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List of abbreviations

ALCAPA anomalous left coronary

artery from the pulmonary artery

Ao aorta
AMP adenosine monophosphate
AP anteroposterior
APC aortopulmonary collateral
AR aortic regurgitation
AS aortic stenosis
ASD atrial septal defect
ATP adenosine triphosphate
AV aortic valve
A-V atrioventricular
AVSD atrioventricular septal defect
CATH cardiac catheterization
CHF congestive heart failure
CoA aortic coarctation
CPAP continuous posi-

tive airway pressure
CPB cardiopulmonary bypass
CS coronary sinus
CT computed tomography
cc-TGA congenital corrected

transposition of the great arteries
CXR chest x-ray
CVR coronary vascular reserve

Cx circumflex

d-TGA dextro-transposition of the
great arteries

DHCA deep hypothermic circulatory
arrest

DKS Damus-Kaye-Stansel procedure

DOLV double outlet left ventricle

DORV double outlet right ventricle

DPF differential pathway factor

DPT diastolic perfusion time

ECG electrocardiography

ECHO echocardiography

ECMO extracorporeal membrane
oxygenation

EKG electroencephalography

EF ejection fraction

ETCO2 end-tidal carbon dioxide

FFP fresh frozen plasma

FiO2 fraction of inspired oxygen

FRC functional residual capacity

HCM hypertrophic cardiomyopathy

Hct hematocrit

HLHS hypoplastic left heart
syndrome

HT, HTN hypertension

IAA interrupted aortic arch

ICU intensive care unit



IE infective endocarditis

IQ intelligence quotient

IVC inferior vena cava

IVS intact ventricular septum

LA left atrium

LAD left anterior descending

LAE left atrial enlargement

LAP left atrial pressure

LBB left bundle branch

LCC left coronary cusp

LMCA left main coronary artery

LPA left pulmonary artery

LPSB left parasternal border

L-R left to right

LSVC left superior vena cava

(-TGA levo-transposition of the
great arteries

LVH left ventricular hypertrophy

LVOT left ventricular outflow tract

MCA middle cerebral artery

MPA main pulmonary artery

MRI magnetic resonance imaging

MV mitral valve

NEC necrotizing enterocolitis

NIRS near infrared spectroscopy

NYHA New York Heart Association

(classification)

PA pulmonary artery
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Pa02 arterial oxygen partial pressure

PAPVC partial anomalous pulmonary
venous connection

PDA patent ductus arteriosus

PE physical examination

PEEP positive end-expiratory
pressure

PFO patent foramen ovale

PGE1 prostaglandin E1

PHT pulmonary hypertension

PS pulmonary stenosis

PTFE polytetrafluoroethylene

PV pulmonary vein

PV pulmonic valve

PVOD pulmonary vascular occlusive
disease

PVR pulmonary vascular resistance

Qp total pulmonary blood flow

Qs total systemic blood flow

RA right atrium

RAP right atrial pressure

RBB right bundle branch

RCA right coronary artery

RCC right coronary cusp

REV reparation a l"etage ventriculaire

R-L right to left

RPA right pulmonary artery

RSV respiratory syncytial virus
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RV right ventricle

RVH right ventricular hypertrophy

RVOT right ventricle outflow tract

Sa02 arterial oxygen saturation

ScO2 cerebral oxygen saturation

SVC superior vena cava

SVR systemic vascular resistance

TAP transannular patch

TAPVC total anomalous pulmonary
venous connection

TAPVR total anomalous pulmonary
venous return

TCD transcranial Doppler

TEE transesophageal
echocardiography

TGA transposition of the great
arteries

TGV transposition of great vessels

TOF tetralogy of Fallot

t-PA tissue plasminogen activator

TV tricuspid valve

VACTERL vertebral abnormalities,
anal atresia, cardiac abnormalities,
tracheoesophageal fistula and/or
esophageal atresia, renal agenesis
and dysplasia and limb defects

VAD ventricular assist device

VATS video-assisted thoracoscopic

surgery

VAVD vacuum assisted venous
drainage

VSD ventricular septal defect

WPW Wolff-Parkinson-White

Syndrome
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Pulmonary atresia SONAU ventricular septal defect (PA/VSD) 151

Pulmonary afresia UIR: intact ventricular septum (PA/IVS) 165
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Preoperative care

Q’ﬂwmﬂﬁ%mmuﬂu cardiac unit %138 cardiac intensive care unit

wenewinusEdu cardiac output Tegluinasiund 1esin ane
low cardiac output 2dURUSAUNITAANNILUNINTOUNAINITHIARA
N MEALNBUHGAR

o Digoxin Wag diuretic venfauNdn 1 Ay

o Propanolol ngaroursa 4-6 Falu

o ASA vganausdia 10 Tu udeniiulidewmealusieivin mBTS

nsliendAyvnavasniden wWu PGEL %38 inotropic drug AashinIg
central line wedasfiumslienlasieiliosseninaudnegiae

a A % S A a = ) a
MaﬂLaENms‘\hﬂmim%mmﬂﬂﬂ LW@ﬂ@QﬂUﬂqiLﬂﬂ volume overload

AT 0, Tiwanzau Inewnnzlusieninnedenlulanun tieeann 0,
28l pulmonary vasodilatation d@waldenluvenunniiuly uay
LV failure ¢
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Immediate postoperative care

