scott 255 A X 27 il ik — bk (V-V) #iE
L ECMO R H W5, ECMO FHIR 5 24 ~
36 h BIJFJ& EN J& % 42 Al it % 1, Umezawa 45! £}
X745 V-A 53X ECMO 7 833 BIB9S IR AR, 7
W EN 2240, Ferrie % 41 %) 33 44 V-A
i) ECMO Jz 55 4] V-V #iz0 ECMO SCRf 8 # 0T 5T
KB, V-A BE V-V F 1301 h JFIF 4G EN S8,
SR LU 57

bR b, ARG 6 ~8 h /N RERT R & 1E # 1% 311,
HUNE , dnEcg , R R 25 7 EN BOA R4t
el Re s, (HA A TR B B Yae, e it 5 niE
Gl KB AR IR . ARV R BLE U R R
FrANIE L BRI 32 S5 A0 OCTF &k , (H 2l
W T ORI ] | O B L 1 W e i M
A T A R U1 W R A M B T RE, IS
MAETRB s 2 a5 B, FET 455 B B
EA VRIS M 45 7 EN R #E EN SO
SE, 0] EN SRR R e nl AT %k
AW EA 5 18R E T T e e R i
FhIB R vE AR S W iE e hRE SR, B T ECMO
SRR 8 i 8 R I 7R B S L 2 T
PrAERR  HAL A AR

T Al ECMO SCRBEATS 8 77 3 Hp ) 22 5

T V-V £ ECMO ARE E 3 LG SR 5 B,
PRt 22 FH T 7™ i I W 1 R e o 1 TG 0 ) B 2R H 11
B V-A i ECMO F2Z /TR H.0 V) fig 5
Uiy ( 225 AP ) FR RIS (H V-A BEEUR
REMRBRLE PIPERESIAE S . HATEI W —H B R
F S BRI AT 8 0, Jaksic 451 ESE V-V B
ECMO 5 V-A $:0 ECMO SCRf 3 10 g AUl 22
SIS X[ (56 £20) keal + kg™' - d 7' ws.
(54 +19)keal + kg™ - d™' ], Desmarais Ll g ) K
EN /£ V-V #i ECMO ,V-A #iz{ ECMO & 8 %
rh, AR i H IE AN M — 975 5% S RE 7, Pettig-
nano ™" Ferrie Z&' " #A3E SR 7] ECMO 37 35 50F
B AT LUBCF I 2 ) EN SR, Lukas %57 0
H, V-V £ ECMO | V-A i3 ECMO X R Z
], HE R R R CPHE RS/ BRER) 25
TGt L (50% vs. 67% ,P >0.05)

25 b, ECMO Al —J5UA R0 W W2 FRAIG 36 S R
HOR, HETE ) I 0 ™ 5 0 e ) fig 5 v 530 2
R L . (H ECMO SZHr U E I RE A



-1080-

aBE/NLSMEIZE 2021 48 11 B 20 %5 11 89 J Clin Ped Sur, November 2021, Vol.20, No.11 ||| GG

FEATME AT , H AT 5 45 R IR AE 4R 8, B0
n Pz i MEEP T Hx ECMO i35 (9 g 2 AUt
ATISE , I AT 368 0 45 SR A A 1 2 8 7 SRR IR
W, ECMO SZRFUIE], PN i A5 S e e e £ 14 S Fr
773 (BAE M DN AR 1 T 8 T RE R D0 T NE T g 4
EN, R PN [, AR ECMO SRR
14 S B R ] Ay e 52 ENG H AT [ P i ke = [
JLE ECMO SCHFIRE I5 SO R R 168 1, A 15 Ttk
— PG, DASE A L S R A

2 % X i

1 Bartlett RH, Gazzaniga AB, Jefferies MR, et al. Extracorpore-
al membrane oxygenation (ECMO) cardiopulmonary support
in infancy[ J]. Trans Am Soc Artif Intern Organs,1976,22 .
80-93.

