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MECHANISMS 
   Primary injury is a direct result of the initial insult, is complete at the time of presentation 
and cannot be altered.  Secondary brain injury is an alteration of brain tissue, either anatomical or 
physiological, which occurs after the primary injury, and can be prevented or ameliorated with 
optimal supportive care.  Secondary injury includes bleeds, cerebral edema, vasospasms, and 
elevations in intracranial pressure (ICP).   The intracranial contents are enclosed in a non-
distensible protective bone and consist of brain tissue (80%), cerebrospinal fluid (CSF) (10%), and 
blood (10 %).  An increase in one component will result in a decrease in volume, increase in 
pressure.  Initially, CSF fluid is displaced into the subarachnoid space, then cerebral blood flow is 
displaced into the jugular vessels.  Subsequent very small increases in intracranial volume results in 
marked increase in ICP.  A brain shift or herniation can result.   Contusions, hematomas, 
intracranial bleeds, edema, and tumors are the most common findings that lead to pressure-volume 
decompensation. A slow, progressive rise is better tolerated than a small acute increase in ICP.  

During hypoxia or ischemia, the brain cannot meet the energy demands causing a 
mismatching of oxygen supply and tissue demand.   Cerebral blood flow (CBF) is regulated by: 
neuronal stimulation, PaO2, PaCO2, and pressure autoregulation.  The brain is very sensitive to 
changes in PaCO2, with a 1 mmHg change resulting in a 3-4% change in CBF and cerebral blood 
volume.  CBF is maintained  over a range of mean arterial pressures of 50-150 mmHg.  The true 
driving force of CBF is cerebral perfusion pressure (CPP),  and when ICP is elevated, CPP equals 
MAP - ICP.  Injured areas of the brain lose the ability to autoregulate, with regional blood flow 
becoming ldependent upon mean arterial pressure (MAP) and ICP.  
 There is a flow-metabolism coupling, with the cerebral metabolic rate (CMRO2) 
dependent upon the CBF.   Local CMRO2 increases with neuronal activity, such as seizures or 
fever, and decreases with decreased activity as with hypothermia and anesthetic agents. When CBF 
decreases below autoregulation, oxygen extraction increases to maintain CMRO2 until a further 
decline in CBF causes compensatory mechanisms to be exhausted.  The cellular consequences of 
TBI are shown in Figure 1.   

Two of the most dramatic causes of secondary injury to the brain is hypotension and 
hypoxemia, capable of downgrading the outcome.  In man, elevation in ICP is a critical secondary 
insult and the single major contributor to the mortality rate encountered in TBI in humans.  Any 
cause of increased ICP must be sought out and effectively treated.        
PHYSICAL AND NEUROLOGIC EXAMINATION 
 I t  is  im por tan t  t o lo ok  for  ext er n al an d  in t er n al ev i den ce of  t r aum a.  
Ev i d en ce of  h y poxia  or  cy an osi s, ech ym osi s or  p etech i at i on , or  car d ia c or  
r esp i r ator y  in su f f i ci en cy  war r an t s in vest ig at io n  for  m et abol ic  et i olo gie s.  Ret in al 
exam f in d in gs of  h emo r r h age or  d is t en d ed  vessels suggest s h yp er t en si on  or  
coagu lo p ath y ; p ap ill edem a suggest s cer ebr al ed em a; r et in al d etach m en t  suggest s 
in f ect io us, n eop la st ic  or  h y p er ten siv e causes.  Br ad ycar d i a r ef l ect s mi d br ain , 
pon t in e or  m edu l la r y  path olo gy .   Ev i d en ce of  b l ood  ar oun d  t h e ear s, eyes an d   
n ose can  r ef l ect  t r au ma  sever e en ough  t o cause in t r acr an i al b l eed in g.  Pal pat io n  of  
t h e sk u ll can  r eveal com p r essio n  f r act u r es t h at  r equ ir e su r gic al d ecomp r essi on .  
Wh en  t r aum a is  t h e cause, car efu l examin at io n  is  n ecessar y  t o d et ect  li fe-
t h r eat en in g  pn eu mo th or ax, h em oth or ax, p u l mo n ar y  con tusio n s, car d ia c 



