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ABSTRACT 

Traumatic brain injury (TBI) is a leading cause of mortality and morbidity in 

young adults. With TBI, a cascade of events is initiated that leads to the degradation of 

the lipid bilayer of the cell membrane. The purpose of this study was to investigate 

central nervous system membrane damage following traumatic brain injury through 

biological (phospholipid and creatine kinase isoenzyme) and behavioral (Glasgow Coma 

Scale score and Survival Status) measures. The purpose was also to determine the 

relationship between the biological measures of injury and the behavioral assessment of 

neurological status. 

Ten patients participated in the study. The cerebrospinal fluid (CSF) samples 

firom the ventricular catheter system and Glasgow Coma Scale (GCS) scores were 

obtained 2-3 times each day over 2 to 3 days. The phospholipids were extracted from the 

CSF samples with a 2 step procedure using Chloroform:Methanol. The phospholipid 

classes were separated using normal phase High Performance Liquid Chromatography 

with a Hexane:Isopropanol:Water gradient and quantified from calibration curves for 

each of the phospholipid classes: phosphatidylethanolamine, phosphatidylserine, 

phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine. The creatine kinase 

isoen^rme (CK-BB) concentration was determined by electrophoresis. Data were 

analyzed using descriptive statistics, Spearman rank order correlation coefficient, and 

point biserial correlation. 
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The concentration of phospholipids and CK-BB changed over time with the peak 

mean concentration for phosphatidylethanolamine, phosphatidylcholine, and 

sphingomyeiin on day 4 after injury; for phosphatidylserine on day 2 after injury, and for 

lysophosphatidylchoUne and CK-BB on day I after injury. 

There was a significant positive relationship between phospholipids and the GCS 

score on day 2 after injury and a significant negative relationship between phospholipids 

and the GCS score on day 6 after injury. There was a significant relationship between 

Survival Status and phospholipids on day 1 and day 4 after injury. There was a 

significant relationship between Survival Status and CK-BB on day 1 and day 2 after 

injury. 

Future studies are needed to test the relationship between acute measures of 

membrane damage and long term physical, cognitive, emotional and behavioral 

outcomes. 
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Chapter 1 

INTRODUCTION 

Traumatic brain injury (TBI) is a leading cause of morbidity and mortality in 

young adults (Foulkes, Eisenberg, Jane, Marmarou, Marshall & Trauma Coma Data Bank 

Research Group, 1991). It is estimated that over 2 million people each year suffer TBI 

(National Head Injury Foundation, 1993). Physical, cognitive, emotional, and behavioral 

changes occur as a result of traumatic brain injury that require extensive rehabilitation. 

Traumatic brain injury involves the destruction or disruption of neurons and 

neuroglia. This occurs as a result of contact between the head and an object or rapid 

acceleration and deceleration of the head. As a result of the motion of the head, brain 

tissue is compressed and nerve fibers are stretched and tom. 

With traumatic brain injiuy, a cascade of events is initiated that leads to the 

destruction of neurons and neuroglia. There is an interplay of multiple mechanisms 

including increased intracellular calcium, excessive release of excitatoty 

neurotransmitters, production of oxygen free radicals and lipid peroxidation. Degradative 

enzymes are activated including phospholipases leading to the disruption of the lipid 

bilayer of the cell membrane. 

Purpose 

The purpose of this study is to investigate Central Nervous System (CNS) 

membrane damage during primary and secondary injury following traumatic brain injury. 
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The biological measures of membrane damage are phospholipid and creatine kinase 

isoen^rme changes in the cerebrospinal fluid (CSF) following traimiatic brain injury. 

The behavioral measures are changes in the Glasgow Coma Scale (GCS) score following 

traumatic brain injury and Survival Status defined as survival or non-survival one month 

after the injury. The purpose of this study is also to determine the relationship between 

the biological measures of injury and the behavioral assessment of neurological status. 

Traumatic Brain Injury 

Traumatic brain injuries involve the destruction or disruption of neurons and 

neuroglia as a result of contact between the head and an object or rapid acceleration and 

deceleration of the head. The injuries to brain tissue that occur in traimiatic brain injury 

can be focal and/or diffuse. Focal injuries occur as a result of contact between the head 

and an object or as a result of acceleration and deceleration of the head. Contusions to 

the brain are one type of focal injury. Contusions are observed primarily on the inferior 

surface of the frontal and temporal lobes as the brain moves over the irregular surface at 

the base of the skull (Graham, Adams & Gennarelli, 1993). Contusions are also observed 

on the frontal and temporal poles (Graham et al., 1993). The contusions can be defined 

based on the depth and the extent of the contusion over the surface of the brain. A 

contusion can extend only partially through the cortex, through the full thickness of the 

cortex, or through the cortex and into the white matter (Adams, Scott, Parker, Graham & 

Doyle, 1980). The contusion can include one gyrus (a ridge observed on the surface of 
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the brain), adjacent gyri, or it can involve a large portion of the surface of a lobe of the 

brain (Adams et al., 1980). 

Contusions can occur not only at the point of impact of an object with the head 

(coup lesions), but can also occur at a point opposite fi-om the impact site (contrecoup 

lesions) (Courville, 1942). Contrecoup lesions occur most frequently in the frontal and 

temporal lobes, specifically the anterior and inferior surfaces of the lobes (Courville, 

1942). The amount and location of contusions depend on the force of the impact and the 

presence or absence of movement of the head at the moment of impact (Lindenberg & 

Freytag, 1960). When the head is moveable but not moving at the moment of impact, the 

majority of damage is observed at the point of impact (Lindenberg & Freytag, 1960). 

Lesions may also be seen along a line from coup to contrecoup as a result of the 

movement of the brain against firm surfaces within the skull and "due to shearing forces 

in deeper structures of the brain" (Lindenberg & Freytag, 1960, p. 445). 

Another type of focal injury is a hematoma, a collection of blood or a blood clot. 

Hematomas are classified as intradural or extradural (Graham et al., 1993). Extradural 

hematomas (epidural hematomas) form between the dura and the skull generally as a 

result of the tearing of a meningeal artery associated with firacture of the skull (Graham et 

al., 1993). Intradural hematomas include subdural hematomas and intracerebral 

hematomas. Subdural hematomas form within the subarachnoid space as a result of the 

tearing of a bridging vein or a cortical artery (Graham et al., 1993). iatraceiebral 

hematomas form within the brain tissue as the result of the rupture of a cerebral vessel 



associated with contusions (Graham et al., 1993). Hematomas increase the pressure 

within the skull and can compress normal brain tissue. 

Diffuse injuries are widespread resulting from rapid acceleration and deceleration 

of the head. When the head is set in motion, brain tissue is compressed and nerve fibers 

are stretched and torn. Brain tissue, specifically gray matter and white matter, vary in 

density with white matter more dense than gray matter (Adams, Doyle, Graham, 

Lawrence & McLellan, 1986). When the head is set in motion during an injury, gray 

matter moves at a greater speed than white matter resulting in the stretching and tearing 

of axonal fibers and blood vessels. Hematoma formation results when blood vessels are 

stretched and torn. The specific lesions of the nerve fibers (axonal lesions) that have been 

reported at autopsy include retraction balls (enlargements at the end of severed nerve 

fibers) in persons surviving for short periods, and clusters of microglia (microglial stars) 

and Wallerian degeneration in persons surviving for longer periods (Strich, 1956; Strich, 

1961; Mitchell & Adams, 1973) These lesions are evident in the cerebral hemispheres 

and the brain stem (Graham et al., 1993). 

Traumatic brain injury results in damage that can be classified as primary injury 

and secondary injury. Primary injury is the damage to the brain that occurs at the time of 

the injury. In primary injury, neurons, neuroglia, and vascular tissue are damaged or 

destroyed. The clinical manifestations of primary brain injury may improve over time or 

remain constant. 
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Secondary injury is the damage to the brain that occurs as a result of mechanisms 

initiated by the primary injury and/or firom complications arising from intracranial or 

systemic events (Graham et al., 1993). Secondary injury may occur as soon as seconds 

after the primary injury or it may occur days after the primary injury. The clinical efifects 

of secondary injury tend to increase in severity over time. Early recognition and prompt 

treatment can prevent or minimize the effects of secondary injury. 

Cerebrospinal Fluid 

Cerebrospinal fluid (CSF) serves as a window to the brain. Cerebrospinal fluid is 

formed from the extracellular fluid and in the choroid plexus of the lateral, third and 

fourth ventricles (Milhorat, 1987). Extracellular flm'd is in intimate contact with neurons 

and neuroglia. It moves to the ventricles by bulk flow based on pressure differences 

between the extracellular fluid (high pressure) and the ventricles (low pressure) 

(Milhorat, 1987). Cerebrospinal fluid circulates from the lateral ventricles to the third 

ventricle via the intraventricular foramina, from the third ventricle to the fourth ventricle 

via the aqueduct of Sylvius, leaving the fourth ventricle via the medial and lateral 

apertures to the cistema magna and the pontine cistem (Fishman, 1992). From the 

cisterns, CSF passes into the subarachnoid space and flows over the cerebral and 

cerebellar hemispheres and the spinal cord and eventually drains into the sagittal sinus 

(Fishman, 1992). 

Since CSF is reflective of the milieu of the neurons and neurogh'a, the 

composition of the CSF is reflective of the activity or state of these structures. When 
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neurons and neuroglia are damaged, the intracellular contents and membrane substances 

are released into the extracellular fluid. Since the extracellular fluid forms the CSF, it is 

the ideal fluid for investigating changes in the concentration of specific membrane 

substances (phospholipids) and intracellular substances (creatine kinase isoen^one). 

Changes in the CSF concentration of these specific substances as a result of traumatic 

brain injury may provide evidence of the severity and extent of the injury. The timing of 

the changes in these substances may be related to the injury process with an immediate 

change at the time of the injury and a second change as additional damage (secondary 

injury) occurs. Cerebrospinal fluid concentration of phospholipids, a component of CNS 

membranes, and creatine kinase isoenzyme, an intracellular enzyme, are theorized to 

change following traumatic brain injury reflecting the severity of damage to brain tissue. 

Phospholipids 

Phospholipids and cholesterol are the predominant lipids in the CSF (Dlingworth 

& Glover, 1971). The individual phospholipids present in normal adult CSF include 

phosphatidylcholine (54%), sphingomyelin (20.3%), phosphatidylethanolamine (13.3%), 

lysophosphatidylcholine (5.1%), phosphatidylinositol (4.5%),and phosphatidic acid 

(3.1%) (Illingworth & Glover, 1971). 

The membranes of neurons and neuroglia consist of phospholipids and proteins. 

Phospholipids are composed of glycerol, fatty^ acids, and phosphate (Figure 1). Fatty 

acids are esterified at the 1- and 2*position of a glycerol molecule (Yeagle, 1994). At the 

3-position, a phosphate is esterified and to that phosphate, an alcohol is esterified 
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Phospholipase 
Glycerol backbone 

Fatty Acid 

o --
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O" 
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Figure 1. Phospholipid molecule and sites of phospholipase activity 
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(Yeagle, 1994). The alcohols include choline, ethanolamine, serine, and inositol. It is the 

name of the alcohol that distinguished the name of the phospholipid. If no alcohol is 

esterified to the phosphate, the phospholipid is named phosphatidic acid (Yeagle, 1994). 

The phospholipid composition is reported to be different in various regions of the 

brain, specifically regions that consist of gray matter (putamen), white matter (frontal 

white matter), and myelin (corpus callosum) (Kwee & Nakada, 1988). While 

phosphatidylcholine was the major phospholipid in all areas of the brain, higher 

concentrations were reported in gray matter (43.6%) than in white matter (28.1%) or 

myelin (27.1%) (Kwee & Nakada, 1988). Higher concentrations of sphingomyelin were 

reported in myelin (22.3%) than in gray matter (12.5%) or white matter (19.8%) (Kwee & 

Nakada, 1988). Phosphatidylethanolamine and phosphatidylserine were in approximately 

equal portions in all regions of the brain. Measurable quantities of phosphatidy linositol 

were reported only in gray matter (Kwee & Nakada, 1988). 

Since phospholipids are a major constituent of the membrane, changes in the 

phospholipid content of the CSF will represent alterations in the membrane system. The 

composition of specific phospholipids in the CSF is proposed to change following 

traumatic brain injury reflecting damage to gray matter, white matter, and/or myelin. 

hi summary, phospholipids are the main constituent of CNS membranes. The 

phospholipid composition of the regions of the brain differ, specifically gray matter, 

white matter and myelin. When CNS membranes are disrupted or damaged, the 
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phospholipid content of the CSF is proposed to change reflecting damage to gray matter, 

white matter, and/or myelin. 

Creatine BCinase 

Creatine kinase (ATP:Creatine N-phosphotransferase) is an intracellular enzyme 

that functions to maintain a supply of adenosine triphosphate during periods of increased 

demand (Lang, 1981). The transfer of a high energy phosphate bond from creatine 

phosphate to adenosine diphosphate (ADP) is catalyzed by creatine kinase resulting in 

adenosine triphosphate (ATP) and creatine (Bakay, Sweeney & Wood, 1986), The 

molecule of creatine kinase (CK) is composed of two subunits: the M subunit and the B 

subunit. These two subunits combine to form three isoenzymes of creatine kinase; CK-

MM, CK-BB, and CK-MB (Lang, 1981). 

CK-MM is found primarily in muscle. One specific type of muscle, cardiac 

muscle, contains a large amount of CK-MB along with CK-MM. CK-BB is found 

primarily in the brain (Dawson & Fine, 1967; Neumeier, 1981). Two bands distinct fi:om 

MM, BB, and MB have been reported in human brain tissue: Band I and Band n 

(Wevers, Olthuis, Van Niel, Van Wilgenburg & Soons, 1977). Of these two bands. Band 

I did not migrate and Band II migrated toward the cathode. Both Band I and Baud n were 

reported in the cortex, while only Band I was reported in the cerebellum (Wevers et al., 

1977). Neither band was reported in the medulla, (Wevers et al., 1977). 

