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Stephan A. Mayer 

ȌȻɉȼȼȰȶɇ, 2007 ȕȹȸȮȻȰȼȼ Ⱥȹ ȷȰȯȳɁȳȸȰ 

ȸȰȹȽȶȹȱȸɆɀ ȳ ȵȻȳȽȳɂȰȼȵȳɀ 

ȼȹȼȽȹɊȸȳȴ 

Ȓȫ ȺȹȼȶȰȯȸȳȰ 30 ȶȰȽ ȼȷȰȻȽȸȹȼȽɇ ȺȻȳ 
ȝȢȗȝ (ȣȕȎ 3-8) ȼȸȳȲȳȶȫȼɇ ȼ 50% ȯȹ 25% 

 

 



ȨȺȳȯȰȷȳȹȶȹȮȳɊ Ȣȗȝ (ȯȰȽȳ) 

70/100 ȽɆȼ. ȺȹȼȽȾȺȶȰȸȳȴ ȭ Ȯȹȯ  

 
ÂȝɊȱȰȶȫɊ Ȣȗȝ (7%): ȼȷȰȻȽȸȹȼȽɇ - 40%, 

ȳȸȭȫȶȳȯȸȹȼȽɇ ð 100%   

ÂȜȻȰȯȸȰ-ȽɊȱȰȶȫɊ Ȣȗȝ (8%): ȼȷȰȻȽȸȹȼȽɇ - 

4%, ȳȸȭȫȶȳȯȸȹȼȽɇ ð 67%   

ÂȞȷȰȻȰȸȸȫɊ Ȣȗȝ (85%): ȼȷȰȻȽȸȹȼȽɇ - 0%, 

ȳȸȭȫȶȳȯȸȹȼȽɇ ð 10% 

14/100 ȽɆȼ. ȼ ȳȸȭȫȶȳȯȸȹȼȽɇɉ - 1000 Ȳȫ 6 ȶȰȽ 

 Schneier et al., Pediatrics 2006 

 

  



J Exo et al 

 Pediatr Health. 2009;3(6):533-541 Emergency 

Treatment Options for Pediatric Traumatic Brain 

Injury  

  
ÂȝȻȫȭȷȫ ð ȭȰȯȾɄȫɊ ȺȻȳɂȳȸȫ ȼȷȰȻȽȳ Ⱦ 

ȯȰȽȰȴ ȺȹȼȶȰ Ȯȹȯȫ, ȳȲ ȸȳɀ Ȣȗȝ ð ȺȻȳɂȳȸȫ 

ȼȷȰȻȽȳ Ⱦ ȬȹȶȰȰ 50% ȽȻȫȭȷȳȻȹȭȫȸȸɆɀ 

ȯȰȽȰȴ 

ÂșȽ 100.000 ȯȹ 150.000 ȯȰȽȰȴ ȺȹȶȾɂȫɉȽ 

ȽɊȱȰȶȾɉ Ȣȗȝ ȳ ȺȻȳȬȶȳȲȳȽȰȶɇȸȹ 10ð15% 

ȺȹȮȳȬȫȰȽ ȳȶȳ ȮȶȾȬȹȵȹ ȳȸȭȫȶȳȯȳȲȳȻȾɉȽȼɊ 



ȢȰȻȰȺȸȹ-ȷȹȲȮȹȭȫɊ ȽȻȫȭȷȫ 
Â ȚȰȻȭȳɂȸȹȰ ȺȹȭȻȰȱȯȰȸȳȰ ȭ ȻȰȲȾȶɇȽȫȽȰ ȷȰɀȫȸȳɂȰȼȵȹȮȹ 

ȭȹȲȯȰȴȼȽȭȳɊ 

Â ȍȽȹȻȳɂȸȹȰ ȺȹȭȻȰȱȯȰȸȳȰ:   

