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Abstract

Cardiac surgery, one of the treatments for
cardiovascular disease, is used to correct heart
pathology. The surgery is divided into closed
heart surgery and open heart surgery. The open
heart surgery can be more coverage on cor-
recting pathology and treating heart diseases,
compared to the closed heart surgery. However,
the open heart surgery involves the extracor-
poreal circuit through a heart-lung machine
as a replacement of body heart and lung. In
addition, a pharmaceutical solution known as
cardioplegia is needed. This pharmaceutical
solution mainly contains high concentration of
potassium, aims to stop heart contraction so
that the surgeon can perform the surgery easier.
Other components in cardioplegia are used
to protect cardiac muscle during surgery, limit
myocardial damage during cardiac arrest and
lack of blood supply, return heart to normal
function after the cardiac surgery, and reduce
surgical complications. From past to present,

the cardioplegia has been developed in many
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Modified del Nido Cardioplegia

WnSengnsISUsIUTIAIINGe 19U del Nido car-
dioplegia (ina 1lp AITATONAINE) MINKANNMUTN TS
msislumseSnesimnmds fuslulssneg
IngazludaiudseznovuesienslugnsdIsu us
arseldarsdunawnuldiiewiulemanindifeen
UGNATRE]

Ad1Agy: del Nido cardioplegia; modified del
Nido cardioplegia; lactated Ringer’s solution; N5
Hginitala
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51in T[ers11Ae. 1na la ashlendiiy gasdnuuas. 13-
asundunssulsameuna. 2564;31(3):293-304.
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formulations with different components. The
del Nido cardioplegia is one of them that has
the advantage of stopping heart contraction
and protecting cardiac muscle throughout the
duration of surgery and providing a good surgi-
cal outcome. Hospital pharmacists have role in
compounding sterile solution such as del Nido
cardioplegia that meets standard of practice.
In Thailand, although some components in the
original formulation are not available, but other
substance can be substituted so that patients

have opportunity to access medicines.

Keyword: del Nido cardioplegia; modified del
Nido cardioplegia; lactated Ringer’s solution;
cardiac surgery
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Tnguszasaanginssungauazlasundeainnisaruunadny

1. 93U1EANNMINLaEAINEIAYTBY cardiopulmonary bypass fun1sIdaRlawuullala

a3urenalnnIsiAanauemlauIady wazwuwmeanistosiule

2
3. 95UNELUIAAURY cardioplegia wazduUsZNOUBY del Nido cardioplegia 161
q

psUwEIulTENaU AWTeN wazUszanduanislyd modified del Nido cardioplegia 161

unin

lsaiilauagviaeaiien (cardiovascular dis-
eases, CVDs) \uaivnnismesdudu 1 lan 291
Joyavesesanisewnslelan (World Health Organi-
zation w¥e WHO) Tull aa. 2016 Tuszansiade
N1 17.9 SunusedideTinnlsalaazvaon
Fon dsRnidufenay 31 vesammnismeaun’
dnsudseinelny IUoyaroineensman Swaziuy
NY- dnNUUAANTENINEEITUEY SEYIN NAY

lsaszuuluaisulaiin (disease of the circulatory
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system) Wuamansnesuiu 2 vesdszannsing
Tugal w.e. 2558 Uil w.e. 25622 [useailes
naulsausiuanidesonynuin dmsunisinuilse
wlauaznaondoniivainnaieisaausnisldenay
fansendiaala (cardiac surgery) lneiigausvasd
Lﬁ'amimﬁmm'iu,azLﬁuiamamﬁam%ﬁmmﬁ—
e’
NSRRI (cardiac surgery)
asuasarladunisunmduuuianis i)
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Aun1ssnenlsamlanazvasaiaen laani15u1Rn
ansadisunlunersaninussilauasvasaiden
flaglndila Tsavinlauaznasaideniiannsaldnig
Hdnsnwle wusmunsiudalsalady 2 Yseuan
laun