ar r h y th mia s, in t er n al b le ed in g, ext er n al b l eed i n g, f r act u r es, an d  sh ock .   Rap i d , 
ir r egu l ar  br eath in g p at t er n s w it h  or  wit h ou t  cyan osis  can  suggest  r esp i r ator y  
comp r omi se or  t h r om boem bol ic  d isease an d  h ypoxemi a.   

Th e clin i cal sig n s of  h ead  in ju r y  ar e r el at ed  t o t h e degr ee of  secon dar y  br ain  
in ju r y .  Neur ol ogic  sig n s l ocali zed  t o a f ocal ar ea ar e mo r e t yp ic al of  in t r acr an i al 
b l eeds, h er n i at io n  or  focal vasosp asms .  Gen er ali zed  n eur ol ogic  d ef i cit s ar e m or e 
lik el y  t o be du e t o cer ebr al ed em a .  Secon d ar y  br ain  in j u r y  is  of t en  in it ia t ed  at  t h e 
scen e of  t h e t r au ma  wh en  t h er e is  h y pot en sio n  an d  h yp oxi a associa ted  w it h  b lo od  
lo ss an d  sh ock .  Tr au m a in du ced  b r ain  in j u r y  can  wor sen  d r am at i cal ly  d u r in g 
r esuscit at i ve ef for t s du e t o h y per t en si on  an d  i n t r acr an i al b l eed s.  Th e b r ain  h as 
h ig h  oxygen  an d  glu cose r equ i r em en ts, min i m al st or age of  oxygen , f ew r ecr u it ab le  
cap ill ar i es, an d  con sum es oxygen  at  a con st an t  r at e - set t in g t h e st age f or  h y poxic  
in ju r y .   Fever , sei zu r es or  t h r ash in g an d  af fer en t  st i m u li in cr ease t h e cer ebr al 
me taboli c r ate of  oxygen  con su mp t io n .  Th ese con d it i on s sh ou l d  be avoi d ed . 
 A d eclin e in  t h e l evel of  con sci ousn ess i m p li es p r ogr essio n  of  secon d ar y  
br ain  in j u r y  du e t o in t r acr an ia l b le ed in g, h er n ia t i on  or  cer ebr al ed em a. 
Wh eth er  or  n ot  t h e an i ma l h ad  sei zu r e act i v it y  ai ds in  l ocali zin g t h e br ain  l esi on  t o 
t h e cer ebr al cor t ex or  d i en ceph alo n .  T r au ma t i c et io l ogi es ar e associ at ed  wit h  
secon d ar y  b r ain  in ju r y  f r om eit h er  b le ed in g or  cer ebr al ed em a. 
 Brain injury affecting any portion of the ascending reticular activating system (ARAS:  
reticular formation with pathways to the thalamus and cerebral cortex),  can alter the level of 
consciousness in the small animal patient.   The levels of consciousness range from awake to 
mental depression, then delirium,  to stupor, and then coma.  Stupor is defined as unconscious but 
responsive to noxious stimuli.  Coma implies unresponsive loss of consciousness.   
The goal of the neurologic exam is to detect the level of severity and guide the intensity of 
therapeutics by determining whether the lesion is focal or diffuse and localizing the lesion [to either 
the cerebral cortical or subcortical area (better prognosis), the midbrain, or the brainstem (grave 
prognosis)].  Th e n eur olo t ic  exam in at i on  sh ou ld  d et er min e t h e le vel of  con sci ou sn ess 
an d  wh eth er  or  n ot  an i ma l is  ar ousabl e..  