1. ȮȳȺȹȵȼȰȷȳɊ, ȫȻȽȰȻȳȫȶɇȸȫɊ ȮȳȺȹȽȰȸȲȳɊ, ȮȳȺȹ- ȳ 

ȮȳȺȰȻȮȶȳȵȰȷȳɊ, ȮȳȺȹ- ȳ ȮȳȺȰȻȵȫȺȸȳɊ, ɈȶȰȵȽȻȹȶȳȽȸɆȰ 

ȸȫȻȾɃȰȸȳɊ, ȵȹȫȮȾȶȹȺȫȽȳɊ, ȼȾȯȹȻȹȮȳ, ȮȳȺȰȻȽȰȻȷȳɊ, 

ȳɃȰȷȳɂȰȼȵȳȰ ȫȽȫȵȳ, ȸȫȻȾɃȰȸȳɊ ȷȹȲȮȹȭȹȮȹ ȵȻȹȭȹȹȬȻȫɄȰȸȳɊ, 

ȶȳȵȭȹȻȹɁȳȻȵȾȶɊɁȳȳ, ȺȻȹȸȳɁȫȰȷȹȼȽȳ ȎȨȌ, ȹȽȰȵ Ȏȗ, 

ȺȹȭɆɃȰȸȳȰ ȍȢȏ ȯȫȭȶȰȸȳɊ, ȯȳȼȶȹȵȫɁȳȹȸȸɆȴ ȼȳȸȯȻȹȷ   

2. ȵȫȼȵȫȯ ȵȶȰȽȹɂȸɆɀ ȸȫȻȾɃȰȸȳȴ, ȭȰȯȾɄȳɀ ȵ ȯȰȮȰȸȰȻȫɁȳȳ 

ȵȶȰȽȹɂȸɆɀ ȸȰȴȻȹȸȹȭ, ȽȻȫȭȷȫȽȳɂȰȼȵȳȷ ȫȵȼȹȸȫȶɇȸɆȷ 

ȺȹȭȻȰȱȯȰȸȳɊȷ ȳ ȮȳȬȰȶȳ ȸȰȴȻȹȸȹȭ. ȨȽȳ ȷȰɀȫȸȳȲȷɆ ȭȵȶɉɂȫɉȽ 

ȭ ȼȰȬɊ ɁȰȻȰȬȻȹȭȫȼȵȾȶɊȻȸȾɉ ȯȳȼȻȰȮȾȶɊɁȳɉ, ȹȽȰȵ ȷȹȲȮȫ, 

ȽȻȫȭȷȫȽȳɂȰȼȵȳȰ ȫȵȼȹȸȫȶɇȸɆȰ ȺȹȭȻȰȱȯȰȸȳɊ, ȸȰȵȻȹȲ ȳ ȫȺȹȽȽȹȲ 

ȳ ȭȹȼȺȫȶȰȸȳȰ   



PATHOPHYSIOLOGY OF SECONDARY 

BRAIN INJURY  

 



ȡȰȻȰȬȻȫȶɇȸȹȰ ȺȰȻȿȾȲȳȹȸȸȹȰ 

ȯȫȭȶȰȸȳȰ 

ÂȏȰȽȳ  ȯȹ 2-ɀ ȶȰȽ: 40 ð 50 ȷȷ ȻȽ.ȼȽ. 

ÂȏȰȽȳ 2 ð 6 ȶȰȽ:  48 ȷȷ ȻȽ.ȼȽ. 

ÂȏȰȽȳ  7 ð 10 ȶȰȽ: 54 ȷȷ ȻȽ.ȼȽ. 

ÂȏȰȽȳ  11 ð 15 ȶȰȽ: 58 ȷȷ ȻȽ.ȼȽ. 

 

Chambers et al. 2006 JNNP 

 



ȡȰȻȰȬȻȫȶɇȸȹȰ ȺȰȻȿȾȲȳȹȸȸȹȰ ȯȫȭȶȰȸȳȰ  

ȳ ȳȼɀȹȯ (ȯȰȽȳ) 

ÂȡȚȏ > 40 ȷȷ ȻȽ.ȼȽ. ð ȬȹȶȰȰ ȭɆȼȹȵȫɊ 

ȭɆȱȳȭȫȰȷȹȼȽɇ 

Brazylay et al. 1988 ð ICM; Elias-Jones et al., 1992 

Arch  Dis Chill;  Downard et al. 2000 ð J Trauma 

 

ÂȘȰȬȶȫȮȹȺȻȳɊȽȸɆȴ ȳȼɀȹȯ  Ⱦ 67% ȺȫɁȳȰȸȽȹȭ 

ȺȻȳ ȡȚȏ < 50 ȷȷ ȻȽ.ȼȽ. 

