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PREVALENCE AND ETIOLOGY

Acute head trauma in small animals may arise from
a number of causes, including motor vehicle acci-
dents, bites, direct impact from kicks or other blunt
forces, and penetrating projectiles (gunshots). Trau-
ma, particularly traumatic brain injury (TBI), is the
most common cause of death in humans under the age
of 45 in the United States.* Many of these cases are
the result of automobile accidents in which the brain
goes from a stationary position to a rapid acceleration
and deceleration within the cranial vault. The resul-
tant forces create direct contusion at the initial impact
site against the skull (coup lesion), rebound contusion
against the opposite skull surface from impact (contra
coup lesion), and, the worst scenario, diffuse axona
injury of the brain stem due to torsional forces that ro-
tate the overlying cerebrum on the more stationary
brain stem. The latter is often rapidly fatal. In this re-
spect, cats and dogs are fortunate in that most of their
head injuries are the result of direct impact, with few
instances of extreme acceleration and torsional forces
on the brain. This factor, coupled with the obvious re-
duced need for high level cortical function compared
to humans, may be a major reason why many small
animals can survive asignificant head injury.

The prevaence of TBI is poorly documented in vet-
erinary medicine; one study estimated it to be 20% for
dogs and 35% for cats presented for acute trauma.? In
general, many small animals are presented for multi-
system trauma, with either direct involvement of the
central nervous system or indirect consequences due
to aterations in cerebral perfusion. Since imaging of
the brain immediately after injury is not commonly
done in veterinary medicine, the nervous system is of -
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ten overlooked when overt clinical signs are not ap-
parent. Therefore determination of neurologic impair-
ment is based on historical and clinical signs. Conse-
guently, al animals presented for any acute trauma
should be evaluated fully to assess whether the neuro-
logic system is injured. The purpose of this article is
to provide current guidelines in the assessment and
trestment of small animals suffering from acute head
injury. Be aware that rapid advances in our knowledge
about the response of the central nervous system to in-
jury dictate the need to periodically reevaluate treat-
ment protocols.

REQUIREMENTS AND GOALS
OF MANAGEMENT

Few general requirements exist to treat acute TBI.
A proper knowledge base, an assistant, some standard
equipment and medications, and a 24 hour monitoring
facility are all that are needed. Specific, optimal re-
quirements include appropriate drugs (mannitol, bar-
biturates, a variety of intravenous fluids), oxygen, ra
diographic capabilities, indirect blood pressure
monitoring, and assisted ventilation. The goals of
management focus first on whole body resuscitation,
followed by brain resuscitation. Initial body resuscita-
tion is ssimple in theory but more difficult in practice
and has direct bearing on brain resuscitation. First, al
hemorrhage must be stopped. Next, organ perfusion
must be maintained by proper intravascular volume
expansion. Cardiac and respiratory function are sup-
ported to maintain proper arterial oxygen tension and
perfusion. Finally, renal function is maintained by
maintaining perfusion. The goals of brain resuscita-
tion can be broken down into managing the immedi-
ate and delayed effects of trauma. Immediate prob-
lems to avoid are hypoxia, poor cerebral perfusion,
and elevated intracranial pressure. Delayed effects in-
clude progressive elevations of intracranial pressure,
delayed or recurrent bleeding, delayed cell death due
to inflammatory and toxic cellular reactions, and
catabolism due to inadequate nutritional support.

