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Cardiovascular system
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Carbon dioxide transport
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Dissolved CO, (5-9%)

HCO; (70%) 1Anan CO, Fufiu H,O0 udaAnufiiisen Iy carbonic anhydrase 16 H,CO, fuwmngandu H'
uay HCO;

Carbaminohemoglobin (HbCO,) (21-25%) t¥u CO, duriu N-terminus ¥84 globin

Tuwadsingg seuuen, CO, gnadieau udunslulumanaun uasduiudadonuns antusaudiu H,0 in

catalyzed reaction by carbonic anhydrase ¢ H,CO, Fsazunndadu H' + HCO, Pndugnadludaven

Tuden innsdaunduvasuizen lneiin oxygenation 404 Hb 1d H'+ HCO, e H,CO; anvhauandals CO, wax

H,0 uagiinnsuanidsuniasnely

Cardiac output

Cardiac output (CO) USunuveadeniigndneenianiilaviesanslunilamieund

Cardiac output (ml/min) = stroke volume (ml/beat) x heart rate (beats/min)

Stroke volume USunuveadeniigndneenaniilaviesandglunimianistum
Heart rate = 1UUNSTUAYBI LR lunTlanIguI ¥
Aunfves CO = 5-6 L/min

Tuan nun® Usunaudenfiaananniilaniedanaviedneydn asdiayinnu

Stroke volume QﬂmUﬂuéfﬁﬁJﬁ?LLﬂi 3 A1

1.

End-diastolic volume (EDV) Uiinaudeniiogluvinlaviesdnsdng ndsauseu diastole Fsiioiduniszauues
lavesaseuarJuduiiodnidonsenty 13unin preload

Total peripheral resistance (TPR) fiaausnumunisivavesdensenannilaterusuremaenideni
pefuilanesansienii afterload

Contractility Aonsuadvesnauiilowla
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Total peripheral resistance agwUINANUAU stroke volume

Tunmeiiinmsifiatures total peripheral resistance s1smeazanelneiiiunstuialmnntu &1 total
peripheral resistance LﬁluqﬁuwﬁmmﬁﬁiﬁmmsmmL%ﬂlﬁ%tﬁﬂﬂﬂsﬁﬂaé’umm 1387791 congestive heart failure
AL lel

Tunnz shock $19MeazmevauatlaenIsifit heart rate uae stroke volume Wia¥nunsesu cardiac output
Tugaausn (early stage) siouluszagnds (ate stage) Wiesreneliianunsauiiu stroke volume l68n s1aneaslivila
JusiEatu billszeznalilidenlwadngiilanse filling time anaq (svzanivhlananuiadua) lviAn

cardiac output aARIRILUN

NSAUANIUIUNMTAUYDIILR
nswuveailagnAuAulaenis depolarization ¥e4 SA node Bensesulag sympathetic nerve

stimulation wazdugilay parasympathetic nerve inhibition (Beta-1 adrenergic receptors)

Cardiac Output Regulation

Mean arterial pressure

v
Cardiac output = Heart rate X Stroke volume
A ?
Contraction
strength
Sympathetic End diastolic
Nerve volume (EDV)
Parasympathetic nerve Stretch

Frank-Starling law

Fig 1 Cardiac Output Regulation

Ejection fraction

Ejection fraction Aewesidusiveudonngniveenaniilasenisiudmilsmsilaafisuivsunaiden ot

U

agNUsEIN 60% TneuFuiisunuuIunuves EDV nanAsiile EDV Winanndu ue Ejection fraction €4ae# (60%)

NUNBANINAIULTIVINITTURD (Strength of contraction) aztiNTuaNUTUIVDY EDV
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Fig 2 Coronary artery

Coronary artery
naoALan Coronary artery ﬁﬁgm%uﬁuaaﬂm%’m ascending aorta ﬁ aortic sinuses agjmﬁa@ia aortic
valve(sinuses of Valsalva) utatdu
1. Left main coronary artery (LCA) wonaaniduy
1.1 Left circumflex coronary artery (LCX) idsswidsalagudnuasdweostilarewdiedne ua
papillary muscle #1u anterolateral
1.2 Left anterior descending artery (LAD) 1de1 2/3dumthwessifsiuiilaresdns wazdumives
Wilaosasdne
2. Right coronary artery (RCA) \Beariesdnswn nduhladundweiesdndng 1/3 dundwesnisiuiile

