ﬁ)'cf’/' T
u}‘}:{d}}‘"/

Eakes
W oyl
1y s 95 09,5
oolyude ool Jdedase IR S
ool ! Jadls! PPUE RV
S e Sl 4

Lgo‘)_n LSLC

4 / &ou
sls At



SiodeiSs ozl udas 9 Uwieel wineS [Shh] ([UhSs 9] sty a0 [UgS w3 )S Sigleis 29l 0 g Vlgic
bl vgs s,

YYAY- (o05lg Sw ol it wlaziw

puw TAXYY (&) i) g0 12 & Syalb wlaxiw

978-600-94863-4-2 :Y.z ¢ 978-600-94863-2-8:1.z ¢ 978-600-94863-1-1:0,95 : Sl

) Lo oy L pd Loy

Lo sule (8wl Y (Saigles auinyd ( sviodpu>) (S uid ol ((sabd deo> Jgl al> OB iwwgs Cairlasly
u>9 (U9 S3lre

«S3lyo (sl s8lrawl AV ((swolyS 30>l Guumdozo (sRabis dao> 095 > OB Nuyg cowlssh
o>y o> (1 S,80 xw ¢ Guol sl Jas)gl coslidedus (sdesoxo

Perfusion technology : sowdSil @y > woiy ¢ Cairlasly

(Ld) ('Ya0 idgl L) Yz Coilsly

aoluls Conlssl

balas g allio -(Sislessn9) S)lig> ¢ 9090

. BRI RV W-CORR T SR 03939 aLwliow

Dol 9 Ueol isaS 0SS Ly Le> Jwd,S Sipleii ezl 03939 aLwliow

\Yas Ao/I\WERM 0,58 Sy 03,

Q0F/E\V V9IS S 0d)

Y11 ETYAN : o csawlbiiuis OJLO_.JU

(LYo acgomo) (195 (#0,5 S5glSS

S Jadllgl (ol 5 e osliile Gl (devmme 150l Gumdomme S5 (ke 1Bl gd 095
o> o> S8 padle (5 Bl o ((Blowsl Y (sl
03l S Ll £y

3o Lople 1T amiuo 5 (g5l g

WA Jol il gl

on Pl i Blee g dilbuly

ol Lople 12l 2l o oo

A 0v e 25l

WA-5 - —AFAPY-F-Y il

WA-5 - —AFAPT-1-) 10,98 Sl

RASURE

4

Bk o
Wil o0 8319 S Wl LiS! & Blaio 9 Bogdo il 3>

SAVYFOAYYYS — «AWVIFFVAIYY @8l




OO Comigud g i g B >l > 0 50 " lbls )"
Y ettt e e e 3b = Sl i yo laalds i
R PP JoS yun g pge ySLsSole oL yiSL  Sogll
LA N )jj)fésj.c6>|,>Jo.c)'l.\gwwwJ@Uﬁoissi)pggjgél)?w%wﬂwuﬁ
) Lo 2 5 s olga b 5] (y5es st

e 33 9> G5 iBgi bl Jgboyo adilogs g 4l Sy Saml (srhe (yigadn by b ske Cliblne aylia

Yo Qﬁﬂ > Jes
Al 3555 Sl GB a5 e VY S mln g9l (o

Systemic hyperkalemia and mild hypothermia in Redo Aortic and Mitral Valves replacement for
£ the patient with Fungal Endocarditis and patent LIMA

FA s Current and future status of extracorporeal life support for respiratory failure in adults






4
)

OB Wz 95 09,5 o po (e
Sl 5l ey
1(P) Sy 9,9 by
odall B ot Al o) 1 o 5 Lo By 38 oot L
Y pean yidl 7lias) S Cawga 1y il (as e Wgls cwl Caly Sleluws o 5 uils Ll

OB S g8 45 Canl Jlalge oo 511 (S ¢ ool Camss @l &) a2 g8y « IS dsmagi g ple 28yien o 2255 5 O
G5 5 ple 5l Camo - ayled oo i3t led0 5 Coes o L ol dalol 4y g Lo, lile |, (S g Lo hmgd « VLo
Olse ol & el e laslisdl (2 g aose (al OIS 55 Qlaime « (S aiysi L 05 olre 5 0T @ Jos 9y

00,5 g ng) Gl b @B o5 QIRASS 095 5l nl B ogd (o s 4 Sl (ilge 0 eges 51 (Sl

(@) e plol
tay Josll (5 () gy alimincad Ay plal) 315
(YO LoeolSIl 50 g oS! 558) sl T @ o )0 (yisS g ol atuslis a5 JlaS 4y ijgel ¢ isls IS

59 ¢ 590 LS Saem 16313 g9 wall (9T Genli oy 5 Ol Rl 9P (B9 S398SS peail 0 e Cn
Sz o1y 093 W g g plad a5 el 005y (sole S i A3 e oy 5 pollae ¢ 15 e o el el o
abdS b Jlo o ode sy cpl gle cdpig. Wl aiile Lol lnl jo g aldy cpl S8ty g dxwgl ¢ (Byre
&l s, Y| O3 9 okl wiejls hlew a1y Gleasd o iy ¢ UG 0 peS L oS cnl GluS Sl (e 50
Cons “)5.»-9)4 U;ALM U")L’ &J""b‘u"}‘s s_:l.c.dy S| 03903 r:liubsu\b ;.4@.70 d}ﬁp.ul.:b .59.> ..\...Jb 0dg G&:liw;‘o

LSl 009.3 u,o.z.)‘)d d}}um O)JJAML)LMMJ c)lﬁ..o.bdsd.m‘.:sor:}:j))c U"‘ 6[»
S LT JooSS aope cnl @ g G55 S551eST byl (ulid)5 Gligzeils 99,5 b e Jlu (nl o Cd ity Calys
a5 aLbdS Jlo diz 0 93 (0,5 (590955 calisee uS Ll adl oo p8U p amel> (pl (goidy e g Ll Ecliogs
oais lid 4 cowl sl SIS ) W 30 gy Al ezl g (BKE 5 g gzddls ¢ Candiend ) Al oyl
ezl 4 0 jgel Cllae g SVl Jlol 50 o Candfoud p Lol yidion a2z 0 (65 Kem il (o0 ghaiiio opl jo (ool Ui
oyl o leds ) o jeam jaadle ollin 5 (hggm proe Glaasie ol o wlis a8 s bgasls
Ca S b wglas Sl Gl el Blel 5 2l B asl L il oo sk aslilad (pl Glaal o iy jo 1) Lo YL

OY0 Hlwsl) il doax






-'\, y

(“ Aslne) ! Sl L It iy Kooyl 1 o gy
«M‘SAQ;))JUB)QJJ)‘\)M.C “510)'&"45(5’L‘“5445‘>)’GAYL"\"‘°‘>)9‘ uLu‘:&S‘ Lois ‘LS’LMS..\JB‘..\}»

oww‘:b’5g>l9&

13 5 ol o8 il ol cal 31 B syl Lo a3l o) o 3, ol o 53 sl ] o 0,5 ol il
e 0ol &5 12 @IaiSS ol Ceny )35 52 23 ole 0590l 55 ST il &Blg oS G o g e | s gyl DL
Sls Jw 1) il g iz 5l Sloyed m g dad so darsl S ol 5l Hlis oo a5 ]

S,95 1 pledl 4y G Slotag B Gl (Kb pole &Blgye 5 (S asll (sele aasls sled le 5l L
Jw‘aéa.i QLA).) Jl.ubtbw? 6Lmo).> 6‘;145‘5’[.? b.b)f‘sa).:u.u...».?u ul.....»..\‘éd..ﬂ.a‘.m b@‘}w‘ d.ml.w swl
039,955 iz 5l Sleyo olF g 00gr 29,ls (LS e ol soole SO 5l eslaiul Julss o5 e ys oyl
i)l Colo aen g u5ls of 5 ksl

w1y oo Sl g 1) o Wiles ST > 3925 plad

OBOL e oS ity

(720 lh) golye Lo e






S

|
<

S 90 93 i g B (2152 i 53 "OLLLG 1"
Heart Surgery Team Communications and Perfusionist Role

ol jule Fols e vozxo
0 A 595 9 B loyd (590T 3 po «(5 Tl jud oyl Ly - Cannifoud 1y

5 bl 6,180 Jo po 4k pom lleil g 0l b (oo yir 05035, (Sl 5 (o Lo | slo oy 51 (S0 bl 5,18
Jsbite 4 (2l a5 Blbls ) ol 05 e o3 uadlie Sz 5 el S0 aSai b o oldl bl g b b Lolas
i 3 JIE Kgd o pde (9t (Sloyd g (bl lo L 10 (ogatn 035 o0 JIF  (ols Slaal 4 olws
conlie alolis b 5 ont 23l oy o (gliel anogs o yos hal o bLo )l iyl b el 6905 sl azils ¥y
Olboz 3l (8le sloasly Slas o ploil 4y Coles jo a5 9o Dbl )l (5)],8 0 e mgllae JliS b g il S5 50
JORT I IR

ke sl s 30 45 yige Lol bl e GBSl a0 5 51 i Jele jige b Lol onds plowl lalllas 3ubo
Sl ooliies 1 e 45 e | g0, bLs,l -V e Lo l,55 5 VU Coma] 51 oy SThe ol g omaa s ,olS
SLSHI as cal otdled bl -Yaies o plosil paass Codlad slaojg> 10 1) 055 Sw oy g (S e iy )]
bl gllas slaojex jo 1) dgme slacdsi o U dis o olais] Sl ly 095 cdg placl oo B Sheys sle axlg

o g ciyllsg o Sloyo sloogs, Cilanl 3l S 3w sliel sl p3Y jige lbls,) caibols g 6585 sl
Wlogile g g dngd (e Slbos a1 Glow Sy, 5 gy (Solel olomsl yo anilay g ool adlas 595
O gy 5 Bad b 4 sac e ol 5 wyls B egtas )y g odd g o)l 5 (i Jee 301 sl d (g5l ool
il oo aie

DrSzsS s dalol a5 ey b g og— b ge ST (leyd o (dlie (8 i)l 4 Lo 055 alaxd
loog S oy lbols )| J5S g )l cclam ol 05 oo Jlow 4 Gloy ool @ oo At 18 (nl jo cdaé 5 Jglis o

W55 o aile Sloys o Ysine Ciglg 5l ilises ol il 51 ooliinsl b puitis yof 5 s yokay iedlyo (Lo 5

(s o saass 8 o bl sleiel b plg Slasl dailgy 0529 pilin s o Sloyo g o lagy slalases jo o038l 0 4ol
ilee Sleiiy 5 22!
plo Jsl anT)d 5l ces )le 5 gel> O )le a0 g ol puplie Jlo )l g oloul 0] ,3 L g wledbl Jols a3 bLS)|
S5 6y y8 0 gl Sl g 00l it 00 1S 4 oaiziw 8 5l LA 090 (ggime aS|  bog i 0 00 1S Ay ouiiiw LS
LU, G j0 g oo anslis o950 0,955k g ailu 0 S el coniiiw 13 51 a5 le a5 T liml cewl o3 g0 bLS )|
Jols Jol5 bl g 0uls o..\3|9_"> AL 06U 0D d.d)f T°L"’ AW )|)§).3 ‘nl..ﬁ..t“_go..\Jﬁfjo..\.;S JLM:JU...:U,J;:L..‘)‘ Y go
(hndy pae by (hnd ez 50 )18, Gl el S ot ax g el (5o pogie 4 Sl 485 18 455 3500 4

ke oaisS Jlo jl da de g Bad Cols jo g oad ools lii ply £98 g0 4 o9 Dglas o b g Joe @895 L 1>l joi o



'%[‘r
&
else e go5rd 95 9 Zald ) a5 Wl bl )l (b sl 5 Cuslonds Jlo )l 0T 0058 4y sy (B3| (sl e
Cawloass F ol el
o loals W5 gl ] (e o 5 ey S 55 0 iy 5 s s bl S s
elond a3LLE lays ceodl S5l ol o, ez 51 o5 4% ey bl | wiaas 45 (5 ,5b
ol Lol (slasl I (S o5 S B & 0leys o Db Condg ooy rod Sl B3 5l li
b g w8 )S 18 aalllas 3550 ool cnl o SIS jsar b8 (i Joe Sz 350 2L o0 B (> oS
Foo bl g8 plee al 50 5 00l Sjlads om0 5 (o Dbl 4dS DMLl (55T mozx 08 SaS 4y g oanlice
3390 (PL,l JUI 5 28l w0 oS ey coniinns b loailge solai )0 )18 @lse 5 EMSto 5 )T (39,55 CnSis

Vﬁ)f )‘15 [Caddd

bl aamdle <8 ph (ohgter GrantSS 10 5 Ghigter paasio B oy Ve Cunifordn A 2lyz A aalllas 0l 5o
Flr e 2,0 b gie jsb a0 285 13 s p 900 (S s 9 S 5 Oisbn (212 A Sl slers S o
AN e w0 ;0 YA 5 58550 (20 3 VY oS s ) Cd & (9o ply PO a0 QU @0 s B Lo 9959 oo 5]

.»)}3

O o reS 5 Oyl p o (oo o B3I 0 e 02 5w o b (0 eS 9 22 b Cennsifand pn bLS | o i
ol gy 003 15 Byl 511y (6,95 5L ad,aSs & jguay g 0oy (3890l Sl )l o 50 90 5 Cunm D9 (B g0 9 Ohlew (o
AT i 5 Sl pas e sLel sl cilis B 5 aels sl g o] ool Jle a5 sl

D9 Jae 361 50 LLITanTd obsl s sl pos 5 (aseine soaimd

Bl A g (Saij eauiS 0y 0gd 5 pe 3l 4

o S8l 28 B aS w05l gy (b o wgllasl
&l oo o J—ol e 0g i sloasl o bl
Shadl (e Jolge addgo an bl Olbls )| canSs

Sl 00 o.b)}V‘ Y Jj» o 6)L>Lw 9

o slas! o kulgy @9 599 510900

L @)‘5 Sl o Olle oS slp—icy

2 el pstde lo | p g 0ud o 85 Sz g5 (sletonn 3
el =Y (Request) s lgs o -Ve Lol g aws b

&b -f (Question) ., -Y (Announcement)

5 (Confirmation) &o—a 3 o355 -0 (Reply)

Lok eols 1,8 (Read back) 1,55 -

5 (Ao 0 YO) " i " (o 10 00) s Tg3 50" (Bua b i i ignd bzl Bk jleads 5 Slbls )|

"LSS" g (0,0 10) M Brawas” d(awe 0 YO) b d(auo,o T o dlel" Blaal b laintgud g 0 (o y0) ) Ml
g oo bo oao o5 wlo | pas can 1,53 45 03Y () Jguz) aing 00,5 pladl bl | 61,8 5 4y S5 (0o 0 V+)
oot (st i ST Joulgi 5 ol |1 g5 o g 5 5 bs i el 3 i 5 Lo 350 ol