Monitor

o HUeAslATuNIT monitor Mwnzau lawn ECG, systemic
arterial blood pressure (invasive %38 noninvasive), pulse

oximetry (SpOZ), respiratory rate, central venous pressure

o left atrial catheter Iuﬁﬂwﬁﬁ left ventricular dysfunction,

coronary artery perfusion abnormalities ey mitral valve

dysfunction

o Pulmonary artery catheter masiarsanvindusie o 1 wulu

ﬂiﬂjﬁﬂgﬂmﬁ pulmonary hypertension

dnANinlii left atrial pressure g4

Increased ventricular end-diastolic pressure:

- ventricular systolic %38 diastolic function anias
- myocardial ischemia

- systemic ventricular hypertrophy

Mitral %39 tricuspid valve disease

Semilunar valve disease

left to right intracardiac shunt USa1auuIn
Chamber hypoplasia

Intravascular #5® ventricular volume overload
Cardiac tamponade

Arrhythmia:

- tachyarrhythmia

- complete heart block
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Cardiovascular system

O

o

ANSIENEIAY N30 CaCl, A3sLA central line wadoeniy

peripheral line sclerosis

5¢39019% air embolism 970 IV line TagtaniglugUleid
right to left shunt ‘Viadmﬁaagj, univentricular heart %39
post-operative bidirectional Glenn shunt, Fontan #1%

fenestration 574928

s¥aU CVP AwmungaulnemilufeUssunu 8-12 mmHg wag LA
pressure liasiiu 15 Wetlesiunsiia pulmonary edema

N15NITUINITABUANBRBNITI volume Tudinidn wanain
invasive monitoring uén msmwammmmﬁu Iag anterior

fontanel AvgiUaguwadlaiSiunneuansiile

1391 thermodilution technique WiieUsziiu cardiac output
WU PA catheter aglaiusiuglusnefdl left to right shunt 5o

right to left shunt #3edl tricuspid valve regurgitation

Low cardiac output #aIn1sHdALAAlAIINKAIBET e
U residual defect, myocardial dysfunction post
cardiopulmonary bypass (CPB), arrhythmia, hypovolemic,
cardiac tamponade M350 vlalaensli

" |notropic drug TaBLiiY cardiac output d@uluglay
nalnn1siiiy heart rate way contractility

B Pacing: atrial pacing @ u1sawiiy cardiac output
> ventricular pacing 20% wage19uINDe 50%

Tu noncompliant heart

"  mechanical support: LVAD, ECMO (IABP lowalaid
Twfin)
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M1579a3U common drug use in ICU #il4uae

Name of drug Dose Site of action Hemodynamic effects
Dopamine 1-4 pg/kg/min Dopaminergic receptors (1 and 2) Renal and mesenteric dilatation

4-10 pg/kg/min a recepiors Inotropic effects

11-20 pg/kg/min { receptors Vasopressor, increase SVR and increase PVR
Dobutamine 5-20 pg/kg/min (1 and p2 receptors, some effect Inotropic effects; decrease SVR; increase

on a receptors

cardiac output

Epinephrine {adrenaline)  0.02-0.3 pg/kg/min
0.3-1 pg/kg/min

ot receptors
p1 and p2 receptors

Inotropic effects; decrease SVR
Vasopressor effects; increase SVR

Nor-epinephrine
(nor-adrenaline)

0.1-1 pg/kg/min

al and a2 receptors

Vasopressor effects; increase SVR

Hydrocortisone 1-2.5 ma/kg; 4-6 hourly Enhance sensitivity to catecholamines Uncertain—enhance sensitivity to catecholamines
Vasopressin 0.018-0.12 Ukgh Vasopressin 1 receptors Increase SVR; no inotropic effect
Milrinone 50-75 pg/kg/min bolus followed by Phosphodiesterase |l inhibitor and Inodilator effects; lusitropic effects; increase
0.25-0.75 pgrkg/min praduces effects at p1 and p2 receptors contractility; and decrease SVR
Levosimendan 6-24 pg/kg/min bolus followed by~ Multiple action including Phosphodiesterase  Inodilator effects; increase contractility without increasing
0.1-0.4 pgrkg/min inhibitor effect on higher doses myocardial oxygen demand