1. lsmmlannisuaniiila (congenital heart
disease) yneds Tsawalaiduandausiniaen
fimuin1sfiiaundssuimanogluasss  sauv
mnuRnUnAveaonideniidinieg  dwalviiaanm
Haunfmuan 1wy lsadudenlaiu (patent
ductus arteriosus %138 PDA) Tsantisrusilaesuy
%1 (atrial septal defect 3o ASD) Tsansdarutale
WORGaREe (ventricular septal defect %39 VSD)

2. Tsailafiintunmends (acquired heart
disease) nweds lsalafilunendilneiivila
fanmunfnoudiinun  anvgvedlsainiingin
MsPnie MssnEy nsdenann wazmslesu
valu 1Y lsavaendeniiilalalsuns (coronary
artery disease %39 CAD)

“58 ngeanidu 2 35 Town

WBnHnila

1. nsudailanuula (closed heart
surgery) Mu189 nseadaalafinszrianig
meuenvosiila luvaigsinin siladsimiifigu
Sadenludssdiusine 9 veeamemuund s
Inalsuvesdennuludiilavazlen drulvg
Wannan1fnn1ut19ninen (anterolateral 3o
posterolateral thoracostomy) T#lunsingindils
dudiou srevnansndady Wy msdagndy
patent ductus arteriosus (PDA) Fodnsandausn
dedeunnadnien w.ea. 2496 tuilunsindnila
afausnluuszndlng’

2. msudnialauuuide (open heart
surgery) nnede nsrnFalafilusasradady
wlaldanunsaviauldauund  Sududeddinios
wilauagUaadion (heart-lung machine) vhuthil
uwuilauaglenvazivlavgadu  daounnd

wa ila A1sAlendiie ansanudas

annsasaaiunesannlavaan Widnladne laidl
Benuvhuusnadinaga (operative field) Tneil
ofozddaay 9 wu aues In du l3udesluides
sghadfisane dwlvgasdaunarndaianatamiien
(median sternotomy) Iﬂaﬁﬂﬂ'ﬁz@ﬂ sternum T
waftanansmuen ntuldiadesdiodrensegn
stemum  lsiuenaindu  uddadaderuiilaio
vnsedasoly Tulsewndalne nsudaialawuu
Wasufunisldiadesilonavleniiouiniunss
wsnidleuil 28 ganan wa. 2502 Tnerdunisinga
Tspaulawaludaiy (pulmonary valve steno-
sis)°

Fausd we. 2564 Hudumn 18Tinssaus
gdANISHIRRIT LA le AU ANAAULNNENTIBNLAS
Usewelng (The Society of Thoracic Surgeons of
Thailand)’ wuin nmsendavilafivuldiufiutu T
10T .. 2562 Snumsedinlananun 16,421
afs wludssiamvedlsarlaldifulsavlafinng
wirile 3,141 A% @aududosay 19) uavlsavilai
AT 13,280 afs (Renduderay 81) Minuus
AU ASHAERITIe WUl Wunisindailanuy
Unsau 1,614 ads @adudesay 10) wazidunns
rndinvlanuudnsuauiiauds 14798 a%s @n
JuSesayr 90) Tnedsnsedarlavuudaanunsa
To5nwnlsamalalavainranewiin

Cardiopulmonary bypass (CPB)
WladAguesnsisamlatuule Ao 2w
1n19v11 cardiopulmonary bypass %ﬂL“ﬁJugULLUU
nsluaieuldonn1euens NIy (extracorporeal
circuit) vndiilnaiswdenwasuaniudeufig
wnuilakazvon  TnerhuadesiilanazUandion
finquszasdiiielvidasunndanansanoaiiunes
anmlataauuazunlemuiaun@la Undeseivay
ddliiidonludoseginiivme  waranaiz
wnsndauneaaiendugannizunandsingn’
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Modified del Nido Cardioplegia