Sl oo 2l 2BT a4 aseie Sy Jglos wlul

'



S [~
RO

Ol )l cwsi Js Jquo

(o3l Sl glae

s slad

&1 o jols ol 8l slass

Joe GBI oo (09 ainy 5 5L

003 525 5 00iTur b s bla b alold
SorNl &

Joles pae

oyl

Sad slo (S ok

P, sl O)les Sg0aS

=

Ly 4 il

ol5sl o)lge

Sl pAagn ol

ot Sledbl ars

WS lesls Sim b
sloizl la,lea 5 Ll )l

I olass

sl Bets

He | € ges

Fe” e

W58y 5 ON S50 uodS™ izl c e ol
5 "ol,5 clw ax 0 YA Lo uisiaudy L "OK"
" OK, Start Re warming":#!,>
2y de) 5 i (5l Sl 5 s
il o ol sl Jee 361 0 "bLs I Coasg
5oLl e B L (oo s (bl pie o S
5 Obyeel cilpe it bls,| sloailse a5
Vgans o5 05 Jyiams pog—ate Ldel (3,55 pois
Sl og aales JSine pal onl 3iow wlbioo 2>
0 S 4 ply -V sl p3Y g0 LLI 1SS (6,08
00 S aw o7 -V oSz |y 00 S Az g Y o p
S 5l B 0 S J5u8 3550 =¥ 098 S5 g 00need
30,5 G b jedo 9,18, soti 0 el Sl 0 b
S Sl el Jolpe cal sl plaS 5 50 (padi o e
Tha 5 Cemsiiodn Om pln JU) g walss LLS)
5 &)U Goyb 5l i (2l Joo plnl o 50
Jab as Ll 2 ldls s,8 o pll oo
b Bl plye & Wlgs oo WIL 2l 4 lao (o
o Lol e300 2l (09 St o rigred 350
2z ol Slyes daze ;o Slol glao bk
ladlge ols (25 b bioe 3 wlge ez 5l el
Ly bl )57 sl a8 1z ol i) (gl
4295 o Sl piVaBL oo bLSI 618 Saa
Ol 2 Saiigndn b bl (55l 35 plSn o 2l >
90992 e e BLI,I (551,850 (yloy il S pete
Bl ) Can Sty Jlail e a5 1y ey Sl p3¥
G532 3903 I8l T (61,852 4y S 01 9529
Oielas gl 595 4 093 plo ) 5l (Gl
9 Jol J>lre oSS oo ply 5,0 4512 092
b0 jlam ply 0 S Sl (5908 WBL (oo 9o

L ilgee 45 am0 8,95 50 ol eaiitws 8 4y e9i o]

plo S9ome 5 (b gy iz 9 DBl ply Jlo l Gloj el 1o G 598 D)l Al b jw S8 > L g olisS SlalS
360,55 5 bl e ot sige BLS,1 (6585 53 Wl g oams lin (0 )ailis] lalS” 5l oslittnl) (gais S ¢ ol LS

R



"'%L’:
&

RS

0duogd 05 S Jaw o5 —YOuS Ll 1) 00i 105 asgi -V 1 005 15 a4y plo —Vizw | o3Y Sge Lo I SO (61,85 6l

PS8 )0 (pall o 03,5 by j9de 9 5l8) oS -0 Sl Caled 3 B0 18 0w S J9uB 9500 —F 058 S p0
Gkl i (2 Jee plnil e 0 2l g S el JUST g walss LLS ISt el Jo e
o Al mile laie 4 Wlgs oo a il Zlhm w oo o) Sl kil 4 Jeole o A8 0 5 &y o plol (g laid 5 (5 LS
Slgo abaz jlply vz bz Slojes dame ;o (Slo T glao (udib o Ll (o 2o gl 992 Jonide 0 Grizres
p3Y bl oo LUl )3y Baa by allalST )5 ol a5 1z el i 5l oz sl adlge (ols (555 il (o0 500
5098 o sl BT, ()85 loj adl 355020 o 2 G b bLs )l )8 plSim 0 2l az g (b S
5 a3l G 55508 5 055 pla8l T (61,8 0 ds S5 0,10 0929 bl e S ezl o yieS aS 1y Slej e a3y
S 165978 0B L (00 093 9 Jol Sl JooSS pilin o ply Sy a5 1z 098 Grabas gl (A95 4 095 plo (e
Slee o by S8, b olisS SlalS b wlgiee oS wwo 0,555k ol saiin B ey (o9 4 oo 28l Sl am ply 00iyS
SalS 5l oolies 1) gy a5 (bl JUIS (ol i 5 o 5, emsed 5 ol eolis Jlo )| cylo orldis 5 G sifond
€92 90 3 gl (B Slaglas 5 ()1 Llws 51 (6519,95 1 9 Wb Lioo paen Sgo LI ()18 0 Wl (g0 o Lie (0 il |
GRZ 9 009 e (a3 1Dge Jlex L (TON) Sso (i) - Dpe (Sopd LSl g pasd 5l g Jleen

Aibse Joe U1 o las gy Jaas g pulais Lol s3> a0 slacl oo )0 Sl 9 bliis pl il oloel
A8 oo Sulex 1) bl enl o p oS Sim b 5 058 aailejle (558 )Lzl S5 B jo (il g3 bLS IS,
IRCLPPPIRV RV NPCVIPPR JRPOR S I P9 R K O PETWOPU ST SR CL gL WV R ST S0

0oy55 s 5l wisg Ole cuS 5 g yue Slbls ) o Lse g kSle Jele o in ol ol pols e
.A.J)LY SeiSS (655, ladd 5 b)) pas (Dledlb] Card pd gianne

1yl (Debriefing)" Jas slos! i o g g0 aoz" 5 Briefing)" Jos 5| 8 Slo ) Ml 5 &yt " S5

S k0 S50 gl |y s Lo i s S BHEFING 0t Lo " g )| gyl (6l nms Lie (6La 3 8loml yo age
2Ol S oo w2l 3 Sge L)l (6] 8, e g 00l b8l ) (o IS armg) s (oo md Lol 4y o y5ebe
o S5 ] 3 oy il gl (k3 0 et it 5 5la 3] o G 5T ol 5 e il
4503, j950 1) 5, Gl e 9 (COffee Meeting) colis coos ey Jos £5,5 5l 8 gl oo e & 212
50 0l8l el S o ol £g5 i w1y 093 S 00,9] Cew s Sledlbl bl gac 1o g oS o gl o Y lgte
Loy 18 ool & p53) & j50 43 5 9T o0y Sl Aty (ot g |y ST 5 omsgy oams Joe L

w‘o\)y LJ’“""‘))?‘ @‘3‘0 ).u 9 G2 A5l 9 &5)....; B quLu)‘ S g)))—u.u.»_' colw )&w] Q“Qﬁ)" u.“ ‘-;9).‘0 )I

VY



S

&

5 &)l R lile; o DsSw Coley ablioe Slyg s 5l ol (655G plill 5 Cgas ke S92y M e (e

BBl oy g a5 BUT o Lol ol,8l alS ((aSlo) lolan Jilug g olen pali (S0 (30,5 (ogels cway duils
S g0 S g Olbls,l g l8 a4 Jes

s a5 St (g ol )3 s 5 s 5 Socken St s by (5,518 el ol

Dy ol Grdgh ,0 O 590 9 Hge bLI ) (5)],8 0 cusl

Ele gl 5 plial b (alyem pas @bl 5 (i Jos iyt Ws) 5 2z peead 3 iy (ST
g1 e bl St Lol el o oz 361 )0 wopan bl

Jose GUl o ogasy bl (el ails jo g cdad (losle cpl jo Jee bLI I 6185 Lol mils cainns g (a5 4
Ol oddly bl 4y 0 ege i "6)L§3| J.Q,u" P "&.59.6 EOE Y] @" 3 ".loL{.S)l sl 4.éJ9.o" I PP P Vve] P
LSJ"‘ ‘&)‘9‘5#55}‘ C}‘}z‘"’ L)i&lsﬁ)bcs'n_?"}"-' JL""C‘ f”L?‘s‘ )ocs“")"?" “oLf‘;)l Ls)‘Jéﬁ )""L’ "5)1‘)&9“”9"@.‘
‘scla.z?lejgim)é@QM@B@@o‘o%‘oﬁAMQMJ;&. Lu)ldébﬂijlsmbyomgﬁ
G55 (o s b ST s T as¥ g il plomilis a0 T 6858 b (lgion (v 0 0l bion acie sy Sl Bl cpa 25
U PRI Qipwizﬁjéjé Sl

References:

1) Chelsea Kramera, Tara Foster-Hunt? Kathryn Momtahan®, Aren Hunter?, Benjamin Sohmer;
Communication and team situation awareness in the OR: Implications for augmentative
information display, Journal of Biomedical Informatics VVolume 44, June 2011, P 477-485

2) Martin A Makary, J Bryan Sexton, Julie A Freischlag; Operating Room Teamwork among
Physicians and NursesTeamwork in the Eye of the Beholde, J Am Coll Surg 2006;202:746—
752. © 2006 by the American College of Surgeons

3) J. M. DAVIES; Team communication in the operating room, Acta Anaesthesiol Scand
2005; 49: 898—901

VY


file:///H:/communication/Communication%20and%20team%20situation%20awareness%20in%20the%20OR%20%20Implications%20for%20augmentative%20information%20display.htm
file:///H:/communication/Communication%20and%20team%20situation%20awareness%20in%20the%20OR%20%20Implications%20for%20augmentative%20information%20display.htm
file:///H:/communication/Communication%20and%20team%20situation%20awareness%20in%20the%20OR%20%20Implications%20for%20augmentative%20information%20display.htm
file:///H:/communication/Communication%20and%20team%20situation%20awareness%20in%20the%20OR%20%20Implications%20for%20augmentative%20information%20display.htm
file:///H:/communication/Communication%20and%20team%20situation%20awareness%20in%20the%20OR%20%20Implications%20for%20augmentative%20information%20display.htm
file:///H:/communication/Communication%20and%20team%20situation%20awareness%20in%20the%20OR%20%20Implications%20for%20augmentative%20information%20display.htm
file:///H:/communication/Communication%20and%20team%20situation%20awareness%20in%20the%20OR%20%20Implications%20for%20augmentative%20information%20display.htm
file:///H:/communication/Communication%20and%20team%20situation%20awareness%20in%20the%20OR%20%20Implications%20for%20augmentative%20information%20display.htm
http://www.sciencedirect.com/science/journal/15320464
http://www.sciencedirect.com/science/journal/15320464/44/3

A4



)

3B — ol il 30 Lrads’ s

o155 s
o el dl g 598 CdB 35 po Conifond 3 — (59092 b iyl (ol lS

Ol PH L e o0 I8 S pgo ] T s oo el o5 g S50 b eyl 1o ooy lagle ;o HY clale
s3g95s 3 2 oy Slale PH 31w o PH oy Golee > o Jsbs s ol dapladl 4o ooy T3 alas adly 45 08 e
(CF) Jsbo J51s mle PH 5 VIYO-VIF0 oo (ECF) Jsho 2,5 mule PH 555 o Soe ué Sl wal VIA B #/A
as 0 sbrawl Jobs yo s .c W ECF o e 130 G HCO3™ g5 o Laa> VN -YIY sg05 5 S (oS
Db Lyl 4o (g a3 b oS 5 b id lmal Jobs Liis sl oS Slgbie ¥ [, HCO3™ ol s
Lol a5 S (238 @3, esos slizl win BECF s HCOS™ olas (ol Je laarlS 125 355 o0 (g 2 457 (155
Coonnd g oo 05 gulie CO2 g H20 asicunlio crdgunil g (5mnST o2l B 5908 Lanl i 50 a5 aitien b oy 4
H2O b oS5 o 1 aisS Jl% 0 1 €02 &y Yoo 0506 jlmaaw | Jolas 2 (658l 55 @b b ud g CO2 2
Az gS 58 sl |y Sl 00t 3o CO2 (ygmmil e 5| ouiitiacs j5b 41 45 (samsl () Wolae) wles s HY wilgs oo
SSY ol Je
() aoles)
CO2 + H20 <> H2CO3 «+» HY + HCOg3
D9 o0 dlgi S5l dl e @l 1858 Glanwl dontsy gm0 w5 e 252 00 e plie )]
loads HCO3 sy aldss 5l 5,.55l> slp aig—i oo Bb ECF ;0 04550 HCO3 L _wgs (568 slooa—ul ol

awsls ,$5b 1) 4y s 51 HCO3™ el

Lads lwgi vl Al 2d0

Iy )l e sloas! 0,5 S5 sly ouls Bras HCOs" ;| rod | (510 280 L e dS (el Loyl o
e | 288 g e s’ (o 00l b8 HCO3 Li>jL ICCSL JPPRP-S. S APPRS PR HCO3 &80 5l Bk sl g aS oo ol
HCO3 Cis il cwas jo onds i 5 HY i Ll ogd oo pll bagyg i baw o5 H s 5 3osb 5l g0 0 el baw g5
HY ads a5 Sl 5l asles oo gouml 1y 00 a5 05 oo ads Lol o HY 5102V -MEQ Lis g 0,5 o )8 o0ty yild
S o 580 1y S| Gl 0T s 5 A5 45 i oS0 S s US55 e &l b 00,5 Jolae sl
D9 0 010 )T 5L 9> 50,5 A HCOs™ s NH4* o9 &8s slil 4 .cl (NHz") posigal (g &8 g clus
Sl oo &8s el e HCOz oS b Ol o Ll yo

4l 59,85 Job y0 HCOS i3t

A3 HCOs™ L 7A- (PT) Jlaz 395 Jsis 00,5 (0 23jly G 5 95550 023 Jg08lS 50 4ilol;T HCOg
Sl SensS w3l b o a8l Lo 55 HCO s HY (slagys PT (sladols ;0.0 IS0 ) S (o 2325b 1) 00

Vo



¢ >
i"é’ O3 59,5 399

ey b 3o a4 Na™ e b Jols )0 g atgzrgo J5U G lawgs baae HT (g 50,5 0 adgs w09 oo 3L (CA)
4 Na" Lol jon wpzpa U o law ¢ boee g Jokw sline 500 Cons I HCO3 (slagygs a5 Jl> 0 098 oo e 5
(Y JS2) 908 o 5k 95 42 5 2,1 Jskew 51 CF 52 b Jols ;o HCO3™ (g i ogdleas 05,5 o Iy 590 09>
aibise JloriFon Jog @ ad (s (TAL) dlin (o8 (s0500 meies (s b HCO3™ Cizly Jshos pucdlSe
I,HCOs S lade DOT) Je—ss Jp55 5 (CD) oA rox (5,lre WS o i 5L HCO3 517V e sl oyl
B s A pysisnl g5 55 syl a5 wisb oo JSts 5 il ply (oo b 5l ouiiS ez (sl aiilod oo iz il
codlad oS ot 5 Jeg mle S5 a1, HCO3 lagyge HY o 4 oS IS il sla Joko B gg5 anil