141311910 Advances in Diagnosis and Management of Hemodynamic Instability in Neonatal
Shock. Front Pediatr. 2018;6:2.

® Respiratory system

e}

e}

Adredlvgjanunsn extubate lalu 6-8 FaluamasnsHdn

Tufanniiumidntesndn 10 ke Inld pressure ventilator

Yuzfunnn 10 kg dnflealy volume ventilator

waadngdniinisesen PEEP 13 sniiulungudUae post Fontan

operation A151ANLALIN1TIH PEEP 5284 high pressure

support W18yl venous blood luvenanas wagiin low

cardiac output

GRENREN FiO, Aunauly

asld NG tube witetleariu aspiration Tneianigly uncuffed

ET tube
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o N1 pulmonary hypertensive crisis (PHT)

u Iﬁﬂﬁtﬁiﬂ PHT crisis 418 WU truncus arteriosus,
complete atrioventricular septal defect (AVSD),
total anomalous pulmonary venous connection
(TAPVC), multiple VSD

= ﬁmsmﬂﬁaﬂmq’u sedation WAz muscle relaxant
weldaunazsnduiides intubation wuAIIUNG
dieasiinis wean g1liNa15uIMeA paralyzing
agent nou

" $nw1A1 pH 7.5-7.55, PaO, > 100 mmHg, PCO, 25-30

mmHg

" 5339281911019 suction airway lagfianswnli
g1 sedation LNNDU suction, suction 157 way
S¥MI9 suction M 0, 100% + hand ventilate

" fersanldeniian pulmonary pressure LU NTG,
PGE1, low dose isoproterenol (0.01 ug/kg/min),
iloprost, milrinone, sildenafil phosphodiesterase

5 inhibitors, nitric oxide

" inhaled nitric oxide Mnalunisam PVR Au1n
Wi metabolized ag195905798 RBC @Sy dose
filvide 10-30 ppm

®  Hematologic system
0 acyanotic heart T#5nw15EsU Het 30-35%

o0 post-operative bleeding floenuinndn 5-10 cc/kg/hr x 2-4 hr
msEheluidasiiongaidon
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cardiac tamponade Wui1 classic sign (tachycardia, equal
atrial pressure, widening mediastinum, pulsus paradoxicus,
hypotension) avnulatos dnfliies oliguria, decrease

perfusion, mild metabolic acidosis

®  Renal iag metabolic system

(0]

58U glucose ARG udazanatly 6-12 Falua usien

v
o

g91nAISAATUTA insulin iv drip AgANsEAUUIINELARNT
sty intermittent dose

Tuflwe) urine output Aseen 0.5-1 cczkg/hr vise Tudin =
1-2 cc/kg/hr

nsasunluszezusnndansensiniila $nlv WuaSwilves
maintenance uaniddosUTulmnzanivan ngUaegly
YL HUNIY

$hwseau electrolyte lvngluinaiung Tngianie K Lilesann
9139380128 hypokalemia 91AA151# diuretic

nstiienazdmalyill hypocalcemia ¢a1n citrate faglu
PRC 33m258in19m599580U Ca wazlii Ca replacement winil
nsliidenlulsunamnn

v o ) 4 14 . o 1
mngthedndudesld prolong respiratory support uag galsl
1311500195119 Gl e AsRasanty TPN Tneanunsasuli
1ARTLA 24-08 FIlaanaIHFn
mngUleanunsn extubate I Azi3u feeding Wagthell bowel

sound 11 uay 1ufl sign respiratory distress
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Preoperative evaluation

*  asdwunngulsnd@edl pathophysiology lunisailiuvedlsasiiiu
WesndsranawuInislun1sufUAnsaiy wu

o Shunting: TneUnfivsinandeniiluven (Qp) wazsnanie (Qs)
AAWYINAUL 30 BRTIEI 1:1
Q:Q = Sa0-SmvO
p s 2 2
Sva2 - SpaO2

SaO2 = systemic arterial O2 saturation
vaO2 = mixed venous O2 saturation
Sva2 = pulmonary vein O2 saturation
SpaO2 = pulmonary artery O2 saturation

1598 left to right shunt ag%i119#ens1 Qp: Qs LANTU
1Ag8egauINITUANIINANNTULIIVRLIABINN Uazdinasie
systemic flow Vianaq
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o Intercirculatory mixing: Bafinnudndusienisegsenluunslsa

19U transposition of great artery (TGA) Feaudl parallel
circuit Tngaa1uaiunsalun1s mixing Jusgiu volume
uaz compliance U84 atrium 389 ventricles, vascular beds
Tuusay circuit, heart rate, systolic #58 diastolic phase,
phase w83n13511ela Tnanuan left to right shunt siniAalugas
systolic phase mﬂmiﬁLﬁaﬂﬂﬁuL%ﬂgiﬁﬂaﬁawu%ﬂﬂuﬂ%mm
i luvadl right to left shunt azfindulutae diastole a7n
M5 ventricular waw vascular compliance ERR systemic
anad dmSUTEAUTEY TGA mixing circulation Aifiaud1fayann
Tnefolusziuves atrial level