The distribution of creatine kinase isoen^rmes (CK-BB, CK-MB, CK-MM, Band 

I and Band II) in the CNS of humans obtained at autopsy has been investigated (Petronia, 
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Maas, Van Veelen & Staal, 1980). Brain tissue was obtained firom 3 patients at autopsy, 

with the autopsy performed within 24 hours of death. After preparation of the brain 

tissue, creatine kinase isoenzyme activity was determined by electrophoresis. CK-BB 

was reported in all regions studied while CK-MM was not detected in any region of the 

CNS. CK-MB was present only in the dura of the cauda equina. Band I was present in 

all regions while Band H was reported in all regions except the dura of the cauda equina, 

the vestibulocochlear nerve (Cranial Nerve VO), and the optic nerve (Cranial Nerve II). 

Band I and Band Q were reported to have higher activity in gray matter and less activity in 

white matter than CK-BB. Band 11 may be a mitochondrial fraction of creatine kinase. 

Mitochondrial creatine kinase was also reported in the cerebral cortex and putamen at 

autopsy (Chandler, Clayson, Longstreth & Fine, 1984) 

CK-BB is also present in tissues other than brain. Dawson and Fine (1967) 

reported levels of the creatine kinase isoenzyme in the stomach, bladder, thyroid and 

kidney. In addition, Tsung (1976) reported CK-BB activity in the lungs, prostate, uterus, 

pancreas, and intestine. Red blood cells were reported to contain no measurable amounts 

of creatine kinase (Dawson & Fine, 1967). 

Enzymes, specifically creatine kinase, are contained in neurons and neuroglia. If 

these cells are damaged, the enzymes are released into the extracellular flm'd which then 

flows to the CSF. It has been hypothesized that the amount of enqone detected in the 

CSF will be related to the severity of damage to brain tissue (Armbruster & Gniemer, 

1988). For the en^rme to be useful in this relationship, it must be present in all regions 
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and cells of the brain in approximately equal concentrations. Armbnister and Gruemer 

(1988) examined the creatine kinase content of specific areas of the brain of cats and rats 

using three processing techniques. The regions of the brain examined included the 

cerebellum, the medulla oblongata and pons, the hypothalamus, the striatum, the 

midbrain, the cortex, and the hippocampus. Thirty to fifty grams of tissue were used. 

Fresh tissue, tissue that had been frozen then thawed, and tissue that had been placed in a 

detergent were homogenized and the enzyme activity determined from the supernatant. 

Regional variability was reported for creatine kinase. The highest creatine kinase activity 

was reported in the cerebellum. All other areas had significantly less creatine kinase 

activity compared to the cerebellum. Creatine kinase activity in the cerebellum was 792 

U/gram of wet tissue weight, for the striatum 487 U/gram of wet tissue weight, for the 

cortex 455 U/gram of wet tissue weight, for the medulla and pons 444 U/gram of wet 

tissue weight, for the hippocampus 417 U/gram of wet tissue weight, for the midbrain 388 

U/gram of wet tissue weight, and for the hypothalamus 292 U/gram of wet tissue weight 

for fresh tissue processing. For fresh tissue and for frozen and thawed tissue, the creatine 

kinase isoen^me that accounted for all the creatine kinase activity was CK-BB. In the 

tissue treated with detergent, CK-BB accounted for 92 percent of the activity and 

mitochondrial creatine kinase accounted for the remaining 8 percent. The authors 

concluded that creatine kinase would not be a good marker as a prognostic indicator of 

brain injury in cats and rats (Armbnister & Gruemer, 1988). Research is needed on the 

concentration of creatine kinase in the various regions of the humaa brain. 
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Chandler, Fine, Emery, Weaver, Reichenbach and Clayson (1988) examined the 

concentration of CK-BB, mitochondrial-CK, adenylate kinase and lactate dehydrogenase 

in 12 regions of the brain in 4 dogs. The regions of the brain included the firontal cortex, 

parietal cortex, temporal cortex, occipital cortex, caudate nucleus, thalamus, 

hippocampus, cerebellar cortex, midbrain, pons, cervical spinal cord, and the fiontal lobe. 

The areas studied included exclusively gray matter (firontal cortex, parietal cortex, 

temporal cortex and occipital cortex), cerebral nuclei (caudate nucleus and thalamus), a 

mixture of gray and white matter (hippocampus, cerebellar cortex, midbrain, pons, and 

cervical spinal cord), and white matter (the firontal lobe). One gram of tissue was 

obtained from each region, homogenized, and the activity of the enzyme quantified. The 

enzymes studied were present in all regions of the brain. No difference was reported 

between the right and left side of the brains studied. Regional variations were reported 

for each of the enzymes. A pattem in the regional variations was reported for adenylate 

kinase and lactate dehydrogenase. The highest levels of adenylate kinase and lactate 

dehydrogenase were reported in gray matter with the lowest levels reported in firontal 

white matter. The pattem of CK-BB was different. The highest level of CK-BB was 

reported in the caudate nucleus with the lowest levels reported in the temporal gray 

matter, cervical spinal cord, and firontal white matter. CK-BB had the highest tissue 

concentration of the en^rmes studied with an average of462 U/gram of wet tissue 

(adenylate kinase with a mean of 49 U/gram of wet tissue, LDH122 U/gram of wet 
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tissue). Regional variability in CK-BB will be important in interpreting the relationship 

between CK-BB levels and the severity of brain injury. 

In summary, CK-BB is reported primarily in the brain and is present in all regions 

of the brain. It is the predominant creatine kinase isoenzyme reported in the brain. CK-

BB is also present in tissues other than the brain. However, CK-BB is not reported in red 

blood cells. Variability of the concentration of CK-BB in various regions of the brain 

will be a limitation for the use of CK-BB in describing the severity of brain injury. 

Conceptual Framework 

The framework for biochemical and behavioral relationships following traumatic 

brain injury is depicted in Figure 2. Traumatic Brain Injury is defined through primary 

and secondary brain injury. Primary injury is the damage to the brain that occurs at the 

time of the injury. Secondary injury is the damage to the brain that occurs as a result of 

mechanisms initiated by the primary injury and/or complications that arise from 

intracranial or systemic events (Graham et al., 1993). The primary injury and secondary 

injury that occur in traumatic brain injiiry are defined through Biological Measures and 

Behavioral Measures. The Biological Measures of injury are CSF Phospholipids and 

CSF Creatine KJnase Isoen^rme. The Behavioral Measures of injury are the Glasgow 

Coma Scale score (Teasdale & Jennett, 1974) and Survival Status following traumatic 

brain injury. The relationship between the Biological and Behavioral Measures of injury 

will be tested in this study. 
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Traumatic Brain Injury 

Primary Injury Secondary Injury 

Biological 
Measures 

Behavioral 
Measures 

CSF CSF 
Phospholipids Creatine Kinase 

Isoenzyme 

Glasgow Coma— Suivival 
Scale Score Status 

Figure 2. Frameworic for biological and behavioral relationships 
following traumatic brain injury 
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Research Questions 

The following research questions that will be addressed in this study: 

What is the CSF phospholipid composition of patients following traumatic brain 

injury? 

Does the CSF concentration of phospholipids and the CSF concentration of 

creatine kinase isoen^me change over time in patients following traumatic brain 

injury? 

What is the pattem of change in the CSF concentration of phospholipids and the 

CSF concentration of creatine kinase isoenzyme following traumatic brain injury? 

Can primary and secondary injury be distinguished based on the pattem of change 

in the CSF concentration of phospholipids and the CSF concentration of creatine 

kinase isoenzyme in patients following traumatic brain injury? 

Is there a relationship between the CSF concentration of phospholipids and the 

CSF concentration of creatine kinase isoenzyme in patients following traumatic 

brain injury? 

What is the pattem of change in Glasgow Coma Scale scores following traumatic 

brain injury? 

Is there a relationship between the Glasgow Coma Scale score and the CSF 

concentration of phospholipids and the CSF concentration of creatine kinase 

isoenzyme in patients following traumatic brain injury? 



31 

8. Is there a relationship between Survival Status and the CSF concentration of 

phospholipids and CSF concentration of creatine kinase isoenzyme in patients 

following traumatic brain injury? 

9. Is there a relationship between the Survival Status and the Glasgow Coma Scale 

score in patients following traumatic brain injury? 

10. Is there a relationship between selected demographic factors and the CSF 

concentration of phospholipids and the CSF concentration of creatine kinase 

isoenzyme in patients foilowiog traumatic brain injury? The relationship between 

selected hemodynamic variables and the CSF concentration of phospholipids and 

the CSF concentration of creatine kinase isoenzyme will also be examined. The 

selected demographic factors include age, admission Glasgow Coma Scale score, 

the presence of skeletal fracture, the presence of abdominal injury, the presence of 

chest injury, craniotomy following the injury, and the presence of mass lesion, 

midline shift, hematoma, hemorrhage, contusion, edema, ischemia, herniation, 

and/or skull fracture on the Computed Tomography (CT) scan. The hemodynamic 

variables include intracranial pressure and cerebral perfusion pressure. 

Significance of the Research 

Traimiatic brain injury can result in a life long disability. It is estimated that 

approximately 2 million people suffer TBI each year, of those 700,000 to 900,000 suffer 

severe TBI (National Head Injury Foundation, 1993; NIH Consensus Statement, 1998). 

Motor vehicle crashes are the leading cause of TBI, accounting for 50% of the injuries 
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(NIH Consensus Statement, 1998). Falls, assaults and violence, and sports and recreation 

accidents are additional significant causes of TBI. Males are more likely than females to 

suffer TBI. Young adults ages IS to 24 years and older persons age 75 years and older 

have the highest incidence of TBI (NIH Consensus Statement, 1998). 

As a result of TBI, physical, cognitive, emotional, and behavioral impairments 

result requiring extensive rehabilitation services. The estimated cost of medical care 

approaches $9 to 10 billion per year for new cases of TBI (NIH Consensus Statement, 

1998). For the individual, the rehabilitation may extend for years with an average 

lifetime cost for care of the person of $600,000 to $1,875,000 (NIH Consensus 

Statement, 1998). This figure does not include the cost to society of lost earnings fi-om 

the person with the injury and firom family members who provide the care for that person 

as well as the cost of the social services that are needed by the person and the family. 

Measurement of specific components in the CSF has potential for aiding in the 

diagnosis of brain injury and can be used to evaluate interventions and treatments that are 

introduced at specific times in the recovery and rehabilitation period. Coupled with other 

diagnostic tests and the neurological examination, CSF phospholipid and creatine kinase 

isoenzyme concentrations are proposed to provide information on the severity of the 

injury, the extent of the injury, and the prognosis for recovery. 

The specific mechanisms underlying primary and secondary brain damage are not 

completely understood. This research will contribute to this gap in knowledge by 

investigating changes in the phospholipid composition and creatine kinase isoens^e 
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levels in the CSF following TBI. Changes in the level of phospholipids and creatine 

kinase isoenzyme may give an indication of the injury process. These measures can then 

be used to direct the care of the patient in an effort to prevent or minimize secondary 

injury and to improve the outcome of the patient with TBI. 

Measurement of specific components in the CSF of patients following traumatic 

brain injury are proposed to provide information on the severity of the injury, the extent 

of the injury, and the prognosis for recovery. Knowledge of the cascade of events that is 

initiated as a result of a TBI can be used to develop interventions that interfere with the 

cascade at specific points and, as a result, improve the outcome of the patient. Knowledge 

of changes in CSF phospholipid and creatine kinase isoenzyme concentrations and the 

timing of changes in relation to the injury can be used to direct the care of the patient with 

traumatic brain injury. Rapid recognition of changes in the status of the patient are 

critical to prevent or minimize secondary injury and improve outcome. Specific nursing 

interventions can be introduced and evaluated for their effects on recovery from the 

injury. 

Summary 

Traumatic brain injury is a leading cause of morbidity and mortality in young 

adults. The cost of care immediately after the injury as well as the cost of long term care 

is high. 

As a result of the focal and difiuse axonal injuries that occur during traimiatic 

brain injury, intracellular and membrane substances ate released into the CSF. 
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Intracellular substances, including creatine kinase isoenzyme, will be released as the cells 

are disrupted. It is theorized that the amount of creatine kinase isoenz^e detected in the 

CSF will change following traumatic brain injury and will be related to the severity of 

damage to brain tissue. CSF phospholipid composition is theorized to change following 

traumatic brain injury reflecting damage to CNS membranes. 

Measurement of CSF phospholipid and creatine kinase isoenzyme concentrations 

following traumatic brain injury will provide knowledge of the mechanisms underlying 

primary and secondary injury. This information will be used to evaluate nursing 

interventions and treatments introduced at specific times in the recovery and 

rehabilitation period. 
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Chapter 2 

LITERATURE REVIEW 

Ihtroductioa 

The fiamework for biochemical and behavioral changes following traumatic 

brain injury has been presented. The primary and secondary injury that occurs in 

traumatic brain injury are defined through cerebrospinal fluid phospholipids and 

cerebrospinal fluid creatine kinase isoenzyme, the Glasgow Coma Scale score, and 

Survival Status. The pattern of change in cerebrospinal fluid phospholipid and creatine 

kinase isoenzyme concentrations will be examined to characterize primary and secondary 

injury. Literature relative to phospholipid and creatine kinase isoenzyme changes 

following traumatic brain injury will be reviewed. The Glasgow Coma Scale will be 

described and the relationship of Glasgow Coma Scale scores to outcome following 

traumatic brain injury will be presented. 

Traumatic Brain hijury 

Traumatic Brain Injury (TBI) is defined as the destruction or disruption of neurons 

and neurogUa as a result of contact between the head and an object, or rapid acceleration 

and deceleration of the head. Traumatic brain injury is classified as primary injury and 

secondary injury. 

Primaiylnivffy 

Primary injury in TBI occurs at the time of the injury. Neurons, neuroglia and 

vascular tissue are damaged or destroyed by the injury. The damage is widespread with 
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"disruption of axons attributable to shear and tensile strains affecting axons at the time of 

an acceleration/deceleration injury" (Adams & Graham, 1994, p. 137). 

In TBI, the non-rigid brain moves within the rigid skull. Characteristics of the 

skull result in specific injuries during TBI. The inner floor (base) of the skull has ridges 

and thickenings over which the brain moves during TBI. Contusions and lacerations are 

often present on the base of the frontal and temporal lobes as a result of the movement of 

the brain over these rough areas. The two major dural reflections within the skull, the 

falx cerebri and the tentorium cerebelli, play a role in the lesions that are reported 

following TBI. The falx cerebri lies between the cerebral hemispheres, superior to the 

corpus callosum (Nolte, 1993). Lesions of the corpus callosimi are frequently reported 

following TBI (Strich, 1956; Strich, 1961; Nevin, 1967; Adams, Doyle, Ford, Gennarelli, 

Graham & McLellan, 1989), a lesion that would result as the brain moves against the fabc 

cerebri. The tentoriimi cerebelli lies between the cerebellimi and the cerebral 

hemispheres, circling the brain stem (Nolte, 1993). As the brain stem moves against the 

tentorium cerebelli during TBI, lesions of the subthalamus, the tegmentum and cms of the 

midbrain, the tegmentum and middle cerebellar peduncle of the pons, and the tegmentum, 

vestibular nuclei and inferior olivary nucleus of the medulla have been reported 

(Crompton, 1971). 