PATHOPHYSIOLOGY

The consequences of TBI can be divided into pri-
mary and secondary effects of the injury. Primary ef-
fects are the direct consequences of hemorrhage, ax-
onal injury, and penetration of objects into the brain.
The most critical sequela is elevation of intracranial
pressure (ICP). The cranial vault is a relatively closed
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Figure 1. Schematic diagram outlining the recycling pathway of progres-
sive intracranial pressure (ICP) elevation in the face of a mass effect or
other inciting cause in the brain after head injury. The initia rise in ICP
compresses the pressor region of the floor of the fourth ventricle, resulting
in an increase in mean arterial pressure (MAP), which then causes a reduc-
tion of the cerebral perfusion pressure (CPP). The cardiac response is to
decrease heart rate (HR), which is met with a peripheral response to in-
crease sympathetic output to improve CPP. This increase in sympathetic
output can directly raise MAP and ICP. An associated irregular respiratory
rate (RR) may also contribute to raising ICP by producing hypocapnia and
associated vasodilation, leading to increased cerebral blood volume.

compartment comprising the brain (80%), cere-
brospinal fluid (CSF; 10%), and blood (10%). When
an existing compartment expands or new ones are in-
troduced, there must be a reciprocal decrease in an-
other compartment to maintain ICP. The brain has a
limited threshold to guard against the rise in ICP in
cases of impaired CSF absorption, increased cerebral
blood flow, or progressive mass effects with cerebral
edema. An exponentia rise in ICP occurs when in-
tracranial volume goes above this threshold.® In TBI,
increased cerebral blood volume contributes to ap-
proximately 70% of the associated ICP elevation. As
ICP increases, there is concomitant increase in mean
arterial pressure (MAP) as an attempt to maintain
cerebral perfusion pressure (CPP; CPP = MAP —
ICP). Sustained ICP hypertension can lead to the
Cushing response (Figure 1) with resultant brain con-
tent shifting, leading to brain herniation.* Therefore
the major goal of therapy is directed toward maintain-
ing normal CPP by reduction and/or prevention of
ICP elevation.

Secondary brain injury after trauma is related pri-
marily to the consequences of cerebral ischemia.
Within hours after TBI severe enough to cause loss of
consciousness, there is a reduction in cerebral blood
flow to levels less than 50% of normal®; this is more
dramatic in contused brain regions. Two critical cas-
cade mechanisms occur when cerebral ischemia from
TBI is present. First, there is an increase in the extra-
cellular excitatory neurotransmitter glutamate, which
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Figure 2. Energy failure via hypoxia, hypoglycemia, or ischemia can all
result in secondary neuronal injury viaincreased release of the excitotoxic
neurotransmitter, glutamate (GLU). The net effect is increased intracellu-
lar calcium accumulation, lipid peroxidation, and nitric oxide synthesis, all
of which contribute to neuronal death. (Adapted from Reference 6.)

is also known as an excitotoxin.® Any cause of cellular
energy failure will initiate the excitotoxin cascade that
results in intracellular calcium accumulation and neu-
rona death (Figure 2). The second component of the
cascade is the generation of free radical-mediated
lipid peroxidation, which leads to progressive sec-
ondary brain injury and subsequent neurologic deteri-
oration despite normalization of ICP and CPP.

NEUROLOCALIZATION

The neurologic examination is the critical element
in determining the extent of the injury, planning prop-
er therapy, and predicting clinical outcome. Docu-
menting the patient’s level of consciousness is the
most important initial neurologic determinant in char-
acterizing the functional state of the brain and predict-
ing clinical outcome. The Glasgow Coma Scale is a
universally accepted method of classifying the initial
extent of head trauma severity based on level of adert-
ness, with high correlation to morbidity and mortality
in humans with traumatic head injury,” although accu-
rate prediction of functional outcome is limited.2 A
modified coma scale that may be helpful in classify-
ing head trauma in small animals has been proposed
but has not been evaluated for correlation to function-
al outcome.® Evaluation of level of consciousness, res-
piratory patterns, cardiac rhythm, pupillary light re-
flexes, ocular motility, posture, and motor function
will alow the clinician to determine reliably the ex-
tent and location of the neurologic injury.*

Conscious behavior requires an intact functional in-
teraction of the cerebrum and rostral brain stem. Al-
tered consciousness can be graded in a progressively
deteriorating state as clouded (confused), obtunded
(decreased aertness interspersed with arousable peri-



ods), stupor (unresponsive except to noxious stimuli),
and coma (unarousable). Unilateral lesions of the
cerebrum blunt level of consciousness proportional to
the size of the lesion. Bilateral, but not necessarily
symmetric, cerebral lesions are necessary to induce
stupor or coma. Caudal brain stem lesions affecting
the reticular activating system are more likely to cre-
ate stupor and coma, as the “switch” can no longer
“activate” the cerebrum.