7199819 SA node AV node

Coronary arterial blood flow
nstaieuvedentu coronary artery 8g1 70-80 mi/min #ie 100 gm nauileviala Tuvaireenidsniy

annsasintuautle 300400 mU/min per 100 gm (6-7wi) et
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Fig 3 Coronary artery blood pressure

szuulvaioulainues left coronary aeflunngnlugis diastole Lpsnnidudenasgnnadenluay

systole @197 right coronary %13l blood flow naeavs systole wag diastole 1H931n

1. coronary gnnaluvadg systole AINAUA coronary agfiusEanm 120/80 mmHg uiAuRuiewiilaagh

120/10 mmHg (Mau systole LV feafiussdiuunn) safuainusiudi pulmonary Safieuszanas 30 mmHg

fatiu left anterior descending artery agfinusuunnnin left ventricle wagdsdenluideslmanznou

diastole Wity #i14fiu right coronary artery MifiaaeenusaiufIdiy pulmonary artery ilasduagi

Usena 30 mmHg 3w lviidenluds right ventricle lanaaavs systole wag diastole

2. Wi Left ventricle nunan Right ventricle 3uinliidenluidesiesunladienii

Coronary perfusion pressure = Diastolic blood pressure(DBP) - End diastolic blood pressure (EDP)

1

LVEDP

f

CVP (preload muge)
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Venous return
Venous return AeUsunaudendiivanaduidngiila Ineduriu total blood volume, venous pressure,

negative intrathoracic pressure

Venous Cardiac
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Fig 4 Cardiac and vascular function curve

Mean systemic pressure AoAIUAUAULRABUBY circulatory system TagaziuTunILUSINMIDURDA

(blood volume) 73U MTBRIUUINIU venous capacitance ianas

Blood pressure
- Blood pressure = cardiac output (CO) x systemic vascular resistance (SVR)
Hadeiifinasionnudulain
1. blood volume
2. total peripheral resistance
3. cardiac rate
- Arterial blood pressure kUsHUR3NU cardiac output (SV x rate) x total peripheral resistance
- Systolic pressure = AMUAULWEIN systole , iHaAgnATLUE] arterial system

- Diastolic pressure = Awulugie diastole , onlvandugiila

Mean arterial pressure femanufuaieves cardiac cycle
- MAP = diastolic pressure + 1/3 pulse pressure
- MAP = CO xtotal peripheral resistance (TPR)
- MAP =SV x HR x SVR
s 1zaziy Tutlagdu N33 monitor AuRulainazsas monitor fifin mean arterial blood pressure

(MAP) \Jundn
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Central venous pressure
A1 Left ventricular end diastolic pressure (LVEDP) w@n4fis Coronary perfusion pressure hag
Preload win39z3nA1 LVEDP tnanseinliled wianunsaeyunuladn Tunmeuni pressure uay volume asdiavingiu

flaifianulanUnAdu falunsInA CVP 3euansdedn LVEDP

Jﬁa 1 ' // jn

. I-IPA C) Lung LA
ArT, 1(-' .
. RA £ o
RY =
Pulmonary vascular resistance Mitral valve disease
Heart rate Heart rate
CvP PADFP F'AW;- | lAF’ ] F LVEDP ! L volume
A,‘ — | | LV fiber length
(A) ) (C) (D) "l (E) | LV PRELOAD
| I I 1 L S S T [
Diastolic RV Alveoclar pressure Diastolic LV P-V relation
P-V relation Pulmonary venous
Tricuspid disease disease

Fig 5 Circulatory blood flow

Circulatory shock

fie nmriidenlddsniodoldliiome wadu

1. hypovolemic shock Lina1n low blood volume, dehydration(@usulainanas Usuandendioonann
#ileanaq) Sumeazmevauedlnensandondiluidedla ieasvendeandaanz urine production Taams
N3EAUsTUY RAAS MiliARduNsvadveaduidon ileliiumnusunuseuLen

2. septic shock Amderanmisinde Wawnanusulainmasan endotoxin activation LNATEUIUNS
%14 nitric oxide FetELfiunsveeivemaenden mMsdnuIadunsieiedudnisadng nitric oxide

3. other causes of circulatory shock

3.1 anaphylactic shock UfASeuioenaguuss vilsiAan1svas histamine shliAnnsvenesaves
napaLden