Wann13vn  cardiopulmonary bypass #1¢
wipsilauagUonifion (Uil 1) Gutuidled-
thehsumsidaila (muneae 1) ldviedmsu
oA (venous cannula) WdeAA1 (deoxyge-
nated blood) Anuasntdennilig (superior vena
cava Way inferior vena cava) wsoWilatesuu
(nght atrium) 20tie (Muneay 2) winAull
7i reservoir (muneia 4) nefivalafesiifidnuae
Ju pump (Munela 3) mwumquamaamwmﬂ
fianLiten (oxygenator) (Maneay 5) deilnauand?
Tunsiineondiaunazduasusulaoanlenaunany
Judenuns (oxygenated blood) lagazdl gas

blender (BuneLay 6) YntnNnauiiveandaulu
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Usiaifivinzay wasdl heat exchanger (Mu18LaY
7) dwthitusugungiineadeslinzan antdy
darusngea (filter) (Manelaw 8) Magyihwthiien
JuounArg 9 newinduidgrasaiionuaslvey
(@wlnedu ascending aorta) ’unavied sy
Hoauns (arterial cannula) ey lumsuiiouiss
o¥ezmn9 9 vossnngsely lnelidnmnaluladiila
JurSuiingeuniuny

wagnsaan  (perfusionist)

3w lawasUaniey

Cardioplegia
wiUkuUNTsIalgUAEnN 8 uENTINNTY
WesagunzelidasLwngua L AUNeSanIw

To myocardium

Cardioplegia solution

Patient undergoing
cardiac surgery

1L 0

Heat exchanger

A!A

Cardloplegla

Sucker/vent Pump

Reservoir

F\lter

Heart-lung machine

Oxygenator & heat exchange o

—

g‘d‘f’i 1 Cardiopulmonary bypass

(5Ua1nuniSeu Binla Book 504 insasuanuaziilamieudmiutin@nwiunmg (Introduction to Cardiopul-

monary bypass for Medical students) lnglasuayaInan un.nidiaun aaeind nelvidaerans Ao

WWNYANEAST UNINENFUAIVAIUATUNS)®
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wazvinsiidaiilalalasnss wanindansiaiem
UUsENIs WU dlenaianesenie (air embo-
lism) vaugrndaLdavialafiindaduey saufanis
idnazidulumisanueinaiuinmnialaiinistu
i uasideniilnadeuddussuuasildituiluns
idilinszdnedn dadu wnvhlilangauuls
Fasunndazansanidauilanesaninladiounas
wslngunnty’
Pindaymdrsduiundaunannisiiliiile
vgadunousdn  Taglunsh  cardiopulmo-
nary bypass Wup3osiilawazeniiion (g‘dﬁ 1)
srflosiuszneufiddaduasesaefidondn “car
dioplegia” (A7 cardio wu8de ala (heart) A1
71 plegia e sunm (paralysis)® Fafldau
Usznaumndn iud potassium tilevilsivilaveasiu
vizadusumatiasn neae 11) Sdnmalulad
lawaznswsendudsuinveuniunuszsuuings
cardioplegia (cardioplegia delivery system) lag
muquﬁﬁmwmﬂwa U3uns eaundl dndiu uay
na1't (@1afin1swen cardioplegia [AULEDAUNS
drufiruannUenifiey) ee  cardioplegia 4%
Inanuviedmiulngs cardioplegia (cardioplegia
cannula) %aaamﬁﬂ’ﬂﬂé’a aortic root %38 coronary
ostia Lﬁ@iﬁvﬁ’lmﬂ coronary artery (58N ante-
grade cardioplegia) uagsadond1lugy coronary
sinus Liielifaudvnig coronary vein (38091 re—
trograde cardioplegia) Tnerewsuli cardioplegia
Tuasunmdazsmviududonundvg  (ortic
cross clamp) iiedarunislnadewdenldlvly
dosvihlarumie coronary artery 91ntaRasuly
cardioplegia®’ LﬁaﬁﬂwqmLé}’u?jm,’%'uﬁm'ﬁméfm
Tngaziviodmiugaidensenannuinuiindnuay