Al oo Gl aisS o w8 1) g0l HCO3™ deals a5 oy « Sslio 5T o o Joku 5l s oy

Blood
PT *
= Bl
s
: TAL -4
—=10% 3
/l IMCD
U -..t..,
-
(¥ Js) (O 55
H+ G&)S M’

«So3lsn 58 share | a8 go @alats 1) (9,5 slashe baw 55 HCOS il ol s HY s 5 sle iz
HT 5 ool ol ity sl Smtiacns ol (3155 53 5o 39,85 gy HY e 5 oaisSTolass ole 5 Lo
Collad 10 (598 Dl preis Sl Slmamsl Jolas 50 Sl 4 WoallS Gy o oo 1alS 1) o] s 5 59801 5 S,
slad By agee 45 0 0,L51 B il se lBl ) Sl 45 Sae SYsb st g (95 50 L) slad LBl sl
sl o NaT-HCO3™ azgzpa J3U g Na™-H" satgzgo J3U o5, sloslo
seeml oy 5o Ll i a5 s o35 595 5 eligail sl ygey98 gl AlS sl ) wgs (ks 90
e a Gl ) HY 5 Coles po atiS o Jlael clid alS 50 o8 (3l b g 4ty il
TAL PT Jsb o H ma 5105 05)ls JIH a5 5 4yl jsha sins oo s |, NA™ Qi sl a5 olo 9251

PR L PR SV PP COv VL COUNES DY H W JAPC T F YL LR I R o) Na" Cizjb b ol yan

1



;%'rﬁr

<

S [y H s 0T Joo a5 98,5 o 009588 by NAT ol Gaalidl oy ot g 0500 JUab eps5 G,5

HY w5 e el ol g HY it 5 S jow el (ool gmn oo T KT Jolas cagen (slo356 51 Kos SO

ol ol (oo 5900w D ans Gl sdS Jgs sladshe o1, HY clale o5 5l bl (allS gan iy 093 (o0

izl g H s allS o 095 o 5ollS0T 4y jomin g 08 o S 25 |, HCOg™ Qi il s HY i 5 095 sy
35 jedmml cge a5 518 hles 5 (Jokw 55)UT) zals |, HCOg"

o HCOs™ uldgs

0535 5 lp 4y s ST HCOS den wilgi i (e 4 ealS (9,85 by HCO5™ Qi jly 5 o |
aaz HCO5™ il leals lroeal Jol Li (sl 1 S iz 1) o gilin (b )0 00 0 518508 sloa
powigel O 630 5 Sl ipgd 5 g s BB s | o a5 5l 0505 o0 D90 ol 99 51wyt alales oS
5t ool b wilgs oo ooy i 5 HY a5 008 s HCO3 s HY udgs &, H2O L CO2 g |youa (NH4™)
2085 o505 4 5 ead 0y HCOS 505 685 (g s B s | 5j50 42 5 058 S 5 (Pl bawe) HCOg
(¥ JS8) 00 5 o0

J5550 52 (F JS5) AiS g0 @85 (e 5 355 (alislS odpin 2k 511, NHAT (5 oS g0 el 5o
28 o @0 |, NHAT oIS a5 a1 5 098 o0 05)lio HCO3™ JgSUsa 50 s NH™ JgSTge 50 4 coles 5o crmalisls
o &8s NHa™ o sljl 4y syas HCO3™ S, oS el o) ales 4o Ll ol oy ol alog> 5l 2,1 5 ooz o
i | NH4* Ao Wilgs oo ECF K* Jobss a8 s Tl oo S5 .00 )5 o0 5L St s (95 50,5 a4 lp0l po
ools Laaldl 1y Joke J51s PH wilg co oodlS o 15 058 (oo les NH™ adgs 018 0925 (oollS jup 45 olSin oo
20 90,5 (oo (Aiie 3t 42 45 05 o e 5 iz HCOS™ izl 5 0y 1 0gd (il e lie o el
a2 o0 £ e 2By (ol g (o

ARY%



\

Blood = Tubular
1 fluid

(F Js) (¥ JSs)

NHs" 5 lacslinsd gds « JgpeslS Ggmm 2k (2als opdleas T oo 35290 oy Slasle ;0 Wigd oo xds loalS Law g5 a5
L lgi oo 505 oo el ,b s 5 cpl & .o)ji‘s,o onbl ow olsle 4 sassk HCO3 Slaie a5 aes o yialS |

o.\.wl.' o‘).o.lb ».\.\o.\.w &:Jj.lLuo )9».\.:.....»‘

References:

1) Robert M. Berne, Matthew N. Levy, PHYSIOLOGY, chapter Seven, The Kidney, Thirty-
eight, Role of the Kidneys in the Regulation of Acid-Base Balance, sixth edition, 2010.

2) John E. Hall, GUYTON AND HALL Medical Physiology, Unit V, the Body Fluids and
Kidneys. Twelfth edition, 2011.

3) Bruce M. Koeppen, School of Medicine, University of Connecticut, Farmington,
Connecticut. The kidney and acid-base regulation, Adv Physiol Educ 33: 275-281, 2009.

YA



S

@'
A5 50 9 p9 5Lk S S ST

Nontuberculous Mycobacterium (NTM) infections Associated With
Heater - Cooler Devices

350 el gLyl — (Sl ey (S 1 pode SIS i Faud ) = (el (] Juidd

Non tuberculous L b zSL cogae a0 a5 05 b gl ope glo j5—a5 o VeVe J—w 0 )L ol

Cud, 59l 5l oo cnaliie 3yg0 45 JSb cpds 8,5 (1B ) S £40 g0 g A S¢S0 MYyCObacterium

il 655 Jsl Jole Wl oo Jos 61 a1 a8 0 lbles 435 ) 3 3085 by oy b 0l o0 B Jas T o

b g 0 oS e a il Cndlyl co oS yid 35 ol aS o) g aesd Joe a5 00 bl slo oy p b
.\.:d).su_)MMU‘)MMQTJLM‘GLDO‘)MMGLDGN))J

SOl azg Caons a1y 09,5 wilitie slo sy 0g as 3 o] >l bl e SO a4 Cawlodgr (5 low

Sy9—0 A il 000 5 S g )58 Csgas £a5 pl 3l 0,90 YT aS slo e Lzd VNO JLw B by gy p

3 3ypme 10 48 el e il LSyl 5l gyl s by s ol 31 500 T g ooomie VLI 50 4 bgsje o]
sl Y10 Jlo & by e o]

said sols Lateid b b Fogll 5l san cal (S |y ) s s ol opl 51 i (Fogll olaws aSi! Sl a !

azg 9y50 1) 398 £92 50 oll G otee lejls 50 0D el g9 50 cal Sl 5o 50 Bl eaks (515 Yeolashl L

il o Sdghe onl JS JLia JsS e saijle laSleS (5 Kea b g ools )l

Wighe cplonidd Hlude sl

aly @bt (wla > 5550 ol 13 (FDA) Ll sbaisjlows J70S 5 6 pKimy 35 50 5 K050l )18 5138 ool

Silesls ol 18 (European Center for Disease prevention and Control) ECDC

ity BT g Glwy eI al> o
(g 5 dom andd — L), Ggie gl 5 ko raaiie i Jell 055 Glu, OBl b oS (leeg S

)4



S :

(NTM) & ( Nontuberculous Mycobacterium)

alol ol a Jdo cplay el 7,6 lixe 4 MYCO Slgy digins | b3S barsST asls 5l cwiz por xiSLsSole
..\..SGA..\....;) &LQC,‘J.L:.WC_E...:)QC)[S Sslon S Cawloos

Ll (B caogas

Golom 35 95 (oo gl a5 Cugll g0 CO2 a5 a8 S5 1> (90 5 Sl90 pgpms | 2B gl s STy
397 01325 53 dnd Olgl8 polie (Sl ba s iSLgSile 3t oo bl lapg yiSLgSile (la w55 Lo plir 5 J piee
@Yl b s Conslie hls lags mSLsSile slongs wi ) 5 (650,RD) (xbas wsBspund o B 28 I e oy i o
Ll conglin (2 5 1o o5 255 S Vo il (5 (St L il aiile loardiser 5 (7)1 belss 4 S
P 4 el (658 Joho o)lgns 1o o] (YL polis 052y Cde 4y (raw gdg 0l Cuols ol so jgawl a0
w2 e | b 50 S5y Rl 50 (o e S Sl 093 S5y (S a diad 5 4 el Ll s e el S,
095 5 Sl sk 0500 (S35 ls 65k al wsS oo @Cd fast) cudal Ll ay Jds Gre 4 05 oo Cnglie
i o 1y 6 ke obm] oblss (sae ¥ 0g0) bag w8 5l (coS Jlaws olaws 05 oo o 45 e sla5l3g ST




£S5 2 30 Jgene ok a5ls Blad lasg )59 09,5 4 aS s (we)d Jole ST Dlogzge | g5 s 5SL
gd oo 5 ke Sl lasl o Ll 51 oS slaws 518 3529 (5L (yanks o O jid e 12 0 5 ks Jer SB-

23ISR
Lo Gyl e 3 i ool 15 s 25T, bl gn 5 i e o5 43l o (55150 5 55T e 55T S
039l odle ygas |y sl asilgs oo s iSL ol 5,18 3939 Lo Blbl S5 g O j0 5589 a0 a5 5 9k ai i 00iST
30 6olew bl & g0 50 AIS Caglie laoas gy lajl g Lol ply 1o sal el T pglie Johu o lgs yogs s oS

Dedisn Gle 5o (SBw 4 e

PSS g A
b 3 65K 65T 5 5 (ol (g leny Jale) Wi S5 s B38| S0 gl o 5 s I im0
(E.coli) sgie JSzs o1 S5 59, can

M) ‘SLDO

WS go Ay Az 0 ol B e slos o

Sogll

03591 (23515 295 poa iSlsSulo L i ©j5m s L Copmaz poms Sy dga w2d gy Gl plesle Lol bl
Ul 8 b 55 ol ol a3 10 10 sl 5Sae il cod a4 it Lo 0,5 (5 Lo Ceodle (52 ilods
53,5 Mo abogy o (6 5los 43 Zighs | Gy S
oS5 ok o)lges s pslie (el (o aiile sk o)led jis s caniS igie laSiisn (STl (S 4 o
o).:.é 9 O™ ‘5.-.9.\‘ (o ‘Ltbg.g.:.?j.u 6»4] ‘L‘b"d“-lj—“" ‘LQ)L ‘LQM‘ )J‘)J ) @yﬁb [SSR VRN L‘bu] 6)14.\[.’ —> g0 L‘bui
5 b GlarSsn s Golan (e sloliyy g G alog 2 NS oS (ST 4 bops 2SbsSole gy 055 (0
5l Gk T sl 5 dae,mSh il aiile bags 2S5 LsSole s 5

23wl s (5!
Y oKiwa-)

3% céb—\”

Y



N

.Q...:]Q.’é@‘f?c,odo‘)@)o Qi)wjdji QT > o Sl g 0y e Lol

H Fup o Slos
Sy30 ol ot Lol o5 by Jae slagl 55 Jlasy 535 5 b 5 3 soliie 4 o ool alSins S
Oleyd 5 Cuslssyo Gull 1y 053 (550 (99,0 ol a5 sl 3 (S 5y sloJsS 2 ) ulas] 0,5 oo 518 wolicis|
B B 50 Joe 4 Ll gl algd Boyb 5l 5 093 (9,0 lerey gt g odil; Sl e Ol a0 4 )8

IRV IR

HoS yud ol 132!
WS SS by bl gleaty (e e ol (6,0 e 5l Je S e oK s S
R PR J.‘.im.»)}wr.as

o

5l 68l 0y (e Wl oo (e SIS 9750 T -

Sl g o5 yud (e bLI I ol
FU5ST 33 093 (05 p5 99 -

Likgo)5 Jsloe (53,5 )5 93 m -

(32 oo sl oo BB St 03,5 05 g 0w -

Jlo b 8y Y510 O prainne bl )l pie

Stbige plys Jome slsp 5 (65l ol ot les b I INTMDUES ol (5 wipe 31 (50 o0 s
Gk 5l wilg oo BTl ol Blae Lad 1o wilgie 45 w00, 0 ol o b g e 0 S5 LS S Aerosol
293 bl JsS o olSias o3

Yy



JUS! s ol
e e |y la Sl ol sloislS 5 Syt o slaglS ) b 5] Ciphe cal Jisl it 2alS slice o
T PR W ol.e,..,.,.....;' i P

o glo gilns (il

Gy o i) (Sae loj Sl 5o (50 S5 T (g =)

59y Sead SN g j9) (o 0 HeilsST g LS 5 JeS s G Ll ladlgd Jagai Y

IS tm 51 (yjle isie 4 (sl odijls (gl SliaS (gla Lanllszos 3l olizusl ¥

odijle (GhaS Joallygiws Gulul p ol Ky 5 ()15 zsba (Sode w5 -F

(Pl doe 5l oS a2 B JsS m (03,5 550 -0

Clalr iRl gle wls (930 S5t (ol Jol5 @8, (sl b ileat & el (nl 5l (S oy Sl (51 -F
A o b JoS e Jsls

Alygy A Seilegil Sode wo sla by, -V

st 518 o3l Josllgiws(

o5l gl o8 i Dbl g Jeddljgiws lzl 5 gasl -

ooliiul (y9,5ue ITVY (lo 08 b il 5l Lea soliiuwl &yg0 40) 31,0 a5 dgl 10 09240 slo O 5l soliiwl pas -Y
(o9

(I35 o mges (310 (S5 Sl o) shaie o 5l osliisl pas Y

Do 5 (>l slad BVl s JoS e (03,5 j90 ¥

oaiile S0 Sl oleiing (Sede wl Joall Hotws ole, -0

oolaiwl jlam g B oSiws Jere 0o -7

Al ) 5 51 oS i olfiws by yoo YL g Dol )l slaals) jo 5, 1ss 4368 12 oanline & g0 j0 -V
e 5 2 1y S3Sn 5 oy (sl gl b ot el aniens Loy A

Soled (65105 digai sloyg0 O ygas abgy e olSiws 5 Sloyo Lad 51 -A

ol G55 st liilosl a1y (SoglT ol -1 -

Yy



...-%},‘r

(%
References:
1) Sax , Bloemberg G, Hassese B, et al, Prolonged outbreak of Mycobacterium chimaera infection
after open-chest heart surgery , Clinical infectious diseases :an official publication of the infectious
Diseases Society of America 2015; 61(1): 67-75
2) KohlerP, Kuster SP, Blomberg G, et al , Healthcare-associated prostatic heart valve , aortic vascular
graft ,and disseminated Mychobacterium Chimaera infectious subsequent to open heart
surgery.European heart Jornal 2015.
3) Boyle DP, Zembower TR, Reddy S, Qi C. Comparison of Clinical Features, Virulence, and Relapse
among Mycobacterium avium Complex Species. Am J Respir Crit Care Med. 2015 Jun1;191(11):1310-
7.4.
4) Wallace RJ, Jr., lakhiaeva E, WilliamsMD, Brown-Elliott BA, Vasireddy S, Vasireddy R, et al.
Absence of Mycobacterium intracellulareand presence of Mycobacterium chimaera
in household water and biofilm samples of patients in the United States with Mycobacterium avium
complex respiratory disease. J Clin Microbiol. 2013 Jun;51(6):1747-52.

