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[ Abstract]  Objective To investigate the learning curve of veno-arterial extracorporeal membrane oxygenation ( VA-ECMO)
by femoral vessels cannulation. Methods A total of 37 patients with refractory heart failure who underwent VA-ECMO therapy in our
hospital from 2007 to 2016 had been involved. The operation was performed by one cardiac surgeon. The femoral vessels cannulation
was conducted. The total time of cannulation, bleeding, lower limp ischemia, and re-operation were recorded as evaluating indicators.
The learning curve was indicated with the cumulative sum (CUSUM) analysis, and the curve-fitting of CUSUM was designed through
SPSS software. Results The CUSUM learning curve was best modeled as a third-order polynomial ( parabola). The fitting equation
was >, =0. 001X° —0.136X> +3.449X —2.012, and the R* value was 0.994. The curve slope turned into negative at the 16th case.
Conclusion At least 16 cases are needed for VA-ECMO by femoral vessels cannulation to master this technique.

[ Key Words] Extracorporeal membrane oxygenation; Femoral vessels; Cumulative sum; Learning curve

& Ah B 2 A & ( extracorporeal membrane H ~2016 45 H X} 37 MG LI RE =R (O )
oxygenation , ECMO ) £ A Bk 2 #b )iz ] 21 7™ & .0 54 IR IT IR I fE 3208 17 VA-ECMO B, AWF5E
TR . B 1972 4255 1 i 20 ) ECMO % B TEAR VT & i 3 i Dk i A2 48 3 VA-ECMO (122 ] il
WA LA ECMO M 194 3% 0 2 1 L 30 i ik 2
FE BRI SR AW K, ECMO g7 i 2 g 1l
B E PR T e — PR AR AP A — 28 1 1 eERBBEFZE
18 F7 1 I e ,fﬁ?ﬁﬂlﬂl%i‘ﬁﬁ RN = C AN 4 11 ek

RN s 12 b WA _ X -
?ﬁﬁﬁmi’&w_;ﬁx%@%gﬁf ﬁn %tﬁﬂf}( KILST 415 1, 22 Al A (55.9 =
VA-ECMO)2 ﬁﬂﬁﬁ,VV-ECMO P%L»FH ﬂ:/E‘IjJﬁEIE%L' 12.4) % ﬁﬁﬂ%*}ﬁ'bﬁ@ﬁ‘ﬁ5 W‘J,é@%’@‘b@%
g 7 T % 3 B BE OB Y MR % VA-ECMO 2% i F o ANEOTREER S 16, Sk LA 3 B, Sk i 2
Bl VR MR K e 7 0 5 0 1 R . FR BE 2007 4F 8 PEFR v 4 11, 56 R 2 ik 5% 8% 7% A8 R I O R R

« MIAAE# , E-mail: lianbo_hero@ 163. com



+ 210 - o E A S BF 243k 2018 4E 3 45 18 445 3 ) Chin J Min Inv Surg, March 2018, Vol. 18. No. 3

22 ), VRN A S AE B IR O DI RE SR 2 il
ARG 22 B, B DI EEAS 4 9 i), 18 47 B ZE M Al
3 5 ), A0 R Bl ok O e 8 o BRI O IE TR X
Bﬁﬂz 1ﬁ§éff} ( European system for cardiac operative
risk evaluation, EuroSCORE )" 3 4> & (9. 46 +
3.20) 4%,

1.2 ik

i | Maquet BE — PLS 2050 4 % & £1 . Maquet
BE-PAS 3l Jkidi % A1 Maquet BE-PVL ## ik i & o