Abnormal respiratory patterns can help localize CNS lesions. Cerebral and diencephalic 
lesions may produce Cheyne Stokes respiratory patterns, typically seen as a rhythmic waxing and 
waning in ventilatory rate and depth. In the dog and cat, there has to be diffuse, severe cortical 
damage for this to be seen. Hyperventilation can be seen with lesions of the midbrain or pons, 
though metabolic acidosis, respiratory alkalosis, and pain must be ruled out. Irregular respirations 
(apneustic breathing) can be associated with toxicity or suppression of the brain stem respiratory 
centers.Detection of severe bradycardia or arrhythmias can be suggestive of brainstem problems. 

Local iz at i on  of  br ain  in j u r y  can  be d on e by  assessin g t h e f un ct i on  of  t h e 
cr an i al n er ves: n or ma l cr an i al n er ve exam wit h  cer ebr al an d  d i en ceph ali c 
path ol ogy ; CNIII d ef ic it s r ef l ect  mi d br ain  p ath olo gy ; an y  def i cit  of  CN V-XII r ef l ect s 
pon t in e an d  m ed u ll ar y  p ath ol ogy . Pup ill ar y  l i gh t  r ef l exes ar e eval u ated : n or ma l 
r esp on si ve p u p ils  or  sma ll bu t  r eact i ve p u p ils  i n d i cat e cer ebr al or  d i en ceph al ic  
lesi on ;  d i la t ed  un r espon siv e p up i ls  (un i la t er al  or  b il at er al )  or  mi d poin t  f i xed  
un r esp on siv e p up ils  r ef l ect  mi d br ain  le sio n s; mi d  p osit io n  un r espon siv e suggest s 
pon s; mi d  p osit i on  or  n or ma l suggest s m ed u ll a ob lo n gata.   Th e ey e p osit i on  can  
r ef l ect  r egi on s of  t h e br ain  t h at  ar e af f ect ed : ven t r ol at er al st r abism us r ef l ect s 
mi d br ain  path ol ogy .  Th e ocu l oceph alic  r ef le x is  d on e( i f  et i olo gy  all ows cer v i cal 
ma n ip u l at i on ) :  lo ss of  vest ib u l ar  n ystagm us r ef l ect s mi d br ain  or  b r ain stem 
path ol ogy .    



Post u r al ch an ges ar e i mo r tan t : d ecer ebr ate r ig id it y  is  a r esu lt  of  m id br ain  
path ol ogy .  M i d br ain  an d  br ain st em sig n s can  r esu lt  f r om bl eed s, t h r om bosis, 
t r au ma , p r ogr essi on  of  cer ebr al edem a, an d  b r ain  h er n i at i on , mo st  com mo n ly .  
Br ain  ed ema , h er n ia t i on , h emo r r h age, la cer at i on , con t usi on , h em atoma s, or  sk u ll 
f r act u r e ar e some  of  t h e possi b il it i es. 
D I A GN OST I C A PPROA CH  
 In it ia l d i agn ost ic  t est s sh ou l d  in cl ud e h emo gr am,  ser u m ch emis t r y  p r of il e 
an d  u r in aly sis .  Bl ood  glu cose valu es ar e t er mi n ed  t o d et ect  h y p ogly cemi a or  
sig n if ic an t  h y p er gly cemia  wh ic h  af f ect  t h e le vel of  con sci ou sn ess.    Ar t er ia l b l ood  
gases ar e eval uat ed  for  ev i d en ce of  h y p oxemi a, sever e pH ch an ges or  h y p er car bi a.   