The neurons and neuroglia of the structures of the brain are damaged during TBI. 

The injuries that occur have been described as stretch injuries (Maxwell, Irvine, Graham, 

Adams, Gennarelli, Tipperman & Sturatis, 1991), shear injuries (Strich, 1956; Strich, 
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1961; Peerless & Rewcastle, 1967), and diffiise axonal injury (Adams, Doyle, Ford, 

Gennarelli, Graham & McLellan, 1989; Adams, Graham, Murray & Scott, 1982). 

Diffiise axonal injury has been defined as "widespread damage to axons in the 

white matter of the brain" (Adams, Graham, Murray & Scott, 1982). The specific 

structures damaged have been described histologically. Degeneration of white matter 

tracts in the corpus callosum, anterior commissure, fornix, mammillothalamic tract, 

internal capsule, superior cerebellar peduncle and corticospinal tract were reported on 

microscopic examination of the brain following TBI (Strich, 1956; Strich, 1961; Mitchell 

& Adams, 1973; Adams, Doyle, Ford, Gennarelli, Chaham & McLellan, 1989). The 

degeneration is progressive with retraction balls present in patients surviving for short 

periods, and microglial stars and interruption of white matter tracts fi'om Wallerian 

degeneration reported in patients surviving for longer periods (Strich, 1961; Mitchell & 

Adams, 1973; Vanezis, Chan & Scholtz, 1987). 

Gliding contusions are hemorrhages in regions of the brain, specifically in the 

parasagittal white matter. These lesions occur at the time of the injury to the brain. 

Gliding contusions can and often do accompany dif^e axonal injury. Gliding 

contusions may take the form of a defined hematoma or irregular discolorations that 

frequently extend into the cerebral cortex and the underlying white matter (Adams, 

Doyle, Graham, Lawrence & McLellan, 1986). The exact mechanism for the 

development of these contusions is not known. It is postulated that the contusions may 
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result fiom the difference in the movement of gray matter and white matter at the moment 

of the impact (Adams et al., 1986). The movement of the brain may also tear bridging 

veins in the parasagittal region or branches deeper in the cortical or subcortical regions 

resulting in hematoma formation (Adams et al., 1986). 

Secondary Iqjurv 

Secondary injury in TBI occurs after the primary injury as a result of mechanisms 

initiated by the primary injury and/or from complications arising from intracram'al or 

systemic events (Graham et al., 1993). Secondary injury can occur as soon as seconds 

after the primary injury or it can occur days after the primary injury. The clinical effects 

of secondary injury tend to increase in severity over time. Early recognition and prompt 

treatment can prevent or minimize the effects of secondary injury. 

Secondary injury can extend the initial injury to brain tissue that was not 

originally damaged. This extension of the injury can occur from intracranial events 

(increased intracranial pressure or hematoma formation) and systemic events (hypoxia, 

hypercarbia, or hypotension). 

Research related to intracranial and systemic events following brain injury will be 

reviewed. The relationship of selected intracranial events to changes in the cerebrospinal 

fluid (CSF) concentration of phospholipids and creatine kinase isoena^e in patients 

following TBI will be investigated in this study. 
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htragraniat Events 

Increased intracranial pressure. 

Normal intracranial pressure (ICP) ranges from 5 to IS mm Hg (Fishman, 1992). 

Brain tissue, blood, and CSF are contained within the rigid skull. An expansion in the 

volume of any one of these components is limited by the volume allowed in the rigid 

skull and the ability of the other components to respond with a decrease in volume. 

When the components are no longer able to compensate for changes in one of the 

components, a small increase in volume in one component will result in a large increase 

in pressure, increased ICP. 

The relationship of neurological status and increased ICP to outcome in 225 

patients with severe head injury was described by Miller, Butterworth, Gudeman, 

Faulkner, Choi, Selhorst, Harbison, Lutz, Young and Becker (1981). Neurological 

evaluation was conducted on admission, day 4, day 14,3 months, 6 months, and 1 year 

after injury. Outcome was assessed using the Glasgow Outcome Scale' at 3 months, 6 

months, or 1 year after injury. Craniotomy was performed on 93 of the patients, those 

^ The Glasgow Outcome Scale (GOS) was developed by Jennett and Bond (1975) 
to describe outcome from brain injuries. Five categories were defined: good recovery in 
which mental and physical deficits may be present but the person is able to return to daily 
activities including work; moderate disability in which physical and mental disabilities 
are present but the person is able to fimction independently; severe disability^ in which 
mental and physical deficits are severe necessitating assistance with daily activities; 
persistent vegetative state in which the eyes may be open, sleep-awake cycles evident, but 
behavioral evidence of cortical activity is absent because of lesions to cortical and/or 
subcortical structures; and death (Jennett & Bond, 1975). 
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patients with brain shift greater tlian 5 mm fi»m midline on the computed tomography 

(CT) scan. Of the 132 patients who did not require craniotomy, hemorrhagic lesions did 

not produce sufficient brain shift or the damage was classified as difiuse brain injury. 

The patients who required craniotomy were older (mean 37 years) and had greater 

evidence of abnormal neurological signs. The mortality rate was higher for patients who 

required craniotomy (SS%) than for those who did not require craniotomy (18%). 

Abnormal neurological signs, defined as abnormal motor responses (abnormal flexion, 

abnormal extension, or no response), impaired oculocephalic response, and bilateral non-

reactive pupils, reflected the severity of the injury in those patients requiring surgery. The 

presence of abnormal neurological signs was associated with high mortality. This was 

reported for the whole sample, for those requiring craniotomy, and for those who did not 

require surgery. Increased ICP, defined as an ICP greater than 20 mm Hg lasting for 

more than IS minutes, occurred more fi^quently in patients requiring craniotomy (70%). 

The incidence of uncontrolled ICP (increased ICP that could not be reduced by 

hyperventilation, CSF drainage, or mannitol) was higher for patients requiring craniotomy 

(43%) than for those who did not require surgery (10%). Thus, brain shift greater than 5 

mm from midline that reqiiired craniotomy and increased ICP may give an indication of 

the extent of damage to the brain. 

Miller, Becker, Ward, Sullivan, Adams and Rosner (1977) evaluated intracranial 

pressure and the relationship of intracranial pressure to outcome in 160 patients with head 

injury, hicreased intracranial pressure was defined as an ICP greater than 10 mm Hg. 
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Outcome was assessed using the Glasgow Outcome Scale. Sixty^-two of the patients had 

evidence of S mm or more of midline shift requiring surgery for removal of a mass lesion 

(hematoma). Ninety-eight of the patients had no evidence of midline shift and were 

considered to have difKise brain injury, hi the patients with midline shift, 60 of the 62 

patients had an initial ICP greater than 10 mm Hg. The 2 patients that did not have an 

elevated ICP bad evidence of CSF drainage firom the nose (rhinonhea). Of the 98 

patients with difiuse brain injury, 72 (73%) had an initial ICP greater than 10 mm Hg. A 

significant association was reported between the presence of a mass lesion and an 

elevated ICP (p<.001). Of the 62 patients with mass lesion, 31 (50%) had a good 

recovery or moderate disability and 25 (40%) died. Of the 98 patients with diffuse brain 

injury, 65 (66%) had a good recovery or moderate disability and 23 (23%) died. There 

was no association reported between the initial ICP and outcome. Of the patients with 

intracranial mass lesion and ICP greater than 10 mm Hg, 52% (31 of 60 patients) had a 

good recovery or moderate disability and 38% (23 of 60 patients) died. Of the patients 

with diffuse brain injury and ICP greater than 10 mm Hg, 60% (43 of 72 patients) had a 

good recovery or moderate disability and 29% (21 of 72 patients) died. Thus, the 

presence of a mass lesion was associated with an increase in ICP. Although no 

association was reported between ICP and outcome, a higher percent of patients died if a 

mass lesion was present (38%) than patients with diffiise brain injury (29%). 

Marshall, Smith, and Shapiro (1979) evaluated the outcome of 100 patients 

following severe head injury. Outcome was assessed 3 months after discharge using the 
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Glasgow Outcome Scale. Increased ICP was defined as an ICP greater than 15 mm Hg. 

Fifty-five of the patients had an initial ICP greater than 15 mm Hg and 25 patients had an 

ICP greater than 40 mm Hg. The patients that had an ICP greater than 40 mm Hg were 

placed in a barbiturate coma. Of the 45 patients with ICP less than 15 mm Hg, 7 (16%) 

died while 35 (78%) had a good recovery or moderate disability. Of the 25 patients with 

ICP greater than 40 mm Hg, 9 (36%) died while 12 (48%) had a good recovery or 

moderate disability. Of the 30 patients with ICP between 15 and 40 mm Hg, 12 (40%) 

died and 13 (43%) had a good recovery or moderate disability. Of the patients with an 

ICP greater than 15 mm Hg, 38% (21 of 55 patients) died while those with an ICP less 

then 15 mm Hg, 16% (7 of 45 patients) died. Thus, an ICP greater than 15 mm Hg was 

associated with higher mortality than those with an ICP less than 15 mm Hg. The use of 

a barbiturate coma had therapeutic potential in treating an ICP greater than 40 mm Hg as 

evidenced by similar outcomes for patients with an ICP of 15 to 40 mm Hg and those 

with an ICP greater than 40 nun Hg (Marshall et al., 1979). 

Saul and Ducker (1982) described the outcome of two successive groups of 

patients with severe head injury. The first group of patients consisted of 127 patients 

with severe head injury in which treatment for elevated ICP was initiated when the ICP 

was 20 to 25 mm Hg. The second group of patients included 106 patients with severe 

head injury in which treatment for elevated ICP was started when the ICP was greater 

than 15 mm Hg. Outcome was assessed at 3 months after injury. Of the patients in the 

first group,43 ofthe 127 patients had an ICP of 25 mm Hg or greater. Ofthese, 84% (36 
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of 43 patients) died. Of the 84 patients with an ICP lower than 25 mm Hg, 26% (22 

patients) died. The overall mortality rate for the series of patients was 46% (58 of 127 

patients). Of the 106 patients in the second group, 26 patients had an ICP of 25 mm Hg 

or greater. Of these, 69% (18 of 26 patients) died. Of the 80 patients with an ICP lower 

than 25 mm Hg, 15% (12 of 80 patients) died. For the second group of patients, the 

overall mortality rate was 28% (36 of 106 patients). In comparing the groups of patients, 

there were significantly (p<.05) fewer deaths overall, fewer deaths in those with an ICP 

greater than 25 mm Hg, and fewer deaths in those with an ICP less than 25 mm Hg in the 

second group of patients. There were differences in the treatment regimen for the two 

groups of patients in terms of the treatment of elevated ICP. la the first group of patients, 

treatment was not initiated until the ICP was 20 to 25 mm Hg. The treatment included 

mannitol and CSF drainage. In the second group of patients, treatment was initiated 

when the ICP was greater than 15 mm Hg. The treatment included mannitol and CSF 

drainage. Also, if the ICP persisted at 25 mm Hg or greater, barbiturate therapy was 

initiated. The primary difference between the treatment for the two groups of patients 

was the ICP level at which treatment was initiated. Thus, treatment of ICP earlier, for 

greater than 15 mm Hg, rather then waiting for greater elevations, 20 to 25 mm Hg, 

reduced the mortality rate in patients with severe head injury. 

Resnick, Marion and Carlier (1997) described the outcome of 37 patients with 

increased intracranial pressure more the 96 hours after severe head injury. Increased ICP 

was defined as an ICP greater than 20 mm Hg. Outcome was assessed using the Glasgow 
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Outcome Scale 6 months or 1 year after injury. For the analysis, good recovery and 

moderate disability was combined as a good outcome; severe disability, vegetative state, 

and death were combined as a poor outcome. Fourteen of the 37 patients (38%) had a 

good outcome while 23 of 37 patients (62%) had a poor outcome. Six of the patients died 

(16%). The percent of time the patients were reported to have an ICP greater than 20 mm 

Hg was 19.4 ± 11.3% for patients with a good outcome and 14.6 ± 7.0% for patients with 

a poor outcome. Thus, the time the patient maintained a high ICP was not a significant 

predictor of outcome. The authors concluded that patients be aggressively managed 

despite elevations of ICP for more than 96 hours since a number of these patients were 

likely to make a good recovery (Resnick et al., 1997). 

In summary, elevations of the ICP was associated with higher mortality. Initiation 

of treatment for increased ICP at lower levels (10 to 15 mm Hg) reduced the mortality. 

While higher mortality was reported in patients with ICP elevations and persistent 

elevations, it was not a predictor of outcome. Aggressive management of elevations of 

ICP must be continued to improve outcome following traumatic brain injury. 

Hematoma. 

A hematoma, a collection of blood or a blood clot, is a form of focal injury that 

can occur in TBI. Hematomas generally increase the ICP and can cause damage to brain 

tissue not originally injured. Miller, Sweet, Narayan and Becker (1978) described the 

symptoms and intracranial lesions that occuned after primary brain damage in 100 

patients with head injury. Head injury resulting from motor vehicle crashes was most 
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firequently associated with multiple injuries. These multiple injuries included limb 

fi:actures, facial firactures, chest injuries, abdominal injuries and spinal cord injuries. 

Hypoxia (PaO^ less than 65 nun Hg), hypercarbia (PaCOj greater than 45 mm Hg), 

hypotension (systolic blood pressure less than 95 mm Hg), and anemia (hematocrit less 

than 30%) were systemic effects that may fiirther injure the aheady damaged brain. 

Hypotension and anemia were associated with multiple injuries. Hypoxia and 

hypercarbia tended to occur in patients sustaining only an injury to the brain suggesting 

that the damage to the brain may be responsible for the development of these insults. 