P35 I oy e ik 3k 4% 4 5 57 ECMO B Bl 3@
B, A — 70 AR RE R A S . AR FH PR RS
RAE, BT VA-ECMO # B 5 I 46 11, i 43k
PRBE < £ I [) T R B AR I 0] o 4 ) [) DA
2L VA-ECMO i Bh 2 JF 45 14 5 0 18], 75 TAE
F5 A B B ECMO A& 19 o £, £ 48 15 A4 X iR
HARRIHES , TR B T WA RS T AR A0k, 0
T A AR A 00900 7 ISt 45 8% 5 T R B AR Ik 18] Sy A6 TH
B I [A] 2] 11 4% 45 58 R B ) o 3k 6 I B0 YA A 7 B
BEAT B RV 1, 78 4 2 8 L sh ik , 3ok 5 1 3l bk B 422 4
A I v 328 g ST N S A BR, B I Bh kAT B0 T IS
s ) A 8 mm A T4, o kG & ik & T A Tl
BHN—"MEEA", HI 21 G S F AR
B JG 16 FlfE A R AR” .

1.3 PEM e bR & {e

e B AN (cumulative sum, CUSUM ) 43 #7
BT A AT TS5 sh 3 RE, 3T 10 4F i ik
Sl 2 M I T T Il R B R 2 ST i R R . A
L] vive oo o NI 1T 1= A A = Y-
WYITF 4 TS kR CUSUM fTEM #6450 TEAT 45
i AR 35 (0 FH DG 48 A 1 S 8008 4F 8 B AR e, SR )5 11
A TPE M T br 3k 2 B AR A 0 L], PR 45 2% ) ith
LA AEFRiT B AR 6 =X, - X, 15 & i, B &
BIEAE AR B A . o X, R PFN 48 b5 BT i A
PRAE Y 2R W%, YA 95 b ik B HAR(E R X, =0, 47
RIBF T B AR X, =177,

OFAREFE(S,) P ¥ FARBE 117 min( H b5
), P <117 min 5 65% , B2 MUk 35% , 24
Wi FA B ] < 117 min B, %41 5, =0 - 0. 35 =
—0.35; ZHEAERTE] > 117 min B34 8, =1 -0.35 =
0.65,

Q@I (8,) ¥ H I & 458 ml( HAR{A) ,
Horp <458 ml |5 51% , BPR ISR A 49% o 2495 11
1M <458 ml B, %41 8, =0 - 0.49 = —0.49; #9%
BIFAR H 1 >458 ml B, %61 5, =1 -0.49 =0.51,

@ F BB (8, ) « A 4L i ke afn He 51 A 43%
MR KA BRI, 6, =0 —0.43 = —0.43; %7
e B I L8, =1 -0.43 =0.57,

@A R YIFF (8,) « A< 4 P 4 4% T R 3B
{37 #F If ET MB de at, T ORI AT TR AL B
0 27% , 25 955 9 R & AR R sk am R, 5, =0 -
0.27 = —0.27 ; #5 KT el £ 80,8, =1 -0.27 =
0.73,

ZHARXY =8, +6, +8, +08,, AT R
4 TRPEH HE AR R, 2 ) il £k B AR BR (X)) oy
FARGIB, AR (V) NS, (R R , & 65%
Bl CUSUM {H 2 4 T 4+ fb 35 A5 00 F1 5 55 2 6l /Y
CUSUM fE J& 55 2 1 4 Tl AL 5 AR 0 F1, 750 1 5
1 filf) CUSUM {f, LA 253 245 37 477,
1.4 Geitehban

N HH SPSS19.0 B &G X 5 Y iih 4%
R RHEI ML R A R, ARG L P [
W, P <0.05 R A M. LLRB R HIkil &
POl R AT T 1, iR A 0 8 B, R e 9
I E Ry F AL A A A AR R B R
LRRLR bk (ETE T W B B v, T R A8 S 1 fl
I 6 7 19 T AR 49 50 By % 38 0 T R B 1 e/
S NIES

2 #R

FARMEME (117. 2 +23. 8) min, H o i £ B[]
(43.3 £24.3) min, T AREAERFE] (74.0 £8.9) min,
A (458. 4 £234.8)ml, AR J5 FHCB I 16 4],
e 2 U A A R A A i BRI 10 48], B
WAL 17 fi], 56T 23 4],