2 pleESE/NUSME SO R A S AR R
[oI g B IR G 2 LR 2. S RO ERS L 57
SRR ZFIERIT]. /N LA R, 2016,37 (1) 3 -
8. DOI:10. 3760/ cma. j. issn. 0253 -3006.2016. 01. 002.
Group of Cardiothoracic Surgery, Branch of Pediatric Surger-
y, Chinese Medical Association and Parenteral and Enteral
Nutrition Division of Chinese Medical Association. Consensus
of experts on nutritional support for children with congenital
heart disease[ J]. Chin J Pediatr Surg,2016,37(1):3-8.
DOI:10. 3760/ cma. j. issn. 0253 -3006.2016. 01. 002.

3 Extracorporeal Life Support Organization. ECLS registry re-
port [ DB/OL]. Ann Arbor; Extracorporeal life Support Or-
ganization, 2020 [ 2020 - 07 - 21 ]. http://www. elso. org/
Registry. aspx.

4 P, B FR AR SN A A L2 AT PR

MR LT A )L 2R, 2015,53 (8) : 564 -565. DOI
10.3760/cma. j. issn. 0578 -1310. 2015. 08. 003.
Hong XY, Feng ZC. Application of steadily promoting extra-
corporeal membrane oxygenation in pediatric critical medi-
cine[ J]. Chin J Pediatr,2015,53 (8) :564 -565. DOI . 10.
3760/ cma. j. issn. 0578 -1310. 2015. 08. 003.

5 Shew SB, Keshen TH, Jahoor F, et al. The determinants of
protein catabolism in neonates on extracorporeal membrane
oxygenation[ J]. J Pediatr Surg,1999,34:1086-1090. DOI;
10. 1016/50022-3468 (99)90572-9.

6 Jaksic T, Hull MA, Modi BP,et al. A. S. P. E. N. Clinical
guidelines ; nutrition support of neonates supported with ex-
tracorporeal membrane oxygenation [ J |. J Parenter Enteral
Nutr, 2010, 34 (3 ). 247 - 253. DOI. 10. 1177/014860
7110369225.

7 Merus KV, Lally KP,Peek G, et al. ECMO: 1 5 A 40>

Il SZHE (ML 3 R b st o E RS} 4 e, 2011 :419
-427.

Merus KV, Lally KP, Peek G, et al. ECMO : Extracorporeal
cardiopulmonary support in critically ill patients [ M ]. Ver-
sion 3. Beijing: China Environmental Science Press, 2011 .
419-427.

8 Jaksic T,Shew SB,Keshen TH, et al. Do critically ill surgical
neonates have increased energy expenditure? [ J].J Pediatr
Surg,2001,36 (1) :63-67. DOI.; 10. 1053/jpsu. 2001. 20
007.

9 Cilley RE, Wesley JR, Zwischenberger JB, et al. Gas ex-
change measurements in neonates treated with extracorporeal
membrane oxygenation [ J ]. J Pediatr Surg, 1988,23 (4):
306-311. DOI:10. 1016/50022-3468 (88)80194 -5.

10 Keshen TH,Miller RG, Jahoor I, et al. Stable isotopic quan-
titation of protein metabolism and energy expenditure in ne-

onates on-and post-extracorporeal life support[ J]. ] Pediatr
Surg,1997,32(7) :958-963. DOI; 10. 1016/50022 - 3468
(97)90377-8.

11 Kagan I,Singer P. Nutritional imbalances during extracorpo-
real life support [ J]. World Rev Nutr Diet,2013,105 154~
159. DOI;10. 1159/000341292.

12 Wollersheim T, Frank S, Muller MC, et al. Measuring Ener-
gy Expenditure in extracorporeal lung support Patients
(MEEP) -Protocol , feasibility and pilot trial[ J ]. Clin Nutr,
2018,37(1) :301-307. DOI: 10. 1016/j. clnu. 2017. O1.
001.

