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이 형 두 



• Critical 

• 비평(criticism)의, 평론의; 비판적인; 비판력이 있는; 

혹평의, 흠을 잡는  

• 위기(crisis)의, 위급한, 아슬아슬한; 결정적인, 중대한; 

(병이) 위독한, 위급한 

• 임계(臨界)의  



• How Cyanotic Is Too Critical? 

• 허용되는 청색증의 한계는? 

• 얼마나 심한 청색증은 너무 위험한가? 

• 얼마나 새파래지면 너무 비판적인가? 



Cyanosis or Hypoxemia? 



• Cyanosis : bluish discoloration of skin or mucosa 

resulting from the presence of deoxygenated 

hemoglobin in the circulation.  

•  Hypoxemia : low PaO2 than normal (80-100 mmHg) 

•  Hypoxia : failure of oxygenation at the tissue level, 

metabolic acidosis due to anaerobic metabolism.  



• CYANOSIS 
• derived from the Greek, dark blue 
• Bluish discoloration of skin and mucous membrane 

• Descriptions of cyanopathia or Morbus caeruleus 
(cyanosis) - medical literature since the time of 
Hippocrates 

• De Senac (1749), personal physician to King Louis XV - 
the first explanation of the pathogenesis of cyanosis 

• Christen Lundsgaard(1919) : actually quantified the 
amount of deoxygenated hemoglobin, required to 
produce that bluish discoloration 



Cyanosis 

• Resulting from inc conc of reduced Hb to about              

5 g/100ml in cutaneous vein 

• Normally about 2 g/100ml of reduced Hb is present in the 

venules so that an additional 3 g/100ml of reduced Hb in 

arterial blood produces clinical cyanosis. 



Influence of Hb levels on clinical recognition of cyanosis 



• Cyanosis as a tool for detecting arterial hypoxemia 
is neither sensitive nor specific . 

• Comroe and Botelho studied a group of normal 
subjects breathing various concentrations of 
oxygen. Definite cyanosis was not apparent to 25% 
of observers even at arterial oxygen saturations of 
71 to 75% (PaO2 35 to 40 mm Hg).  

• Am J Med Sci 1947 ;214 :1-6. 



• Sg & Sx of hypoxemia other than cyanosis 
• Increased ventilation with dyspnea and 

tachypnea 
• Sympathetic nervous system stimulation → 

restlessness, sweating, elevation of blood 
pressure, and tachycardia 

• In severe hypoxemia, impaired cerebral 
oxygenation → confusion or coma 



How Cyanotic Is Too Critical? 

 

How hypoxemic is too critical? 

 

How hypoxemic is too critical in cyanotic congenital 
heart disease? 



• Normoxemia in PaO2, SaO2 

• while breathing air at sea level 

• PaO2  : 80-100 mmHg, NEJM 1998; 339:1063–1072 

• SaO2 : > 94%, Thorax 2008; 63(Suppl 6):1–68 

• Considerable interindividual variability may exist 

• To make a diagnosis of hypoxemia 
• PaO2  : 60-75 mmHg 

• Refractory hypoxemia  
• PaO2 /FiO2 ratio < 100  

• e.g., PaO2 < 60 mmHg while receiving 60% oxygen 
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•  Normal partial pressure of oxygen in alveoli (PAO2) 
≒ 100 mmHg at sea level in room air 

• Partial pressure of oxygen in systemic artery (PaO2) 
≒ 80 mmHg at sea level in room air 

• Normal alveolar-arterial oxygen gradient (A-a 
gradient) ≒ 20 mmHg 



• With 100% oxygen, the alveolar PAO2 at sea level is 
greater than 500 mmHg (PAO2 = 760 × fraction of 
inspired oxygen [FiO2] − 1.2 × partial pressure of 
carbon dioxide [PaCO2)]). If the A-a gradient is 
normal (approximately 20 mmHg), then the 
pulmonary venous partial pressure of oxygen 
(PO2)should be close to 500 mmHg.  



• PAO2 = FiO2 × (Pb − PH2O) − (PACO2/R). 

PAO2 : the mean alveolar oxygen pressure. 

FiO2 : the fractional concentration of inspired oxygen. 0.21 at room air 

Pb : the barometric pressure (760 mmHg at sea level). 

PH2O : the water vapor pressure (47 mmHg at 37°C). 

PaCO2 : the alveolar carbon dioxide tension. assumed to be equal to 
arterial PCO2 . 

R : the respiratory quotient, approximately 0.8 at steady state on standard 
diet. 

• Normal PAO2 = FiO2 × (Pb − PH2O) − (PACO2/R)                                              
= 0.21× (760 − 47) − (40/0.8) = 100 mmHg. 