TR I [ 1 H I 2 B T AR 491 B0 i) 7 Ak
ARSI W B N 151 N B /| B A =
Hp O A I R ek 2 B L BB B, TR B A s ) B T
ARG ES B 1N S A O 5 il S T AR £ 50 3
DR N SPSS19. 0 B # T &M G, =
WHMZ ZawmEth sk e fuh 2 =k ih&m
LA I EBE RS P (EH <0.05, A 25 R
AR 0.964,0. 133,0. 133,0. 994, 1| Wt f2 45 01 &
BRI & =i (K 2), ME BN,
(CUSUM {f) =0.001X" - 0. 136X° + 3. 449X -
2,012, R4 pRECA KT E A L RER bk H7E BT
N R, 16 BT AR AR S A, LR 1

3 itig

VA-ECMO F % T I PR 38 17 3IE 2 - 0 JIE 95 A
JE H B P P 5, e LA B R AT R Al 1 2 A
JE0 LB o P BT, AP UL BE 0 U A AR
St VA TR O WL A I 3l Ik A ZE 9
PR LA 30 i B AR AT B 2 T 4
IS 995 1) 53 A1 5 5 R SR 11335 17 AR 4 o



o [ AN A RE 4 AR 2018 42 3 4K 18 45 3 ] Chin J Min Inv Surg, March 2018,

Vol. 18. No. 3 < 211 -

120

100

HER IR 7] (min)
& 8 &

(3]
j=]

200
180
160

140t

SRFA] (min

SN R=ES)
S53&838
— —

S

25.001

20.001

ZEREUR

10.00

5.00F

15.00F

o FAM

FABIEL

2 VA-ECMO BBk Z#EE CUSUM 23 #i &

L]
e,
L]
.
.
* o
e
o o*
eee®, 0 .o. e®® o
1 1 1 1 1 1 ]
5 10 15 20 25 30 35 40
FABIEL
- L]
°®
o0
.
e ®
°® e _eo
o* .oo.o '.o.'. ., '..
5 10 15 20 25 30 35 40
FABIEL
A1

100
90 [e e? °

FARIRF ] (min)
—_— N W A N X
[=BeleoBaBoloR=R-]
T T T T T T T T
.

2
°

0

L

@

Bl
.
@
o

2

2
L
°
L
*
®

20 25 30 35 40
FAGIEL

=
(9]
S
o

1000
00k .
800
700 F
600 F ) .

500 | * .

400 F .

300 | .
200 | o, ot et L.

100 |

H 1M e (ml)

0 5 10 15 20 25 30 35 40
FABIEL

VA-ECMO F AR [E 71 H 2R FARGIBEMETHER

ECMO # 57 o #2 v iy I 487 4 48 5 R & —FiiR A
PEERAE 048 4 8 o AR R OR J5 i B Ao R Rl A B
— BBy P I ARE , B A0 e R Hp S B A A
U EE I i B AR P B R i T B B A A B
L TG T P 48 kR L R 45 Je) J . Barbaro 4511
2015 4E4RJE ECMO figr L — 1M A &R A R
I A 2R ) T BASR 58 B, 3 A AT BA 55 2 A — 5 e
R, A5 37 #il VA-ECMO % B 2 B — 44 SR
P& 2E 58 B, 38 a0 2 2] il 2R 0 i R A VA-ECMO
FORZEIRIG L. CUSUM F3 #7 35 J2& 5 = R 5 R K
J& B Wald %5 iz 56 F 28 7= 2 i o o 48 il 1) — Ff
GuitA s, i Tk AP g T 2% 7 v me 08 W R I IR 4
AR 2 3 F T A AR, Bl R R R 2 L T X I