Single ventricle physiology: Wui1 ventricular output %39
Usinaudenilonnain ventricle e asgnadlus 2 ssuue
pulmonary blood flow (Qp) &gz systemic blood flow (Qs)
TnefiUsina Qp e Qs avannvidediestiy Tuiumuduius
sewine AL wag flow lussuuiiu q vdnnisguatiae
Iunduﬁﬁa N133NY19¥AU systemic oxygen delivery wag
systemic perfusion pressure Tiieawe Tneweeaill Qp: Qs
balance Tndidss 1:1 snfige

Difficult airway wulalu Pierre Robin syndrome, Treacher Collin
syndrome @143uU Down’s syndrome a3l difficult airway 21nn158au
yunlnguaziinanuidesiiaziin C-spine dislocation

Bleeding tendency

o WUiﬁiuéﬂ’mﬁﬁ cyanosis 210154 polycythemia lagianig

Tus1efidl Het > 65% waz platelet 7 function Hesnitund
vsatun1e low grade DIC losan peripheral sludging
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Maintenance caloric requirements livanzas InggUigmsnaziiay
Foan1sndsiny Uszanas 100 kcalkg otu 3o 4 kecalkg sadalus
Tagagiawvinfunst glucose 25 g/kg oty 3o 1 g/kg odalus
LLaz“luiszmimﬁmmi%”ﬂmizﬁuﬁwmaimﬁamﬁﬁmmﬁﬁiy dlesann
3’1’1’33‘1/15& hyper- uwag hypoglycemiaagziinasa neurologic outcome
Tneanglusedifinish deep hypothermic circulatory arrest (DHCA)
riounsi3u CPB msiinanganslii dextrose L4910 CPB Losaznszdu

TiAn mild hyperglycemia

Premedication UsglevdlunitisanaiuiviavesyUieneu induction
gnfimadentd laun midazolam 0.5-0.75 mg/kg W13 oral Tugthenisn
2 ] @ Al | o a v .

3o wanan Tudnfilauinnin 1 ¥ 19Wa15a1li oral ketamine
6-10 me/kg 53ufU midazolam Tunsaifluanuisaleanie oral

18 aunsaidentiemg intramuscular %39 intravenous wnulé
NANLABIN1IY hypercyanosis Naun1515u cardiopulmonary bypass (CPB)

USugaumgiinminzaulagld heating/cooling blanket soslildgUae
Ingiangluiand on CPB dnagiinisangaumniisaneasegi 30-32 °C

Monitoring

ECG ua blood pressure: gunsalilliisznausig
o Electrocardiography 5 leads 32U leads I tag V5

o Non-invasive automated blood pressure cuff ag pulse

oximeter probe

o Arterial line 3gunanad induction lnefauwned radial way
femoral arteries 98A35WNTUIAD LUAISTNFAONITLYU
Blalock-Taussig shunt, modified Blalock-Taussig shunt,

subclavian artery patch repair lu aortic coarctation,
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v
=1

coarctation repair ¥imanisinaiiazsuniudeniiluides upper

v
o

extremity Tnglanzdnsgnele Aeiun1sung line e monitor

AV right upper extremity

® Systemic oxygen saturation: Usenaulume pulse oximeter probes

i upper Wag lower extremity
® End tidal carbon dioxide (ETCO2):

0 ANMIULANAINIZNIN PaCO2 wag ETCO2 %30 PaCO2-ETCO2
gradient zuify physiologic dead space fivdsuuvasiy
Tunsdlfiffihefidonludonanandoundu 1wy cardiac output
anay, pulmonary emboli, intracardiac right to left shunting
sty 9wyl eradient i

o Tugfthedivi bidirectional Glenn fiwunltiufiagsl PaCO2-ETCO2
gradient g4 NN5IT physiologic dead space ﬁLﬁM‘ﬁu

® Central venous pressure:
0 access sites 7ilgA® internal jugular Lag femoral veins

o catheter ¥um 4 French + double lumen catheters @110
THuidiensnld dwsuanidndnidentd 5 French uay 69
French dwisuLdinle

o Uselewife monitor central venous pressure WHuLdud sy
I vasoactive Way inotropic agents 52184015 blood
products Wa¥ intravascular volume replacement SRR
aunsaedonann SVC lunsaa oxygenation saturation e
Uszillu cardiac output kazA1wIal Qp:Qs WIUNNY internal

jugular vein
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o Ualdy Aiw 8191AR pneumothorax (internal jugular), hematoma
Fanelmnnnisnaiden vascular #ie tracheal compression,
thoracic duct injury (left internal jugular), air embolus,
internal jugular Wwag/#3® SVC thrombosis F9azilalduny
v a @ . . =& o & o Y W
AUaelu univentricular heart Fadnduagsadlasunisuasin
bidirectional Glenn shunt uag Fontan saly

o @wsnanAuEsslunisifia thrombosis Taen1sli heparin
infusion (2 units/hour) H1UN4 central line lumens kag3uLON

line 8an Wanuadausdlunsly
Temperature:

o #undefivhnig monitor leun rectal, esophageal uay
tympanic membrane a8 rectal temperature azdns
Wasuwasiithnin esophageal wag tympanic membrane
temperature Fonsaowiumis dedndu core temperature
monitoring sites LLazqmm:ﬁﬁLUSHuLLUaﬂazﬁamﬂﬁaaﬁ’u
oumnfifiuAsuntasiiauessng urazuanianeumniiaes
939U 5°C