Kieslich et al. 2001 ð Distabil Rehabil 

 



ȡȚȏ ðȮȫȴȯȶȫȴȸȼ ȝȢȗȝ 2003 

ÂȞ ȯȰȽȰȴ ȡȚȏ ȯȹȶȱȸȹ ȺȹȯȯȰȻȱȳȭȫȽɇȼɊ >40 

ȷȷ ȻȽ.ȼȽ. (ȾȻȹȭȰȸɇ II ) 

ÂȡȚȏ ȹȽ 40 ȯȹ 65 ȷȷ ȻȽ.ȼȽ. ȯȹȶȱȸȹ 

ȺȹȯȯȰȻȱȳȭȫȽɇȼɊ ȭ ȲȫȭȳȼȳȷȹȼȽȳ ȹȽ ȭȹȲȻȫȼȽȫ 

(ȾȻȹȭȰȸɇ III ) 

ÂȏȶɊ ȹȺȻȰȯȰȶȰȸȳɊ ȹȺȽȳȷȫȶɇȸȹȮȹ ȡȚȏ Ⱦ 

ȳȸȯȳȭȳȯȾȫȶɇȸȹȮȹ ȺȫɁȳȰȸȽȫ ȺȹȶȰȲȰȸ 

ȷȹȸȳȽȹȻȳȸȮ (ȾȻȹȭȰȸɇ III ) 

ÂȜȶȰȯȾȰȽ ȳȲȬȰȮȫȽɇ ȮȳȺȹȽȰȸȲȳȳ (ȾȻȹȭȰȸɇ III ) 

 



ȡȚȏ Ȯȫȴȯȶȫȴȸȼ ȝȢȗȝ 2012 

ȚȹȻȹȮ ȡȚȏ 

ÂȗȳȸȳȷȫȶɇȸȹȰ ȡȚȏ ȹȽ 40 ȷȷ ȻȽ.ȼȽ. 

ȯȹȶȱȸȹ ȺȹȯȯȰȻȱȳȭȫȽɇȼɊ Ⱦ ȯȰȽȰȴ ȼ ȝȢȗȝ 

(ȾȻȹȭȰȸɇ III ) 

ÂȚȹȻȹȮ ȡȚȏ ȼȹȼȽȫȭȶɊȰȽ ȹȽ 40 ȯȹ 50 ȷȷ 

ȻȽ.ȼȽ. ȭ ȲȫȭȳȼȳȷȹȼȽȳ ȹȽ ȭȹȲȻȫȼȽȫ (ȾȻȹȭȰȸɇ 

III ). Șȳȱȸȳȴ ȺȹȻȹȮ ȡȚȏ ȼȸȳȱȰȸ Ⱦ 

ȷȶȫȯȰȸɁȰȭ ȳ ȾȭȰȶȳɂȳȭȫȰȽȼɊ Ⱦ ȺȹȯȻȹȼȽȵȹȭ 

 