%1 VA-ECMO FAROIHRITFESHENEE
i 1 2 3 4 5 6 7 8 9 10
ES D 2.46 4.92 7.38 9.84 11.30 12.76 14.22 16.68 19.14 20. 60
ey 3.18 2.92 2.66 2.41 2.16 1.93 1.69 1.47 1.24 1.03
ik 11 12 13 14 15 16 17 18 19 20
BibAMY,  21.06 21.52 21.98 23.44 22.90 22.36 22.82 23.28 22.74 22.20
R 0.82 0.62 0.42 0.23 0.04 -0.14 -0.31 -0.48 -0.64 -0.79
ik 21 22 23 24 25 26 27 28 29 30
ZitMY,  23.66 22.12 20.58 19.04 17.50 15.96 14.42 12.88 11.34 9.80
B k -0.94 -1.08 -1.22 -1.35 ~1.48 -1.60 -1.71 -1.82 -1.92 -2.01
e 31 32 33 34 35 36 37
iRy, 8.26 6.72 5.18 4.64 3.10 1.56 0.02
B k -2.10 -2.18 -2.26 -2.23 -2.40 -2.46 -2.51




212 - o E A S BF 243k 2018 4E 3 45 18 445 3 ) Chin J Min Inv Surg, March 2018, Vol. 18. No. 3

PR AR MR ik . SR8 CUSUM $5 R
B SR e (MR S A 48 A, I X s {4
PRt HARE o ASBIF5E 08 FH 0 5 AE 38 A o2 SR B R I
HOLEFARBE ] WO R E L IR TFRSE 4 A48
bR, 3X 4 D HEFRAE AN [\ 1938 97 o0 1 2 SR g5 SR A7
TERK KA . Bk, AW 78 1 19 H b 8 52 9 6 %5
TF Y E R A%

K4y SCHRF ECMO TF- R i) 8] a2 S o 4 B
(] A0 3 A e VE B (8], AE 25 B 1) 2 DN B E W
VA-ECMO%H Bl 28 JF 46 1 5 B (8] 5 F= AR B 18] 54 I 45 78
R NN s O o 111 R Y . IS SR 1)
AL L IRATIT LLE A TR 51 800 A Wy o,
HE 25 B 6] B 2 40 0, TR B VR I (] L A AR, A K
Bt T A 5B R 3G A D B, A 2 9 49 T IR By
Br, BB E A iR B T A BN B3 3G ] 58 B (HL T
AR FEAF B HE S AT 7 TAEY AR E R, b A
FARGIF I, 2 58S TENE B .9 A
BB Z 8 BRI L, 24 VA-ECMO & B ik
S A WME S TAEH £ 1T N 53 17 53 9 R e 3,
V4% B 8] B B 00 19 93 min FE A E F) 25 min A4 .
FARBAER ] L B R €, 5 16 5] F AR B 8] v A L
T R S E FAREARA XK. BARF AR [EE L,
55 v 2% 1) 0] (74 BH S a2 A TR

i T R 55 Y A ek > #a e, AT RE S
AW TF AR LA BE I PRI o A 4L 08 I
Jh AR Sl 1t % A HE A = (16737 ,43% ), K8 43 SCHR i
T F BBk O & Az RAE 20% A2 47, W sh Tk 46 45 0F
B N7 370 it ) 7 A I RE A% LU A A e DR 3 v B A S i
Fe O XA G T TR LR B B F BN A4,
A BE 1 PR 28 2« QO 378 g JB AR St . 79 8 A [] , AR 441
BT T Bl il 5E SRy A iy B AR R A ) A s A I
o) kAT 1) B AR 328 i A S N S7 00 I 1 A I LR R
Ui o RO R CER I R AR R, R AR TS 16 5] AR
o) KA SR W, 5 R 1 B R 5 I Bh kA A
16 Flrp 1 ] 8 80 R Bk i B, B AEAERIGHE S
SN KT RN RN 5 W G N £
YY) I 48 4 A B AL 14 & AR R A R (10737 ,27% )
TR YITF S R R ME DL 32 32 n T Tk o B 3
HWF AR B Rk VB £, J5 16 6 D6 ik Dl
T kA

¥ _F R PE 0 5 bR 2E 1T AL, AL CUSUM 43 #r
454 SPSS iy A G BRI FRATTAF 55 16 i
P ) R 1 P 0 R R B AE 16 ) J5 JE AR % i
VA-ECMO #fj By i) 3l & bk A 45 B R o

&%k

1 Hill JD, O ‘Brien TG, Murray JJ, et al. Prolonged extracorporeal

oxygenation for acute post-traumatic respiratory failure ( shock-lung
syndrome ). Use of the Bramson membrane lung. New Engl J Med,
1972,286(12) :629 - 634.