13 Weber TR, Shah M, Stephens C, et al. Nitrogen balance in
patients treated with extracorporeal membrane oxygenation
[J].J Pediatr Surg, 1993,28 (7):906 - 908. DOI: 10.
1016/0022-3468(93)90693 -{.

14 Desmarais TJ, Yan Y, Keller MS, et al. Enteral nutrition in
neonatal and pediatric extracorporeal life support: a survey
of current practice[ J ]. J Pediatr Surg,2015,50 (1) ;60—
63. DOI:10. 1016/j. jpedsurg. 2014. 10. 030.

15 Ferrie S, Herkes R, Forrest P. Nutrition support during ex-
tracorporeal membrane oxygenation ( ECMO) in adults; a
retrospective audit of 86 patients[ J |. Intensive Care Med,
2013,39(11):1989-1994. DOI: 10. 1007/s00134 - 013 -
3053-2.

16  Umezawa Makikado LD, Flordelis Lasierra JL., Pérez-Vela
JL, et al. Nutrition support during extracorporeal membrane
oxygenation ( ECMO) in adults[ J]. Intensive Care Med,
2013,39(12) :2240. DOI;10. 1007/500134-013-3128-0.

17 Hanekamp MN, Spoel M, Sharman-Koendjbiharie I, et al.
Routine enteral nutrition in neonates on extracorporeal
membrane oxygenation[ J ]. Pediatr Crit Care Med,2005,6
(3):275-279. DOI: 10. 1097/01. PCC. 0000161620.



- EEENENETS

2021 £ 11 A% 20 %% 11 #§ J Clin Ped Sur, November 2021, Vol.20, No.11

-1081-

18

19

20

21

22

23

24

25

26

27

28

86647.72.

Piena M, Albers MJ, Van Haard PM, et al. Introduction of
enteral feeding in neonates on extracorporeal membrane ox-
ygenation after evaluation of intestinal permeability changes
[J].] Pediatr Surg,1998,33 (1) :30-34. DOI; 10. 1016/
$0022-3468(98)90355-4.

Jenks CL, Raman L, Dalton HJ. Pediatric extracorporeal
membrane oxygenation [ J]. Crit Care Clin,2017,33(4) .
825-841. DOI.10. 1016/j. ccc. 2017.06. 005.

Pettignano R, Heard M, Davis R, et al. Total enteral nutri-
tion versus total parenteral nutrition during pediatric extra-
corporeal membrane oxygenation[ J]. Crit Care Med, 1998,
26(2):358 -363. DOI: 10. 1097/00003246 — 199802000
-00041.

Wertheim HF, Albers MJ, Piena-Spoel M, et al. The inci-
dence of septic complications in newborns on extracorporeal
membrane oxygenation is not affected by feeding route[ J].
J Pediatr Surg,2001,36(10) :1485-1489. DOI; 10. 1053/
jpsu. 2001.27027.

Hanekamp MN, Spoel M, Sharman-Koendjbiharie M, et al.
Gut hormone profiles in critically ill neonates on extracorpo-
real membrane oxygenation[ J]. ] Pediatr Gastroenterol Nu-
tr,2005,40(2) :175-179. DOI . 10. 1097,/00005176 —2005
02000-00017.

Scott LK, Boudreaux K, Thaljeh F,et al. Early enteral feed-
ings in adults receiving venovenous extracorporeal mem-
brane oxygenation [ J ]. J Parenter Enteral Nutr, 2004, 28
(5):295-300. DOI; 10. 1177/0148607104028005295.
Hunt MF, Pierre AS, Zhou X, et al. Nutritional support in
postcardiotomy shock extracorporeal membrane oxygenation
patients :a prospective, observational study[ J].J Surg Res,
2019,244.257-264. DOI;10. 1016/]. jss. 2019. 06. 054.
Farr BJ, Rice-Townsend SE, Mehta NM. Nutrition support
during pediatric extracorporeal membrane oxygenation|[ J].
Nutr Clin Pract,2018,33 (6) ;747 -753. DOI. 10. 1002/
ncp. 10212.