Ȏȫȴȯȶȫȴȸȼ 2012 

ȚȹȻȹȮ ȯȶɊ ȶȰɂȰȸȳɊ 

ȭȸȾȽȻȳɂȰȻȰȺȸȹȴ ȮȳȺȰȻȽȰȸȲȳȳ 

ÂȞȻȹȭȰȸɇ III  

ȝȰȻȫȺȳɉ ȭȸȾȽȻȳɂȰȻȰȺȸȹȴ ȮȳȺȰȻȽȰȸȲȳȳ 

ȼȶȰȯȾȰȽ ȳȼȺȹȶɇȲȹȭȫȽɇ ȺȻȳ ȍȢȏ 20 mm Hg 



șȜȘșȍȘȦȐ ȒȋȏȋȢȓ ȝȐțȋȚȓȓ ȝȢȗȝ 

ÂȚȻȰȯȾȺȻȰȱȯȰȸȳȰ ȭȽȹȻȳɂȸɆɀ ȺȹȭȻȰȱȯȰȸȳȴ 

ÂȚȹȯȯȰȻȱȫȸȳȰ ȫȯȰȵȭȫȽȸȹȮȹ ɁȰȸȽȻȫȶɇȸȹȮȹ 

ȺȰȻȿȾȲȳȹȸȸȹȮȹ ȯȫȭȶȰȸȳɊ 

ÂȚȻȰȯȾȺȻȰȱȯȰȸȳȰ ȭȸȾȽȻȳɂȰȻȰȺȸȹȴ ȮȳȺȰȻȽȰȸȲȳȳ - 

ȳȼȵȶɉɂȰȸȳȰ ȿȫȵȽȹȻȹȭ, ȼȺȹȼȹȬȼȽȭȾɉɄȳɀ ȻȹȼȽȾ 

ȭȸȾȽȻȳɂȰȻȰȺȸȹȴ ȮȳȺȰȻȽȰȸȲȳȳ: ȹȬȼȽȻȾȵɁȳɊ 

ȭȰȸȹȲȸȹȮȹ ȹȽȽȹȵȫ (ȺȹȶȹȱȰȸȳȰ ȮȹȶȹȭɆ, ȭȹȲȬȾȱȯȰȸȳȰ), 

ȯɆɀȫȽȰȶɇȸɆȰ ȸȫȻȾɃȰȸȳɊ (ȹȬȼȽȻȾȵɁȳɊ ȏȚ, ȮȳȺȹȵȼȳɊ, 

ȮȳȺȰȻȵȫȺȸȳɊ), ȮȳȺȰȻȽȰȻȷȳɊ, ȭɆȻȫȱȰȸȸȫɊ 

ȫȻȽȰȻȳȫȶɇȸȫɊ ȮȳȺȰȻȽȰȸȲȳɊ, ȮȳȺȹȸȫȽȻȳȰȷȳɊ, ȫȸȰȷȳɊ, 

ȼȾȯȹȻȹȱȸɆȰ ȺȻȳȺȫȯȵȳ 

ÂȚȹ ȺȹȵȫȲȫȸȳɊȷ ȻȫȸȸȳȰ ȸȰȴȻȹɀȳȻȾȻȮȳɂȰȼȵȳȰ 

ȭȷȰɃȫȽȰȶɇȼȽȭȫ 



ÎșɁȰȸȵȫ ȼȳȼȽȰȷȸȹȴ ȮȰȷȹȯȳȸȫȷȳȵȳ 

ÎȘȰȭȻȹȶȹȮȳɂȰȼȵȳȴ ȼȽȫȽȾȼ + ȣȕȎ 

Îȕȝ 

ÎȍȢȏ 

ÎȡȚȏ 

ÎțaO2 

ÎțaCO2 

ÎȝȻȫȸȼȵȻȫȸȳȫȶɇȸȫɊ ȯȹȺȶȰȻȹȮȻȫȿȳɊ 

ÎȨȨȎ 
 

ȸȰȴȻȹȷȹȸȳȽȹȻȳȸȮ 



ȨɀȹɈȸɁȰȿȫȶȹȼȵȹȺȳɊ 

ÂȓȼȺȹȶɇȲȾȰȽȼɊ ȵȫȵ ȯȹȺȹȶȸȳȽȰȶɇȸɆȴ ȷȰȽȹȯ 

ȳȶȳ ȺȻȳ ȹȽȼȾȽȼȽȭȳȳ ȷȹȸȳȽȹȻȳȸȮȫ ȍȢȏ 

ÂȝȹɂȸȹȼȽɇ ȯȳȫȮȸȹȼȽȳȵȳ ȸȰ ȬȹȶȰȰ 60% 

ÂȗȰȽȹȯ ȹȺȰȻȫȽȹȻȹȲȫȭȳȼȳȷ 

ÂȗȰȽȹȯ ȯȳȼȵȻȰȽȰȸ 

 