Brain metabolism wag blood flow fla5eails lawn radio labeled xenon,
near infrared spectroscopy, jugular venous O2 saturation, transcranial

doppler

Intraoperative transesophageal echocardiography (TEE): iNaRanNT
dndulalunsiida esnidueiesdleildnsagluszninemsindiniy
nanstdintuintelid s1lurlsdeclsunsudloniell uieviidesin
Tun13g lesion Tuuwiumiia 1y N159 residual arch obstruction Agvies
mssndadeenslidniay
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Anesthesia for specific lesion
® Left to right shunt

o sy¥alyly 0, AUl wsizasilunisiinidenlivanunnduy
lagn1sivan Fio, Tmanfianunsasnysedu PaO, Teglu
Wneuuni

o TesthusSnaivngadldinniauly
® Right to left shunt 91n fixed obstructive (Pulmonary atresia)
o  wenemiiudenluuonunniy Tngeraionsanldaisin
o iweandauluden Taenisli O, supplement, i FiO,

o NSNEI8INan pulmonary vascular resistance (PVR) laidl
Uselevd Liosangienguilll PVR Aaguen
® Right to left shunt 911 dynamic obstruction (TOF)

o0 WaNaEIN1E hypovolemia Wag 15U inotropic drug 9813
nseAulAn infundibulum spasm NTu

o #a1sanlii P antagonist wag systemic vasoconstrictor WvaLiial
\denluuanuniiu

Cannulation 1R:MSISN cardiopulmonary bypass

*  TusziiensSudu cannulation process Ineanzluanizdivi dissection
vosiilaneu cannulate M393EWieNsld cannula e1avilAnnTg
amufuidinsnanmsnaden uwmdnsnsevinaivadnainile
vandssnslfansimnge vasoactive agents Alaigndu
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A254N157 579 venous drainage adld cannula ¥n drain 1alif 81adl
d1MAN1N catheter n15viniu wegn clamp o laslanigymni
cerebral oxygenation ana331nn15 monitor lagld NIRS S1dudesiinng
M529@0UI cerebral venous drainage fityvvselyl

Arterial inflow Agesitn1susefiuludnwazifiedtu winda1 mean
arterial pressure slurauzfinudu arterial perfusion line pressure g4
A95E19NINSANAU 139 arterial cannula suAUNTIRaeAEen aorta
5289n"151AA aortic dissection waagwulatiasnin i arterial cannula

aglushumlafilisnzauiiazyili line pressure galdudieaiu

Post cardiopulmonary bypass

Rewarming: lagUn@ target brain temperature vy off CPB %agj
Usenu 35-36°C

Anesthesia Wag muscle relaxation: gtheenaFusandaluseningifing
rewarm N3 inhalation agent wisegnafieranaldnaline $1dudiay
#oslienlunaubenzodiazepine seilelittisdeglungndy uay
amnesia M3lglungu muscle relaxation Wagenaaufianwoazvisan
systemic oxygen consumption TugUae %dﬁﬂaﬂuﬁﬁﬁwéﬁw%’uﬁﬂaa

single ventricle physiology

Ventilation: Tuszninefifinis de-airing szwinedive off CPB duufiay
Fodlwidydfunmd ventilate wazdnsliludomemeladn vonani
pulmonary compliance 819Lea391AA158 systemic inflammatory
response laglanizly neonates wagn1sn N5l albuterol agaslu
304 air trapping I uenaniinisdan ventilator mi&y’a‘lﬁmmﬁuﬁwqm
wifis iy uag LE ratio 1: 3 89 1 : 4 919%LaAN194An air trapping
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®  Pacing: epicardial pacing fiselovilunsuiiu cardiac output IngLanz
%84 on CPB ¢Ue013d impaired diastolic function wagn13g volume
overload TneUnfiszninenisuiaaziend pace 1Ju asynchronous
(non-sensing) pacing tieteafiunissuniuainnsld electrocautery