Breathing is a sensorimotor function that is influ-
enced by practically al levels of the brain and rostra
spinal cord. The neuroanatomic basis of respiratory
abnormalities are summarized in Table 1. Forebrain or
deep diencephalic lesions are most readily identified
in stuporous or comatose animals as Cheyne-Stokes
respirations characterized by periodic hyperpnea fol-
lowed by apnea. The presence of Cheyne-Stokes res-
pirations implies a bilateral cerebral disease process
and may be a valuable sign of impending brain herni-
ation.’

Table 1
Correlation of Respiratory Pattern Changes and
Lesion Location

Lesion Type Description
Forebrain or Posthyperventilation Apnea +
deep diencephalic apnea hyperventilation
Cheyne-Stokes Hyperpnea + apnea
Midbrain Central neurogenic Involuntary

hyperventilation hyperventilation

Lower pontine Apneustic Inspiratory cramp

Medulla Ataxic Alternating deep to
shallow

Table 2
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Cardiac arrhythmias are common with systemic trau-
ma. Imbalances in the central mediation of the auto-
nomic nervous system is the primary mechanism of
these changes. Acute prepontine lesions (rostral to the
pons) can result in neurogenic cardiac arrhythmias in-
cluding supraventricular arrhythmias, atrioventricular
block, and premature ventricular contractions. As men-
tioned, the Cushing response resultsin bradyarrhythmia
from pontomedullary compression that affects the pres-
sor area at the level of the fourth ventricle.

Monitoring changes in pupillary light reflex is an
invaluable method in assessing location and progres-
sion of neurologic deterioration. Moreover, as pupil-
lary pathways are resistant to metabolic insult, the
presence of pupillary changesis a potential method of
distinguishing metabolic from structural causes of
neurologic insult. In general the progression of resting
pupillary size from mid-range or large to small is a
poor prognostic sign (Table 2); this progression
demonstrates the involvement of brain stem struc-
tures. Unilateral mydriasis with poor or absent direct
response to light is highly suggestive of an ipsilateral
midbrain or oculomator (crania nerve lll) lesion sec-
ondary to brain herniation. This finding should alert
the clinician to institute immediate therapy to reduce
| CP (discussed below).

Ocular motility should be assessed in conjunction
with the pupillary examination. Poor prognostic signs
include absence of spontaneous blinking (diffuse pon-
tine lesions), failure of the eyes to move rapidly in the
direction of arapid lateral head movement associated
with an abnormal vestibulo-ocular response (injury to
the white matter tracts of the rostral brain stem), and
loss of the corneal reflex (abnormal midbrain and
pontine function). If a persistent lateral gaze of both
eyes in the direction toward the more normal limbs is
present, then a cerebral lesion is suspected.

Correlation of Pupillary Light Reflex Changes and Lesion Location

Region Lesion At Rest PLR Association
Hypothalamus Ventrolateral Miosis, ptosis Normal bilateral Sympathectomy
hypothalamus

Midbrain Pretectal region Midrange Fixed; hippus Periaqueductal gray lesion
Tectal region Large Fixed; hippus Transtentorial herniation
CrN Il Largeipsilateral Fixed ipsilateral Uncal herniation

Pons Tegmentum Miosis bilateral Present bilateral Hemorrhage

Medulla Lateral medulla Miosisipsilateral Present bilateral Mass/trauma

Cr N 111 = oculomotor cranial nerve; PLR = pupillary light reflex.
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Posture and motor function abnormalities are com-
mon after acute head injuries. Since motor activity
may not be readily assessed until the animal is stabi-
lized, the emphasis is placed on identifying postural
changes. Three types of postural rigidity may occur,
all representing different levels of brain herniation
and/or injury:

* Decorticate rigidity consists of flexed thoracic and
extended pelvic limbs and is the result of altered
corticospinal pathway function arising from the
cerebrum. Cats, with a more developed corti-
cospinal tract than dogs, are more prone to develop
this posture after cerebral injury.