Stoppe C, Nesterova E, Elke G. Nutritional support in pa-
tients with extracorporeal life support and ventricular assist
devices[ J]. Curr Opin Crit Care,2018,24(4) :269-276.
DOI;10. 1097/MCC. 0000000000000512.

Lee HM, Archer JR,Dargan PI, et al. What are the adverse
effects associated with the combined use of intravenous lipid
emulsion and extracorporeal membrane oxygenation in the
poisoned patient? [ J]. Clin Toxicol ( Phila), 2015, 53
(3) :145-150. DOI;10. 3109/15563650. 2015. 1004582.
Scurlock C, Pinney SP, Lin HM, et al. Safety of parenteral

nutrition in patients receiving a ventricular assist device

29

30

31

32

33

34

35

[J]. ASAIO J,2014,60 (4) :376 - 380. DOI; 10. 1097/
MAT. 0000000000000078.
Sin JH,Tom A, Toyoda A, et al. High-dose intravenous lipid
emulsion affecting successful initiation of continuous veno-
venous hemofiltration and extracorporeal membrane oxygen-
ation[ J]. Clin Toxicol ( Phila),2018,56(2) :149 -150.
DOI;10. 1080/15563650.2017. 1341633.
Kreymann KG,Berger MM, Deutz NE, et al. ESPEN Guide-
lines on Enteral Nutrition; Intensive care [ J]. Clin Nutr,
2006,25(2) :210-223. DOI; 10. 1016/j. clnu. 2006. 01. 0
21.
McClave SA, Martindale RG, Vanek VW, et al. Guidelines
for the Provision and Assessment of Nutrition Support Ther-
apy in the Adult Critically [lI Patient: Society of Critical
Care Medicine (SCCM) and American Society for Parenter-
al and Enteral Nutrition ( A. S. P. E. N. ) [J]. J Parenter
Enteral Nutr, 2009, 33 (3).277 - 316. DOI; 10. 1177/0
148607115621863.
Heyland DK, Dhaliwal R, Drover JW, et al. Canadian clini-
cal practice guidelines for nutrition support in mechanically
ventilated , critically ill adult patients[ J]. J Parenter Enteral
Nutr, 2003, 27 (5) : 355 - 373. DOI; 10. 1177/0148607
103027005355.
Greathouse KC, Sakellaris KT, Tumin D, et al. Impact of
early initiation of enteral nutrition on survival during pedi-
atric extracorporeal membrane oxygenation [ J]. J Parenter
Enteral Nutr, 2018,42 (1) :205 - 211. DOI. 10. 1002/
jpen. 1032.
Armstrong LB, Ariagno K, Smallwood CD, et al. Nutrition
delivery during pediatric extracorporeal membrane oxygena-
tion therapy [ J]. J Parenter Enteral Nutr,2018,42 (7).
1133-1138. DOI;10. 1002/ jpen. 1154.
Lukas G,Davies AR, Hilton AK, et al. Nutritional support in
adult patients receiving extracorporeal membrane oxygena-
tion[ J ]. Crit Care Resusc,2010,12(4) :230-234.

(¥ A3 B #7:2020-08-31)

A5 AR IR, Ak R, JLE RSB R S IR YT
W) E TR SRR RE [T ] I R /N LA 2K, 2021,
20 (11): 1076 - 1081. DOI; 10. 12260/lcxewkzz. 2021.
11.015.

Citing this article as: Hu ML, Qi JR. Research advances of

nutrition support in children receiving extracorporeal mem-
brane oxygenation[ J].J Clin Ped Sur,2021,20(11) :1076-
1081. DOI; 10. 12260/1cxewkzz. 2021. 11. 015.