SEUNELEanNEBNANle (MuNeaY 9 war 10) &d
NAMAUSUEIAAUIIANNEDN  YIUNTIALAAUNA
YU Faswnndusadiunesaninlalaunsaazdniay

HNRALA LAURAUNRYaIIlaluan1ziluLs s u

510 1382519109

wa ila A1sAlendiie ansanudas

auiuly anlonanisiianesenid annissunIu
a1nn1sdusnvesilanazidendiluaiisudiluy
sy’ eehslsnnu nmsfindanilewilavinden 14
SusenBaulifisane e1viliAnnsuIndy way
9INTUNTNGOUAN 9 NENSINTHIFALS

Ischemic-reperfusion injury

anudemesenauibenlafatudionduy
dowilaviaden (schemia) v1meondauliiold
Tunsadradundany (ATP) Fwilhwadnamile
Wlafesaimdnu (ATP) densyurunisiilalld
20NTLAU (anaerobic glycolysis) WMANITALANYD
YOURLINNTLUVIUNTTAINAIBEN lactic acid YNl
waddanudunsmnntu (acidosis) nsgdulusiu
Na™-H" exchanger uvuiawea 9u H" 99n waniu
Na* 191 uana1nil 1UsAu Na'-K' ATPase Uuilaead
Falpeunfvimindidu Na* een waniu K @1 3ms
Faufianaslunnsfiviandsnu  (ATP)  dawals
\Aannsavanwes sodium meluwadndwideile
Mmliwaaianisuin (cellular edema) Usuneu
sodium  Auiaduvinlilusiu Na'-Ca® exchanger
vuRwadvhalufiamansadiudan dude du Na'
pon waniu Ca® Wh wenend Wiy plasma
membrane Ca®* ATPase (PMCA) UuRIwaa Lay
1UsAU sarcoendoplasmic reticulum Ca” ATPase
(SERCA) Uuia sarcoplasmic reticulum (SR) a9
yeuitanadlunnisfivinndsanu (ATP) viliannis
U calcium 88nuUBNWAd WaYaANSINUNaY cal-
cium g sarcoplasmic reticulum AUAWU &4
nalhinnsazauves calcium meluwadnduile
#la'2 wenand meluwadndrudenleduinns
AvauvDy reactive oxygen species (ROS) nelu
mitochondria dneg*

vuefinsld  cardioplegia  Fufldunauves
potassium lutSunauas viliseAuves potassium
meuenwadndmiionlafisdy dwalitilangs
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Modified del Nido Cardioplegia

Wi (depolarized arrest) annnsiidngliwesde
Viuwaabuveiin (resting membrane potential) &
Aty mieathls sodium channel Y anns
\in action potential LA sodium channel wag
calcium channel Usaufignvieathlmetudle
dngliihweadoriuwadifingstu vhlHd sodium
uaz calcium Inaindwadndnudelawufu>*

MendinHdeiila nszladenngIundu
dndundletila  (reperfusion) itelsialanduin
auldnuund Tnefivsuna calcium avaunigly
wadndnuideiladinsduinnugs  shlvindaile
wlanansuadunniuly  (hyper-contracture)
dsalinduilemlafanmsuindy  eadadym
slasuindong Flavgeads ndunidemlednia
naanifelamennunn vas?t reactive oxygen
species (ROS) naneiueyyadase (free radicals) f
Jusniladeniiiadremudemedewadnduile