• In young person, the A-a oxygen difference <10 mmHg. The A-a 
oxygen difference increases with age.  

• A normal P(A-a)O2 is a value less than one half your age, with a 
maximum of 25 mmHg.                                    

• Respir Care 2014;59(10):1590 –1596 



• PaO2 /FiO2 is a rough estimate of shunt fraction.     

If PaO2 /FiO2 is < 200, shunt fraction > 20%, 

• PaO2 /FiO2 of > 200 indicates a shunt fraction of 

<20%. 

• Crit Care Med. 1983;11:646–9 



Global compensatory mechanism in tissue hypoxia 

• Acute  
• regional pulmonary vasoconstriction to improve V/Q 

matching 
• hyperventilation to improve PAO2 

• acidosis related right shifting of the oxyhemoglobin 
dissociation curve to facilitate O2 unloading 

• increase in cardiac output 

• Chronic 
• increase in red blood cell production → polycythemia  

• polycythemia → blood viscosity↑ → impair blood flow and tissue 
oxygen delivery through capillaries 

 

• Respir Care 2014;59(10):1590 –1596 



Cellular level compensatory mechanism in tissue hypoxia 

• RBC 2,3-DPG↑ → facilitate O2 unloading in the tissues 

• hypoxia-inducible factors (HIFs) activation → 
upregulation of erythropoietin, angiogenic factors, and 
vasoactive mediators 

• glycolytic enzymes activation → anaerobic metabolism 
(with resulting lactate production) 

• mitochondrial hibernation-like phenomenon → oxygen 
demands↓ 
• deactivation of mitochondrial biogenesis and down-

regulation of mitochondrial uncoupling → improved 
efficiency of ATP production FASEB J 2012;26: 1431–1441 

 



• Following exposure to moderately prolonged 
hypoxia, cultured cells demonstrate a 40 to 60% 
reduction in cellular oxygen consumption (VO2) 
secondary to the down-regulation of “non-essential” 
cellular processes 

• Am J Physiol 1993; 265:L395–L402, Am J Physiol 
1996; 270:L44–L53 

 



• Severe hypoxemia → cellular hypoxia, organ 
dysfunction, and death. 

• The degree of organ dysfunction 
← rapidity of onset 

     severity 

     duration of hypoxemia 

     individual susceptibility 

 



• With proper compensatory mechanisms, 
mammalian cells can thrive with a PaO2 lower than 
the traditional clinical thresholds of 55–60 mmHg. 

• Classic examples 
• The ability of humans to live at very high altitudes with a 

PaO2 of  50 mmHg 

• Stories of stowaways surviving in airplane landing gear 
assemblies for many hours at an altitude of 35,000 feet 
(CNN website, April 21, 2014). 





 





• JAMA1970; 211:1815–1817 

• 22 clinical cases of profound hypoxemia (PaO2 
< 20.3 mmHg), 13 of the patients survived, ten of 
whom were seemingly unaffected by the event. 

• The lowest reported PaO2 was 7.5 mmHg, in a 20-
yr-old male patient breathing room air following a 
heroin overdose yet he made an unremarkable 
recovery. 



• Hypoxic brain injury in the absence of 
hypoperfusion  

• Ischemic cerebral injury in post-cardiac arrest. 





• Adults with chronic neurocyanosis due to 
congenital heart disease 

• Reduced brain volume as well as specific foci of 
cortical thickness reduction 



Critical level? 



J Clin Invest 37:264-271, 1958 





Pediatrics 31:251-4, 1963 



• PaO2 < 35mmHg in severe cyanotic CHD – uncompensated acidosis  







The optimal ratio of Qp/Qs decreases as cardiac output or percent pulmonary 
venous oxygen saturation, or both, increase. 



• Univentricular hearts : complete mix of systemic 
and pulmonary venous circulations at the 
ventricular level.  

• As a rule of thumb, values ≥ 85% and < 75% signify 
increased and decreased pulmonary blood flow, 
respectively. 

• J Am Coll Cardiol. 1986;7:1420–1423 





Canadian Journal of Cardiology 33 (2017) 199-208 









a high specificity (99.9%) and moderately high 
sensitivity (76.5%) 



Summary 

• Cyanosis의 정도로 hypoxemia의 정도를 정확히 
반영할 수 없다. 

• Hypoxia의 한계는 아직 확실하지 않으나, PaO2 
< 35mmHg의 경우 uncompensated metabolic 
acidosis가 발생한다. 

• Single ventricle physiology의 palliation 후 SO2는 
75~84%를 목표로 한다. 

• 생후 24시간 후 신생아 산소포화도의 측정은 
critical CHD의 screening으로 유용하다.    