3.2 cardiogenic shock inannnsfiilalidaninsaguinienluifeuiledesiagldegaiivme



Cardiopulmonary physiology 7

Preoperative evaluation
New york Heart Association Functional Classification
® Class | : fihenfinnevedlsamila uilifiedrinlunisviifanssusineg wievhfanssusingg Inelifiennis

wazaINIsHanIvaInemelagIuIn wileedn ladu vseeinisiuniinen

o

® Class Il : fheiiinnzveddsaile wazildeddnlunisviianssusing q ilsadnties witilenisuazeins
wanswasnmMemeladiuin wieedn ladu iseenisiunthenidlossnrdsme

® Class Il : fihefiinnzveddsaile fifedrinlunsiianssusieg quuwﬁu dlovhAanssusing 9 Tu
Finuszariufeziionnmsuazernsuansvesnngmeladun wiesdn ladu viseenisiunthen

o Class IV : fthefiiinnzveslsaile axfiennisuazernisuansvesnmizmeladiun miesdn ladu nieenms

Wuntienindulausiunein

Table 1 NYHA classification

Class | No limitation of physical activity. Ordinary physical activity does not cause undue
breathlessness, fatigue, or palpitation

Class Il Slight limitation of physical activity. Comfortable at rest, but ordinary physical activity
result in undue breathlessness, fatigue, or palpitation

Class lll Marked limitation of physical activity. Comfortable at rest, but less than ordinary physical
activity result in undue breathlessness, fatigue, or palpitation

Class IV Unable to carry on any physical activity without discomfort. Symptoms at rest can be

present. If any physical activity is undertaken, discomfort is increased

Pulse oximetry

Pulse oximetry 1a5gAU pulsatile signal 989 oxyhemoglobin laz deoxyhemoglobin fdaidsfevinliiin
ausuladinnnuayldanunsaalalunuldiilid putse

Useleaiannnisin Spo,

1. 9 OMnu Sa0, (hlnlsifeaany Arterial blood gas Usy)

2. awsataldedsdaiie

3. TUszdiuamzmsivaisuvesftheld (neladh wave s melasen wave ga =peak wave variation =

low cardiac output) tauldlifilsamilaanneu andsinduain hypovolemia

18 ABG @nunsalduen oxygenation and ventilation



Table 2 American society of anesthesiologist (ASA) status

ASA |

ASA I

ASA I

ASA IV

ASA V

ASA VI

Medical status
Normal healthy patient without organic, biochemical, or
psychiatric disease
Mild systemic disease with no significant impact on
daily activity e,g, mild diabetes, controlled
hypertension, obesity
Severe systemic disease that limits activity e.g. angina,
COPD, prior myocardial infarction
An incarpacitating disease that is constant treat of life
e.g. CHF, unstable angina, renal failure, acute Ml
respiratory failure requiring mechanical ventilation
Moribund patient not expected to survive 24 hours e.g.
ruptured aneurysm

Brain-dead patient whose organs are being harvested

Reversible Causes of Cardiac Arrest

1. Hypoxemia
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Mortality
0.06 — 0.08%

Unlikely to have an impact

0.27 - 0.4%

Probable impact 1.8 — 4.3%

Major impact 7.8 — 23%

9.4 -51%

1. Toxins (drug overdose, accidents)

2. Hypovolemia 2. Temponade (cardiac)

3. Hydrogen ion 3. Tension pneumothorax

4.  Hyper/hypokalemia 4. Thrombosis of coronary (ACS)

5. Hypothermia 5. Thrombosis (pulmonary embolism)

Pulse pressure

Pulse press

ure = systolic pressure — diastolic pressure

AIALLANATERINANAUlLTsTlaludlaz aanedi Tnesinuue pulse pressure Nid1AgyfAe stroke

volume

< o A ada a oA . o
Pulse pressure Lﬂuﬂa’lmuiawm%Lﬂﬂmﬂmig;uammmnﬂ left ventricle lU8s aorta

- Narrow pulse pressure (<40mmHg) #1884 Stroke volume #1%38 Systemic vascular resistance G

uagiile Pulse pressure N9 W@A9I1 Stroke volume G %39 Systemic vascular resistance 1