10,13

ke

Cardioplegia solution

d13azany cardioplegia 7if potassium Wu
dulsznauiieesafen  onaLigsnesan1Sinl
slavgaudu oannislindsny uazdosons
we wilsiiteamelunsundeandaiioila sty
d15azane cardioplegia ludagdudsdasisenau
fawdiulseneudy q fAddrudrdnlunisuntes
nanidernla (myocardial protection) ed71n
arandemeresnduideiilavusiilangasiuias
Lifidonudes wasilitlanduunvhouldny
Unfimenaenisiidaudnasa  daduninsgiunis
’adinlauvuidalutagiuiinsgsinneldaniog
vlangaduainnislyd cardioplegia Faudiuisng
Anulaonduuazausalylaase s

Taeihluanunsawus cardioplegia solution
o 2 Uszian Ae®

1. Crystalloid cardioplegia Usznoung
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potassium AU udaus 1040 fadsedaaud
noans d@ulngilansusu pH Wy bicarbonate) &
Faguuvundnfasiluiomaiauazinioniuedly
Tsanenua dvsitdruuszneuadneansinluead
(intracellular type) LazTiduUsEneundieasin
uanaa (extracellular type)

2. Blood cardioplegia \ugunuuiivilan
Tdiuegraunsvany dgnsdrsvunnung 1aunn
#1931 crystalloid cardioplegia Ao AzABINAIU
909 crystalloid dsadwlvgjUseneusae potassium
AMUTNTUEY Wna Ui uEenveE U18aIN
inesUanuazinlanion eldlunsganisifuues
viala nelugesdiiuenaidiuuszneudu 9 a
AN L&

Wil AuANURY cardioplegia solution i
Taun'

1. i liialangaduluviinatgdiagig
51037 tleannisldndeauy

2. Unflosnduiforala annisuiniguves
wadnaunierla

3. mlagunsanaunihaulaiduun@nieg
NaINISHIARIILA

4. fenudufiven daudsznousag g fen
A3aiin (half-life) du TilfeliAnnadesessuuves
39A"8

5. duvimiadesefuilunsridn

Asundesndruiemilesnidunisdaeld
Samsuimduresndiotileanas sveviaan
winsnwiiluvethedngeanas  sINsiAnn1e
UNINLOUANN 9 ANAY LAYTRIINITANLANAT UBNITN
/NslE cardioplegia #d3 N1FARRAMQNTIANTY
(hypothermia) fignansataeundleandaiiotilald
\esangungianasdwalninudesnisly
PONTLAUVDIDIBILAN 9 nelusieniganasniuld
fae seduguugiifldlunmsihdaasiudusseria

wazaududeulunisHdn lne35angaumnaiiil
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v
Y

MNsangUuNiRiNIg (surface cooling) nN1san
qmwgﬁ%amﬁaﬂ (blood cooling %38 core cooling)
nsangauuiiveiila (topical cooling) saulufi
N15U1 cardioplegia Numpediaduliioan

R

del Nido Cardioplegia
Bmsilnlanganuragriinisiidaiila
Imen1sld cardioplegia Fausznoude potassium
Unaigs Safunsangamgll {3 AMeLasyinli
wilangarulaegnesingy win1sld potassium &
Nalde (negative effect) fio vhliwadnaunierla
WM depolarization WNNTELANVDY sodium Lag
calcium melumadndunionila dufu nslians
fi polarize \Bevwadnduilerlanaransiiduds
nsavauves caldum mghuwadnduiforilads
faiantoldsvey potassium 16 sauden15in
cardioplegia mauﬁ’uLﬁaml,ﬁa’g’mqﬂizam‘iuﬂ'ﬁﬁw
A990NTLIULALNAINY mdwiﬂumwaaﬁuayu
LazwIARlUN1THAILY cardioplegia @nsing 9 Tu
Hagtu  Fsflanuvarnvaneislunivesudoauag
USinamasdiudsenaulugnsiniu™