Mass lesions to the brain occuned more frequently in patients receiving injury from an 

assault or fall. The morbidity and mortality in patients receiving brain injury from an 

assault or fall were associated with the presence of mass lesion, while those receiving 

injury from a motor vehicle crash had systemic injuries that resulted in hypotension and 

anemia. 

The relationship between the type of intracranial lesion and outcome in II07 

patients with severe head injury was investigated by Gennarelli, Spielman, Langfitt, 

Gildenberg, Harrington, Jane, Marshall, Miller and Pitts (1982). Intracranial lesions were 

defined as focal or dif&ise. Focal lesions, injuries as a result of a "space occupying lesion 

causing mass effect" (Gennarelli et al., 1982, p. 27) identified on the computed 

tomography (CT) scan, included epidural hematomas, acute subdural hematomas and 

other focal lesions. Difiuse lesions were injuries that produced coma without a mass 

lesion on the CT scan. The severity of the lesion was based on the Glasgow Coma Scale 
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score, with more severe lesions having a Glasgow Coma Scale score of 3 to 5 and less 

severe lesions having a Glasgow Coma Scale score of 6 to 8. The mortality rate was three 

times higher in patients with more severe lesions. The mortality rate was l.S times higher 

in patients with a focal lesion than in those with a diffuse lesion. The focal lesion 

reported most frequently was an acute subdural hematoma. Patients with focal lesions 

tended to have lower Glasgow Coma Scale scores, representing more severe lesions. The 

most severe lesion, which had the highest percent of patients with Glasgow Coma Scale 

scores of 3 to 5, was difiuse injury accompanied with decerebrate posturing. The highest 

mortality rate was in those with subdural hematoma with a Glasgow Coma Scale score of 

3 to 5. Thus, it was a combination of the lesion type and the severity of the lesion as 

represented by the Glasgow Coma Scale score that accounted for the mortality rate. 

Gudeman, Kishore, Miller, Girevendulis, Upper and Becker (1979) investigated 

the incidence of the development of delayed intracerebral hematoma in 162 patients with 

severe head injury. Delayed intracerebral hematoma was defined if "no lesion or a 

negligible abnormality (usually of decreased CT scan density) was present on the initial 

scan and the patient then developed a parenchymal high density lesion on subsequent 

studies" (Gudeman et al., 1979, p. 309). Delayed intracerebral hematoma was identified 

in 12 of the patients. The lesions identified were present in the firontal, temporal, 

occipital, or parietal lobes, or multiple lesions were present. A secondary systemic event 

was reported in 11 of the 12 patients which included hypoxia, elevated pCO^, lowpH, 

hypotension, or low hematocrit In most of the patients, the ICP did not rise during 
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development of the hematoma, and in only 2 of the patients was there deterioration in the 

neurological status. The authors speculated that the development of delayed intracerebral 

hematoma may be related to secondary hypoxia which "leads to relaxation of 

cerebrovascular resistance and will also increase intravascular pressure in the capillary 

bed" (Gudeman et al., 1979, p. 311). If there was some weakness in the vessel wall, a 

hematoma would then form. 

Talk then deteriorate. 

Talking by the patient after suffering a head injury has been related to the extent 

of damage firom the injury (Reilly, Graham, Adams & Jennett, 1975). Talking was not 

equated with level of consciousness, but with a lucid interval described as complete if 

talking was normal and partial if speech was confused or included only mutterings. In the 

postmortem examination of the brain of 66 patients who died after head injury, evidence 

of diffuse axonal injury was not reported in the patients who talked after injury, hi those 

who talked initially after injury and then lost consciousness, hematoma and severe 

contusions were reported. 

Rose, Valtonen and Jennett (1977) investigated factors that contributed to death in 

116 patients who talked and deteriorated after head injury. Having talked was defined as 

uttering recognizable words immediately after injury or after an immediate period of 

unconsciousness. Factors contributing to death that were identified mcluded a delay in 

treatment of intracerebral hematoma, poorly controlled epilepsy, meningitis, airway 

obstruction, and hypotension. These fiictors were present in 86 (74%) of the patients. 
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Marshall, Toole and Bowers (1983) examined the characteristics of 34 patients 

with head injury who talked and deteriorated. Following the initial injury, the verbal 

response of the patients ranged from uttering inappropriate words to oriented. The 

patients then deteriorated to a Glasgow Coma Scale score of 8 or less, to the category of 

severe head injury. Of the 34 patients, 18 (53%) died. The remaining 16 patients 

recovered with severe disabilities, moderate disabilities, or made a good recovery. The 

degree of midline shiit on the CT scan was identified as a factor in the outcome of these 

patients. Of the 11 patients with midline shift less than S mm, 4 died (36%). When the 

midline shift was greater than IS nmi, 88% died (7 of 8 patients). Seventy-one percent of 

the patients (24 of 34 patients) required craniotomy for hematoma. The hematoma 

included subdural hematoma (13 patients), epidural hematoma (4 patients), intracerebral 

hematoma (6 patients), and one patient with subdural and intracerebral hematomas. Of 

the patients who died, 89% had a surgical lesion (16 of 18 patients), whereas of those 

who recovered, 50% required surgery (8 of 16 patients). 

Rockswold, Leonard and Nagib (1987) investigated factors that may account for 

the deterioration in the condition of 33 patients who talked and deteriorated after head 

injury. Talking was defined as having spoken intelligible words. The patients 

deteriorated within 48 hours of the injury to a Glasgow Coma Scale score of 8 or less, a 

severe head injury. Fifteen of the patients died (45%). Of the 30 patients with midline 

shift on the CT scan, 15 (50%) died. Sixty^ne percent of the patients with midline shift 

greater than 5 mm died. There was little difference in morbidity when examining 5-15 
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mm or greater than 15 mm midline shift (5-15 mm, 60% died; greater than IS mm, 61% 

died). The midline shift was the result of subdural, epidural and intracerebral hematomas. 

Autopsy was performed on 13 of the IS patients who died. Nine (60%) of the deaths 

were the result of the severity of the brain injury or associated injuries. Six (40%) of the 

deaths were attributed to preventable factors which included hematoma development after 

hematoma evacuation, respiratory insufficiency after extubation, and transftision reaction. 

The authors concluded that the injuries sustained by patients who talked and deteriorated 

were severe and life-threatening (Rockswold et al., 1987). Close monitoring of the 

patients following the injury is important in decreasing morbidity and mortality. 

Variables that may be predictive of outcome were examined in 32 patients who 

talked following severe head injury then deteriorated (Ratanalert & Phuenpathom, 1990). 

The patients deteriorated within 48 hours of injury to a Glasgow Coma Scale score of 7 or 

less. Talking after injury ranged from inappropriate speech to oriented. Outcome from 

injury was assessed using the Glasgow Outcome Scale. Thirteen (41%) of the patients 

died and 17 (S3%) of the patients recovered with severe disability, moderate disability, or 

made a good recovery. Two of the patients remained in a vegetative state. The authors 

divided the patients on the basis of good outcome (good recovery or moderate disability) 

and poor outcome (severe disability, vegetative state, or death) in describing the outcome 

of the patients. The median lucid interval was longer for the patients who had a good 

outcome (7.5 hours) than for those with a poor outcome (4 hours). The median time 

between deterioration and neurosurgery was shorter for those with a poor outcome (2.5 
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hours) than for those who had a good outcome (6 hours). Of the patients who had a poor 

outcome, 10 had bilateral fixed pupils and none had normal pupillary light reflex. A 

normal pupillary light reflex was present in 7 patients with good outcome and bilateral 

fixed pupils was present in 3 patients with a good outcome. The authors stated that this 

would indicate that "intervention must be done before the irreversible secondary brain 

damage developed" (Ratanalert & Phuenpathom, 1990, p. 29). 

Histological examination. 

The structural changes that occur in the brain as a result of secondary injury have 

been reported fi-om histological examination. These changes include unilateral or 

bilateral necrosis in the parahippocampal gyrus, pressure necrosis in the cingulate gyrus, 

necrosis in the medial occipital cortex and presswe necrosis in the cerebellar tonsils 

(Mitchell & Adams, 1973). 

Systemic Events 

The systemic events reported following TBI included hypoxia, hypercarbia and 

hypotension. Miller and Becker (1982) investigated the fi«quency of secondary injuries 

to the brain and the relationship of secondary injury to outcome in 225 patients with 

severe head injury. Secondary injury was the result of systemic causes (hypoxemia, 

hypotension, anemia, hypercarbia) or intracram'al causes (hematoma, increased ICP). 

Outcome was assessed 6 months after injury using the Glasgow Outcome Scale. Arterial 

hypoxemia, de&ed as a PaOj less than 60 mm Hg, was the most fisquently reported 

secondary injury. Seventy-eight of the 225 patients (35%) had evidence of arterial 
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hypoxemia and 50% of these patients died. Hypotension, defined as systolic blood 

pressure less than 95 mm Hg, was reported in 15% of the patients (34 of225 patients). 

Of those with hypotension, 53% died. Anemia and hypercarbia were repotted in 9% and 

8% of the patients, respectively. While fewer patients experienced these insults, a higher 

percent of these patients died, 52% of those with anemia and 67% of those with 

hypercarbia. In those with no secondary injury (120 of225 patients), only 24% died and 

64% made a good recovery or had moderate disabilities. The secondary injury may be a 

result of multiple injuries in addition to the head injury. The patients experiencing 

hypotension and anemia were those with multiple injuries. Hematoma formation and 

increased ICP were the secondary injuries of intracranial origin that occurred most 

frequently. Hematoma formation was reported in 41% of the patients (93 of 225 

patients). Subdural hematoma, intracranial hematoma and extradural hematoma were 

included under the heading of hematoma formation. All the hematomas were treated 

surgically. Of those with hematoma formation, 55% died. This was in contrast to those 

with no hematoma formation of which only 18% died. Two hundred of the 225 patients 

had ICP monitoring after injury. Ninety-five of these patients experienced increased ICP, 

defined as an ICP greater than 20 mm Hg. The mortality rate of the patients with 

increased ICP was 47%. Of the patients with normal ICP, the mortality rate was 19%. 

Thus, higher mortality was reported in patients that experienced secondary injuries firom 

systemic or intracranial causes. 
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Kohi, Mendelow, Teasdale and AUardice (1984) investigated the relationship of 

hypoxia and hypotension to outcome in 67 patients with acute head injury. Hypoxia was 

defined as PaOj less than or equal to 65 mm Hg or respiratory distress that required 

mechanical ventilation. Hypotension was defined as a systolic blood pressure less than or 

equal to 90 mm Hg. Outcome was assessed 6 months after injury using the Glasgow 

Outcome Scale. For the analysis, the outcome categories were combined into a favorable 

outcome (good recovery or moderate disability) and an unfavorable outcome (severe 

disability, vegetative state, or death). The patients were categorized as hypoxic only, 

hypotensive only, both hypoxic and hypotensive, and neither hypoxic or hypotensive. Of 

the 18 patients that were hypoxic, II (61%) had an unfavorable outcome. Fifty percent of 

the patients that were hypotensive (1 of 2 patients) had an unfavorable outcome. Sbc 

patients were both hypoxic and hypotensive. All had an unfavorable outcome. Forty-one 

patients were neither hypoxic or hypotensive. Of these, 11 (27%) had an unfavorable 

outcome. Hypoxia and hypotensive were associated with outcome (p<.005), with a 

cumulative effect for those with both hypoxia and hypotension such that the outcome was 

unfavorable in those with both. Thus, hypoxia and hypotension need to be managed early 

after injury in an effort to improve outcome. 

The role of hypoxia and hypotension on outcome was investigated in 717 patients 

with severe head injury (Chestnut, Marshall, Klauber, Blunt, Baldwin, Eisenberg, Jane, 

Marmarou & Foulkes, 1993). Severe head injury was defined as a GCS score of 8 or less 

on admission or during the first 48 hours after injury. Outcome was defined as the first 
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recorded Glasgow Outcome Scale score which ranged from 5 to 255 days after injury. 

Hypotension was defined as systolic blood pressure less than or equal to 90 mm Hg. 

Hypoxia was defined as PaOj less than or equal to 60 mm Hg or as cyanosis or apnea 

prior to Emergency Room (ER) admission. Patients were grouped by hypoxia only, 

hypotension only, both hypoxia and hypotension, or neither hypoxia or hypotension. 

When examining patients on arrival in the ER (n=699), 60.2% of the 113 patients with 

hypotension died, 33.3% of the 78 patients with hypoxia died, and 75% of the 52 patients 

with hypoxia and hypotension died, while only 27% of those with neither hypoxia or 

hypotension died. The percent of patients with severe disability or vegetative state was 

approximately equal in each group (14.1% for those with hypotension, 21.8% for those 

with hypoxia, 19.2% for those with both hypoxia and hypotension and 21.9% for those 

with neither hypoxia and hypotension). Thus, hypotension with and without hypoxia 

accounted for the greatest mortality from secondary injury. 

In summary, high mortality rates were reported in patients that experienced 

secondary injury from intracranial causes specifically those with hematoma formation 

that was surgically treated and those with increased ICP. Of those with secondary injury 

from systemic events, an unfavorable outcome in terms of severe disability, vegetative 

state, or death was reported in those with anemia, hypercarbia, hypoxia and/or 

hypotension. Thus, it is important to prevent and treat secondary injuries early to 

improve outcome. 
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Summary 

Neurons and neuroglia are destroyed in TBI when the head contacts an object or 

by rapid acceleration and deceleration of the head. The damage that occurs in TBI is 

classified as primary injury and secondary injury. Neurons, neuroglia, and vascular tissue 

are damaged or destroyed at the time of the injury. The damage to neurons and neuroglia 

have been reported in white matter tracts. Damage to vascular tissue in the form of 

hematomas or irregular discolorations resulted fi:om the tearing of bridging vessels and 

arteries. Secondary injury occurred as a result of intracranial and systemic events. 

Increased intracranial pressure, hematoma formation, hypoxia, hypercarbia, and 

hypotension have been associated with high mortality in patients following TBI. 

Prevention of secondary injury through early recognition and prompt treatment will 

improve the outcome of patients with TBI. 

Biological Measures 

With a traumatic brain injury, a cascade of events is set in motion by the primary 

injury that results in the destruction of the cell. There is an interplay of multiple 

mechanisms including increased intracellular calcium, excessive release of excitatory 

neurotransmitters, production of oxygen fi«e radicals, oxygen free radical induced lipid 

peroxidation, and activation of the arachidonic acid cascade. 