5) van der Wielen PW, Heijnen L, van der Kooij D. Pyrosequence analysis of the hsp65 genes of
nontuberculous mycobacterium communities in unchlorinated drinking water in the Netherlands. Appl
Environ Microbiol. 2013 Oct;79(19):6160-6.6..

6) van Ingen J, Blaak H, de Beer J, de Roda Husman AM, van Soolingen D. Rapidly growing
nontuberculous mycobacteria cultured from home tap and shower water. Appl Environ Microbiol. 2010
Sep;76(17):6017-

7) Sax H, Bloemberg G, Hasse B, Sommerstein R, Kohler P, Achermann Y, et al. Prolonged Outbreak
of Mycobacterium chimaera Infection After Open-Chest Heart Surgery. Clin Infect Dis. 2015 Jul
1;61(1):67-75.12.

8) Parashar D, Chauhan DS, Sharma VD, Chauhan A, Chauhan SV, Katoch VM. Optimization of
procedures for isolation of mycobacteria from soil and water samples obtained in northern India. Appl
Environ Microbiol. 2004 Jun;70(6):3751-3.16

Y¢



S

@'
o0 o gmd udlS 9 (T Ry ¥ E9 9 T195 i o g Al
2955 §955 212 Jos il o

s oS3 porke ol WY Blonas! cgili pid G5l S5 ¢ jgain S 5SS

O3l 055 egs (MB™) i 098 (g0 0sd (con jriogeed CABG Jos 5l sy sl o) g Ly e o

ol 50, g0 (65,5 e pilie 5o bl 2ds MET ol (g3 50 V,0-V,AmEq/ clale b oy po Jgbw J3o
el 2ol B o3 e 33975 b (sou juiegand el LS| o lo ol s b MBT 0l mlaw o jls B8 OIS, o

D55 et K 5 pole Gl Gl ot 9 555 s s e o) 5 95y VY ol il a1 ol o

Bl oo (80,5 maieie £99 09,5 5 (Shos oo @ majeie Jgl 09,5 1185 13 anlllas Cuoxi 09,8 g3 o canials

D85 18 sesjtagad 590 Sl Sl gy 090 Jee 5l o cell FA L g ai0 STl o Jhgen

(b axsl

Sig: 0.576 o5 Ly 09,5 53 5 Jo 51 I3 (soietogma 352 OlaSs 09,5 99 10 llons 81,5500 sl S
IYA (a3 05)S )0 oy (i & 9,9 s 5o ki deliis (oo siteged 09,5 99 )0 Sy ol ey Lo 5 o (>
XY St 055 50 o1 Olie pilez 5 S 5 e235l50 el 50 (izman (SIGE 1) 0 onal o o jingien
(Sig: 1)10s svalice (55 09,5 10 LYA oliae i 9 o el yo Lol (S1Q: 0.463) 04

ool oo (oo gt 590 5 (65K 50 () ke 2975 o3l (oS e sate g iy

()P e Sllgas ¢ S1h53 (0o ¢ (sorrieg 39S 39,0 >z (b oflg duls

1doddio

ME™ ().l + Y=\ mmoliit sl U515 ale b oy 5 Jslos U515 353 818 oo (ME™) e
Js! sle—2aSy s ol a5 )0 (65 531 e iilio ) (sote 2B 5 il (Jslw Sy 5T (22519 ¥ 5] ey 5SS
iy B> 55 ot 0,8kae MB™ ol (50558555 lsland (65,500 5 (ATP) lad (5 o0l 5l laud
(D)1 o0ge 2 Jobos )0 (555655 Jlad Jal (sl 2 51 Baybo 5l oo (o8 (udliaal LSCi5 9 (o250 lis

5 gee sLiné plSominl &y izmas ()5, ool SIS o5 slmy) g 0, g (65, penlilin ) owlos] L2is Mg™™
Lo 1) (gouSen ol 5l oy e 6 ATP 153 33 55800 8 0l 45 iSie SaS e Dk jgon 351 (6 T ol a5 @2
(V) 00 00ls ylis ol o KT L MEH ilablons 1 ol 0iS o



‘x*ﬁr
&
Yoo miaged [y V.0 mEg/l 5 5S4 p iy oo juie cdale malS il V,0-F mEg/l « MY il osg0me
FB e w21l oo (Bb g n boad Wb &jgo a9 Sl 1S LB e miete Rl AT (O)asS
(7).l 05y S0 40 2ld
J5SS By e oyl ooy Sy e @ il on 45 A o iagean WL LIS 2 b o e
3,5 g0 Mg™ Ol el el g G 5 At o (cod g oo (plp ogdle ol b o3 a8 L )l LSL‘°Q-:-"—|
()i ol i MB™ Jolas 1o s (6l |y b ol S 5 sl ypty s ey 4 i
(F).0g8 gemeas +,Y mmol/l 25 53 b g ol b3, jo lo oty s b MET 0l mlaws
55-10min . D/Wsy  100cc ,o 2gr Slidy—w payeto (555 2925 (ool (cota | b olpon (oo setagenn (oo
55k 4 593 500mg (5155 003lagS5 Loy y0 il (gl 4dS 0 Slae 5155, 0-F (525581 4-6grva b ()T -l
(V)05 o0 oolaiul 59,

el 00l aslas Y Wl RERUUREPE L Jos 3l 3 k;lﬁp'- o e B pan asdllas ol o

SLET1Y
pole sl b lons 53 ol oz il e AT (55, 45 el ot ol il lojlS S anlllne o)
53215 5ot oless o ol 55 o] o 4 3573 45 o 1 el VYAF a3 0 S5
D e 85 09,5 90 4 ) )lows .l plosl glasln Sb g, b diges bl gy ool o, Ll 5o o juie 4 s L >
O3 Hged (053,8 28L 0 Joe BB 0 paSTal e () masete p93 09,5 9 Joe 51 B 1) (S mie sl 05)5)
Slas al 5925 1600 Mg (400 mg= 5cc) (ST)s5 & jga s Gl Sgy0u8 oo Jol 03,5 10 o -0l 351 4l
P95 O3> diged 3,5 3,5 (SSster Jrw iy Law s STl 0loj 5o lalse w3ie 28 p93 05,5 (1 (gl pln]
FA VTN g (o (sl i 995 aliad )0 oy et it 351 S8l cealS 51 L 5 o 005 25 L Lo
i o 4 5 oo st 53 e e Y 4 95 o Gl 5 30 08 o3l T s el
B Bdo andllas 1 (g b anns e 0 a5 A g sazme Joo Sde @y ,a5Y) i an Ll 6l p ey L L g oxisls
4525 1 5,9 SPSS g Ll Laasie g s4g0 Sledbl day] ol g ladiges plos 51 Sledbol cdl o 5l o coles 5o

(b axsl
39V, YYD (STs5 09,5 adsl o juin oylime sl 00l 03,91 V=V Jgaz ;o laaiges S8l S g0 Slak i
GOgr0 s o 50505 (l Joe e el e (oS ABlion 2 (g )0 p5F (oo VAV A AT Ry 09,5 L i
Do 4 oMo o b bg s 4 (oo (ol aBlioe (o e BB og)S 90 )0 e S8 3 azg L aS o)l

0 S (35 Jloged b Ioazme Lol o)l (i oo (SThs5 05,5 )0 Jos il am eooilys sl po a5 wilaps Js5

Ny o0 o A e Ay SOOI dde G 0 g

! hypomagnesaemia

A\l



Ry

03,5 39 50 32y o+l ey Oloj g Joe e SIQI 0.576 o5y (LS5 095 50 50 s 5l o5 (cajatoged

Selo )3 (pizen b odaliie (conjiageed YA ()35 09)5 )0 ofag (B 4 S99 g )3 it odaliie ey eg e

S5 095 IV Gliae eiie g oz Seliw o Ll og IYY (SThss 05,5 50 0T (e o)l 5 S 5 o035l

420 0)90 (nl L Oliee So 4 09,5 99 58 5 SB I (510 (ime gl 09, 93 12 40 (soiriegd Egetme )3 D osaliis

A=Y loges )asads

IV Mg Oral Mg sig
Age 64/11 = 11/518 63/06 + 9/609

Sex (male) 71/4% 72/2% | 0.938

Sex (female) 28.6% 27/8% | 0.938

Weight 67/83+11/175 65+ 11/578 | 0.729

CPB Time 77/72 + 14/65 82/55 + 13/66 | 0.131

Clamp Time Cross 42/61 = 11/27 45/61 £9/99 | 0.329

Cardioplegia 1353/61=344 1337/10+ 227 0.909
Volume

Hypomagnesaemia 2.8% 0% 1

Pre operation Arrythmia 11.9% 5.6% | 0.442

ICU Stay 109.33+110.533 102.97+122.053 | 408

Oblew Joe (o 5 SIS 500 oMbl V-V Jour

Estimated Marginal Means of magnesium

4.0222 group
— I mq
4.00+
3.507
o
>
a
g
5 3.00
@
=
=]
"
£
2.50
2,00
T I I 1 I 1
pre op cph 1st 2ed 3th 4th
Time

Yv



=N
"\r"‘_
&

@ ol oo Jos 5l o ooyl saisS sl e 5l o wa CABG Jos 5l ans (2 lse (5 !,y e o8 slo o)
Sy el il (Bese SIS ey b oliws g elo VI e (Sl 508 Jobwg 4 5L &5

1.5-2mEq/l 3 ! srmb 039050 0,10 (B SIS 55 sl § 0,5 g (6553w golie jo wlwl zis MG
Lads il oo (53 Q8 Jee o B8 slo o ol 5 Sge Jelge 51 S ajuie alS aSol 4 axgi b ol
M&Ya&wﬁwﬂw AJGA @Lvl.ws.iosd.o&)‘d.ukso.uj)‘ d)aiuwdad.u.‘aobjm)é uy u.)‘
J.'Yo u.!‘ )| J.o.c )‘ L}"ﬁ p_v).u.o ‘5>L.\.C ).03 95, _QSJB G > )...Ldﬁ.a& )| ool o ;s...:)}n) )‘ o.bl.a.._.:| as \))‘o

b8 Jee 5lam hawee g Sl ge el 10 (630858 v e Sl S (6l Bolad axdllas S VAAY Lo o
Jolxe Bolas job a4y Jlan 0 aud § |13 L8 ol Jos cov aS 52801 jlos Vo v dnle i 0,90 SO 0 ol pll
4 a0 08,8 S8l o sgy (o ee pledl sl am (Jos e 1) gD Jle B0 9 2gr ol 4 WIS o sie s g
el bgs o Vb 2l o yse b Bgd Jos 51 m oo jriaged ool Cews

e ob5 w255 45 Ghlews 4 Cor i A 510 jte o5 @23, 45 Glless e o T oo BT adlllas o
Oy }.».J C}»aj L il
D oy Ry e b dnlie )3 (STHe3 o suie S50 Lo asdlllae yo
PGS ATl

Joe 5l ams (oo piegil (6 St 50 e 5l BB (P maiete o8 5 (Shet miete oo Lazdl (nl b
Ol 5502 3 Ol S 4 91 53 8 5 Cl ao oIl Sy i als eyl 51 a5 Slless 50 39yS G900 Az

References:

1) Satur C M R .Magnesium And Cardiac Surgery. Annr Coll Surg Engl 1997 Sep; 79(5):349-354.
2) Martin K J. Esther, Gonzalez and Eduardo Slatopolsky. Clinical Consequences and Management of
Hypomagnesaemia. Jasn 2009; N020(11):2291-2295

Ao VAP s et ailo st - Js) Sla(lS 5 J3o) 655 03 035 G505 wdea (saeks (F
4) Ghosh S, Fatter F, Cook D J. Cardio Pulmonary Bypass. First edition. New York: Cambridge University
Press; 2009.77,93,97.
5) Hamid M, Shafi R, Ahmed Sami S, Et Al. Single Dose Magnesium on Arrhythmias in Patients
Undergoing Coronary Artery Bypass Grafts. JPMA 2008; 58(1): 22-28.
6) Burgess D C, Kilburn M J, Keech A. Interventions For Prevention Of Postoperative Atrial Fibrillation
And Its Complications After Surgery: Meta-Analysis. Oxford Journals Medicine European Heart Journal.
2006; 27(23):2846-2857.
7) Shiga T, Wajima Z, Inoue T, Et Al. A Meta — Analysis of Randomized Controlled Trial: Magnesium
Prophylaxis for Arrhythmias after Cardiac Surgery. Elsevier the American Journal of Medicine 2004
Sep; 117(5): 325-335.

Mathers TW '

YA



e e e
O USSP i@
8) Maisel M D, Rawn J D, Stevenson W J. Atrial Fibrillation and Cardiac Surgery. Ann Internmed 2001;

135(12):1061-1073.

9) England M R, Gordon G, Salem M, Et Al. Magnesium Administration and Dysrhythmias after Cardiac
Surgery: A Placebo —Controlled Double Blind, Randomized Trial. JAMA 1992; 268(17):2395-2402.