wa ila A1sAlendiie ansanudas

del Nido cardioplegia lasun1sAnAuLaY
Waulae Pedro Jose del Nido Aasunneiilaay
N15299n2710 University of Pittsburgh Tutiamaisse
7 1990 Fuusngaldiumsridaiilalugioesing
Boston Children’s Hospital fausid a.d. 1994 qu
nsevial . 2003 Tafinsldfunssinnsilalug-
Ve lngleidnsat>

del Nido cardioplegia Juansazanedidl
Snunizadpansinuenwad (extracellular fluid)
Usznausediu crystalloid fidesilunauiuiden
fldsunmaiueeniounds  (dranndudensin
ssuulvaligudenniguonsienie) lusnsidi 4
do 1 fifed Fo Usinamildrensiaunsavganis
dureshlaasundesndmiilemilalduiunin 90
it dawaltfvenenainisldd ansiuiuadives
151941 annissuniy wastfiudsEavsninnis
ddin v Tutlagoudslifinasguisnisld del
Nido cardioplegia ety 3&%ua§diﬁ’umiﬁm?m1%aq
Faownns uslpevhluvunaiiuuzi fo 20 fiaddns/
Alansu (U3aasaean 1,000 Taddns Tufihedith
wifnnnng 50 Alandy FulU)™® Tuduwes crys-
talloid fldudsznaufismsnad 1

a1519fi 1 druuszneuves del Nido cardioplegia (crystalloid)

daudsznau

311035 (Hadans)

Plasma-Lyte A®

Sodium bicarbonate 8.4% (1 mEg/mL)
Mannitol 20%

Magnesium sulfate 50%

Lidocaine 1%

Potassium chloride 2 mEg/mL

U3u105574

1,000
13
16.3

il

13

13
1,059.3

mEg/mL = milliequivalent per milliliter

510 1382519109
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Modified del Nido Cardioplegia

Plasma-Lyte A®

Plasma-Lyte A® Lﬁuawsazawﬁugmmaa del
Nido cardioplegia fid@1uusynouvesdianinslas
ﬂéj’mﬁjua’lﬁﬂf’mam%é (extracellular fluid) A%
duduvesdidninsladnewdudiulszneudu o uas
A1 pH Fauandlumsedl 2 Plasma-Lyte A® 18uans
azanefUT AN calcdum wignvneudiilonamin
futudenfildsunsfveandiounds  @uwndu
WWonanszuuluaivuldennieusninenie) il
219U calcium luuSinandnifes Fananiden
voutheildlunsthdseendiaunagndsny  uii
Usuad calcium Tu cardioplegia fnanau3unu
calcium favazaunsluadnduiienila s
calcium  Usunandndestundulinadnssianinile
Fleufunsildd calcium g1

Potassium chloride

A% potassium 1uL§aﬂ§jﬂ (hyperkalemia)
grldiduisnsmludiesiliialavegadudmsuld
Tumsrdaiila  Wosnsilsivilavegasiuldesng
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590157 nelugns del Nido cardioplegia HUSuna
potassium 24 mEq/L (lenauiuldonvetitae) 34
Wvswedtagsihliiilavgausiu  wilflesann potas-
sium viliilangaiuainnis depolarization ¥as
wadndnilele vhldAnnnsazanwes sodium
wee calcium Meluwadnduiorle dwmalviile
Hushdn sad luans del Nido cardioplegia 34
drulszneudu 9 Wisandaidesingnn>'

Magnesium sulfate

nsvauresndnilerleduiusfudsunm
394 calcium meluwadnduiela mniinis
grauved calcium 2w5UNIUNITAANEAVB IR
vrlstlaiansundunasiiusndn sy nsla
magnesium Fadu calcium channel blocker 33vh
wihiigudsnsazawves calcium meluwadndny
iawilauavaelrwalaiudl gy

Lidocaine

Lidocaine Tngvilugnldifiesnwiniagiala

WURATIME (antiarrhythmic) @ansaiis refracto—

a519i 2 eaFUszneulu Plasma-Lyte A® wWisuiisuifu lactated Ringer’s solution

duusznau

Plasma-Lyte A®

Lactated Ringer’s

Sodium (mEgy/L)
Potassium (mEg/L)
Magnesium (mEg/L)
Calcium (mEgyL)
Chloride (mEg/L)
Acetate (mEg/L)
Lactate (mEg/L)
Gluconate (mEg/L)
Osmolarity (mOsm/L)

pH

140 130

2 4

3 .