Excessive calcium ion entry into the injured cells increases intracellular calcium 

levels. Shapira, Lam, Artru, Eng and Soltow (1993) reported a significant increase in the 

concentration of calcium in the injured cortex 48 hours after injury. Fineman, Hovda, 
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Smith, Yoshino and Becker (1993) reported calcium accumulation in the ipsilateral 

cerebral cortex up to 48 hours after lateral fluid percussion injury. Calcium increase in 

the gray matter and white matter of the injured and contralateral cortex occurred at 

different intervals (Shapira, Yadid, Cotev & Shohami, 1989). Following head traimia, the 

concentration of calcium in the gray matter of the injured hemisphere increased 

significantly at 1 hour after injury. Marked increases in the concentration of calcium 

were reported in gray matter and white matter of both the injured and contralateral cortex 

at 24 hours after injury. At 48 hours after injury, further increase in the calcium 

concentration was reported in the gray matter of the injured cortex. In a cell culture 

model, intracellular calcium levels increased when exposed to glutamate, N-methyl-D-

aspartate (NMDA), and with ATP depletion (Kim-Lee, Stokes & Anderson, 1993). 

When calcium was removed from the perfusate (extracellular calcium), intracellular 

calcium increased with exposure to glutamate, NMDA and with depletion of ATP which 

indicated that the source of intracellular calcium was from intracellular stores rather than 

from extracellular sources. 

hi response to TBI, widespread neuronal depolarization resulted in the release of 

excitatory neurotransmitters, including glutamate (Hayes, Jenkins, & Lyeth, 1992). The 

concomitant release of inhibitory neurotransmitters may modulate the excitability of the 

neurons. Faden, Demediuk, Panter and Vink (1989) reported peak glutamate levels 10 

minutes after severe brain injury. Gliitamate levels remained elevated above control 

levels for greater than I hour after injury. Brown, Baker, Konasiewicz and Moulton 
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(1998) reported glutamate release following severe traumatic brain injury with the highest 

levels 12 hours after injury. Higher levels were reported in those who did not survive 

than those who survived the injury. Stover, Morganti-Kossmann, Lenzlinger, Stocker, 

Kempski and Kossmann (1999) reported increased glutamate levels on day 1 following 

brain injury, with the highest levels in patients with contusions. In patients with subdural 

or epidural hematoma, glutamate levels increased on day 5 after injury then decreased on 

day 14. In patients with contusions or generalized edema, glutamate levels decreased on 

day 5 and day 14. Nilsson, Hillered, Ponten, and Ungerstedt (1990) reported an increase 

in glutamate and aspartate following moderate and severe cortical compression contusion 

injury. There was also an increase in the inhibitory amino acids gamma-aminobutyric 

acid (GABA), taurine and adenosine. Palmer, Marion, Botscheller, Swedlow, Styren and 

DeKosky (1993) reported an increase in glutamate and aspartate levels following 

moderate and severe controlled cortical impact brain injury. The increase in glutamate 

and aspartate was greater following severe injury. A cavity lesion was reported at the 

injury site with reactive astrocytes present surrounding the site. Glutamate may 

exacerbate the damage that results following brain injury. The lesions produced by 

glutamate infusion was similar in volume to that produced by fluid percussion injury (Di, 

Gordon & Bollock, 1999). When glutamate was perfused following fluid percussion 

injury, the volume of damage was significantly greater that fiom glutamate alone or injury 

alone. 
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Increased intracellular calcium activates phospholipases which act to breakdown 

membranes. Free radicals are produced and in conjunction with phospholipases attack 

membranes to generate more free radicals and lipid peroxides. Oxygen radical formation 

occurred early after injury. Lipid peroxidation and blood barrier disruption began early 

after injury and increased in intensity. Hall, Andrus and Yonkers (1993) reported 

hydroxyl radical formation by 1 minute after concussive head injury with peak levels 5 

minutes after moderate concussive injury and peak levels 30 minutes after severe 

concussive injury. Following moderate concussive head injury, an increase in hydroxyl 

radical formation was reported 5 minutes after injury with peak levels 15 minutes after 

injury (Hall, Andrus, Yonkers, Smith, Zhang, Taylor & Sun, 1994). A similar pattem of 

hydroxyl radical formation was reported following controlled cortical impact head injury 

(Hall et al., 1994). Evidence of lipid peroxidation occurred by 5 minutes after injury. 

Blood brain barrier disruption was evident 5 minutes after injury increasing at 30 and 60 

minutes after injury. Following fluid percussion brain injury, superoxide was generated 

during injury and 1 hour following the injury which resulted in sustained vasodilation of 

small and large cerebral arterioles (Kontos & Wei, 1986). 

Lipid peroxidation was evident at the synapse with a biphasic profile of increase 

early after injury, at 30 minutes, and 24 hours after injury (Sullivan, Keller, Mattson & 

Scheff, 1998). Following mild brain injury, levels of lipid peroxides were highest 

immediately after injury and decreased at 1 hour and 36 hours after injury (Inci, Ozcan & 

Kilinc, 1998). The decrease was attributed to the ability of the tissue to defend against 
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lipid peroxidation (able to handle the production of free radicals). Following severe brain 

injury, the level of lipid peroxides increased to peak levels at 36 hours after injury. 

Increased intracellular calcium also activates degradative enzymes, specifically 

neutral proteases, phospholipases, and lysosomal ens^mies. Neutral proteases, 

specifically calpains, degrade neurofilaments, myelin, microtubules, and other structural 

proteins (Kampfi, Posmantur, Zhao, Schmutzhard, Cliiion & Hayes, 1997). 

Phospholipases act to breakdown membrane phospholipids which leads to the release of 

phosphatides, inorganic phosphates and arachidonic acid. 

In this study, the biological measures that will be investigated are CSF 

phospholipids and CSF creatine kinase isoenzyme. 

Phospholipids 

Phospholipids and cholesterol are the prominent lipids in the CSF (Dlingworth & 

Glover, 1971), with phospholipids a constituent of the membranes of neurons and 

neuroglia. Different mechanisms are required to remove the fatty acids fiom the I- and 2-

position of the phospholipid (Figure 1). The fatty acid at the 2-position can be released 

by the action of phospholipase A2, the action of phospholipase C followed by diglyceride 

lipase, or the action of phospholipase Ai followed by lysophospholipase (Shohami, 

Shapira, Yadid, Reisfeld & Yedgar, 1989). 

The mechanism for activation of the phospholipases is not known. Activation 

may occur as a result of substances released from brain tissue or substances that enter the 
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brain from the bloodstream when the blood brain barrier is compromised during an injury 

(Wei, Lamb & Kontos, 1982). 

Billah, Lapetina and Cuatrecasas (1980) studied phospholipase Aj and C activity 

in the platelets from horses. Phospholipase C activity was reported at a pH of 7.4 and no 

increase in the calcium level. Phosphatidylinositol was the only phospholipid degraded 

under these conditions. Diacylglycerol accumulated, but no arachidonic acid or 

arachidonic acid products were reported. With an increase in the calcium level, 

arachidonic acid products increased as well as diacylglycerol. The increase in 

arachidonic acid was thought to be the result of the breakdown of 

phosphatidylethanolamine and phosphatidylcholine by the action of phospholipase Aj 

since the decrease in concentration of these phospholipids was nearly equivalent to the 

increase in arachidonic acid metabolites. The authors concluded that phospholipase 

acted on phosphatidylethanolamine and phosphatidylcholine but not phosphatidylinositol, 

while phospholipase C hydrolyzed phosphatidylinositol (Billah et al., 1980). 

The level of calcium and pH affected the activity of the phospholipases (Billah et 

al., 1980). Both phospholipase A, and phospholipase C required calciimi, but 

phospholipase Aj required a higher concentration of calcium. The activity of 

phospholipase increased as the pH increased from 7.5 to 9.5 while phospholipase C 

activity decreased as the pH increased. This was reflected as increased arachidonic acid 

metabolites and loss of phosphatidylethanolamine and phosphatidylcholine 
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(phospholipase activity) and as decreased diacyiglycerol and little change in the 

concentration of phosphatidylinositol (phospholipase C activity). 

The location of phospholipase Aj and phospholipase C in the cell was thought to 

be different (Billah et al., 1980). Phospholipase A2 was thought to be a membrane 

associated enzyme while phospholipase C was thought to be located in the cytosol. A 

schema was proposed for the activation of phospholipase Aj and phospholipase C. 

Phospholipase C was activated at pH 7.4, calcium levels then increased from actions 

within the cell, which in turn activated phospholipase A2 (Billah et al., 1980). 

Studies have been done on phospholipid changes in the brain and the CSF of 

animals and humans following TBI and ischemia. These studies will be reviewed. 

Evidence of phospholipase activity, specifically phospholipase Aj and C activity on 

specific phospholipids, changes in phospholipase activity following head injury, 

ischemia, and hypoxia, the release of specific substances as a result of phospholipase 

activity, and the products of the lipoxygenase and cyclo-oxygenase pathways will be 

included in the review. This study will address phospholipid changes in the CSF of 

humans following TBI. 

The findings of the studies related to phospholipase activity and phospholipid 

changes following brain injury in humans and animals are summarized in Table I. 

Shohami, Shapira, Yadid, Reisfeld and Yedgar (1989) investigated phospholipase A^ 

activity following head injury in rats using a fluorescence phospholipid analogue which 

on interaction with cells yielded a fiitty acid analogue released fit>m the 2-position of the 
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Table 1. Phospholipase activity and phospholipid changes following brain injury in 
animals and humans 

Researcher Sample Results 

Shohami et al., 
1989 

Weietal., 1982 

Edgar etal., 1982 

Rehncona et al., 
1982 

Rats following 
head injury 

Cats after fluid 
percussion injury 
to the brain 

Gerbils following 
bilateral carotid 
artery ligation 
then decapitation 

Rats following 
complete 
ischemia by 
decapitation then 
freezing and 
incomplete 
ischemia by 
bilateral carotid 
artery clamping 
and hypotension 

Phospholipase Aj activity increased 
15 minutes after injury, continued to 
rise at 4 hours and 24 hours after 
injury, with greatest increase 24 
hours after injury. Prostaglandin Ej 
levels increased 4 hours and 24 hours 
after injury with the greatest increase 
24 hours after injury. 

Diacylglycerol levels increased after 
injury indicating phospholipase C 
activity. 

Rapid increase in Phospholipase A, 
and A2 activity within 60 seconds 
following ischemia. 

Significant increase in free fatty 
acids after S minutes and 30 minutes 
of complete and incomplete ischemia 
with greatest increase after 30 
minutes of ischemia. Greater 
increase in free &tty acids during 
complete ischemia than incomplete 
ischemia. Retum office fatty acid to 
control levels during 90 minutes of 
recirculation. 
Greatest increase in arachidonic acid 
and stearic acid during complete and 
incomplete ischemia with return to 
control levels during 90 minutes of 
recirculation. 
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Table 1. (Continued) 

Researcher Sample Results 

Dhillon et al., 
1994 

Homayoun et al., 
1997 

Rats following 
controlled cortical 
impact injury to 
left parietal cortex 

Rats after cortical 
impact injury to 
right 
somatosensory 
cortex (right 
frontal cortex) 

Total ftee fatty acid levels greater at 
injury site at 30 minutes, 2.5 hours 
and 24 hours after injury with the 
greatest increase in arachidonic acid 
and stearic acid levels. 
At site adjacent to injured cortex, 
total free fatty acid levels greater at 
2.5 and 24 hours with arachidonic 
acid and stearic acid with the greatest 
increase. 
Extravasation of Evans blue dye 
(blood barrier breakdown) greatest at 
injury site 10 hours after injury. 

Free fatty acid content higher on day 
4 and day 35 in right frontal cortex 
with greatest increase on day 4. All 
free fatty acids significantly (p<.05) 
elevated from control with greatest 
relative changes in docosahexaeonic 
acid, stearic acid, and arachidonic 
acid. Free fatty^ acid levels also 
increased in right frontal cortex and 
right occipital cortex. 
Diacylglycerols were significantly 
(p<.05) elevated in right fix)ntal 
cortex on day 4 and day 35 after 
injury, with greatest increase on day 
35. 
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Table 1. (Continued) 

Researcher Sample Results 

Dhillon et al., 
mi 

Rats following 
lateral fluid 
percussion injury 
to left parietal 
cortex 

Lactate levels significantly higher in 
injured cortex at 5 minutes, 20 
minutes, 30 minutes, 1 hour, 2.5 
hours, 6 hours, and 24 hours after 
injury, with highest level 5 minutes 
after injury. 
Total ^e fatty acid levels 
significantly higher in injured cortex 
at S minutes, 20 minutes, 30 minutes, 
I hour, 2.S hours, 6 hours, and 24 
hours after injury, with highest level 
5 minutes after injury. 
Levels of stearic acid were highest S 
minutes after injury then decreased 
remaining higher that control levels 
at all time periods. Levels of 
arachidonic acid were higher than 
controls at 5 minutes 20 minutes and 
30 minutes after injury with highest 
level 5 minutes after injury. 
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Table 1. (Continued) 

Researcher Sample Results 

Yoshida et al. 
1980 

Gerbils following 
ischemia by 
bilateral common 
carotid artery 
occlusion and 
reperfusion 

Increase in total &ee fatty acid levels 
I minute after occlusion, continued 
to increase with highest level 30 
minutes after occlusion. Greatest 
increase in stearic acid and 
arachidonic acid levels. 
Following reperfusion, increase in 
total free fatty acid levels 5 minutes 
after reperfusion, then decreased to 
control levels by 180 minutes of 
reperfiision. 
Following 30 minutes of occlusion, 
phosphatidylcholine levels decreased 
slightly while 
phosphatidylethanolamine levels 
decreased significantly from control 
levels. Levels of 
phosphatidylcholine returned to 
preischemic levels by 30 minutes of 
reperfrision. Levels of 
phosphatidylethanolamine were 
variable during the period of 
reperfusion. 
No change in the levels of 
malonyldialdehyde precursors (lipid 
peroxides) during ischemia, levels 
increased during 30 minutes of 
reperfusion then decreased below 
control levels after 90 minutes of 
reperfusion. 
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Table 1. (Continued) 

Researcher Sample Results 

Yasuda et al., 
1985 

Mice following 
ischemia by 
decapitation then 
freezing the brain 
at specific times 

Rapid increase in arachidonic acid 
and stearic acid from 30 seconds to 1 
minute, then slow rate of increase 
over 10 minutes of ischemia. Slow 
steady increase in palmitic acid and 
oleic acid over 10 minutes of 
ischemia. 
Rapid rate of decrease in ATP level 
toward depletion by I minute of 
ischemia. This decrease in ATP 
levels corresponded to increase in 
arachidonic acid and stearic acid. 

