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A B S T R A C T 

Objective: Secondary brain damage is characterized by delayed tissue damage 

developing after the mechanically caused primary lesion. Due to its hyperosmotic-

hyperoncotic properties HyperHaesTM (HHAES) can restore impaired posttraumatic 

local cerebral perfusion could and thereby influence secondary brain damage. N-

Acetylcysteine (NAC) improves microcirculatory hemodynamics, reduces oxidative 

stress and reduces posttraumatic inflammatory response. Can NAC lower vascular 

damage and influence the size of posttraumatic contusion volume? Possible beneficial 

effects of both substances on cerebral blood flow, brain edema and impact on 

development of secondary brain damage after the so-called controlled cortical impact 

injury (CCII) were investigated in rats.  

Materials and methods: 132 male isoflurane-anaesthetized Sprague Dawley rats were 

subjected to a left temporo-parietal focal contusion. Within 15 minutes following 

trauma, either HHES or physiological saline (4ml/kg b.w.) was administered 

intravenously. Two additional groups received three intraperitoneal injections of NAC 

or physiological saline (163 mg/kg b.w.) directly after trauma as well as 2 and 4 

hours after trauma. Arterial blood gases (ABG), core body temperature, mean arterial 

blood pressure (MABP) and intracranial pressure (ICP) were monitored. Regional 

cerebral blood flow was recorded by a laser Doppler probe in pericontusional areas 

before trauma and at 30 minutes, 4, and 24 hours after trauma. 24 hours following 

trauma animals were sacrificed for brain removal. Brain swelling and water content 

were measured gravimetrically. Posttraumatic contusion volume was determined 

planimetrically using triphenyl-tetrazoliumchloride staining at 24 hours and 

additionally at 7 days after trauma in HHES and controls. 

Results: Temperature and ABG remained stable. No significant changes in MABP 

were seen between the groups. ICP was significantly lower directly after HHES 

infusion. Pericontusional perfusion at 4 hours in the placebo group was significantly 

impaired (56.5 ± 6.2%) in comparison to baseline as well as to HHES treated 

animals (85.2 ± 12.1%). Focal perfusion in NAC treated animals did not differ 

statistically from controls. A period of posttraumatic hyperperfusion was observed in 

all groups 24 hours after trauma. A tendency towards a decrease in posttraumatic 

hemispheric swelling was observed in the HHES group (placebo: 8.9 ± 0.6% vs. 
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HHES: 8.3 ± 0.3% and NAC: 8.9 ± 0.6%). Posttraumatic water content was 

significantly increased in traumatized vs. non-traumatized hemispheres in all groups. 

No significant changes were seen in traumatized hemispheres comparing all groups 

(placebo: 80.1 ± 0.08% vs. HHES: 79.95 ± 0.05% and NAC 80.15 ± 0.3%). 

Contusion volume was significantly decreased following HHES administration (23.4 ± 

3.5 mm3) versus placebo group (39.6 ± 6.2 mm3) 7 days after trauma, although no 

significant reduction could be shown after 24 hours. In the NAC group contusion 

volume and the percentage of damaged tissue following CCI were reduced versus 

placebo (53.5 ± 4.7 mm3 vs. 66.3 ± 5.3 mm3), however, without reaching statistical 

significance. 

Conclusion: HHES reverses posttraumatic pericontusional hypoperfusion and 

significantly reduces contusion volume 7 days after trauma. Although NAC with its 

antioxidant potency shows no effect on perfusion alterations, it still induces a 

reduction in contusion volume following CCII. 

 

Schlagwörter: small volume resuscitation, hyperosmotisch-hyperonkotische 

Lösung, Hydroxyethylstärke, Acetylcystein, Schädel-Hirn-Trauma, zerebraler 

Blutfluss, Hirnödem, oxidativer Stress 

 

Key Words: small volume resuscitation, hyperosmotic-hyperoncotic solution, 

hydroxyethyl starch, acetylcysteine, brain trauma, cerebral blood flow, brain edema, 

oxidative stress 
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