* Decerebrate rigidity consists of extended thoracic and
pelvic limbs with hypertonus of the cervicd extensor
muscles resulting in opisthotonic neck posture due to
amidbrain injury with compression at the level of the
colliculi. This sign usualy is associated with hernia-
tion of the overlying cerebrum onto the brain stem.

» Decerebellate rigidity consists of extended thoracic
and flexed pelvic limbs, with hypertonus of the cer-
vical extensor muscles resulting in opisthotonic
neck posture due to rostral cerebellar herniation.

MEDICAL MANAGEMENT
General Guidelines

The main goals of medical management are to avoid
hypotension and cerebral hypoxia. Studies have
shown that a systolic blood pressure less than 90
mmHg or a PaO, less than 60 mmHg in the face of
head injury are correlated with a poor outcome.™ In
this light the first priority for the head-injured patient
is complete and rapid physiologic resuscitation. Air-
way access and maintenance of adequate respiratory
function should be confirmed. Circulatory blood vol-
ume should be maintained to normalize cerebral per-
fusion. Finally, the neurologic state of the patient
should be assessed via the examination and radio-
graphic studies to determine specific brain-directed
therapy. Treatment can then be formulated based on
the severity of the head injury®? (see box at |eft):

* The low risk group includes animals that are
asymptomatic, with or without scalp injuries. These
patients should be observed serialy over the next
24 hours for possible progression of clinical signs.
No specific therapy is recommended.

* The moderate risk group includes animals that
have altered level of consciousness and/or skull
fractures. Diagnostic tests should include skull ra-
diographs and computed tomography (CT) scan (if
available). Definitive therapy is initiated to reduce

GENERAL TREATMENT GUIDELINES OF

TRAUMATIC BRAIN INJURY ACCORDING TO

INITIAL NEUROLOGIC CLASSIFICATION

Low Risk Group

Signs: Asymptomatic, with or without scalp
injuries

Neurodiagnostic tests: None

Treatment: These patients should be observed
serially over the next 24 hours for possible
progression of clinical signs; no specific therapy
is recommended

Moderate Risk Group

Signs: Altered level of consciousness and/or skull
fractures

Neurodiagnostic tests: Skull radiographs and CT
scan (if available)

Treatment: Definitive therapy is initiated to reduce
intracranial pressure

Mannitol: 1 g/kg IV over 15 minutes
Furosemide: 0.7 mg/kg IV 15 minutes after
mannitol treatment

Maintain euvolemia with isotonic fluids

Treat penetrating skull fractures with appropri-
ate surgical care

Nutritional support

High Risk Group

Signs: Altered level of consciousness and
additional neurologic signs, and/or penetrating
skull injuries

Neurodiagnostic tests: Skull radiographs, and CT
scan (if available)

Treatment: Definitive therapy is initiated to rapidly
reduce intracranial pressure

Hyperventilation with controlled ventilation for 1
hour to maintain PaCO, close to 35 mmHg
Mannitol: 1 g/kg IV over 15 minutes
Furosemide: 0.7 mg/kg IV 15 minutes after
mannitol treatment

Maintain euvolemia with isotonic fluids

Treat penetrating skull fractures with appropri-
ate surgical care

Nutritional support

ICP and cerebral edema.
The high risk group includes animals that have an
atered level of consciousness, additional neurolog-
ic signs, and/or penetrating skull injuries. Defini-
tive therapy is initiated to reverse brain herniation
by rapid reduction in |CP and cerebral edema.