Marion & Wolfe, 
1979 

Sunetal., 1980 

Rats after 
decapitation 

Rats following 
ischemia and 
hypoxia 

Phosphatidylcholine and 
phosphatidylinositol were the 
primary source of arachidonic acid 
following decapitation. 

Decrease in arachidonic acid 
composition of phospholipids ader 
30 minutes of hypoxia and 5 minutes 
of ischemia, with greatest decrease 
after hypoxia. Decrease in 
polyunsaturated fatty acid content of 
phosphoUpids after hypoxia and 
ischemia, with greatest decrease after 
ischemia. Increase in monosaturated 
fatty^ acid content of phospholipids 
after hypoxia and ischemia. 
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Table 1. (Continued) 

Researcher Sample Results 

Abe et al., 1987 Gerbils with 
ischemia after 
carotid artery 
ligation 

Decrease in levels of ATP 
throughout period of ischemia. 
Increase in diacylglycerol after 10 
seconds of ischemia and continued 
increase to maximum at IS minutes 
of ischemia. Increase in stearic acid 
and arachidonic acid levels by 30 
seconds of ischemia then continued 
to increase to highest levels at IS 
minutes of ischemia. Phospholipids 
identified included primarily 
phosphatidylcholine, 
phosphatidylethanolamine, and 
phosphatidylserine with smaller 
amounts of sphingomyelin, 
phosphatidic acid, cardiolipin and 
inositol containing phospholipids. 
During IS minutes of ischemia, 
decrease in phosphatidic acid and 
inositol containing phospholipids. 
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Table 1. (Continued) 

Researcher Sample Results 

Nakano et al.. 
1990 

Gerbils following 
ischemia by 
bilateral carotid 
artery occlusion 
then recirculation 
then second 
period of ischemia 

Levels of free fatty acids increased 
after 5 minutes of ischemia, 
continued to increase at 3 minutes of 
recirculation, decreased to control 
levels by 1 hour of recirculation, 
increased at 24 hours of 
recirculation, with second greater 
peak at 3 days of recirculation, 
followed by a second decrease to 
control levels by 6 days of 
recirculation. 
Free fatty acid levels increased 
following the second period of 
ischemia following 3 minutes of 
recirculation, 3 days of recirculation, 
and 6 days of recirculation. 
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Table L (Continued) 

Researcher Sample Results 

Umemura et al., 
1992 

Rats after 
complete 
ischemia by 
cardiac arrest 

Following complete ischemia, levels 
of stearic acid and arachidonic acid 
increased over 8 minutes of 
ischemia. 
Treated with phosphoUpase inhibitor 
(pheniymethylsulfonyl fluoride): 
Increase in arachidonic acid and 
stearic acid was significantly less at 2 
minutes and 4 minutes of ischemia. 
Increase in palmitic acid and oleic 
acid was significantly less at 4 
minutes and 8 minutes of ischemia. 
Treated with MK-801: Increase in 
arachidonic acid was significantly 
less at 2 minutes and 4 minutes of 
ischemia. Increase in stearic acid 
was significantly less at 2 minutes, 4 
minutes, and 8 minutes of ischemia. 
Increase in palmitic acid and oleic 
acid was significantly less at 4 
minutes and 8 minutes of ischemia. 
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Table 1. (Continued) 

Researcher Sample Results 

Parsons et al., 
1997 

Patients following 
traumatic brain 
injury 

Injury fiom motor vehicle accident: 
Highest level of phosphatidylcholine 
and sphingomyelin within the first 24 
hours of admission. The levels then 
decreased to the lowest level in the 
final sample obtained. 
Injury firom falls: Highest level of 
phosphatidylcholine and 
sphingomyelin within the first 24 
hours of admission. Lowest level of 
phosphatidylcholine in the fourth 
sample obtained. Lowest level of 
sphingomyelin in the second sample 
obtained. 
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phospholipid. The head injury was produced by a weight dropped in the left side of the 

head. Phospholipase Aj activity was measured 15 minutes, 4 hours and 24 hours after 

injury. Increased phospholipase A; activity was reported as early as 15 minutes after 

injury. Phospholipase Aj activity continued to rise at 4 hours and 24 hours after injury, 

with the greatest increase 24 hours after injury. The free fatty acid, arachidonic acid, that 

was released by the action of phospholipase A; was then available for the arachidonic 

acid cascade, specifically for action by cyclo-oxygenase. Prostaglandin levels, 

specifically prostaglandin E^, were measured to reflect the products of the arachidonic 

acid cascade, bicreases in prostaglandin Ej were reported 4 hours and 24 hours after 

injury with the greatest increase 24 hours after injury. The increase in prostaglandin E2 

followed the increase in phospholipase Aj indicating that the arachidonic acid liberated 

was available for action by cyclo-oxygenase. 

Phospholipase C activity following a fluid percussion injury was studied in the 

brain of cats (Wei, Lamb & Kontos, 1982). Phospholipase C activity was defined as the 

conversion of a membrane bound, labeled phosphotidate to diacylglycerol since 

phospholipase C is responsible for the production of diacylglycerol. Increased levels of 

labeled diacylglycerol were reported following brain injury indicating that phospholipase 

C was activated as a result of the brain injury. 

Edgar, Strosznajder and Horrocks (1982) investigated phospholipase A, and A2 

activity following ischemia in the brain of gerbils. Ischemia was produced by bilateral 



71 

carotid artery ligation followed by decapitation. A rapid increase in phospholipase A, and 

A2 activity was reported within 60 seconds following ischemia. 

Following complete and incomplete ischemia, changes in the pool of fi«e fatty 

acids was reported in rats (Rehncrona, Westerberg, Akesson & Siesjo, 1982). Complete 

ischemia was induced by decapitation followed by freezing the brain and incomplete 

ischemia was induced by bilateral clamping of the carotid arteries and hypotension to a 

mean arterial pressure of SO mm Hg. A significant increase in free fatty acids was 

reported at S and 30 minutes of complete and incomplete ischemia (p<.001). The greatest 

increase in free fatty acids was reported at 30 minutes of ischemia. The increase in free 

fatty acids was greater during complete ischemia than incomplete ischemia. During the 

90 minutes of recirculation, the levels of free fatty acids returned to control levels. Of the 

individual free fatty acids, the greatest increase was reported in arachidonic acid and 

stearic acid during complete and incomplete ischemia. The levels returned to control 

levels during the 90 minutes of recirculation. Thus, phospholipase activity increased and 

the activity of phospholipases was reflected in the increase in the levels of free fatty acids. 

Dhillon, Donaldson, Dempsey and Prasad (1994) examined phospholipid 

breakdown and blood brain barrier breakdown in 43 rats following controlled cortical 

impact and 40 control rats. Phospholipid breakdown was defined as changes in the free 

fatty acid content at the injury site in the left parietal cortex, the cortex adjacent to the 

injury site, the contralateral cortex and the left and right hippocampus. The free &tty acid 

content was measured 30 minutes, 2.5 hours, and 24 hours after injury. Blood brain 
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bairier breakdoAvn was defined as extravasation of Evans blue dye administered 

intraperitoneally immediately following the cortical injury. Evans blue extravasation was 

measured 30 minutes and 10 hours after injury. The total free fatty acid levels were 

significantly greater (p < .05) than control levels at the site of injury 30 minutes, 2.5 hours 

and 24 hours, with the highest level 24 hours after injury. The fatty acids that had the 

greatest increase were arachidonic acid and stearic acid. At the site adjacent to the 

injured cortex, the levels of total free fatty acids were significantly greater (p < .05) than 

control at 2.5 and 24 hours after injury. Arachidonic acid and stearic acid were the fatty 

acids with the greatest increase. In the contralateral hemisphere and in the right and left 

hippocampus, the levels of total free fatty acids were not significantly different from that 

in the control animals. The extravasation of Evans blue dye was greatest at the injury site 

10 hours after injury. In the injured cortex, the accumulation of Evans blue dye was 

greater 10 hours after injury than 30 minutes after injury. Evans blue dye was not 

reported in the cortex adjacent to the site of injury or in the left or right hippocampus. 

Thus, phospholipids were broken down following cortical injury which was reported as 

an increase in free fatty acids, specifically arachidonic and stearic acid. The metabolites 

of arachidonic acid then acted to breakdown the blood brain barrier as evidenced by the 

increase in Evans blue dye extravasation in the injured cortex QDhillon et al., 1994). 

Homayoun, Rodriguez de Turco, Parkins, Lane, Soblosky, Carey and Bazan 

(1997) studied phospholipid metabolism in rats 4 days and 35 days after cortical impact 

injury. Phospholipid metabolism was defined as changes in free fiitty acids and 
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diacylglycerides. The brain injury was produced by the impact of a pneumatic piston to 

the right somatosensory cortex (right fit)ntal cortex). The fi«e &tty^ acid content was 

higher on day 4 and day 35 in the right frontal cortex than in the left fiontal cortex or in 

animals without injury (p<.OS), with the greatest increase reported on day 4. At day 4 

after injury, all the free fatty acids were significantly (p < .05) elevated from control, with 

the greatest relative changes in free fatty acids reported in docosahexaenoic acid, stearic 

acid, and arachidonic acid. At day 35, the free fatty acids that remained significantly 

elevated above control levels included stearic acid, oleic acid, and arachidonic acid. Free 

fatty acids were also significantly increased in other areas of the cortex including the left 

frontal cortex and the right occipital cortex at day 4 and day 35, however, the increase 

was not as great as that reported in the right frontal cortex. The diacylglycerols were 

significantly elevated (p < .05) on day 4 and day 35 in the right frontal cortex, with the 

greatest increase on day 35. At day 4, the greatest relative change in diacylglycerol-acyls 

was reported in docosahexaenoic, stearic and arachidonic diacylglycerols. At day 35, the 

diacylglycerol-acyls that were elevated included oleic and arachidonic diacylglycerols. 

Diacylglycerol levels were significantly increased in other areas of the cortex. At day 4, 

diacylglycerol was significantly increased in the left frontal cortex. At day 35, 

diacylglycerol levels were significantly increased in the left firontal cortex, right occipital 

cortex, left occipital cortex, and brain stem. Thus, the increase in fi%e &tty acids and 

diacylglycerols following cortical injury resulted from phospholipase activity initiated by 

the injury with the resultant breakdown of the phospholipid membrane. The 
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accumulation of fatty acids and diacylglycerols was in the area of the injury and in the 

surrounding areas of the brain. 

Dhillon, Dose, Scheff, and Prasad (1997) investigated lactate and fi«e &tty acid 

levels in 65 rats following lateral fluid percussion injury to the left parietal cortex and 9 

rats without lateral fluid percussion injury. Lactate levels were measured at 5 minutes, 20 

minutes, 30 minutes, 1 hour, 2.5 hours, 6 hours, and 24 hours after injury. Lactate levels 

were significantly higher in the injured cortex than control levels at all time periods 

(p<.05). The highest lactate level was reported 5 minutes after injury. In the penumbra, 

lactate levels were significantly higher than control levels at 5 minutes, 20 minutes, and 

30 minutes after injury (p<.05), with the highest level reported 5 minutes after injury. In 

the contralateral cortex, the level of lactate was significantly higher than control level at 5 

minutes after injury (p<.05). In the ipsilateral hippocampus, lactate levels were 

significantly higher than control levels at all time periods (p<.05), with the highest lactate 

level reported 5 minutes after injury. Total free fatty acid levels were significantly higher 

in the injured cortex than control levels at all time periods (p<.05). The highest total fi«e 

fatty acid level was reported 5 minutes after injury, bi the penumbra, the levels of total 

iGree fatty acid were significantly higher than control levels at 5 minutes and 30 minutes 

after injury (p<.05), with the highest level reported 5 minutes after injury, hi the 

contralateral cortex, the levels of total firee fiitty acids were significantly higher than 

control levels 5 minutes after injury (p<.05). In the ipsilateral hippocampus, levels of 

total fi«e &tty acids were significantly higher than control levels at 5 minutes, 20 
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minutes, and 30 minutes afier injury (p<.05), with the highest level reported 5 minutes 

after injury. The specific free fatty acids identified included palmitic acid, stearic acid, 

oleic acid, and arachidonic acid. In the injured cortex, the levels of stearic acid were 

highest 5 minutes afier injury then decreased but remained significantly higher the control 

levels at all time periods (p<.05). The levels of arachidonic acid were significantly higher 

than control levels at 5 minutes, 20 minutes, and 30 minutes after injury (p<.05), with the 

highest level 5 minutes after injury. Thus, the levels of lactate and fi«e fatty acids 

increased 5 minutes after injury and persisted for 24 hours in the injured cortex following 

fluid percussion injury. The persistence of the increase in lactate and fiee fatty acids 

indicated the contribution of delayed or a secondary process contributing to the loss of 

neurons afier traumatic brain injury (Dhillon et al., 1997). 

Yoshida, boh, Asano, Sano, Kubota, Shimazaki, and Ueta (1980) examined the 

effects of ischemia and reperfusion on the levels of firee fatty acids, phospholipids, and 

lipid peroxides (malonyldialdehyde precursors) in gerbils. Ischemia was induced by 

bilateral conunon carotid artery occlusion for 1 minute, 15 minutes, or 30 minutes. 