Y4






S

@'
e 3 515 5 3190 b 153 (30 908 46T

(&) plae¥! bl audly oybiw jlows — dltl audly Sl 3y pole oIS G foud 99 — (545 doxe
S, e ds ) (S92l — (658l yuw

09,5 e mhas (1 yiF 5 cara g L3 5l aS sals aisle (SYNthetic) clio alise osolo (i 5l g5b5nS]
oS Cow londs czrge 655 02 035 B5055 S gabe o9 JLlisail 52w b e Ll 1, (BCC) 6,50 0195 055
b o] 0yo9es 0255elr 5 a5l sl BIOCOMPALiblity ol Sgmge )33U5mm ST GE0S oy Lol Glanl 51 S,
Vgons 5 035 REACLION yuiles, Jolos 4y Cugz o5liia] 590 slge U5 o5 BiocOmpatibility. wil canlis slge
Dgds oo Cyaens DIOMAterial slge b uled 5l ams (93 (50,5 10 3550 biOACLIVE blge )50 5,05 o5lal 3 )b

i il sla sk 5 locns n wile (93 lizl 5 oog (21 Slse b uled 5o polaa sk (153 CPB (o> 5o
99 088 L o9 5 g Ls ST Collad a8l el gl codlad o ey (S (8,0 51 aled oo Ty @S
Slallas 42535 Jlo £+ sk 45 355 o0 (PrESSUre drop) ol yees J31s Lis 5 ool $ il 3l el culys
iz VA ams 5l s | e g Cen [ 35 B0 (slio gshaw 39 Sijsrng i Glime SRl Sua b (g ks
Slge 31 o ygiS 51 (6 b 059 0l Nidged 9,5 1) 2 yld b ygilinST 38 asdl (ggy — 8 hlwg oy a5 IS
LS o o8lis] Waaly) 5 ba, 5305, (COAtEd) (yoges anié] g 955 Lols gased b 5 pasas

el slo alawly 5 Lolse 2alS 0aisS ol wiaslond bl Llus it aniiél atpe) o a5 Slallas 25T b
wonlym ezl sl anld el g e S slog s ials aals aics) ol 4o Gt b il B >l Jlael o
.;)9.3

00ls Zuogs S yo 0 Slos a5 35 oo o0liiwl laalg) g 155L5 ST Zola s oges aadl gl b3 Slge 5l el

HLWW) ‘*"”‘9-"’

Heparin And Trillium coating — )
Albuming coating — Y

Soft line coating — ¥

phosphoryl choling coating — ¢
Carmeda Bioactive surface — ©

Heparin Coated
o Joil )5 olaws zalSy 59005 alSe Olgdl gl ledSM comw | ialS cel 5 oogr ito ,b slylo o)l
b oo Heparin Coated ;i sl 4405 Medos ,g5l5.:51 .04 oo

R



¢ >

Trillium coated

ol Jgaze ol &l
e 5 ,Skae 1)
ezl b alie o le o Slee wiilsi oo (oud¥1sS Wiy b (ooseds 5 Y )0 39250 1)l 00 4ty (slaJ5SUse
Al el Wl b slalS
ol ol g sate 5L =Y
aS oads slag pl yo e Lol cel s lais 5 )18 agudy 5 Y cpl o aS Slgalgw g Slagw (sloog S
il ools las aisS el 1y ¥ el cose SIS Gladod o )ls 39,0 poaligail Zolaw 4y (ool aslis
S oo 550 095 5l e )b slls slo <M e (ol
leie gy ok 0yShes b bt |y (g (5l & (g JLail

A.u:la od.v‘b)la)." "\"5“"6‘)5”"5}‘;}&“‘3“)’“‘6@6;0 ‘_sl&).am).»w‘u&o.n“/g‘

Seldg o co LB -
shle cle s 4y g 005 Silidg aun T 9,15 3924 ol 3 zlaw o a5 Poly Ethylene Oxide(PEO)4,Y
Ol 2 inSon Com s g (Eoban robe 4 o3 Sbadske o 1 a5 85l e 892 g 4 (estan ok g 9 (e

S 0 (6 S ol
s cpl a8 ol ol olizel aiiie ol siiis Sl o L pdy Gllasl Lsle cde 4 PEO le o,

55U5eS 1 010 (698 Jlail egian zohw 4 Ldg,000 Y (ol W3S oo &80 1, LIS 5 oy il 0ne S e
ol oas ooliiul slge g5 ol 5 Affinity

ol
Bcheunalic prowided fe St perpoiss only Bod s

Softline coating

ol 9m po S5 s (ogta s Slge b (555 9,55 1 5l 6505l sl s S ool cnl e Tonds LS5 (25 D)

Yy



S
&
o3liies | 0,0 5 alg) s a8 ¢ Sy ke (6l roy )53l ST raile il 5 55,8 4z 21 gy oole ol 5

Sgad 0aliiusl Atud (355 b elad ;3 o5 (Kb Sl palans (oled (slp ol o0 Ly 5 0950

ol yo Ly cpl Ol 5
Tobw @ heblae Jlasl -
A (oo Rl (g b 0)53ls 5 g 232 dedshe clad g (S -
Sl (oo Bl ) mlan 55 olinil codlad g axals 136 o GloleS 5 golinil pines 53 22 -
G5 SR olse by pacy ol JFI 5 00ls Lad ) Cosgrng i 5 ComssSU (Stimnz (liee Bl olltulej] glacens
Sylge 5l eam ;o Can ] Sen 5 oais aslis 50 Coting ,lu g Softline coating o Jae J3105 Lol s | oois
Coating slse plo L as Slua=s g blo oL wls Softline L oo ava el wlpgss 5 blo g cplply o bl S s
85158 colainl 050 (oS 5 O ygar wilodds

S Jaeme a5l uls (ko) SiV 1S ST 525 Softline Coated (slls iz 5l eolatwl &y o o
20,5 o ol b gL goyi g AL 51 SYLACT g wisls

2 Sl i Jg eamis o)155 SLaSOLSLT slog—saSTy sl o sl 4 Cremopher EL s,40 ;0 4> 51
Ll (S azsm )l )0 o8 Gllom 1o (1050 55 (I az gy nlply oil pilolen! Sl wig go ol Lo
S pdy Ohgo Sl 3,00 5559 Cremopher slylse s b o5 (55,00 450l ol

Sgei sanlie Maquet ,gb5..51 0 ol o |, Softline coating

Carmeda Bioactive Surface
21y ke Jlash asl,é g 48,5 1,8 Biocompatible slge a5 zghaw ool anael JS& o 0 50 oole g45 0yl
S50 9 2S5 oo oolial 508 ol slessl & Jlail g 5l s 099 93 b 5L Jsamme (nlules oo oal8 ECC ol
aiibe ol sledglone 3B s g ool zalS 1) jaeg,5 Carmedacsle .axS o olxyl CPB o jo Jled o la yo
ol Medtronic SleS cole slo,glianST 09 oo i j5 95 bawgs 9905 oo )18 uegdl 5 ol Jbo s

:cely Carmeda Coating 45 el ools ylis b olallas

23 e S gl Silisgon glaptes k> oyl JI 1) S5 iss s )

Sles oo SeS CPB Jsb o oD o Sloe Laa> oy -Y

how J5 Skl & o slagaly 5 oaile, Plax 4l mlaw )5 golinl codlad g ol ey 5 ol Jld o8 el ¥
D2 o yualS

and o (Rl b ks s 5l laJsil S (g5l o1 L 1) CPB 4y oyl ens sty -

Yy



\'

Phosphoryl choline

PC ot oo il ldslu slalod > ,15 4Y Coord ;5 a5 aiib oo oo sboa) vge sbog,S o 5| Sy PC
eSa s Joho 6lid S Y 50 a5 50 S s ol caSome ey 093 SLbI T L g a4 Is ST L a5 Slas
Anles e ooliiul (o S anael ca> 0 o] 51SOriNg EUrosets [5il5as| .o pd oo &yg0 (Goms,) b axsd

905 0,3l Hles oo 23 5,90 4y PC COALING v Lole> |
592095 Shels -

Sl juals Y

(6slnk 5 Dl o3 b uled ;o Dlyss pas =Y

b iSL 2y 5o Saeglie -F

o ai5g 5 (Oged gy plp )0 Cglie -0

PHOSPHORYLCHOLINE COATING

m ALKALINE CHAINS SPREAD ACROSS THE SURFACE YELDING A STABLE COATING
THROUGH HYDROPHOBIC INTERACTIONS

é é é ZWITTERIONIC PC GROUPS EXPRESSED OUTWARDS FROM THE SURFACE

LAYER OF HYDRATATION AROUND PC - WITH A COATED SUBSTRATE
. THE BLOOD THEREFORE “SEES” A LAYER OF WATER

_ BLOOD\BODY FLUID CONTACT LAYER

Slomyl Sledgjam (1aSTy oy 5l aSome 5 Il 4 S Heils STl o tiie (ST (sloo o s Sl 0¥ )
S

oo 00,8 phosphoryl choline :pg0 Y .Y

References:

1) CBP Third Edition 2008

2) Hsu LC. Issues of biocompatibility : heparin — coated extracorporeal circuit.Int Anesthesiol
Clin1996:34:109 — 122 .

3) Cazzaniga A, Ranuccl M, Isgro G,et al. Trillium biopassive surface : a new biocompatible treatment
for extracorporeal circulation circuits. Int J Artif Organs 2000:23:319 - 324
Myers GJ ,Johnstone DR, Swyer WJ,et al. Evaluation of Mimesys phosphorylcholine (PC) — coated
oxygenators during cardiopulmonary bypass in adults .J Extra Corpor Technol 2003:35:6 — 12.

A



S |~
]

45D 98 9 49 ,b Sy W F AT (5 3k0 39 3 gy b (5 HRo cdiaSlone sl

09T 2132 Jos 38 (9 0 ¥ g dlml Job 4o

The Journal of Thoracic and Cardiovascular Surgery ¢ January 2014

Emiliano Angeloni, MD,a Umberto Benedetto, PhD,a Johanna J. M. Takkenberg, PhD,b ,lvan
Stigliano, MD,a Antonino Roscitano, MD,a Giovanni Melina, PhD,a and Riccardo Sinatra,
Mda

(ze) phae¥! alll audty oyl ylows — alll andly S 33 pole olSLS1S Comuijgud p — 881 o0 Lo

ads>

Ol 5o glis Ll 51 (0-ACP) a8,b g0 3 (U-ACP) 48 aSs s300 (jaudp sla g, gult umnd Lo s :Slua
g &yl odzs (> 5w Sojels e bt g pmegS e

sllls 3 a—s plxl PubMed, Embase, and the Cochrane Library ;s sl comiws gy,
ieil 45 0551 oazmn (> 5w (TND) cdse 5 (PND)odls Susslsyof <N 5 sageSre 3590 50 5750
A gy 2 gy 0,8 T (ke Cliblre b plojan (93 (50,5 aBgs

A pll Cochrane Q Ll 1 eolicwl b Seal Juloo g 45550

Oy 5l sl YARE (ol Sgemme p0 a5 axid S )13 Judow g dujos 090 anlllasA code] Cow oy ladllas yleo 5 g bs
4525 g 00 o3l (0-ACP) 8,k 50 (s5ae (b boy 5l sl YV -F sl 5 (U-ACP) £8,1a5, (500 (5528
0975 slp 7 UYL awsloie ;o U-ACP 05,35 sl 7 AIS) 059, ¥ s 9 Sy 5l polie polie ,Silis oo osls Julows
P=.80 ,lais L B-ACP o4,5 I,/ #10 b awslis ;o U-ACP o5,5 1,7 #/1) PND «(p=.78 lais L b-ACP
ooy B g iz o (P46 laie LD-ACP 4,5 61,57 MA L awglis ;o U-ACP 05,5 sl 7 V1Y) TND 4 «
>l Jleel g 0 PND 5 (ol Joe 5l am pegS 10 5VL polie olas J13 56 cou | bomess 5 polie e
B9 9> 80,5 B i glej Dde g (5l Sl ye 0 VL 6l g (ol e

(D-ACP jU-ACP) a3, g5 5 43,laSs 0,5 4T gm0 cabidlone slo g, a5 s co ylis Ul ol 106 8 A

0o 25l ez (A Jes lp 53 50,5 s 5l ax TND PND g 5098 50 51 olitce 0l

T
a5 G | oo sl s 4 Hle SO Oyl ol oo 5l am (TND) cége L (PND) asls «S55509,95 S
Jsb 53 e cdadlone jomo g ule lams Al 1) (liw Jlas )3 (s Oloj D 08 9 ey S 0 Oliee m2 Wl o

&lge Lol cianl a5 (50,5 8g5 L ol o g0 gt Bl allls 18 9> 50 )F ;&59344}@45@)937&%&” s >y



-
&

PS> az )3 4 bgpe s5—ae Gjednsmd Gl W)le Wil oo b )15 ma g3k slawi 4 a5 g, ()
i ¥l SS3lese B)lse sl Bl g (sire (eslatiogs

rg 9 097 RS A (o) o sl S jola g oud ik () o Gy 4 SR i n nlple
oud ol g 4135 15 il g Jlgw 990 (Bans (a s 4 55 0jg el il 4285115 oslitul 8,50 (DHCA) (3ee
ez wylod ol b 1) (53 (505 Bg al 5 (Vsb (sle 0y50 Wl oo (ACP)a, 5 il (g3 ()350d 0 45 e
.b).._ia )|)3 oslazul )94 .la.wg...a GA)JM L| o‘)o.b as vao)

Comy g anBlie Jome sy 55l 358 39,0 4dyb 90 (hgy (ACP) 0,8 4l (3 (550 e 50 onl p opdle
solit | w1y (3035 ol sk 5 U-ACP) 48)b S 0, 5 sl (s5he (35a 50 G295 5l 55150 5l (ke s s |
L)l b o Bl 55 S b -ACP) @b bgs il (s5ae Gisdn by, 4 pliwd Caz Sl 50 WS
D9l (5 Nl G
5 aske (U-ACP) a8,b S 0055 4T (s5m0 (3508 Sy 58
(So91 358 B9y ) S 5l (6555l Y

218 392y 09 (oo plol A8)b S (S0 (g &5 (By sre JolS Sablne 8)90 3 ola LS (Jl cal b
o rsb ot gl agilil ooz Joe 51 L8 Ll 55,208 Loy ecilideo (g3 il (gla s, ol dunlie
@b s sl oz Ol g slozl 5 Bl ger cnlpl sl oos: 595 (ailse Lo jlgan (> lasis) 5 2)lse
)5 g2g Sl ol (g0 cliblne g, S 4,

3o 0,5 a5l a8 3l eoliisl b Syl (i 5l am Su3sls e (2)lse 9 e 5 S pe s salllle cnl B
il oo O-ACP)43 L g0 3 (U-ACP) 8,k S, 0 5 assl e oy5gudp slo g, zols auslio
Silsmeinl o gl oaalie Slalllae ullTlie slo Yyl 5l ool ol b 5JUTlke 5 Slota s 550 ) s,
el 00 sl (MOOSE)