Definitive Therapy To Treat Intracranial
Hypertension
Hyperventilation

Hyperventilation is the most effective method to
rapidly reduce ICP. Lowering PaCO, to a level close
to 35 mmHg will reduce cerebral blood by 40% with-
in 30 minutes due to cerebral vasoconstriction.”®* The
reduction of cerebral blood flow |leads to reduced
cerebral blood volume and, eventually, decreased ICP,
The relative CO, vasoreactivity in severe traumatic
brain injury is a 3% change in cerebral blood flow
(CBF) per torr change in PCO,.* One major conse-
guence of prolonged hyperventilation with a PCO,
less than or equal to 25 mmHg is profound cerebral
ischemia due to dramatic reduction of CBF. Humans
suffering from TBI with prolonged (5 days) hyperven-
tilation had a significantly worse prognosis than pa-
tients who were normocapneic or who had a short
(hours) period of hyperventilation.”® Thus hyperventi-
lation should be used only in those patients in the high
risk group that also have impending brain herniation,
a alevel to keep PCO, near 35 mmHg, and for rela-
tively short periods (1 hour or less).

Hyperosmotic Agents

Hyperosmotic agents should be used when signs of
brain herniation or progressive neurologic deteriora
tion are present after head trauma.’® Hyperosmotic
agents are beneficial in reducing ICP by creating an
osmotic gradient to draw free water from the brain
into the intravascular space. Mannitol is the most
widely accepted hyperosmotic agent used to lower
ICP by a two-step process.” Initidly, there is an im-
mediate plasma-expanding effect that reduces the
hematocrit and blood viscosity and increases cerebral
blood flow and cerebral oxygen delivery. The osmotic
effect is delayed for 15 to 30 minutes after administra-
tion, with a duration ranging from 90 minutes to 6
hours or more.”® Concomitant addition of furosemide
may prolong the ICP-lowering effect. Potential ad-
verse effects of mannitol center on exacerbation of
ICP by three possible mechanisms:

* Increased cerebral edema due to areversed osmotic
shift of fluid caused by mannitol accumulation in
the brain

» Worsening of existing intracranial hemorrhage due
to blood vessel tearing and osmotic shifts

* Rebound intracranial hypertension due to forma-
tion of idiogenic osmoles within brain cells that
raise intracranial osmolarity relative to plasma

All of these potential effects can be minimized by us-
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ing intermittent boluses of mannitol at a dose of 0.5 to
1 g/kg, not repeating a dose within 1 hour, and limit-
ing the number of doses to three in 24 hours. Eu-
volemia should be maintained by adequate fluid re-
placement, and the serum osmolarity should be kept
below 320 mOsm to prevent acute renal failure.

Glucocorticoids

The use of glucocorticoids is not recommended in
TBI.% Definitive evidence exists that no benefit is de-
rived from such treatment to reduce ICP or improve
clinical outcome after head trauma.®? Steroids are
extremely helpful, however, in alleviating vasogenic
cerebral edema, reducing cerebrospinal fluid produc-
tion, restoring altered vascular permeability, and at-
tenuating free radical production. Prospective, double-
blinded clinical studies in humans with TBI failed to
establish any benefit with high or low dose methyl-
prednisone or dexamethasone.”? Moreover, patients
had a higher incidence of the harmful effects of gas-
trointestinal bleeding and hyperglycemia, the latter
of which is associated with a worse neurologic out-
come.

High Dose Barbiturates

Barbiturates exert a cerebral-protective and 1CP-
lowering effect by reducing cerebral vascular tone and
cerebral metabolic demand and inhibiting free radi-
cal-mediated lipid peroxidation. Pentobarbital is the
barbiturate of choice for medically refractory intracra-
nial hypertension in hemodynamically stable
patients. This treatment is best used in animals with
aninitial response to mannitol and/or hyperventilation
therapy but that also have a reappearance of signs at-
tributable to recurrence of raised ICP. A loading dose
of 5to 10 mg/kg over 10 minutes to effect to induce a
deep plane of sedation, followed by a continuous
maintenance intravenous infusion of approximately 1
mg/kg/hr, is recommended. Animals should be intu-
bated with assisted ventilation, and body temperature,
heart rate, and blood pressure should be monitored.