Reperfusion occurred afier 30 minutes of occlusion for periods of 5 minutes, 15 minutes, 

30 minutes, 90 minutes or 180 minutes. Following carotid artery occlusion, total firee 

fatty acid levels increased 1 minute after occlusion and continued to increase with the 

greatest increase after 30 minutes of occlusion. For the individual free fiitty acids, the 

greatest increase was reported in stearic acid and arachidonic acid. Following 

reperfusion, total fi»e &tty acid levels increased 5 minutes after leperfiision then 
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decreased to control levels by 180 minutes of reperfusion. Following reperfiision, the 

levels of arachidonic acid decreased 5 minutes after reperfusion and continued to decrease 

to control levels by 180 minutes of reperfusion. For stearic acid, palmitic acid, and oleic 

acid, the levels increased 5 minutes after reperftision then decreased to control levels by 

180 minutes after reperfusion. Phospholipid levels, specifically phosphatidylcholine and 

phosphatidylethanolamine, were examined at 30 minutes of occlusion and after 

reperfusion for 30 minutes, 90 minutes, or 180 minutes. Following 30 minutes of 

occlusion, levels of phosphatidylcholine decreased slightly while levels of 

phosphatidylethanolamine decreased significantly from control levels (p<.OS). Levels of 

phosphatidylcholine retumed to pre-ischemia levels by 30 minutes of reperfusion and 

remained at that level throughout the period of reperfusion. Levels of 

phosphatidylethanolamine were more variable in the reperfusion period with levels 

returning toward pre-ischemia levels at 30 minutes of reperfusion then decreased at 90 

minutes and 180 minutes of reperfusion. Levels of malonyidialdehyde precursors 

(thiobarbituric acid-reactive substances) did not change after 30 minutes of ischemia, 

increased at 15 minutes and 30 minutes of reperfusion, then decreased below control 

levels after 90 minutes of reperftision. Thus, the breakdown of phospholipids occurred 

following ischemia which resulted in an increase in free fatty acids. The increase in 

thiobarbituric acid-reactive substances during reperfusion suggested the role of lipid 

peroxidation during reperfusion (Yoshida et al., 1980). 



77 

Yasuda, Kishiro, Izumi and Nakanishi (198S) studied the time fi:ame for liberation 

of fi:ee fatty acids following ischemia in mice. Ischemia was induced by decapitation then 

freezing the brain 1 minute, 2 minutes, 5 minutes, and 10 minutes after decapitation. The 

level of arachidonic acid and stearic acid increased over 10 minutes of ischemia. The 

increase was described as biphasic with a rapid rate of increase from 30 seconds to 1 

minute followed by a slow rate of increase over 10 minutes of ischemia. A slow steady 

rate of increase over 10 minutes of ischemia was reported for palmitic acid and oleic acid. 

A decrease in the level of adenosine triphosphate (ATP) corresponded to the rapid 

increase in arachidonic acid and stearic acid. The rapid rate of decrease in ATP toward 

depletion occurred by 1 minute of ischemia. These findings suggested that the initial 

release of arachidonic acid and stearic acid required ATP. Thus, the activation of 

phospholipase Aj and/or phospholipase C may be ATP dependent. Once activated, the 

phospholipases continue to breakdown the membranes phospholipids releasing fatty 

acids. 

The specific phospholipids that serve as a source of arachidonic acid after 

decapitation has been studied in rats (Marion & Wolfe, 1979). Labeled arachidonic acid 

was injected intracerebrally 135 minutes prior to decapitation. Following preparation of 

the brain tissue, the origin of the labeled arachidonic acid was determined. The primary 

sources of arachidonic acid following decapitation were phosphatidylcholine and 

phosphatidylinositol. 
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Sun, Manning and Strosznajder (1980) investigated the fatty acid composition of 

phospholipids in rats following ischemia and hypoxia. Ischemia was induced by 

decapitation; hypoxia was produced by placing the rats in an environment with seven 

percent oxygen. A decrease in the arachidonic acid composition of phospholipids was 

reported after 30 minutes of hypoxia and 5 minutes of ischemia, with the greatest 

decrease following hypoxia. The changes in the fatty acid content of phospholipids 

following hypoxia and ischemia were different for saturated and unsaturated fatty acids. 

An increase in the saturated fatty acid content of phospholipids was reported following 

hypoxia and ischemia. A decrease in the polyunsaturated fatty acid content of 

phospholipids was reported following hypoxia and ischemia, with the greatest decrease 

following ischemia. An increase in the monosaturated fatty acid content of phospholipids 

was reported following hypoxia and ischemia. Because phospholipase Aj hydroiyses the 

fatty acids at the 2-position of the phospholipid and an unsaturated fatty acid (arachidonic 

acid) is generally at this position, the authors suggested that the decrease in arachidonic 

acid content of phospholipids following ischemia and hypoxia resulted from the 

activation of phospholipase Aj (Sun et al., 1980). 

Abe, Kogure, Yamamoto, Imazawa and Miyamoto (1987) investigated 

phospholipid, free &tty acid and energy changes during the first 15 minutes of ischemia 

in the fronto-parietal cortex of gerbils. Ischemia was induced by bilateral carotid artery 

ligation for 10 seconds, 20 seconds, 30 seconds, 1 minute, 2 minutes, 5 minutes, and IS 

minutes. The amount of adenosine triphosphate (ATP) decreased throughout the period 
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of ischemia. The decrease was reported at 10 seconds of ischemia and continued to 

decrease to 125.2 ± 43.8 nmol/gm wet weight at IS minutes of ischemia (control level 

2671.3 ± 163.7 nmol/gm wet weight). The levels of diacylglycerol increased at 10 

seconds of ischemia and continued to increase to a maximum level at IS minutes of 

ischemia. The levels of stearic acid and arachidonic acid increased significantly from 

control levels by 30 seconds of ischemia and continued to increase during the 15 minutes 

of ischemia to highest levels at 15 minutes of ischemia. The phospholipids in the fronto

parietal cortex included primarily phosphatidylcholine, phosphatidylethanolamine and 

phosphatidylserine and smaller amounts of sphingomyelin, phosphatidic acid, cardiolipin, 

and the inositol-containing phospholipids. During the 15 minutes of ischemia, significant 

decreases were reported in phosphatidic acid and the inositol-containing phospholipids. 

In summary, a decrease in energy metabolism as evidenced by the decrease in ATP 

starting at 10 seconds and continuing throughout the ischemic period was reported. The 

amounts of phosphatidic acid and the inositol-containing phospholipids decreased while 

the levels of diacylglycerol, stearic acid, and arachidonic acid increased. It was proposed 

that it was the activation of phospholipase C that resulted in the decrease in the inositol-

containing phospholipids early in the ischemic period (Abe et al., 1987). 

Nakano, Kogure, Abe, and Yae (1990) investigated changes in lipid metabolism 

in the cerebral cortex of gerbils following two successive periods of ischemia. Lipid 

metabolism was defined as changes in the level of free fetty acids. Ischemia was induced 

by bilateral occlusion of the carotid arteries for a 5 minute period. Following the 5 
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minute period of ischemia, recirculation was established by release of the occlusion and 

levels of fiee fatty acids were measured at 3 minutes, 1 hour, 24 hours, 3 days and 6 

days. A second S minute period of ischemia was induced at the end of each period of 

recirculation. Following the initial 5 minutes of ischemia, levels of free fatty acids 

increased significantly from control levels, continued to increase at 3 minutes of 

recirculation, decreased to control levels by 1 hour of recirculation, increased at 24 hours 

of recirculation, with a second peak at 3 days of recu-culation, followed by a second 

decrease to control levels by 6 days of recirculation. The second peak at 3 days of 

recirculation was greater than the initial increase at 3 minutes of recirculation. The free 

fatty acids with the greatest increase after the initial period of ischemia included stearic 

acid, arachidonic acid, and palmitic acid. At 3 days of recirculation, the free fatty acids 

with the greatest increase included pahnitic acid, stearic acid, and oleic acid. The levels 

of free fatty acids following the second S minute period of ischemia were compared to the 

levels following the initial S minute period of ischemia. Following S minutes of 

ischemia, 3 minute recirculation and 5 minutes of ischemia, the levels of all the free fatty 

acids increased. Following S minutes of ischemia, 1 hour recirculation and 5 minutes of 

ischemia, the levels of the free fatty acids decreased to a level similar to that following 

the initial 5 minute period of ischemia. Following 5 minutes of ischemia, 3 day 

recirculation and 5 minutes of ischenua, the levels of the free fatty acids increased 

significantly. Following S minutes of ischemia, 6 day recirculation and 5 minutes of 

ischemia, the levels of the fi»e &tty acids increased. Thus, following a period of 
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ischemia, there was an initial increase in the levels of fiee fatty acids then a decrease to 

control levels. This was followed by a delayed increase in free fatty acid levels. This 

may be an indication of the injury process that occurs following ischemia. 

Umemura, Mabe, Nigai, and Sugino (1992) investigated the effects of a 

phospholipase C inhibitor (phenyhnethylsulfonyl fluoride) and an N-methyl-D-aspartate 

(NMD A) antagonist (MK-801) on firee fatty acid release in the brain of rats during 

complete ischemia. Complete ischemia was induced by intracardiac injection of KCl to 

produce cardiac arrest. Samples of neocortex were obtained immediately (at 0 minutes), 

at 2 minutes, 4 minutes and 8 minutes following cardiac arrest. One group of rats was 

treated with the phospholipase C inhibitor, phenyhnethylsulfonyl fluoride, 30 minutes 

prior to cardiac arrest and one group was treated with the NMDA antagonist, MK-801,30 

minutes prior to cardiac arrest. Each group was compared to a control group of rats. 

Following complete ischemia, levels of stearic acid and arachidonic acid increased over 

the 8 minutes of ischemia. When treated with phenyhnethylsulfonyl fluoride, the increase 

in arachidonic acid and stearic acid was significantly less at 2 minutes and 4 minutes 

(p<.OS) with the greatest difference at 2 minutes of ischemia. When treated with MK-

801, the increase in arachidonic acid was significantly less at 2 minutes and 4 minutes of 

ischemia (p<.OS) with the greatest difference at 4 minutes of ischemia. When treated 

with MK-801, the increase in stearic acid was significantly less at 2 minutes, 4 minutes 

and 8 minutes of ischemia (p<.05) with the greatest difference at 4 minutes and 8 minutes 

of ischemia. When treated with phenyhnethylsulfonyl fluoric, the increase in palmitic 
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acid and oleic acid were significantly less at 4 minutes and 8 minutes (p<.05) with the 

greatest difference at 8 minutes of ischemia. When treated with MK-801, the increase in 

palmitic acid and oleic acid were significantly less at 4 minutes and 8 minutes of ischemia 

(p<.OS). Phenylmethylsulfonyl fluoride was reported to block phosphatidylinositol-

specific phospholipase C which would account for the significantly reduced increase in 

arachidonic acid and stearic acid release. MK-801 blocks NMDA receptors preventing 

glutamate activity and as a result inhibiting calcium influx and thus calcium-dependent 

phospholipase An release. This inhibition of phospholipase would account for the 

significantly reduced increase in palmitic acid and oleic acid levels. The ischemia 

induced activation of phospholipase C may also trigger events that lead to the release of 

phospholipase Aj. 

Parsons, Dupakova, Miketova, and Hamilton (1997) described CSF phospholipid 

changes, specifically phosphatidylcholine and sphingomyelin, in 9 patients following 

traumatic brain injury. The injury resulted firom motor vehicle accidents (n=S) and falls 

(n=4). Five CSF samples were collected firom each patient, with the first obtained within 

24 hours of admission. The highest level of phosphatidylcholine and sphingomyelin were 

reported in the first sample obtained in patients receiving the injury firom motor vehicle 

accidents and firom &lls. The levels of phosphatidylcholine and sphingomyelin then 

decreased to the lowest level in the final sample in patient receiving the injury as a result 

of a motor vehicle accident, hi patients receiving the injury as a result of a fail, the lowest 

level of phosphatidylcholine was reported in the fourth sample obtained and the lowest 
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level of sphingomyelin was reported in the second sample obtained. The time frame over 

which the samples were obtained was not stated. Thus, following traumatic brain injury 

resulting from a motor vehicle accident or a fall, CSF levels of phosphatidylcholine and 

sphingomyelin were highest during the first 24 hours after injury. 

In summary, phospholipases are activated following brain injury and ischemia 

which results in the breakdown of membrane phospholipids. Fatty acids are released 

from membrane phospholipids, specifically arachidonic acid, stearic acid, palmitic acid, 

and oleic acid. Arachidonic acid is then available for action by lipoxygenase and cyclo-

oxygenase. The products of these pathways will be reviewed, however, they will not be 

investigated in this study. 

LipQWggna?? Pathway 

Leukotrienes and hydroxyeicosatetraenoic acids (HETEs) are synthesized from 

arachidonic acid via the lipoxygenase pathway. Leukotrienes and HETEs induce vascular 

changes. These changes include vasoconstriction (Kiwak, Moskowitz & Levin, 1985; 

Moskowitz, Kiwak, Hekimian & Levin, 1984) and edema fonnation as a result of 

increased vascular permeability (Shohami, Shapira, Yadid, Cotev & Feuerstein, 1989). 

The results of studies investigating HETE and leukotriene changes following brain injury 

are presented in Table 2. 

Changes in hydroxyeicosatetraenoic acid (HETE) activity following head injury in 

rats was investigated by Shohami, Shapira, Yadid, Cotev and Feuerstein (1989). The 

concentration of 5-, 12-, and IS-HETE was determined in the injuted region and the 
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Table 2. Arachidonic acid products via the lipoxygenase pathway following brain injury 

Researcher Sample Results 

Shohami et al.. Rats after head Significant increase in 5-HETE 
1989 injury levels IS minutes after injury, levels 

remained elevated for 7 days. 
Reduction in specific gravity at 
injury site resulting from edema 
formation. 

Kiwaketal., 1985 Gerbils after 
subarachnoid 
hemonhage and 
concussive brain 
injury 

Subarachnoid hemorrhage: 
Leukotriene levels increased rapidly 
with peak level 1S minutes after 
hemorrhage, then retum to baseline 
by 24 hours. 
Concussive injury: 
Leukotriene levels increased rapidly 
with peak levels 30 minutes after 
injury, retum toward baseline by 4 
hours after injury. 
Leukotrienes produced in gray matter 
and blood vessels. 

Moskowitz et al., Gerbils after 
1984 ischemia then 

reperfusion 

Peak leukotriene levels IS minutes 
after reperfusion, then decreased 
toward baseline but remained slightly 
elevated at 24 hours of reperftision. 
Leukotriene C4 and D4 present after 
IS minutes of ischemia and 60 
minutes of reperftision. Leukotrienes 
in gray matter with small quantities 
present in blood vessels. 
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Table 2. (Continued) 

Researcher Sample Results 

Blaclc&Ho£f, 
1985 

Rats after 
injection of 
leukotrienes and 
arachidonic acid 
to left frontal 
cortex 

Extravasation of Evans blue dye 
(blood barrier permeability) 
following injection of leukotrienes 
and arachidonic acid. 
Extravasation decreased when 
lipoxygenase inhibitor given prior to 
arachidonic acid injection but not 
when cyclo-oxygenase inhibitor 
given. 