Tunseindm

o Mode AOO #3® atrial pacing 14lunsdifl SA node # rate
Tuwnig?l AV node Un

o Mode DOO 1#nsel SA way AV node dysfunction Wieusu AV
interval Tz au



Cardiopulmonary Bypass TuwUotimsniiR:an

® M3 on cardiopulmonary bypass (CPB) lugtheinnfinnusndudmsu

N13911 open heart surgery laggunsaivan 9 74Ty CPB circuit

Usenoumie

O

Cannulas: arterial, venous, vent catheter
Bypass circuit: tubing

Perfusion pumps

Arterial filters

Hemoconcentrators Wag ultrafiltration

Oxygenator

Arterial cannulas

ugenifiuwaulu drcuit waziluannnuas hemolysis laainnnsi sheer

stress AINUNISLADNUUIA arterial cannula F9TiAUEIATY AITIEDNTUIN

internal diameter Ttvualugwonaglmaenluides Inaiuainunsly

= Y A 2 a o g v
nslvavendentesign wnuuia cannula wanifuly agvinli pressure
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Tt arterial site gaiuly weth cannula nggiulufasilidinisensu

Tuvaenidanld N13guuIA cannula 991N internal diameter

ANSILARINISLEBNUUA arterial cannula IUUNUTINA?

Weight (Kg) Arterial (French) Right atrial

1-5 8-10 Fr 18-22 Fr single stage
5-10 10-12 Fr 22-24 Fr single stage
10-15 12-14 Fr 24-28 Fr single stage
15-20 14-16 Fr 28-32 Fr single stage
20-30 16-18 Fr 40-32 Fr two stage

Venous cannulas

*  yhusufisafu arterial cannula nsdenTWIATLIZALVES venous
cannula fifleuddey ielianunse drain dealdifiese usegnalsia
WinagiEenuuIn warIeEILMLaTeY cannula Wisnyauudl Adaditade
Sufifinasienns drain 1dondie WU Snwawes tip wie USinn negative
pressure 74 lunsdiildnig drain wuvende gravity Jadefifinaléun

PUIAVBY venous line, AMUYN, FUAVDI reservoir system, AINEN

iwﬁwﬁaﬁﬂwuaz VENOUS reservoir

Tubing

*  ievun 1/4 adwiugUie neonates Way infants

* g 3/8 7 lufthednle warogu
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ANTNLAAYLIAYBIYID (tubing circuit) 114 auwindvesae

Weight | Arterial Venous line | Pump boot | Total volume

(kg) line (inch) | (inch) (inch) (ml)

0-7 1/4 1/4 1/4 600

7-15 1/4 3/8 3/8 800

16-40 3/8 3/8 3/8 1500

> 40 3/8 1/2 1/2 1650-2000 %uﬁu
oxygenator e

Venous reservoir

® \enous reservoirs kUseaNUU 2 viinAs wuultn wazkuule

LUUR ARlEIUBY reservoir IUARARBAUBINIANEUDN YORABANLNTH
< a & Vo I a ) wa
wiudsunandenladmay waztdunisiivennalalaednlulf

wuuUagalidnnsinmeiuussenniateuen d9amfa N1SINANSEUNE
fiuanAves blood surface (air-blood interface) Fatluanvsues injury
% blood element %38 hemolysis

Heparin bonded circuit

®  fan13% cannulas, tubing, oxygenator Wa filters 9zdl heparin coat ag:

ToRifio YILaAN1INTEAU complement kALNIFUIUNITINEUMIADIN
13 on bypass
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Roller pump

nann1siauAegUnIalagyiin1sng tubing wislaldienluniesumi

¥ ad @ all |- v & A o a
VAADLUY pump vﬂ,mszj‘uszjauLLasmmmmmmimmammmﬂimm
blood flow ¢

Snwaz flow u continuous, non- pulsatile forward flow

ANI0AIN positive pressure k) pump woalulu drcuit wag negative

pressure Lﬁ@aﬂ volume 910 venous reservoir

Pump aansaneliiinn1ig hemolysis laualdun (Younin hemolysis
AR air-blood interface) N15aAN15LAA hemolysis vilalag
WNUUIATDY tubing #38A13AIAT pump LUU minimally nonocclusive

Tuiin #0192 normothermia a#oe113 flow 150-200 cc/kg Fanni
Hlviafifesnisifies 1.6L/m2/min Tnemsginglaedl perfusion Liesme
w3eld annsaguazinauldaindl mix venous 02 sat Fafleundie
60-70%

v
|

Pump flow rate Fhmdnsasetuasiiangiil
o 0-7 kg = 120-200 cc/kg/min
o 7-10 kg = 100-150 cc/kg/min
o 10-20 kg = 80-120 cc/kg/min

o >20ke=24L/min/m2

Centrifugal pumps

wann13n159euAenistd pump Mludnwazvesluin Anyudoe
<@ = v v
anusigdlunisladenlusiumii



unid 3: Cardiopulmonary Bypass TUWUORIMSNIRAGN WA.WULLEUAUT NSOUIRICICT 19

1 pump 10U afterload dependence %4 blood flow #iléan pump
Yzanaaind afterload resistance TofmRvausatdaIiuNISLAR circuit
rupture Mnmsfianuiuluviogeegiadounduilesinnseaiuls uslu
YuzlAYINUNISH afterload dependence ¥1l% blood flow @1u15a
WasuuUaslsineit vl centrifugal pumps 3n8uagdiasfinis monitor
i lngldy electromagnetic flow meter