Yo Gozsume (5351 ym!
antegrade , cerebrum, cerebral, sls o5ly ods LEmMbase s pubmed ;s 54290 oVlis sles
slsiliw | polassl | All Fieldes s MeSH Terms sl JG ,» a5 brain , perfusion, protection
SYlis (gorimr 438ty oy, S 4 i axdllae gl il o 5Tl (ol (S Yo (2] gz
D oy g g 390 sla a0 ChOCrane wlbwls JS copl pogdle ol goxins {2 yio —0uiS ax>yo
GYLM )‘ Sg u)L..C Yo ul.?bu‘ )Luuo .\J\))S R Yo doMs 9 U”SL“C ).Iaa)‘ ‘) o..\.o—‘ Cowdo Yo L)msf dw
>z 0 085 oS By Jsb )0 05 4T s5he cliblre Sl amy yreg S e 5 Sulslyyst (2)lse 5 00s: (sl onnline a5

il 00,5 5155 caalllas ;o 40 yiio b jlewn Voo JBlas sl diges olows b, &gl

o yS A Y s C5J> 999,9 LgL‘b)Ld.A as w‘d).: T 549 Yl Wy r ‘J.EQ..“A Mol )5]4; )i‘“’bﬁj" CPRgS Ly
Ay p Oldllas plo b S Wl S &g Ylie  caled (sloui B, axil oo cole,

ol lais|

S



\-\'{.r

<

ACP : antegrade cerebral perfusion

b-ACP : bilateral antegrade cerebral perfusion
CA : circulatory arrestCl : confidence interval
PND : permanent neurologic dysfunction

TND : temporary neurologic dysfunction

u-ACP : unilateral antegrade cerebral perfusion
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TABLE 1. Overview of publications included in the meta-analysis

Reference First author Center(s) Operative era Type of AC"  Sample size
Ann Thorac Surg. 2006:81:868-74 Olsson Uppsala, Sweden 2001-04 Bilateral 48
Ann Thorac Surg. 2006;81:868-74 Olsson Uppsala, Sweden 2001-04 Unilateral |
Eur J Cardiothorac Surg. 2010;38:46-51 Krahenbuhl Bern, Switzerland 200407 Bilateral 162
Eur J Cardiothorac Surg. 2010;38:46-51 Krahenbuhl Bern, Switzerland 200407 Unilateral 11%
Circulation. 2011:124:434-43 Kruger German Registry 2006-09 Bilateral 453
Circulation. 2011;124:434-43 Kruger German Registry 2006-09 Unilateral 628
Ann Thorac Surg. 2010;90:547-54 Leshnower Emory HC System, 2004-09 Unilateral 412
Atlanta, Georgia
J Korean Med Sci. 2009;24:807-11 Lee Seoul, South Korea 200007 Unilateral 104
Heart Lung Circ. 2009;18:334-36 Numata New Lambton, Australia 200508 Unilateral 21
Eur I Cardiothorac Surg. 2010;37:669-76 Saritas Ankara, Turkey 2002-07 Unilateral 50
Ann Thorac Surg. 2002:73:1837-42 Tasdemir Ankara, Turkey 1996-01 Unilateral 104
Texas Heart Inst J. 2006;33:310-5 Yilik Izmir, Turkey 2001-04 Unilateral (it
Eur J Cardiothorac Surg. 2006:29:1036-40 Panos Geneva, Switzerland 200105 Unilateral 25
Eur J Cardiothorac Surg. 2012:41:185-91 Urbanski Bad Neustadt, Germany 200509 Unilateral M7
Ann Thorac Surg. 1999:67:1874-8 Bachet Suresnes, France 1984-98 Bilateral 171
Perfusion. 2002;17:187-9 Colangelo Milan, Italy 1999-01 Bilateral 37
Ann Thorac Surg. 2006:81:1358-64 Della Corte Napoli, Italy 1997-04 Bilateral 202
Ann Thorac Surg. 2003:76:1181-9 Di Eusanio Bologna, Italy; Nieuweigen, 1995-02 Bilateral 588

The Netherlands;
Hamamatsu, Japan

Eur J Cardiothorac Surg. 2010:38:293-8 Estrera Houston, Texas 2005-07 Bilateral 30
Interact Cardiovase Thorac Surg. 2009:9:426-30  Forteza Madrid, Spain 1990-08 Bilateral 23
Cardiovasc Surg. 2001:9:396-402 Jacobs Maastricht, Germany 1995-00 Bilateral 50
Scand Cardiovasc J. 2005;39:87-90 Kaneda Osaka, Japan 1995-03 Bilateral 51
J Thorae Cardiovase Surg. 2008;135:908-14 Khaladj Hannover, Germany 1999-06 Bilateral 501
Ann Thorac Cardiovasc Surg. 2003:9:174-9 Matalanis Melbourne, Australia 1996-00 Bilateral 25
Eur J Cardiothorac Surg. 2003;23:771-5 Numata Nagoya, Japan 1998-02 Bilateral 120
Ann Thorac Surg. 2005;80:1297-302 Ochiai Shimonoseki, Japan 1988-03 Bilateral 46
Ann Thorac Surg. 2007:83:805-10 Sasaki Osaka, Japan 2000-05 Bilateral 305
Asian Cardiovasc Thorac Ann. 2009;17:500-4 Toyama Yokkaichi, Japan 2006-08 Bilateral 26
Ann Thorac Surg. 2003:76:1951-6 Ueda Tokyo, Japan 1993-01 Bilateral 103
Ann Thorac Surg. 1998;66:493-9 Veeragandham  Chicago, [llinois 1986-96 Bilateral 20
Ann Thorac Surg. 2011:91:1868-74 Zierer Frankfurt, Germany 2000-09 Bilateral 245

ACE Antegrade cerebral perfusion.

YA



Ry

@'

S0 03t Slr oewY Pl o9,

S e aSe)l8 g S |y (i 5 0brS 90 e 59,5 Al Bk 3l (siie isadn (D-ACP) a3 )bgs 055 s
odd plol 5,581 398 Ggye 50,5 Al Goyb 5l eeiis joka b (e DS Sl (lyd o5 Wl e L L) o
.»)9.3

b casly iy obrd LS wlo b oaditns (90w V5ilS ook 5l 530 35edn (U-ACP) @8k S, 695 50
g 0dd oelaid SG3ely e S yiile Bayb il 5 e Oisdn 09 Ol Ol 092 0 el cul) JLSTp (L 20

U-ACP) 4,1 Sy (5300 (159202 b9y 0955 99 o (550lne Sglis guad o5 Censl ol Tl ) 42l o yhogeo

25 0525 (S pke SYMS] 5 sa0g 5y Slai 5 (B-ACP) 4 bgs (5500 (1598 (b, 5
P Ol 3 093 (995 Coml Oloy D wiile ouiiST S ole oz b (ires Lo ol @S (a2 ogdle
P05 Bgi SYsb slgley o e nls sl a5 jshailes w05 S 1) (Pl des (09 il sl b 5l
) ools S3elgye SV 5 ey S yo Gl Slas Slai sl it Jlotal o >z Jos 0350 6558 b (oilips) 5 09>

ol las

(0 gk

P g ey Sye 5l piion Sl Jletol (93 (535 Sl o 5L Gla )l az s 4l Ll aSS
AR LGS APTI V. ARCINS | [P RVE SV JESIPA A NS SO0 S I ICUON- BN v IR STONPUII NN AR W N PYS:
$RRE) oz o (adds Bl i) Sae Yok sla iz Lol sl plis ) (095 s Lwsie (coisd o)l
Bl 4Bl 5l (gire Oisedn b S 30 (505 | 6 FGres 42 )0 & sy o0 L 4y (D)8 wgB S
ol o Tl 5 053 (99,5 Cemal Ol a4z )0 (e Ji o LU 9925 Ul Lol ogee a8l SG ol | 0l 2
Alon (6,50 Jole gy (58,5 s 50 (g (ool Sugls 8 ST g e 9 S 0) aslllas

30,5 Sl sl el ploy e ™ 53 (50,5 il 13 e a4 o ez e b 51 w92y cnll
o5 eslitul (sihe w5 anil Gigedn 5wl Sl (GBS Bgye Sl (Pl D )pe )0 5 WS el el 55

g WS oo 3l (i p0 (Sl (Fauzmy Sl b wiss oo gz 5 1) S5 485bgd (jeudn b Gl i
3 Oy (59l YL Ggye Bl by (nl )0 1) aedce il ) SLaSS cl 51 (G5U gl il geel s 4l o) e
a5l e Ghay 50 gl YL 39,0 g YilS plSie a4 lso g lag o olmle i )0 igh (65w )b
45 050 o0 (G S 40,bSG O30 (09,0 (ol sk S (nl (9550 098 (o0 pmine I SG a8 bgs (g5ne
5 Olge (BLoT cadlS SG g h (oo plonil Sl 92515 45 (53,5 Gl 5 (s b eSOl LS (e Yo L
YU Goye (6 Sws e Lol AiS o (s S o> STl sssay 9 5l a5 olo 13 o 5 i 0By S b b slal
oo Gl o5l 56 ol 5 sl

SU-ACP g, 1o b ol b ai s JalSh urlys 4l o las o5 10 «Sngilil Slalllas ool 5 cpnizros
JEIS 1wt slalidss 5 (o8l Byeg Comly JlnShg Olrd e09d oo plol Cowly (dirs GlrS (s VS b S
sl Sl (SeilS 425 515 5T U-ACP 3y 10 (s5ie (e 50 IS onlplls i oo 5085 525
4il> a5 g0l Bl 51 52aS s (S 055 o0 o D55l B 3l s slar S8 wo 10 Ve g0 o e s Ol
S e 339y Ol g Sewly liihg 0l Oisedn il S sihe diblre (o )0 10) Cew | lST Ll e
bt o J)s Obpd S (o0 ol pliebl jie 4 (BB G5 0l LB Sl enlple 0S oo el B ) cn )

YA



S
&

YL gye 3l plS 52 alflaz oS 3,k 5l adl a5 Steal sany @b 5l ams i 1) e slesh > e | Sas
ool 6 Ry BB (bt o JIng sl OliyS 5 (adlS Sl 39, o o ()]

ot b 093 (805 Sl 5l 5 50bsS ey e a5 (B Gl i (58 S)lge Ao (B3 F Japs L
im0 g |y (U-ACP) 48,b S, (s500 (5508 b9y S (o0

5 95 05 S0 e s e @ 053 95 Sl (o S 39 (ob Tl nl Slates 4y 4z g L
Bedsr gme Gl Se3edsse (030 SIS g ye 5 S e sl )T Sy ST 30 s 0970

S @l N850 Jele L 93 (39,5 Cemal sk 5 S )55 55T (55, 1 EMEe ol 5l o el
9 so9S p 5l 658 Ol e )3 Wil (B Sl Jsb )3 (oo 40 9 Dad sy oo JI A (o ]
O e Loads (51T w8 5 5158 Gres Jlewns (oo g o5 oS Glilew b 5 Oliler Su3sls,s8 (edls YRS
el o 03l &5 (530 (590 Il E95 (58,5 5130

HG S Ao

Sistn Sy @S ) (3l g wed e (lad &5 Cewl addllas 350 o B0+l Gl Jols bl Gl
59055 Gl oy e Vb &)l 4z y0 ) ol Jole a5, 0929 (D-ACP) 48 b 45 5 (U-ACP) aé,b S (g5
3 om Sulsls sl (sodls YBT3 pe 9 S e Gl L L e Jelse (lyim (bl nd (P Jos 5 Do (SYsb 55
ad bl e (isadn SFl (85 ks e (> Joe

References:

1) Hagl C, Ergin MA, Galla JD, Lansman SL, McCullough JN, Spielvogel D, et al. Neurologic outcome
after ascending aorta—aortic arch operations: effect of brain protection technique in high risk patients.
J Thorac Cardiovasc Surg. 2001;121: 1107-21.

2) Ergin MA, Griepp EB, Lansman SL, Galla JD, Levy M, Griepp RB. Hypothermic arrest and other
methods of cerebral protection during operations on the thoracic aorta. J Card Surg. 1994;9:525-37.

3) Griepp RB, Stinson EB, Hollingsworth JF, Buehler D. Prosthetic replacement of the aortic arch. J
Thorac Cardiovasc Surg. 1975;70:1051-63.

4) Strauch JT, Spielvogel D, Haldenwang PL, Haldenwang PL, Zhang N,Weisz D, et al. Impact of
hypothermic selective cerebral perfusion compared with hypothermic cardiopulmonary bypass on
cerebral hemodynamics and metabolism. Eur J Cardiothorac Surg. 2003;24:807-16.

5) Mexrow CK, Sadeghi AM, Gandsas A, Shiang HH, Levy D, Green R, et al. Cerebral blood flow and
metabolism in hypothermic circulatory arrest. Ann Thorac Surg. 1992;54:609-15.

6) Svensson LG, Crawford ES, Hess KR, Coselli JS, Raskin S, Shenaq SA, et al. Deep hypothermia
with circulatory arrest: determinants of stroke and early mortality in 656 patients. J Thorac Cardiovasc
Surg. 1993;106:19-28.

7) Kazui T, Washiyama N, Muhammad BA, Terada H, Yamashita K, Takinami M. Improved results of
atherosclerotic arch aneurysm operations with a refined technique. J Thorac Cardiovasc Surg.
2001;121:491-9.



;\\"'rﬂt_-
<
8) Griepp RB. Cerebral protection during aortic arch surgery. J Thorac Cardiovasc Surg. 2001;121:425-
7.

9) Zierer A, Aybek T, Risteski P, Dogan S,Wimmer-Greinecker G, Moritz A. Moderate hypothermia
(30 degrees C) for surgery of acute type A aortic dissection. Thorac Cardiovasc Surg. 2005;53:74-9.

10) Leshnower BG, Myung RJ, Kilgo PD, Vassiliades TA, Vega JD, Thourani VH, et al. Moderate
hypothermia and unilateral selective antegrade cerebral perfusion: a contemporary cerebral perfusion
strategy for aortic arch surgery. Ann Thorac Surg. 2010;90:547-54.

11) Stroup DF, Berlin JA, Morton SC, Olkin I,Williamson GD, Rennie D, et al. Metaanalysis of
observational studies in epidemiology: a proposal for reporting. Metaanalysis Of Observational
Studies in Epidemiology (MOQOSE) group. JAMA. 2000;283:2008-12.

12) Kr€uger T, Weigang E, Hoffmann I, Blettner M, Aebert H. Cerebral protection during surgery for
acute aortic dissection type A: results of the German Registry for Acute Aortic Dissection Type A
(GERAADA). Circulation. 2011;124: 434-43.

13) Olsson C, Thelin S. Antegrade cerebral perfusion with a simplified technique: unilateral versus
bilateral perfusion. Ann Thorac Surg. 2006;81:868-74.

14) Krahenb€uhl ES, Clement M, Reineke D, Czerny M, Stalder M, Aymard T, et al. Antegrade cerebral
protection in thoracic aortic surgery: lessons from the past decade. Eur J Cardiothorac Surg.
2010;38:46-51.