Wh en  t r aum a is  sever e wit h  focal n eu r olo gi c si gn s, in t r acr an i al b l eed in g or  
t h r om bosis m ay  be r espon si bl e f or  t h e b r ain  p ath ol ogy  an d  a coagu lo gr am ( i. e. PT, 
PTT, f i b r in ogen , FDPs, p la t el et  coun t , an t it h r om bin  II I , bu ccal b l eed in g t i m e) is  
p er for m ed .  El ect r ocar d i ogr aph ic  eval u at io n  ai ds in  d et er min in g car d i ac 
dysfun ct io n  wh ic h  ma y  be con t r i bu t in g t o t h e et i olo gy  of  t h e b r ain  in ju r y , or  a 
r esu lt  of  t h e b r ain  p ath olo gy .  Bl ood  p r essu r e me asu r em en ts d et ect  h y poten sio n  
an d  gu i d e r esuscit at i ve ef for t s t o b r in g t h e systoli c ar t er i al b lo od  p r essur e >90 
mm Hg wh il e avoi d in g h y p er t en sio n .   
 Su r vey  r ad io gr aph s of  t h e ch est  an d  abdome n  ar e don e l ook in g f or  ev i den ce 
of  or gan  ch an ges secon d ar y  t o t r au m a or  isch emia .  Abd om in al u lt r asoun d  m ay  
d et ect  h emo r r h age n ot  seen  on  su r vey  r ad i ogr aph s.  Sk u ll r ad i ogr aph s ar e 
eval u ated  for  f r act u r es in  t r au m a.  Comp ut ed  t om ogr aph y  scan n in g is  t h e best  
ima gin g m odalit y  for  d et ect io n  of  acu t e bl ood  wit h in  t h e cr an i al vau lt  or  b r ain .  I t  
is  also t h e m eth od  of  ch oic e for  im agin g t h e sk u ll bon es, l ook in g f or  d epr essed  
sku ll f r actu r es or  in t r acr an i al f or ei gn  bod i es. 
 In t r acr an i al p r essur e me asu r em en ts can  be eval uat ed  t o d et er min e t h e 
sever it y  of  ICP ele vat io n  an d  t h e r espon se of  ICP to t h er ap y .  Br ain  st em au d it or y  
evok ed  p ot en t i als  h el p  d et er min e b r ain  stem fun ct io n  bu t  d isap p ear  on l y  af t er  
br ain  d eath  is  i mmin en t . 
THERAPEUTICS 
 Goals are: a) support of mean arterial pressure and b) control of intracranial hypertension 
by  i) reduction of cerebral tissue volume, ii) reduction of cerebral blood volume, and iii) reduction 
of cerebral spinal fluid volume. 
Support of mean arterial pressure:  Intravascular volume expansion is a requirement of 
resuscitation of MAP and perfusion in hypovolemic, hemorrhagic, and distributive shock.   
Crystalloid fluids will extravasate from the vessel to the intercellular space. Hetastarch has been 
shown to increase CPP compared to lactated ringers and hypertonic saline-dextran combination.   
The use and selection of colloids is controversial with experimental evidence available for all 
arguments.  If hypotension persists after volume resuscitation, the author recommends the 
following agents be tried in the order listed:  stroma-free hemoglobin (Oxyglobin¨ ) Ð 1-5 ml/kg IV 
slowly; dopamine Ð 5-10 ug/kg/min.  Systemic hypertension can be present or result from fluid 
resuscitation.  When the BP is sustained above 150 mmHg MAP,  it may have to be controlled 
utilizing vasodilators such as nitroprusside.  This has been shown, however, to increase cerebral 
blood volume.  Other vasodilators such as calcium entry blockers and beta and alpha antagonists 
have not been shown to reduce cerebral blood flow.   
b.  Control of intracranial hypertension:  This depends upon effective control of cerebral tissue 
volume, cerebral blood volume, and CSF volume.  
i.  Reduction of cerebral tissue volume is accomplished medically through the osmotic diuretic, 
mannitol., which works by changing the brain blood rheology   The osmolality should be kept 
within normal limits.  Smaller doses (0.1-0.5 g/kg) of mannitol have been used effectively  for 