- Wide pulse pressure azwuiu;jﬂqa hyperthyroidism, aortic regurgitation in elderly, obstructive sleep

apnea (increase sympathetic tone), anemia, exercise (transient) LLamzamaﬂuﬁﬂw aortic stenosis,

cardiogenic

shock, cardiac tamponade, advanced heart failure (HF)
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Aatiu 1l Pulse Pressure WAy M8l Stroke volume #11 %38 Systemic vascular resistance @4 hagtile
Pulse Pressure N9 Wa@ng31 Stroke volume 6N %39 Systemic vascular resistance @1
BP = 90/60 mmHg pulse pressure WAU stroke volume AU low cardiac output (contract or preload 1

&) Wivnaweduainnislunsie LVDEP vise CVP i

Manifestation of poor peripheral perfusion
nsuanseenveInMzidenliideledaseuuenliifisans hypothermia, oliguria, metabolic acidosis,

confusion, peripheral cyanosis

Approach to unstable hemodynamic

TunngiUresianuduladines vielind liiaanswn 4laded

1. Preload

2. Afterload

3. Myocardium (contractility)
4. Heart rate

Myocardial infarction
1. Qulduniiien
2. EKG Wisuuvas
3. iy cardiac enzyme (2/3 in criteria)
definsvimdon auin
1. low cardiac output Suoonlallé)
2. pulmonary edema (Husenlifdonnsannduluden)

3. arrhythmias (ndaileialaseainelectrical activity Wiululale)

Respiratory system
Anatomy
Upper airway => trachea => carina => left, right main bronchus => alveolar => alveolar sac

cell columnar epithelium & hair follicle, mucous gland, smooth muscle contract 1 bronchospasm i)

Pulmonary defense
- Mucodcilliary clearance

Hair follicle WalunTuldfilunas finerve ending Hu Vagus nerve @snsavinliiiin cough reflex 1
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Globlet cell wasanstavaoau Wihair follicle Walund1e@Wu mucous gland raadionmilen (sol) isnduds

anusn

AIULANFI9SEIING minute ventilation wag alveolar ventilation
Minute ventilation = fimgladnlulaviaun x Sruunmelasneuii
Alveolar ventilation = namglasiounyl Nasludiageanasan

= minute ventilation - dead space ventilation

Respiratory muscle
nénuifeildlunsmela
1. Diaphragm
2. External intercostal muscle

3. Accessory muscle.: sternocleidomastoid, scaleneous m.
Nerve 1a84 diaphragm f® Phrenic nerves a1n C3, C4, C5

Mechanical of breathing

INHALATION
Diaphragm contracts
(moves down)

Fig 6 Respiratory cycle
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Respiratory cycle

msmelautadu 2 Suneu fie mameladh (inspiration) wazn1smela (Expiration)

msmeladsuanauesdimsismeladn TWiindauifomelatnio diaphragm azmash, Thoracic volume
Lﬁlwﬁu, Intrapleural pressure Huauannty 393 transcript iﬂﬁQGau 119 transmural pressure gradient i
(transmural pressure = intra-alveolar pressure — intrapleural pressure) 381981898nA4 transmural pressure
gradient waziiiy alveolar elastic recoil ¢ Mﬁd%ﬂﬂﬂfualveolar pressure Aagoanitneuen 3583 flow 09
a1manaeuendutsly lngeinimazladianau alveolar pressure @una fiu atmospheric pressure

dleanielvarinulugeasmdous funsuenvenseoniden s audsganii ndandefivaelunismela wanile
UandaU3uuld adeaUssiidaaugaudiay Recoil nduan laduonimesnunaingean silsieglunnemelasen dadu

Passive process sty Tuaufineglaund nsmelasenludedldndsnu

Compliance and elasticity

Lung Compliance AnaudRnuiinvguvavan
c AV
~ AP

Wie C Aepudangu V AoUsuinsvesleniideuludisnnusulieuly P Aonas1aveenuiuseningsu

Tulazauuenveslen
High compliance : amwngjﬂamimwmu (emphysema, normal aging)
Lower compliance : awﬁwajﬂamlﬁmn%u (pulmonary fibrosis, pneumonia, NRDS, pulmonary

edema)
Surfactant 8L lung compliance
nsasuwlatuad lung compliance anunsavenitUeniinnudanguivialy fevzuanlainvaniifae

Rl pI T

Elasticity
Elasticity vesaniinannanudavguvesilevonuazissiaiafianiluvegeau diuelastic recoil vamsiten
Anannistangurasnaunilenslas avuuluneudugaveinismelassnund aglél lung recoil Wiy thoracic recoil

UARAN 1IN SIT AU Ao lung recoil weneusUanlilluldIun W thoracic recoil weneuveensIsenaenly