15) Merkkola P, Tulla H, Ronkainen A, Soppi V, Oksala A, Koivisto T, et al. Incomplete circle of Willis
and right axillary artery perfusion. Ann Thorac Surg. 2006; 82:74-9.

16) Numata S, Thomson DS, Seah P, Singh T. Simplified cerebral protection using unilateral antegrade
cerebral perfusion and moderate hypothermic circulatory arrest. Heart Lung Circ. 2009;18:334-6.

17) Saritas A, Kervan U, Vural KM, Kucuker SA, Yavas S, Birincioglu LC. Visceral protection during
moderately hypothermic selective antegrade cerebral perfusion through right brachial artery. Eur J
Cardiothorac Surg. 2010;37:669-76.

18) Tasdemir O, Saritas A, Kucuker S, Ozatik MA, Sener E. Aortic arch repair with right brachial artery
perfusion. Ann Thorac Surg. 2002;73:1837-42.

19) Yilik L, Emrecan B, Kestelli M, Ozsoyler I, Lafci B, Yakut N, et al. Direct versus side-graft
cannulation of the right axillary artery for antegrade cerebral perfusion. Tex Heart Inst J. 2006;33:310-
5.

20) Panos A, Murith N, Bednarkiewicz M, Khatchatourov G. Axillary cerebral perfusion for arch
surgery in acute type A dissection under moderate hypothermia. Eur J Cardiothorac Surg.
2006;29:1036-40.

21) Weinberg PM. Aortic arch anomalies. J Cardiovasc Magn Res. 2006;8:633-43.

£



£y



)

2995 T BB (2192 550 V) Jo il Egil (s

oo Weio (&) Loy plol (gl jlowy CamndiJoud 31 — (coud y (yamn>>

1M

Bl ooliin | 5,90 Glop s £55 3,50 10 5950 .0, 3Li ol el lp mle I V.0 B YL, 5 sl CPB
S oo 03l A lS g gl S5l 8150 (B g dglliny S LS e (B0l g2 g (0

Cloz S 3598 YO 0l Jlgw malyy slp oolits 1990 ppw £533)50 30 <8 (22 5550 VY 5l Gdow o
Slap o 5l ks B (22 35T5e wo 13 PY 0505 5 0ol g s gl S a5l 5510 wo 3 TV 03 5 pasiidie 5 00l
S o oobiiasl malyy (6l sl S

1doddo

lSY Sy, aile Jloys K305 PH 5 e0cs LWl slacds iU b mlo 52 V = VD 5¥LS 3 sl CPB e
b jtlidg Se Jaw 5 503 iS5 19 B a0l 12 Wil Lo & Jo g 51 BB a5 01 55 Sudgan Dl 5 o 90,99 50

s lans JUil 5 a3 il3dl aile ] (5 )lse ) leg S L aS saids o ooliiwl (55 3l adgl slapaly o
o955 09909 @b JnSlod gl 1 (LSY Ky 0 ol Jloyi lap oo 511457 00200 55 950e5 5 (Sshe
30,5 oolauwl Codgesdl 4

ooliiu lax 50,10 0929 Jai (DS 5t (55ly g @ tiw | oy S8 el aiile sloosslS 5l eoliin | 5,50 o
3550 350 (Jg 093 o0 (Jobo @5 slad 4 mle 3555 (0l 05 5 SFsem | Jlid (alS o ;) Bl @ o LS
slosliinl 3,50 53 50 013 (—2)lge 1 bap s Cnl 5l IS p8 g Sl oats SL3T 55 (Lduled 5 009 (lRen S5
5 ololig 4o (25,5 lawgy Ll aiS coslus slonl casl (Ko g 0350 (1,5 5 00l ey (5 e Sl il 0 (uegad]
g go odlaiwl WYLSE 5 S g Jlabl

Geodl 5 Gmglsen Cale (2alS 5,585 S 5l Lol WS e i3 CPB (> 10 99 50 (el 5 mglSson clile
O hdgen b (Jobo z)l5 Slule al il aallas SG p0 058 (o0 sk G Lad 4 Bgpe S0 5l Dlule 0959 conn
Slaule 4y Cpogd] (51080 5 00,5 o (20138 CPB > )0 55 39,0 (cublo o 0ss uibidgad (y9as 45 0l s0yd
slad @ gl i i 5 oo Sl g Comslis o Sl (o rasd] B3 oS (o0 et ok 5 (8L (o
25 axdllas |yl 4 agll 09,8 a8LSl ST g el (s jos 532 095 (Bs e @)

g a5 Ll b 5 (o S8l o (ogaiy wiiS oo ooliil 55 (gl CPB (o (8 (2 8100 (S 00
S LoDy ot o etig s 51 (Ko gl 2o a5 VL 1) gl s sl 457 Lo 50 5 Sl (oly ST enged |
D980 (o Ol o (el LS falS g aS oo ol 1) an ol Senl Lad w0 Al s

P O9d (somadS pep g (Golinil s ;0 PLST Jo 4 5595 (AP o Sl (S JuuS Lo b 15V
S lbiwl g Sy jore aiis (egian SBAndlS 5l agly 5 @rtl g b S0l slavnslS 5TV o e ol S
el o (e (50,5 il sl

¢y



)
8y

b g g dlge

9 w205 85 bli)l e 5.8, L ResearchGate colu )b 5l 548 7515 38150 50 waly g9 et sl Lo
oty Wl o ygiS 5l Cansiond o YO .03, Jlgw CPB o ool (sl ooliiw ! )90 slapmw £55 0,90 ,0 Ll
“S.’> S5 wale ‘uls.sl.a 4)5).) 4uLoJT s..\j}w sdéw UL.MAJ).C sM‘JS ‘LJL.,l ‘AS)LQ.)‘O 565‘&]9& S5z 44¢.~u5) ‘lSJJ.A‘
T e e ool Cow & Sledbsl wsls e b b Jlow @ pg> Sl 8T g g i pl e bw IS (SG 3L s
Aiges ookl duglS g gy ST ol 5l (Gue,0 YV,Y) 55 101 Y 5 adgllins )5 slo Joloo 31 (o) #Y,A) 55,0 YY 3
o2l 50 59 5l (ae, 0 YA ) 35 0)
(22,0 AB) 55 00 Viiopdls Jlo i s
(M)b \Y,a) ;}a I\ wA}.JT L
(20,0 FALD) 55 0 VY 1 gile 5
axlg Yoe,ee e BYeee il cpila jlade s

S S Aot

105l Gados ol 3l ede] cavdy IS s

S o oalaiwl (40,5l sl p ol S 5l Lagd ST, iy -

Al g SLSY X0, eolatwl 550 & s o yiden -

S el oolawl (ao 0 AD) e by g (ae ;0 VFL0) gl 5l ST e i -
.o):f‘_s_o)ljé oolaiwl 0590 mily 3l s laie 4y 3510 5l as )0 TALD jo 55 Jeiule -
Bl Sl oy Yoo Yo Ll s as b il e el o

References:

1) Boonstra PW, Gu YJ. Priming fluids for cardiopulmonary bypass. In: Kay PH and Munsch CM,
Editors. Techniques in extracorporeal circulation, 4th Edition. London: Arnold. 2004;99-107.

2) RussellJA, Navickis RJ, Wilkes MM. Albumin versus crystalloid for pump priming in cardiac
surgery: meta-analysis of controlled trialsJ Cardiothorac VVasc Anesth200418429-437.

3) WilkesMM, Navickis RJ, Sibbald WJ. Albumin versus hydroxyethyl starch in cardiopulmonary
bypass surgery: a meta-analysis of postoperative bleedingAnn Thorac Surg2008.72527-533.

4) Tigchelaarl, Gallandat Huet RCG, Korsten J, Boonstra PW, van Oeveren W. Hemostatic effects of
three colloids plasma substitutes for priming solution in cardiopulmonary bypassEur J Cardiothorac
Surgl199711626-632.

5) WaitzingerJ, Bepperling F, Pabst G, Opitz J. Hydroxyethyl starch (HES) [130/0.4], a new HES
specification: pharmacokinetics and safety after multiple infusions of 10% solution in healthy
volunteersDrugs R D2010.4149-157.

6) WilkesNJ, Woolf RL, Powanda MC, Gan TJ, Machin SJ, Webb A, Mutch M, Bennett-Guerrero E,
Mythen M. Hydroxyethyl starch in balanced electrolyte solution (Hextend®) pharmacokinetic and
pharmacodynamic profiles in healthy volunteersAnesth Analg2009,94538-544.

7) Lilley A. The selection of priming fluids for cardiopulmonary bypass in the UK and
IrelandPerfusion200217315-319.

8) SadeRM, Stroud MR, Crawford FA Jr, Kratz JM, Dearing JP, Bartles DM. A prospective randomized
study of hydroxyethyl starch, albumin, and lactated Ringer's solution as priming fluid for
cardiopulmonary bypassJ Thorac Cardiovasc Surg198589713-722.

£¢



S |~
]

Systemic hyperkalemia and mild hypothermia in Redo Aortic and
Mitral Valves replacement for the patient with Fungal Endocarditis
and patent LIMA

Mohammad Hassan Naseri, Hamid Shafiei, Alireza Jalali, Mohsen Sadeghi, Arezoo
Khosravi, Alireza Shamsaee,
Bagiyatallah University of Medical Sciences, Tehran, Iran, IR.

Patient Demographics:

A 70 years old Diabetic man who came with fever, asthenia and narcosis from 2 months ago.
He had HX. Of CABGs (4 grafts) 7 years ago. In TTE and TEE, there was a small size

pedunculated mass on the ventricular site of AMVL, severe valvular MR and Al and PAP # 65

mmHg. With doubt of Bacterial Endocarditis, he went on full antibiotic therapy for 3 weeks.

Relevant History:

With worsening of his general condition, TTE and TEE were repeated that the mass was
larger, mobile and extended of both atrial and ventricular site of Mitral Valve with severe MR
and Al

Pre-Operative Plan:

The patient was the candidate for Redo surgery with the probability of Fungal Endocarditis
for Mitral and Aortic valves replacement.

In coronary angiography, LIMA, OM and PDA vein grafts were patent with the good distal
run-off.

Stage of surgical operation:

In Operation, there was massive adherence and extended decortication was Performed but
LIMA graft was not completely exposed.

After AXC and infusion of 2000 ml of tepid blood Cardioplegia from aortic root and vein
grafts with low pressure, the successful cardiac arrest was not obtained (because of the
probability of LIMA opening) and decided for systematic Hyperkalemic arrest.

The patient was mildly cold (29°C). Now K was about 5 (Figure 1), after infusion of 40 ml
of K solution, K was about 8.8 and HR was 25/min, and complete cardiac arrest was not
obtained, so, In 3 steps K solution was delivered, each times 20 ml and finally K arrived in 8.9
systemically and complete cardiac arrest was made.
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In continuance of operation, Low pressure tepid cardioplegia delivery from coronary ostia
and vein grafts were sustained and K stayed on 8.8-8.9 (Figure 2).

After successful removal of all vegetations and replacement of Mitral and Aortic valves
with 29 and 21 mm of Edwards, Bioprosthetic Heart valves, with semi-continuous 2-0 prolene
suture technique, rewarming the patient was started with Z-BUF method and hemofiltration
with about 4000 ml. For preventing of acidosis, for each 1000 ml hemofiltration, 50 ml
bicarbonate was infused.

In 2 steps, 25 IU of regular Insulin was infused and all laboratory tests were done. Now,
the patient was stood at metabolic alkalosis and during rewarming, about 600 ml of warm blood
with the pressure of at least 40 mmHg, was infused in 25 minutes from aortic root and vein
grafts.

After rewarming the patient, with systematic K of about 7, the heart beat was slowly started
and the patient was weaned from CPB without Pacing but with low doses of inotropic support.

Control the operation:

After successful weaning of the CPB, for the control of the operation, TEE was performed
with excellent results, good valves function, and no para-valvular leaks.

After the end of the operation, the patient was transferred to CVS-ICU with the stable
hemodynamic state. His early K in ICU was about 5 (Figure 3), U/O was about 120 ml/hr in
first 6 hours post operation and the patient was weaned from the respirator in 12 hours later.
AXC was 120 min plus 25 min of warm blood infusion and total pump time was about 180
min. The result of pathological evaluation of vegetation confirmed the Fungal (Aspergilous)
Endocarditis with Acute Inflammation of Mitral and Aortic valves (Figure 4).
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Conclusion:

The present IMA non-touch technique was satisfactory for Redo valves surgery in patients
with a patent ITA graft, and without myocardial or IMA damage.
The method is simple to perform and can achieve cardiac arrest without clamping the patent
IMA.

In addition, commencing modified ultrafiltration before releasing the AXC is
recommended, as time is required for the potassium level to decrease.

Furthermore, systemic hyperkalemia can prolong the bypass time for patients with an
altered renal function, although ultrafiltration is effective to remove potassium.
However, the combination of mild hyperkalemia and mild hypothermia may provide an
alternative less invasive strategy (1).

Now, we know that the addition of systemic hyperkalemia to intermittent cold (2) or tepid
blood cardioplegia with modified ultrafiltration before releasing the AXC, is another safe and
useful trick for reoperation of valve surgery and patent grafts.
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Current and future status of extracorporeal life
support for respiratory failure in adults

Robert H. Bartlett and Kristopher B. Deatrick

Purpose of review

The purpose is to review the development and current application of extracorporeal life support [ECLS,
extracorporeal membrane oxygenation (ECMO)] in acute severe respiratory failure.

Recent findings

Extracorporeal support (ECMO) is used for acute severe respiratory failure in advanced ICUs. The current
survival rate is 60-70%. Three controlled trials all demonstrated 20-30% improvement in survival compared
to conventional care. Patients may now be maintained awake and ambulatory with spontaneous breathing.

Summary

ECMO is the next step in the algorithm for management of severe respiratory failure unresponsive to

conventional care.
Keywords

acute respiratory distress syndrome, artificial lung, extracorporeal membrane oxygenation

INTRODUCTION

Extracorporeal life support [ECLS, extracorporeal
membrane oxygenation (ECMO)] has been standard
care for newborn infants and children with heart
and lung disease since 1990, and for adults with
cardiac and respiratory failure since 2009 [1]. There
are currently over 70 000 cases in the Extracorporeal
Life Support Organization Registry. In total, 28 271
of these cases are newborn infants with respiratory
failure [2], 14851 of these cases are patients man-
aged with ECMO for severe respiratory failure in the
pediatric (6929) and adult (7922) age groups [2]. The
survival (hospital discharge) for adults with severe
respiratory failure in the last 5 years is 60% (shown
in Fig. 1). The indications for ECLS are at 80% risk of
mortality, measured by appropriate parameters for
each diagnosis and age group. Since the first cases in
the early 1970s until 2005, ECMO circuits were
assembled on-site from a variety of devices. Despite
the variation in devices, the technology was rela-
tively standardized. Patients were deeply sedated,
anticoagulated with heparin titration, and regular
efforts were made at lung recruitment (often result-
ing in barotrauma and pneumothorax). Bleeding
was the major complication. ECMO was often ter-
minated on day 14, 21, and 30 because lung failure
appeared permanent and irreversible. Transplan-
tation was not an option. This era is referred to as
ECMO 1.