- 2.7
98 109
27 -

- 217
23 =
294 273
7.4 6.0-7.5

mEg/L = milliequivalent per liter; mOsm/L = milliosmole per liter
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ry period vouwadndaiiowsle avsidu sodium
channel blocker sannsazauves sodium @9
finaduiioswerisannsazauves calcium nnely
wadndilerila mwdsanansn polarize Hovu
wadndmilewilald ouniiieandeidoves po-
tassium usiagelsfniu msuandsanisld del Nido
cardioplegia WngUaediUseIRUN lidocaine'™'>'*
Sodium bicarbonate
Prsveznaiilangady  ndandevilalal
palteandiaulunmsdunuidundanu  (aerobic
metabolism) ldnasn dau nsadrmdsnulagls
TpendLau (anaerobic glycolysis) Jsdiunumanagy
Lwimmﬁﬂgﬂé’ugﬂmw%mm hydrogen ion azail
wnfiuly fat sodium bicarbonate 3yt
Juasazane buffer 9edndu hydrogen ion uay
Pesneseau pH Aeluleaa >
Mannitol
Tunvund wadndwiderleannsadanis

fuauyadasy (free radical) MinTulaies weily

suziindaidelangayineu wuluifiedei
nalndananiazgniuda dedu mannitol Fadiunum
Tumssndueyyadaseiiinannisuiaiivsesnd
domlavaeiilangadiu vonand wadnduile
wlafiviaduiinisazauves sodium vliAnnTs
121 mannitol %qamamﬂ’aﬂu hyperosmotic ¥
FpanemsuIvesadnduLierlalg s
\HenvaUaeg
Foavesgthefhianldnauiudin  aystal-
loid w89 del Nido cardioplegia lau121AsEUY
Twadewdonnieueniisnie dadudesiildsunis
FLDONTIIULAT W LTNYILATNYINITHTUYDS
néafievla  Srimernsuinduluaniziivhle
adenndes Tuduvsufindenunsdedinmudu
Tuveuouleyl carbonic anhydrase @1 wyIgds
13 bicarbonate Tun1sandu hydrogen ion Aali

Watduansuaulneanlamwaziin>*

wa ila A1sAlendiie ansanudas

Modified del Nido Cardioplegia (Lactated
Ringer’s-based del Nido Cardioplegia)
desnnluvssmalnelifansazarsfugu
9819 Plasma-Lyte A® dadudiuusznoundnues
del Nido cardioplegia 3siaudndudomauny
feansazanevnadondu witdmusznauaes del
Nido cardioplegia gnesnuuuinliusean cal-
cium LFAINALUEUNIUDY Pedro Jose del Nido
aunsalt lactated Ringer’s solution vaunila
(W3uiisuasAUsenauves Plasma-Lyte A® lay
lactated Ringer’s solution #5137l 2) uiiiile
HaufuldenngUisuavilianudutuves cal-
cium geningaskaiin uwidsadinadndinden
ANUNIVIFAANANTNTION NMAINAALAERNS
AMSLANYFNENILIINEIVIATINIBUA  UWINYIEY
uia 3ald3Eunsidawlalagld modified del
Nido cardioplegia Fausznause lactated Rin-
ger’s solution Luasaraneiugiu fdaudnisting
Tsaalafinsusddaluaudenisindalsailadid

EN

ANMNATUTULDY WU TANUUaBnN WAL lANaaNG

=b.