șȬɄȳȰ ȺȻȳȸɁȳȺɆ ȳȸȽȰȸȼȳȭȸȹȴ 

ȽȰȻȫȺȳȳ ȝȢȗȝ 

ÂȚȹȶȹȱȰȸȳȰ ȟȹȭȶȰȻȫ ð ȺȹȯɅȰȷ ȮȹȶȹȭȸȹȮȹ 

ȵȹȸɁȫ ȵȻȹȭȫȽȳ ȸȫ 30Á 

ÂȜȻȰȯȳȸȸȹȰ ȺȹȶȹȱȰȸȳȰ ȮȹȶȹȭɆ 

ÂȟȳȵȼȫɁȳɊ ɃȰȳ, Ȱȼȶȳ ȸȰȹȬɀȹȯȳȷȹ 

ÂȚȻȰȯȾȺȻȰȱȯȰȸȳȰ ȮȳȺȰȻȽȰȻȷȳȳ 

ÂȜȰȯȫɁȳɊ, ȫȸȫȶȮȰȲȳɊ 

 



Agbeko et al. Intracranial pressure and cerebral perfusion pressure 

responses to head elevation changes in pediatric traumatic brain 

injury Pediatr.Crit.Care Med. 2012 - Volume 13: 39ð47 

 
Â ȚȫɁȳȰȸȽɆ: 10 ȯȰȽȰȴ ( 2 - 12 ȶȰȽ) ȼ ȝȢȗȝ ȳ ȣȕȎÒ8 ȳ ȷȹȸȳȽȹȻȳȸȮȹȷ 

ȍȢȏ 

Â ȓȼȼȶȰȯȹȭȫȸȳɊ: Ȯȹȶȹȭȸȹȴ ȵȹȸȰɁ ȺȹȭɆɃȫȶȳ ȳȶȳ ȾȷȰȸɇɃȫȶȳ ȷȰȱȯȾ 0 ȳ 

40Á ȹȽ ȬȫȲȹȭȹȮȹ ȾȻȹȭȸɊ (30Á) ȼȽȾȺȰȸɂȫȽȹ  ȸȫ 10Á ȳȶȳ ȸȫ 10 ȼȷ ȹȽ 

Monro's foramen 

Â țȰȲȾȶɇȽȫȽɆ: ȾȭȰȶȳɂȰȸȳȰ ȺȹȯɅȰȷȫ ȸȫ 10 cm ȭɆȲɆȭȫȰȽ ȳȲȷȰȸȰȸȳȰ ȍȢȏ 

ȸȫ Ĭ3.9 mm Hg (SD Ñ3.2 mm Hg; p < .001), ȭ Ƚȹ ȭȻȰȷɊ ȵȫȵ ȡȚȏ 

ȹȼȽȫȭȫȶȹȼɇ ȸȰȳȲȷȰȸȸɆȷ (0.1 Ñ 5.6 mm Hg; p = .957). șȽȷȰɂȰȸȫ 

ȳȸȯȳȭȳȯȾȫȶɇȸȫɊ ȭȫȻȳȫȬȳȶɇȸȹȼȽɇ  ȳȲȷȰȸȰȸȳȴ ȍȢȏ (ȻȫȲȷȫɀ Ĭ8.4 to 

+1.9 mm Hg/10 cm). 

Â ȒȫȵȶɉɂȰȸȳȰ:  Ⱦ ȯȰȽȰȴ ȼ ȝȢȗȝ ȼȹȹȽȸȹɃȰȸȳȰ ȷȰȱȯȾ  ȺȹȯɅȰȷȹȷ 

ȮȹȶȹȭɆ ȳ ȍȢȏ  ȹȬȻȫȽȸȹ ȺȻȹȺȹȻɁȳȹȸȫȶɇȸȹ ȳ ȶȳȸȰȴȸȹ. ȜȫȷɆȴ 

ȸȳȲȵȳȴ ȾȻȹȭȰȸɇ ȍȢȏ ȹȬɆɂȸȹ ȸȫȬȶɉȯȫȶȼɊ (ȸȹ ȸȰ ȭȼȰȮȯȫ) ȺȻȳ ȼȫȷȹȷ 

ȭɆȼȹȵȹȷ ȺȹȯɅȰȷȰ ȮȹȶȹȭȸȹȮȹ ȵȹȸɁȫ.  ȍ ȹȽȶȳɂȳȰ ȹȽ ɈȽȹȮȹ ȾȻȹȭȰȸɇ 

ȡȚȏ  ȸȰ ȲȫȭȳȼȰȶ ȹȽ ȳȲȷȰȸȰȸȳȴ ȮȹȶȹȭȸȹȮȹ ȵȹȸɁȫ ȵȻȹȭȫȽȳ 