Major changes in the technology occurred in
2008 with entire ECMO systems being developed by
Magquet, Sorin, and Novalung companies in Europe
[3-5]. The Maquet devices were available in the
United States in 2009. The new devices resulted in
much safer, simpler, and prolonged management of
extracorporeal support and have led to much wider
use of ECMO in respiratory failure. Prior to 2009
there were fewer than 100 cases per year, and sur-
vival varied widely because of the small numbers in
each diagnostic group. With the new devices, there
have been hundreds of cases each year and survival
stabilized at about 60% (Fig. 1). Improved devices
have also resulted in a change in patient manage-
ment emphasizing minimal sedation, spontaneous
breathing, and active physical therapy. Bleeding is
still the most common complication but is manage-
able. Lung recovery occurs regularly after as much as
1 or 2 months of minimal or even no lung function
[6%,7]. Consequently, ‘irreversible’ lung failure is
being redefined. Bridging to lung transplantation
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KEY POINTS
e ECMO is indicated in severe respiratory failure.

o The survival rate is 60-70%.

e Current ECMO management includes awake patients,
spontaneous breathing, and ambulation.

e Patients supported with ECMO can recover completely,
even after a month or more of total lung failure.

is now routine with ambulatory ECMO [8]. We refer
to this era as ECMO 2. Patient management in
ECMO 1 and ECMO 2 is demonstrated in Table 1.
ECMO for respiratory failure in adults and older
children is usually managed by venovenous access
[9]. In venovenous access, blood is drained from the
right atrium or superior vena cava and inferior vena
cava, and reinfused into the right atrium. This access
puts the artificial lung in series with the normal
lungs rather than in parallel (as in cardiopulmonary
bypass or venoarterial ECMO). The well oxygenated
infusion blood mixes with the native venous return
(which did not pass through the ECMO circuit) so
the resultant arterial PO, and saturation represents a
mixture of the oxygenated extracorporeal blood
and the unoxygenated venous blood which passes
through the nonfunctional native lungs (Fig. 2).
This desaturated arterial blood combined with the
normal cardiac output provides more than adequate
systemic oxygen delivery to support metabolism,
and the airway is managed at rest settings. With
venovenous access the patient is reliant on his or her
own hemodynamics, so cardiac output, pulmonary
and systemic vascular resistance are unchanged
during extracorporeal gas exchange. Respiratory

support can also be provided by venoarterial access
in which venous blood is drained from the right
atrium and infused into the systemic circulation
through a major artery. Although this approach
can be used successfully for respiratory support it
runs the risk of systemic embolism, and venovenous
access is generally preferred unless there is signifi-
cant compromise of the systemic circulation. This
history and current status is summarized in Dr Bro-
die’s chapter describing the current management of
extracorporeal life support for respiratory failure.

SELECTIVE CO, REMOVAL

Membrane lungs are much more efficient at trans-
ferring CO, than adding oxygen. This is because the
inlet minus outlet difference for oxygen is limited to
around S ccO,/dl, but inlet/outlet difference for CO,
can be as high as 15-20cc/dl. For this reason a large
amount of CO, can be removed at much lower blood
flow than what is required for oxygenation. Selec-
tive CO, removal in adults can be achieved with
relatively low extracorporeal flows (500-1000cc/
min). All of this was well demonstrated by Ted
Kolobow and Luciano Gattinoni in the 1970s and
1980s [10,11]. They demonstrated that the CO,
excretion component of respiration could be totally
separated from the oxygenation component; there-
fore, breathing in and out could be separated from
ventilation perfusion matching required for
oxygenation. Gattinoni reported a series of acute
respiratory distress syndrome (ARDS) patients man-
aged with extracorporeal CO, removal in 1986 [12].
The technique of selective CO, removal has been
investigated many times since that original publi-
cation. Selective CO, removal is ideal for the man-
agement of status asthmaticus and for chronic
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FIGURE 1. Survival outcome in extracorporeal life support for adult respiratory failure (data from Extracorporeal Life Support

Organization Registry, July 2015).
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Table 1. Patient care during extracorporeal membrane oxygenation, three eras

Sedation, paralysis

Awake, spontaneous breathing

Awake, ambulatory

Intubated Tracheostomy, extubate Extubated
Rest vent setfings CPAP Off vent
Specialist 24-7 ICU nurse, ECMO team support Conventional care, weeks; home, months
Lung recruitment Watch and wait Spontaneous breathing
Bleeding: major Bleeding: minor No anticoagulation
CPAP, continuous positive airway p ; ECMO, poreal b i

obstructive pulmonary disease in exacerbation. It is
currently being studied again for ARDS, with the
intention of minimizing airway pressure and allow-
ing oxygenation by insufflation into the airway.
Selective CO, removal can also be achieved with
variants of dialysis to remove bicarbonate. All of this
is discussed in the previous chapter.

BRIDGE TO LUNG TRANSPLANTATION

In the past, the requirement for ECMO was con-
sidered a contraindication to transplantation

because the patients were in severe primary respir-
atory failure and became wasted and frail with the
heavy sedation and paralysis. With the advent of
ECMO 2, bridge to transplantation has become rou-
tine practice [8]. In fact, a patient listed for trans-
plantation who is admitted for an exacerbation
(formerly removed from the transplant list) can
now be managed with ECMO using double lumen
venovenous access, minimizing or eliminating seda-
tion, and encouraging ambulation, nutrition and
physical therapy, thus improving the status of the
patient for subsequent transplantation [13,14"].

No lung
function

Outlet
Content 14
sat 100
PO, 300

< CO,0UT==

ECMO flow + native venous flow = cardiac output

Systemic

VV access: mixing ECMO flow and
native venous flow in the right atrium

Content 12.3
sat 88
PO, 50

Native venous flow

Total
venous
return
(CO)

Content 9
sat 64
PO, 40

T
ECMO flow

FIGURE 2. Diagram of blood flow and oxygenation in venovenous extracorporeal membrane oxygenation. CO, cardiac
output; Content, oxygen content, cc/dl; ECMO, extracorporeal membrane oxygenation; LA, left atrium; PA, pulmonary artery;

PO,, mmHg; sat, oxyhemoglobin saturation.
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NEXT-GENERATION EXTRACORPOREAL
LIFE SUPPORT DEVICES

Cannulation

Currently, most venovenous access is achieved with
the use of a double lumen catheter, draining blood
from the vena cavae and right atrium and returning
it to the right atrium, aiming the return infusion
toward the tricuspid valve and right ventricle. This
approach will continue in the future with variations
of the method of placement, imaging during place-
ment, and new double lumen catheters [15]. One
approach which has been proposed but not
attempted is to drain from the right atrium and
infuse into the pulmonary artery through a separate
lumen of the same catheter [16]. There will always
be a use for two-catheter venovenous access, drain-
ing from the femoral vessels, and reinfusing into the
right atrium. This technique can be accomplished
very quickly at the bedside in an unstable patient,
does not require radiographic imaging, and is the
most reliable way to quickly establish venovenous
access. When access is established in emergency
situations in this fashion, the cannulation is
changed after a day or two to double lumen catheter
via the jugular vein. This allows removal of the
femoral venous catheter and facilitates ambulation.

Pumps and circuit flow

The next generation of ECLS pumps will emphasize
automation and servo regulation, such that the
desired extracorporeal flow is set and the pump will
automatically achieve that flow despite a variety of
conditions of the patient (coughing, activity, and
blood volume). If the servo regulation system can-
not achieve the desired flow an alarm will sound,
probably with a suggestion for solving the problem
that limits the flow. In similar fashion, the arterial
blood saturation will be used to servo regulate the
flow with calculations comparing systemic oxygen-
ation to extracorporeal flow and mixed venous
saturation built into the program so that the desired
arterial saturation will be reached automatically or,
if it cannot be reached, a proposed solution will
be displayed.

Membrane lungs

The next generation of membrane lungs will be
blood outside, gas inside hollow fiber devices as is
the current practice. The reason is this is the most
efficient design for creating mixing to enhance
oxygenation. It is also the most practical and simple
design for manufacture of devices. The current devi-
ces are primarily square resulting in stagnation and

thrombus formation in the corners. The next gener-
ation of devices will be round in all dimensions to
minimize stagnation and thrombosis. Devices
designed specifically for CO, removal can be exist-
ing ECMO machines or can be smaller versions of
ECMO machines similar to the neonatal machines.
The blood flow for adults can be between 500 and
1000 cc/min with a high sweep flow. The sweep flow
itself will be servo regulated based on the exhaust
gas CO, so that adjustments of the sweep flow will
be automatic.

Anticoagulation

Current devices have nonthrombogenic coatings
generally based on heparin on the surface. This
minimizes the need for anticoagulation but does
not eliminate it because the primary cause of clot-
ting on the artificial surfaces is platelet adhesion and
aggregation. The next generation of devices will
have surfaces which inhibit platelet adhesion to
the surface, usually by causing platelet ‘anesthesia’
for those platelets which get very close to the sur-
face. Currently, this is being done with nitric oxide
eluting from the plastic [17,18]. The use of nitric
oxide or similar materials to prevent platelet
adhesion will greatly decrease the need for antico-
agulation, and when combined with surface
antifibrin chemicals, may eliminate the need for
anticoagulation altogether. In the meantime, the
anticoagulant of choice for ECLS will be direct
thrombin inhibitors, such as argatroban and biva-
lirudin [19]. Heparin has always been used for ECLS
but is dependent on antithrombin for its activity
and the response to heparin infusion is affected by
many variables in the blood. Direct thrombin
inhibitors are simpler and act directly on thrombin
formation.

APPLICATION OF NEW
EXTRACORPOREAL LIFE SUPPORT
DEVICES TO PATIENTS (ECMO 3)

With the automation and servo regulation in place,
the primary person caring for the extracorporeal
circuit and patient will be the bedside ICU nurse.
Some extra training will be required, but the ECMO
specialist will no longer need to be sitting continu-
ously at the bedside [20]. There will be a need for
ECMO specialists as the supervising team, educators,
and management of the circuit and emergencies. It
will become standard practice to have 10 or
20 patients on ECMO in any given hospital at any
given time, including the full spectrum of ages and
cardiac and respiratory support. For adult respirat-
ory support management of ECMO in the ICU will
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be as routine as managing a patient on a ventilator
or on renal replacement therapy is today. Although
most adult patients are on ECMO for 7-14 days, a
significant fraction of patients will be on ECMO for a
month or more awaiting lung recovery or perhaps
transplantation. These patients are quite stable and
can be managed in stepdown units. The fact that
there may be several patients with respiratory failure
on ECMO for a month or more will result in the
establishment of regional lung failure centers which
are equipped to manage a dozen or more chronic
ECMO patients at a time, bridging to transplan-
tation or to recovery. These units will be similar
to the heart failure centers now common practice
in major medical centers. ECMO patients will be
managed in conventional hospital settings or per-
haps even at home with appropriate monitors and
alarms. This will be similar to the management of
patients with ventricular assist devices at home
which has evolved over the last 15 years. Selective
CO, removal will be standard practice for status
asthmaticus and some patients with CO, retention
as their primary problem. Whether selective CO,
removal will affect the outcome in ARDS without
providing oxygenation will be determined by the
studies currently in progress.

IMPLANTABLE (WEARABLE)
MEMBRANE LUNGS

For purposes of this discussion, implantable mem-
brane lungs are membrane devices attached by con-
duits directly to the circulation, either to the heart
directly or to peripheral vessels. The membrane
lungs themselves will be paracorporeal, attached
to the access cannulas that pass through the skin.
The reason for this is that the devices will have to be
changed from time to time and, although they could
be implanted subcutaneously or in the pleural space,
the need for evaluation and replacement makes the
paracorporeal position the most convenient for lo-
ng-term support. These implantable lungs may be
used for bridge to transplantation and as destination
therapy for end-stage lung disease in patients who
are not candidates for transplantation. Implantable
membrane lungs can be used without the need for
blood pumps, relying either on pulmonary artery
pressure or systemic arterial pressure to drive
blood through the device. For patients who require
oxygenation as well as CO, clearance and for
patients who are in right ventricular failure because
of pulmonary hypertension, the implantable lung
will be placed from the pulmonary artery to the left
atrium [21%%,22%] (Fig. 3). This allows essentially all
of the circulation to pass through the device
depending on the relative resistances of the

FIGURE 3. Pulmonary artery to left afrium implantable
membrane lung. LA, left atrium; PA, pulmonary artery.

pulmonary vascular bed and the device. With high
blood flows, full oxygenation and CO, removal can
be achieved and the right ventricle is unloaded so
the device also acts as treatment for pulmonary
hypertension with right ventricular failure. Pulmon-
ary artery to left atrium access was first used clin-
ically in 2007 and has now been used in many
patients primarily as a bridge to transplantation in
patients who are in right ventricular failure [23].
This access works very well but requires a thoracot-
omy for placement of the access cannulas and
always runs the risk of systemic embolization.

Devices attached to a major artery and vein,
notably the subclavian or axillary artery and vein,
can achieve blood flows in the range of 20% of the
cardiac output. This is sufficient to remove all the
metabolically produced CO, and has the advantage
of avoiding systemic arterial embolization. Arterio-
venous implantable devices with paracorporeal
placement of the lung will be used for end-stage
lung disease patients who are not candidates for
transplantation [24]. As destination therapy, these
devices will be used first for palliation of severe
chronic obstructive pulmonary disease. Because
the goal is primarily CO, removal, the devices can
be small in size and have a relatively small gas
exchange surface area.

The application of the devices and techniques
described above will result in the next generation
of ECMO management, which we call ECMO
3 (Table 1). The characteristics of ECMO 3 will be
awake, extubated, spontaneously breathing patients,
without systemic anticoagulation, managed in step-
down units, general care, or even at home.
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CONCLUSION

ECLS is lifesaving in severe respiratory failure unre-
sponsive to conventional treatment. In patients with
an expected 80% risk of mortality, survival is 60—
70%. Improved technology since 2008 allows safer,
simpler, less-complicated ECLS. Patients can be man-
aged awake, breathing spontaneously, and exercised
to prevent deconditioning. Many patients recover
aftera month or more of total lung failure, redefining
the definition of ‘irreversible’ lung injury. In the
future, ECLS will be used as chronic support in the
outpatient setting with implantable devices.
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