Hudumela awnsaldveauny Plasma-Lyte A®
Huasaraeiiugulugrsaaiuld! venaind &
1in51¢ modified del Nido cardioplegia Wiguriu
blood cardioplegia qmmmgflumaﬂiqwmmﬂu
ssndilaluglug) wud §hedlésu modified
del Nido cardioplegia Sfndtsinsdannuadse
#1la (cardiac biomarker 1% troponin-T) Fauans
Seernsuimduresndnienila Amzunsndeu
#1939 suludessegiainisinulunedUiedngs
wazlulsmeuasnindledieutu blood cardio-
plegia®

NuNane dhawndunssy ladunuimddalu
N19LA3YUEITaa18 modified del Nido cardiople-
gia Ineflosdusznouuandlumsed 3 AuansgIu
nsnTensUTEnde” lnefidiniouldinada
UsiAannidle (aseptic technique) wisunneld
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lainar air flow nely cleanroom Tneiiduneunis
WIsNa1azaty modified del Nido cardioplegia
el

1. @y sodium bicarbonate 8.4% (1 mEg/
mL) U3ums 13 Jaddns aslu lactated Ringer’s
solution 1,000 fadans (1 van) e lwmdniu

2. AU mannitol 20% Y3105 16.3 1adans
el

3. A1 magnesium sulfate 50% Usuns 4
fadans weilimaniu

4. i lidocaine 1% USuas 13 Ladans Luen
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Ty
5. @3 potassium chloride 2 mEg/mL U3-
17915 13 Jaaans e lidniu

o

6. AnaanszyUSunuansdrdy Jeudd de

a

v ax & o 3 v & =
AL I8NI1TILNUINYN (Lﬂ‘USLUQLEJu YUK 2-8

9 Y
¥

DIANLYALTYE) TUNAS o haz Junestanau (gnie—

'
a

Tu 28 Tundawsew)” fregaainuanaiagui

7. nsalguINn 1 VRlmsuwseuTra e

o
Y

YUNDULSIN
79l TUaA255ealunsmseNaIsazany mo—
dified del Nido cardioplegia A®

a3797t 3 drulszneuves modified del Nido cardioplegia (crystalloid)

d2uusznau

U3u1ns (ladans)

Lactated Ringer’s

Sodium bicarbonate 8.4% (1 mEg/mL)
Mannitol 20%

Magnesium sulfate 50%

Lidocaine 1%

Potassium chloride 2 mEg/mL

U3u195594

1,000
13
16.3

13
13
1,059.3

mEg/mL = milliequivalent per milliliter

Modified del Nido Cardioplegia

dadile

Ailsznayl

Lactated Ringer's

Sodium bicarbonate 1 mEg/ml
Mannitol 20%

Magnesium sulfate 50%
Lidocaine 1%

Potassium chloride 2 mEg/ml

Usnmssan

#1U5U Cardiac Perfusion

1000 ml
13 ml
16.3 ml

1059.3 ml

HN wagilog

4 ml
13 ml
13 ml ST

ansldnau

[ o @ 9 1 &
l.ﬂ‘LI‘l‘LlQLEI'I.J W H LT b9

WNAAINIERADARDAAN

gﬂ‘ﬁ 2 $1ee19aa1n modified del Nido cardioplegia
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1. nsdldnysznouiléluniswden modi-
fied del Nido cardioplegia flidnuwazsidunouya
Wi @I lELNUNTO9 (membrane filter) UuA 5
lupsou  ensenduuifiotadintuserinensin
waunaumle

2. \flesmnudnfusigavhesidnuayadei
29 lactated Ringer’s solution 1,000 lad@ns ¢
tfu FedesfinsDnaanszydoyasne 4 Wasudu
Wiawsnamuwansne Jestupinunainindeunisen
(medication error) annsvduldlignaes

unasy
AsHngamlalulssmalnedwulldui iy
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