Jegiinfe aunsaviliia hemolysis Toguiu lnaamzluusnandu
vortex zones Li8991n3l shear stress siunaldarunsanaiouny
cardiotomy suction %39 vent kagdsIAIILNINT

Jam33¢TaAenain retrograde flow e tlasannlulatidnwazidu one
way flow WUy roller pump vl Uaeideidonnduanda reservoir blood
Tovnladld clamp aneluseningiivign pump

Standard arterial line filter

mtlunisidanesenia wse particle @19 ¢ 88n9n arterial line
YUIAFVRN filter AxdA1UTEUIN 40 um
Pre-bypass filters

o fusglenilunisandueynialuaiures priming solution ¥4
circuit noufiazdnisifindiuves blood component aslyu
i filter AedlvuIngegsendng 0.5 fis 5um

Hemoconcentrators 1IR: ultrafiltration

997N arterial line filters Gagnosnuuusnlvduiveymafifivuelng
11N 40 prn Tumausdl ultrafilters %QﬂaaﬂLLUUNWLﬁ@IﬁUﬂizU’Jumi
P99 hemoconcentrate Iﬂaﬂﬁﬂiaﬁﬁﬁ, dissolved ions Wag aunIA
YuALENDBN @15 bioactive molecules L heparin Wag inflammatory
mediators fifuwiadnnit albumin wgnaeenunlalguieiu
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Conventional ultrafiltration

e}

#7 ultrafilter 3L BENANWUUIVDINIWINFRDAU arterial line wag

@3 outlet NHBAU venous reservoir

Jafeninasoninusilunisnses (rate of infiltration) laun:
transmembrane pressure, blood flow rate Penulud fitter,
fnhematocrit, THALazanWaEYDY ultrafilter Lod WU AU
299 membrane, ﬁi’wmug&ia membrane surface LagIUINVDIG

Modified ultrafiltration

e}

nanNN13lAeNIT drain 1@aA9N arterial cannula Wag venous
reservoir W1l oxygenator wag heat exchanger lagld roller
pump Fssioduultrafilter Feazvinnisnsaalalrilaonndunig

venous line

Rate Tun1sfsUszana 10-15 cc/kg/min walaitAu 400 ml/min
Tnpgauszasalunishsiieantszuna 50 mike Tuszeziia
20-30 W

fiusslonfluninisidfia blood pressure Wagcardiac output
\19991nA15n504 inflammatory mediators aan i1l
hemodynamic ﬁ"ﬁu @1u1308m blood transfusion, @11135080
cytokine 14, Wil cardiac index

Jaldefe Winanugudeulunisee circuit, ianudesiagd air
191174 arterial cannula, 31 Judpalst heparin s¥nIen1svi
ultrafiltration wagiiuszezIAIRRIRglUTRIHRAUILTY

* Huasihiviasluane CPB circuit Fsdulugife crystalloid solution

wualu crystalloid (plasmalyte, lactate Ringer), colloid priming

(1#3 albumin) wag blood-based priming solutions
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*  Solution axUsenaulunie a1s electrolyte, buffer (sodium bicarbonate

%38 tromethamine (THAM)), calcium, glucose
* Feaniweuduatly pump awsadalangns

[(BV + PV)x DesireHct|— (BV x PtHct)
HctOfDonomBlood

BV = patient blood volume (ml)
PV = circuit priming volume (ml)
Pt = patient
*  blood volume authwiing
o 0-6 Aay, blood volume = 85 cc/kg
o 6 hau 6T, blood volume = 80 cc/kg

o 1NN > 6 U, blood volume = 70-75 cc/kg

Oxygenator IIR: gas exchanger

* Bubble: 1u model ¥23usNVBINITHAUY Oxygenator ANNISAE
msvasefwadliludenlaenss deidu oxygenator fifiuszansam
fovfian warsndudesedeiiuiiavualy

* Silicone: Wudnwairves membrane fifnwasadusld vlananse
Tlunmsuaniudsufineiu blood flow 1§ UszanSamazinit bubble
usianasainnIzNIsInuaLma s unauls mniinsazauves blood
product 7 membrane Wlfanuaansalunsuandeufnedsly

* Hollow fiber membrane: uuszinniidenlduniian dnwauzidu
microporous hollow fiber lmsdudassrinsieuasidenitu sauds
nsuaniUdeuitugae Tneannisld priming volume wazannsduiardu
NuRafiifu foreign surface sauvasinlfiinnazaufunnAIng)
wazuaniUdsunnufouldiivseansamannnd
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Hemodynamic s:451v on CPB