Chief site of airway resistance agﬂ medium-sized bronchi
- Lﬁaﬁmmsﬂawamﬁmﬁu airway resistanceﬁ%aﬂ&?ﬁaﬂ, Conductance %Qﬂ%u (airway resistance
wUsundunudsunesveslan)
- madungladuatgasilvunndn ud airway resistance dUsyana 20% Wit | 50% Yodairway

resistance a&\j‘ﬁ upper airways
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- mMenlagudss wheezing nandinsavdulumadumela dnifadunandiuvane @zl aiway

resistance Qﬁu

Respiratory function test

- Ysuesmelaund (Tidal volume: TV)
Bnsvesomeiimeladn-senluusazasavesmemelaund Ysvanas 500 mL

- UsumsanAs (Residual volume: RV)
Uinasenmaiinawidesy uwiazmelosengaudd Ussaas 1,200 mlL

- Usuwsdsesnismelasen (Expiratory reserve volume : ERV)
Usumsvesernmaiimelasendiuil ndanmelasenauunfifidnusyana 1,000 mL

- UBuasdrsesnismneladn (Inspiratory reserve volume : IRV)
U%mmwaqmmﬂﬁ'mEﬂﬁ]Lﬂﬁ’Wi@lﬂlﬁMﬂﬁqm paanmglamuUnRiAUsENNM 2,500 mL

- mma;ﬁaumﬁai%’mulé’ (Functional residual capacity : FRC)
U'%mmﬁmé‘aaaﬂuﬂawﬁamﬂmﬂaaaﬂﬁﬁimmﬁaﬁmﬂssmm 1,200-2,500 mL

- anugUaaund (Vital capacity : VO)
Sruuemamnniigaiiaueglasonls ndsanmeladufiuiuds Vital capacity Wushituendaszavsam
yoandnile warealdiunn g7 Vital capacity g9 awanunsneenddmelduiu aunsalenssdaaune
sonulan uazdigunmudeusilireaiiulae

- AUgUeALYSIY (Total Lung Capacity : TLC)

Usunserniaviaiuniivengle 1unasiuwes VC was RV dsluglngjunfasiidnuszana 5,700-6,200 mL

g A A A A A
(1) nspiratory Forced Forced
capacity Inspiratory inspiratory explratory
reserve volume volume
Tidal volume (F1V) (FEV)
/ n\w/\/\/ "/ VAVAVARY

Vital Forced| Total
capacity ),fgéreart,ew (FVC) vital lung (TLC)
Functional
residual(rre) Residual(ry)
capacity volgme
Y Y

Fig 7 Respiratory function test
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Ventilation/perfusion relationships
nsuaniUAsu gas figsaulensiintusssauysallfedosimudiiusseivemaiidundgeouonuay
Lﬁaﬂﬁmq' capillary filenognamunzausie dufe ventilationfiu perfusion zdesduiusiu nisuaniUdey gas 9z
Anlalle drilus perfusion 1aifl ventilation (ieawe w3edl ventilation # uslalil perfusion ifisawe Fadulunimgud
uiazdauvesan MslFFy ventilation wihafu udluauiduaie msnszaneves ventilationazlsiwinfuyndanu Sadu
Haan compliance vasanuiazauiiliviifunay regional airway resistance vasusazfidauansaiu YT
frequency of breathing 9zvlinANLANGWEY compliance U resistance luusasfinazdnansenuli
ventilation Beunnsnaifusudnd
Ventilation-perfusion ratio (V,/Q) finladaus 0 audls infinity
1. Decrease V,/Q
0 lo ventilation t¥u = 0 Tuvaigd perfusion Un@
2. Increase V,/Q
a \ilo ventilation Unf us perfusion = 0
3. normal V,/Q

W93 ventilation wa perfusion Un#

Tuvanusiazsiumisenadien v,/Q uans1siu Tngursiumisdl ventilation g4 wsi blood vessel gasu il
perfusion s UnesuwLeREl perfusion g4 usiinsaaduves aiway Ms7l ventilation waz perfusion laiduiugiu
(mismatch) il ShvilfAnmae hypoxemia ﬁ’m%’ummaﬁﬁﬂﬁﬁﬂ mismatch 9843 V,/Q aln chronic bronchitis
uwag alveolar pulmonary emphysema lag chronic bronchitis 1119 V,/Q # du pulmonary emphysema ¥i1len

V,/Q gadusiu