maintenance of reduction in closed head injured human patients.  Its positive effects depend upon 
the presence of an intact blood-brain barrier. Furosemide is administered fi rst and has been found 
to reduce the mannitol induced elevation in ICP.  Without an MR or CT to make this assessment, 
the decision to use mannitol should be based upon the neurologic examination of the patient 
(Figure 2).  Glucocorticosteroids appear to be ineffective in reducing cerebral edema after closed 
head injury and may increase morbidity. 
 Hypernatremia can cause changes in osmolality that is damaging to the neurons.  Rapid 
correction of hypernatremia is equally as detrimental.  Hypernatremia is treated with sodium 
containing fluids and lowered very slowly over several days.  The use of sodium wasting diuretics 
and ADH may be warranted.   Serum magnesium concentrations should be maintained within a 
normal range for the species.   
iReduction of cerebral blood volume  is done by reducing CBF or by facilitating cerebral venous 
drainage.  Endotracheal intubation and mechanical ventilation ensure that hypoxemia and 
hypercarbia are not contributing to an increase in CBF.  The PaO2 is maintained above 60 mmHg. 
Cerebral vasodilation is minimized keeping the PaC02 between 30-40 mmHg.  Intubation with 
coughing has been shown to increase the ICP.    To offset this, IV lidocaine is suggested at 0.75 
mg/kg (decreases CBF).   Adequate sedation and analgesia will reduce CMRO2 and CBF.  
Narcotics are required for analgesia and for long term intubation, narcotics and pentobarbital can 
be used or narcotic and neuromuscular blockade.  Extubation with subsequent coughing will 
elevate ICP. Prior to extubation, lidocaine should be repeated IV and 1/4 of the narcotic antagonist 
dosage given. Once the tube is out, the rest of the antagonist can be given.  Head position, head 
elevation and ensuring patency of the jugular veins are important contibuting factors.  
 Animals and human with hyperglycemia and brain injury have a worsened prognosis for 
neurologic recovery.  The blood glucose should be maintained between 120-180 mg/dl.  There is 
evidence that a glucose concentration of > 200 mg/dl can be detrimental to recovery.  If 
hyperglycemia is present after fluid and blood pressure resuscitation, a CRI of regular insulin (0.25 
Ð 1.0 unit/kg/day) may be required to keep the glucose within the optimal range. iii.  Reduction of 
cerebral spinal fluid volume can be done mechanically through dehydration or CSF withdrawal 
through intraventricular catheters.  Dehydration is not recommended.  Drugs such as furosemide, 
acetazolamide and digoxin reduce CSF production.  Furosemide at 0.75 mg/kg tid IV has been 
used.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Proposed mechanisms of neuronal damage with brain injury.  Glutamate is elevated in the in 
synaptic cleft due to increased neuron stimulation and release from the end-plate, insufficient uptake by 
astrocytes to meet the concentration, and direct release from damaged neurons.  The glutamate interacts with 
receptors with the end result elevation in intracellular calcium.  Insufficient magnesium at the receptor site 
can lead to increase in intracellular calcium entry into the cell.  Cytoplasmic calcium triggers enzymes for 
production of superoxide radicals, lipid peroxidation and neuronal degeneration.  The cell fragments from 
neuronal degeration can lead to an increase in interstitial osmolality and cytotoxic edema.  The damaged 
neurons have ineffective sodium and potassium pumps, resulting in elevated intracellular sodium and 
neuronal swelling.  Extracellular potassium is increased, with excess potassium being taken up by the 
astrocytes.   This can lead to swelling of the astrocyte.  Increased astrocyte uptake of glutamate causes 
glycolysis of stored glycogen and stimulation of sodium-potassium ATPase.  Sodium is taken into the 
astrocyte and can lead to swelling.  The glycolysis results in increased blood flow to the brain and a resultant 
increase in cerebral blood volume, Na+ - sodium; K+ - potassium; SOR Ð superoxide radicals; Mg++ - 
magnesium. 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Algorithm for making therapeutic decisions based solely upon neurologic findings or 
changes in neurologic status. 
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