Nutritional Support

One of the most important yet commonly over-
looked therapies for TBI is adequate nutritional sup-
port. The occurrence of hypermetabolism and nitro-
gen wasting after head injury is well documented.
Providing nutritional support greatly reduces morbidi-
ty in humans with head injuries.* The recommended
guidelines in humans include using enteral or par-
enteral formulas (with at least 15% of calories from
protein) to replace 140% of resting metabolism by the
seventh day postinjury.® To achieve full caloric re-
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placement by 7 days after injury, nutritional replace-
ment should begin within 72 hours of injury. Nasogas-
tric feeding is often well tolerated in the low to mod-
erate risk group, but gastrostomy or jejunal feeding
tubes may be better tolerated in the long term.

Novel Therapy

Several advances in treating the sequelae of cell
death associated with TBI are under investigation.
Two major mechanisms are being targeted: reduction
of excitotoxicity and reduction of free radical—mediat-
ed lipid peroxidation. Specific pharmacologic block-
ade of excitatory neurotransmission in the brain im-
proves neurologic function in experimental animal
studies of TBI but is problematic due to unwanted, of-
ten severe, adverse effects. Recently, the use of mag-
nesium sulfate (600 mg/kg SC) was found to signifi-
cantly improve neurologic outcome in rats (without
adverse effects) by blocking the postsynaptic receptor
activity of glutamate and reducing cerebral edema for-
mation.” Lipid peroxidation is attenuated by blocking
the arachidonic acid pathway. Potent nonsteroidal and
nonglucocorticosteroid antiinflammatory agents show
promisein preventing this deteriorating cellular cascade.”

SURGICAL MANAGEMENT

Animals with severe head injury in the moderate
and high risk groups should be evaluated for possible
surgical management. Indications for surgical inter-
vention include penetrating skull fractures or objects,
uncontrollable skull or scalp bleeding, an obvious
brain wound, or an intracranial mass effect. Due to the
limitation of the availability of CT scanning for the
emergency patient, the latter condition may be pre-
sumed to be present in a patient with deteriorating
level of consciousness and neurologic lateralization,
including unilateral pupillary light reflex changes.
Surgical trestment is directed toward removing bone
and other objects that penetrate into the brain, recreat-
ing a sterile barrier between the brain and the skull,
and decompression by removal of mass effects (i.e.,
hemorrhage) or by selective craniectomy, if possible.

SUPPORTIVE CARE AND MONITORING

After the initial stabilization of the patient, several
supportive care measures are helpful for recovery. Gen-
era guiddines include avoiding jugular vein compres-
sion and keeping the head elevated at a 30 degree angle
to enhance venous return, avoiding hyperthermia
(=2103°F), and providing a 40% oxygen:air mixture via
nasal insufflation or oxygen cage. Around-the-clock
monitoring of heart rate, body temperature, seizure ac-
tivity, and progression of neurologic signsis essential.

PROGNOSIS

No information on the correlation of degree of initial
neurologic signs and clinical outcome is available for
small animals suffering TBI. Severa findings from ex-
perimental studies in laboratory animals and clinical
studies in humans may serve as useful guidelinesto in-
dicate a possible poorer prognosis. Such findings in-
clude a PaO, less than 60 mmHg, a systolic blood pres-
sure less than 90 mmHg, or loss of brain stem reflexes.
Although the brain cannot recover from irreversible
cell death, it does possess dramatic plastic properties,
especialy when cerebral lesions are the predominant
region of injury. While time works against the patient
and clinician during the immediate phase of the injury,
it can work in our favor during the recovery phase.
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