®  Target blood pressure Tuszninsfiendnuas on CPB

Patient age Mean blood pressure range (mmHg)
< 1 month 30-45
1-12 months 40-50

1-10 years 45-60

10-16 years 50-70

> 16 years 60-90

1Y

® Cardiac index flow 715gfUguUNIIAT4 9

Patient temperature °C Bypass flow rate (L/min/m2)
> 35 2.4-35
32 2.2
30 2.0
28 1.8
26 1.6
24 1.4
22 1.2
20 1.0
<20 0.7

Myocardial protection

* luszndnaniswadn lasanizdedinisngaialavgiinlviinnie
myocardial ischemia f9ULAIRBINTTUIUNITINYT Myocardium 3o
myocardial protection LU n151% cardioplegia, hypothermia, chamber

venting
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® Cardioplegia
o Wuamsazaeflilu myocardial protection wagiiievhliila

ngawiy lngasAUsENaunanAe potassium

o wialu 2 Ussunlug) 9 Ae crystalloid wag blood cardioplegia
Tnedofvaidyves cardioplegia 119 2 ¥lla uandlumIs19A1UE

Crystalloid cardioplegia Blood cardioplegia
* mssuladng * i oxygen aguINNI
® il oxygen aganguanIN * i buffer 3nesAUsznauToIFn
o fudusisssnwsyaugamaiives ® fAUuANAN9YBY oncotic
myocardium Tislusesu pressure f1u cell fitfaand

moderate a3l Lwa‘ﬂmﬂumi@zy * 3 O, free radical scavengers
[ ' I .

ARNYYDINGIUBE195INLST (rapid .
) ® 3n¥1 microvascular responses
degradation of energy)

Tounnnin

® Cardiac venting ABN135¥UNELEDABDNANN chamber iaUoeniu
distensionlagianglu Qjﬂ’m neonate 713l immature myocardium g

#8n15 stretch Lot

Hypothermia

* Unilun1s on CPB aziimsangmumgisianievesgiieiiioan oxygen

consumption
®  LU9IEAUUDY hypothermia
o Mild hypothermia 32-34 °C

o Moderate hypothermia  28-32 °C
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o Deep hypothermia 18-28 °C
o Profound hypothermia < 18 °C

*  sgmhaiiuviseangnnivesitie Asse Tkl temperature gradient
s¥iNaealey water bath @eiuAY 8-10 °C Liateeiu regional

temperature difference wazN136NA air emboli

Acid base monitoring
® (O stat method lguann1sin pH 7 37 °C Tngldnenemuilua pH ve9
\fon FaazyilisnunseaudUniives CO_ 13ld

®  pH stat method 3n pH ﬁqmmﬁ‘uamuﬁ Fanenenuitiudnwisesu pH
Tiogluinasini Taoudlumsmsiiin CO, fosldudnmstludtaedin
Feildefdorliifudonluidssanss widndudlngorailviie
hypercarbia Wag respiratory acidosis ¢

® cerebral blood flow giinVULIlelY pH stat method us cerebral
autoregulation @150 maintain laan107lY OL stat method

NaLdyAna1NA1T on cardiopulmonary bypass
®  Hemodilution

o Wunmedil hematocrit anfnas Tauve clotting factors wag

plasma proteins

o Haneuu1Ae ldiia interstitial edema, electrolyte
imbalance, An51ad stress hormone, waring coagulation

system MviauRaun@ly

o Tudnusniinagiinag coagulopathy anmsnsus il

Taifind wazanm vitamin K dependent clotting factors
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Hypothermia: n1z@unaialzdwmansenusonielzsing 9 As

O

U
Hemodynamics: wusalawiugnas, An15iuTuLes systemic
vascular resistance %Wzﬁm‘uﬂu%u%m venous return

Wl cardiac output anas

Hematologic: WUl platelet dysfunction wag coagulation
profile MUdsuwvasluly

Renal: gaungiiidnazdsnaliiinisdulaanizuiniy Iy
hypokalemia, hypophosphatemia, ag hypocalcemia 19
Endocrine: 93in15aan15a319 Lazn15v191uY04 insulin a9

Tuedz?l insulin resistance WnTu yiliAnN 1 hyperglycemia

Neuro: ¥MN@uiiAINg1 22 °C a¥vilyi autoregulation @9
cerebral blood flow geyidely

Inflammatory response

-

o Lﬁﬂﬁnﬂmiﬂixﬁuwmaiwu 1 complement, cytokines,
arachidonic acid, wag coagulation system
o dwalwiin acute lung injury, pulmonary hypertension,
edema, coagulopathy, Mvauaewilawaslefaunile
< ¥
tNINAITAY

fins@nwdidu RCT “ldvihniswSeudiou nsld intermittent
antegrade cold crystalloid cardioplegia, cold blood cardioplegia,
wag cold blood cardioplegia 59U hot shot wui1 N5t cold
blood cardioplegia $ufu hot Tran155n®1 myocardium 1ﬁ§ﬁqm
IﬂEJLaWWﬂw;j‘thEJﬁLfJu cyanotic patients