Zangrillo A, Landoni G, Biondi-Zoccai G, et al. A meta-analysis of
complications and mortality of extracorporeal membrane oxygenation.
Crit Care Resusc,2013,15(3) :172 -178.

IR, B 48, 5K ¥ . EuroSCORE i R 57 H [m] Jist i Jig 2. o
[ O i 5 A1 I PR 2% 7 ,2016,23(10) 11012 ~ 1018.

Biswas P, Kalbfleisch JD. A risk-adjusted CUSUM in continuous
time based on the Cox model. Stat Med,2008 ,27 (17) :3382 —3406.
Bolsin S, Colson M. The use of the Cusum technique in the
assessment of trainee competence in new procedures. Int J Qual
Health Care,2000,12(5) :433 —438.

B WeL VEA 7. CUSUM 48 050> SR £ 156 2 DI P s 9 o
N AR B S U TRE AR ,2015,14(4) 1397 - 400.

Theiss HD, Fischer M, et al.

Guenther S, Percutaneous

extracorporeal life support for patients in therapy refractory

cardiogenic shock: initial results of an interdisciplinary team.
Interact Cardiovasc Thorac Surg,2014,18(3) ;283 -291.

Sheu JJ, Tsai TH, Lee FY, et al. Early extracorporeal membrane
oxygenator-assisted primary percutaneous coronary intervention
improved 30-day clinical outcomes in patients with ST-segment
complicated  with  profound

myocardial  infarction

cardiogenic shock. Crit Care Med,2010,38(9) :1810 - 1817.

elevation

Asaumi Y, Yasuda S, Morii I, et al. Favourable clinical outcome in
patients with cardiogenic shock due to fulminant myocarditis
supported by percutaneous extracorporeal membrane oxygenation.
Eur Heart J,2005,26(20) :2185 -2192.

Hoeper MM, Tudorache I, Kiihn C, et al. Extracorporeal membrane
oxygenation watershed. Circulation,2014,130(10) :864 - 865.
Belohlavek J, Rohn V, Jansa P, et al. Veno-arterial ECMO in
severe acute right ventricular failure with pulmonary obstructive
hemodynamic pattern. J Invasive Cardiol,2010,22(8) :365 —369.
Olsson KM, Simon A, Strueber M, et al. Extracorporeal membrane
bridge to lung

oxygenation in  nonintubated

transplantation. Am J Transpl,2010,10(9) :2173 —-2178.

patients  as

Javidfar J, Brodie D, Takayama H, et al. Safe transport of critically
ill adult patients on extracorporeal membrane oxygenation support to
a regional extracorporeal membrane oxygenation center. ASAIO J,
2011,57(5) :421 —425.
Barbaro RP, Odetola FO, Kidwell KM, et al. Association of
hospital-level volume of extracorporeal membrane oxygenation cases
and mortality. Am J Respir Crit Care Med,2015,191(8) :894 -901.
Sanchez-Glanville C, Brindle ME, Spence T, et al. Evaluating the
introduction of extracorporeal life support technology to a tertiary-
care pediatric institution: Smoothing the learning curve through
interprofessional simulation training. J Pediatr Surg,2015,50(5) .
798 - 804.
Foley PJ, Morris RJ, Woo EY, et al. Limb ischemia during femoral
cannulation for cardiopulmonary support. J Vasc Surg, 2010, 52
(4):850 - 853.
Hendrickson SC, Glower DD. A method for perfusion of the leg
during cardiopulmonary bypass via femoral cannulation. Ann Thorac
Surg, 1998 ,65(6) :1807 - 1808.
(W ks H #1.2017 -08 -01)
(&1l H#1:2017 =12 -27)
(Tt 4 F 3 7)