Hariri et al., 1989 Human glial cells 
with cells grown 
on medium alone, 
medium with a 
calcium 
ionophore, and 
cells subjected to 
injury 

5-, 12-, and 15-HETE synthesized by 
cells grown on calcium ionophore 
enriched medium and those 
subjected to injury. Leukotriene C4 
also detected. 
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contralateral hemisphere at IS minutes, 4 hours, 24 hours, and 7 days after injury. The 

injury was produced by dropping a weight on the left side of the skull of the rat. A 

significant increase in S-HETE was reported IS minutes after injury in the injured region 

(p<.01). The levels of 5-HETE remained elevated above baseline for 7 days after injury 

in the injured region. No significant change in HETE levels were reported in the 

contralateral hemisphere. Edema formation was determined by measuring the specific 

gravity of the brain tissue. A reduction in the specific gravity of the brain tissue reported 

at the injury site suggested that edema formed early as a result of S-HETE production. 

Kiwak, Moskowitz and Levin (198S) investigated the production of leukotrienes 

in response to subarachnoid hemorrhage and concussive brain injury in gerbils. hi this 

study, subarachnoid hemorrhage was defined as the injection of blood into the lateral 

ventricle; concussive brain injury was defined as a weight dropped on the exposed brain 

with the head immobilized. Leukotriene levels were measured IS minutes, 30 minutes, 

60 minutes, 4 hours, 24 hours, 4 days and 7 days after injury. Following subarachnoid 

hemorrhage, leukotriene levels increased rapidly with peak levels IS minutes after 

injection. Levels returned toward baseline within 4 hours and were reported to retum to 

baseline by 24 hours after injection. Following concussive injury, leukotriene levels 

increased rapidly with peak levels 30 minutes after injury. Levels decreased toward 

baseline by 4 hours after injury. Thus, the arachidonic acid released fix>m membrane 

phospholipids following brain injury from subarachnoid hemorrhage and concussive 

injury resulted in leukotriene production. 
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The production of leukotrienes was different in gray matter and white matter. 

Kiwak et al., (198S) investigated the origin of leukotrienes in the brain of gerbils 

following ischemia and reperfusion. Ischemia was produced by bilateral carotid artery 

clamping for IS minutes, reperfusion for 15 minutes, then decapitation. Leukotrienes 

were produced in gray matter and in blood vessels but not in white matter following 

ischemia. 

Moskowitz, Kiwak, Hekimian, and Levine (1984) investigated leukotriene levels 

during ischemia followed by reperfusion in the brain of gerbils. Ischemia was induced by 

bilateral carotid artery occlusion for S minutes, 10 minutes, or IS minutes followed by 

reperfusion ranging from 5 minutes to 24 hours. Peak leukotriene levels occiured at IS 

minutes of reperfusion regardless of the ischemic interval (S minutes, 10 minutes, or IS 

minutes). Leukotriene levels then decreased toward baseline but remained slightly 

elevated at 24 hours of reperfusion. Leukotriene C4 and D4 were present after IS minutes 

of ischemia and 60 minutes of reperfusion. The origin of the leukotrienes was 

determined after IS minutes of ischemia and IS minutes of reperfusion. Leukotrienes 

were present in high concentrations in gray matter while measurable levels were not 

reported in white matter. Blood vessels synthesized only a small quantity of leukotrienes. 

The authors concluded that blood vessels were not a major source of leukotrienes, rather 

leukotrienes were synthesized in the cortical neurons or glial cells of gray matter 

(Moskowitz et al., 1984). 
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Black and Hoff (1985) studied the e£fect of Ieukotrienes and arachidonic acid on 

blood brain barrier permeability in rats. The Ieukotrienes (B4, C4, and £4) and arachidonic 

acid were injected into the left frontal cortex at the level of the gray-white matter 

interface. Evans blue dye solution was injected intravenously prior to injection of the 

Ieukotrienes and arachidonic acid. Blood brain barrier permeability was defined as the 

percent of total surface area of the brain with Evans blue extravasation. Evidence of 

Evans blue extravasation was not reported in the rats injected with saline, water or 

methanol (vehicle for the Ieukotrienes and arachidonic acid). Extravasation of Evans 

blue was reported following injection of Ieukotrienes. The percent of extravasation was 

dose dependent with higher percent of extravasation with 20 ^g than 200 ng or 20 ng. 

Evans blue extravasation was reported following injection of arachidomc acid. The 

percent of extravasation was significantly decreased when a lipoxygenase inhibitor 

(BW755C) was injected intraperitoneally prior to arachidonic acid injection, but not v^en 

a cyclo-oxygenase inhibitor (indomethacin) was injected. Thus, Ieukotrienes and 

arachidonic acid injected into the brain resulted in disruption of the blood brain barrier. 

Blood brain barrier disruption was reduced following arachidonic acid injection in the 

presence of a lipoxygenase inhibitor but not a cyclo-oxygenase inhibitor. 

Hariri, Ghajar, Pomerantz, Hajjar, Giannuzzi, Tomich, Andrews and Patterson 

(1989) investigated human glial cells as a source of cyclo-oxygenase and lipoxygenase 

products. Glial cells fi»m normal human brain were obtamed at surgery and grown on 

cell culture. Cells were grown on medium alone, on medium containing A-23187 (a 
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calcium ionophore), or were subjected to mechanical injury by streaking the ceils with an 

instrument. The calcium ionophore, A-23187, increased membrane permeability to 

calcium allowing calcium to enter the cell along its concentration gradient increasing 

intracellular calcium. Cyclo-oxygenase and lipoxygenase products were not reported in 

the cells grown on medium alone. Lipoxygenase products were synthesized by the cells 

grown on the ionophore enriched medium and by the ceils subjected to injury. The 

lipoxygenase products that were synthesized included S-, 12-, and IS-HETE with greater 

amounts of 12- and IS-HETE. An additional product, suspected to be leukotriene C4, was 

also detected. Thus, lipoxygenase products were produced by glial cells following a 

stimulus such as an injury to the ceils or calcium activation. 

In summary, lipoxygenase products are produced primarily in gray matter and 

vascular endothelial ceils (blood vessels). Following brain injury, mechanical injury to 

ceils, and in the presence of a calcium ionophore (calcium activation), HETEs were 

reported. Leukotrienes were reported following subarachnoid hemorrhage, ischemia 

followed by reperfiision, mechanical injury to cells, and in the presence of a calcium 

ionophore (calcium activation). The presence of HETEs and leukotrienes indicated that 

the injury to gray matter or vascular endothelial cells result in the release of arachidonic 

acid from phospholipids that is then available for metabolism by lipoxygenase. 

Cvclo-oxvgenase Pathwav 

Prostaglandins and thromboxanes ate formed from arachidonic acid via the cyclo-

oxygenase pathway. Prostaglandins play a role m the inflammatory response to injury 
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and are thought to play a role in edema formation at the site of injury (Wolfe, 1982). 

Prostaglandin Ej and prostaglandin are potent vasodilators and act to increase vascular 

permeability (Shohami, Shapira, Sidi & Cotev, 1987). In addition, prostaglandin Ij 

inhibits platelet aggregation. Thromboxane A, acts opposite that of prostaglandin I2. 

Thromboxane A2 is a vasoconstrictor and acts to enhance platelet aggregation (Wolfe, 

1982; Shohami et al., 1987). 

Saeed Abdel-Halim, von Hoist, Meyerson, Sachs and Anggard (1980) investigated 

the presence and concentration of prostaglandin £3, prostaglandin and 6-keto-

prostaglandin F,, in human brain tissue and cerebral blood vessels. The brain tissue was 

obtained firom the frontal cortex and temporal cortex of fresh non-pathological and from 

post mortem brains. The fresh brain tissue was analyzed within 30 minutes of obtaining 

the sample and the post mortem tissue was obtained within S to 10 hours of death. Blood 

vessels, gray matter and white matter were separated for the analysis. The highest values 

for 6-keto-prostaglandin F,a were reported in blood vessels from fresh brain and post 

mortem brains. The highest levels of prostaglandin Fj, were reported in gray matter and 

white matter. Prostaglandin £2 was not always detected. Thus, the prostaglandins 

generated in blood vessels and brain tissue differed, with 6-keto-prostaglandin F,. formed 

primarily in blood vessels and prostaglandin formed primarily in gray matter and 

white matter. 

The results of studies investigating prostaglandin and thromboxane changes 

following brain injury are presented in Table 3. Shohami, Shapira, Sidi and Cotev (1987) 
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Table 3. Arachidonic acid products via the cyclo-oxygenase pathway following brain 
injury 

Researcher Sample Results 

Shohami et al., 
1987 

Rats after 
concussive injury 

Specific gravity of brain tissue 
decreased by IS minutes after injury, 
with lowest levels 18 hours after 
injury and return to baseline 10 days 
after injury. Peak levels of 
thromboxane B2 and 6-keto-
prostaglandin F„ 1 hour after injury, 
then steady decide toward baseline 
by 4 days after injury. Peak levels of 
prostaglandin Ej levels 18 hours after 
injury, return to baseline levels by 10 
days after injury. Ratio of 
thromboxane B2 to 6-keto-
prostaglandin Ft., less than 1 at IS 
minutes, 18 hours, and 4 days after 
injury. 

Ellis et al., 1981 Cats after 
percussion injury 

Levels of prostaglandin Ej, 
prostaglandin Fja, 6-keto-
prostaglandin Fi^ decreased by l.S 
minutes after injury, increased at 8 
minutes after injury and returned 
toward baseline at 60 minutes after 
injury. 
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Table 3. (Continued) 

Researcher Sample Results 

Shohami et al., 
1988 

Rats after 
concussive injury 

Sight decrease in prostaglandin En 
immediately after injury, steady 
increase to peak levels 18 hours after 
injury, then decrease toward 
baseline. 
Thromboxane B2 decreased 
immediately after injury, increased to 
peak levels 4 days after injury, then 
decreased 10 days after injury but 
remained above baseline. 
6-keto-prostaglandin F,, initial 
decrease 1 hour after injury, increase 
to peak levels 18 hours after injury, 
then decreased steadily but remained 
above baseline 10 days after injury. 
Highest prostaglandin Dj 18 hours, 4 
days, 10 days after injury. 
Ratio of thromboxane Bj to 6-keto-
prostaglandin F,. increased IS 
minutes and 1 hour after injury then 
decreased below baseline 18 hours, 4 
days, and 10 days after injury. 
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Table 3. (Continued) 

Researcher Sample Results 

Gaudet et al., 
1980 

Gerbils after 
cerebral ischemia 
and recirculation 

No change in prostaglandin D^, 
prostaglandin F^a, prostaglandin £3, 
thromboxane B2,13,14-H2-15-keto-
prostaglandin Ej, 6-keto-
prostaglandin F,„ levels during 5 
minutes of ischemia. During 
reperfusion, prostaglandin D2, 
prostaglandin Fj,, prostaglandin Ej, 
thromboxane Bj, and 6-keto-
prostaglandin F,, levels increased 
with highest level after S minutes of 
reperfusion then declined steadily to 
120 minutes of reperfusion. Levels 
of 13,14-H2-I S-keto-prostaglandin Ej 
increased to highest level at 45 
minutes of reperfusion then declined 
at 120 minutes of reperfusion. 
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Table 3. (Continued) 

Researcher Sample Results 

Gaudet & Levine, 
1980 

Gerbils after 
partial ischemia 
by clamping right 
carotid artery 

No significant change in 
prostaglandin Dj, prostaglandin Fj., 
and 6-keto-prostaglandin in those 
asymptomatic (showing no clinical 
signs of ischemia). In animals that 
were symptomatic (showing clinical 
signs of ischemia), levels of 
prostaglandin Dj increased with 
highest level at IS minutes of 
occlusion in left hemisphere and 
highest level at 2 hours of occlusion 
in right hemisphere then decline at 6 
hours of occlusion. Levels of 
prostaglandin Fj, increased at IS 
minutes of occlusion in left 
hemisphere and at IS minutes and 2 
hours in right hemisphere then 
declined. Levels of 6-keto-
prostaglandin F„ increased at IS 
minutes of occlusion in the left 
hemisphere and increased at IS 
minutes of occlusion in the right 
henusphere then declined, 
bdomethacin inhibited the increase 
in prostaglandin Dj, lowered the 
increase in prostaglandin Fj. and had 
no effect on the levels of 6-keto-
prostaglandin F,.. 
A decrease in specific gravity in the 
right hemisphere was reported in 
those symptomatic during occlusion. 
No change in the left hemisphere of 
those symptomatic. The decrease in 
specific gravity was less in those that 
received indomethacin. 
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Table 3. (Continued) 

Researcher Sample Results 

Shohami et al., 
1982 

Rats after 
incomplete 
ischemia and 
recirculation 

Highest prostaglandin levels after 
5 minutes of ischemia, decreased 
after 15 minutes of ischemia, return 
to control levels after 30 minutes of 
recirculation. 
6-keto-prostagiandin F,, increased 
after 5 minutes of ischemia, peak 
levels after 15 minutes of ischemia, 
return toward control levels after 30 
minutes of recirculation. 
Thromboxane increased after 5 
minutes of ischemia, continued to 
increase after 15 minutes of 
ischemia, with peak levels after 30 
minutes of recirculation. 

Kontos et al., 
1980 

Cats after 
injection of 
arachidonic acid 
and selected 
prostaglandins 

Arachidonic acid and prostaglandin 
G, produced vasodilation, reduced 
responsiveness of vessels to 
hypocapnia, and production of 
endothelial lesions. 
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investigated prostaglandin levels and edema formation in the concussive injured and 

contralateral hemisphere of rats. The concussive injury was produced by a weight 

dropped on the left side of the skull. The prostaglandin levels measured included 

prostaglandin Ej, thromboxane (a stable metabolite of thromboxane Aj), and 6-keto-

prostaglandin F,2 (a stable hydrolysis product of prostaglandin I2). Edema formation was 

defined in this study as a decrease in the specific gravity of the brain tissue. 

Prostaglandin levels and edema formation were measured at 0 minutes, IS minutes, 1 

hour, 8 hours, 4 days, and 10 days after injury. The specific gravity of the injured 

hemisphere decreased at IS minutes after injury and continued to decrease, with the 

lowest levels 18 hours after injury, and returned to baseline 10 days after injury. No 

change in the specific gravity of the contralateral hemisphere was reported. Peak levels 

of thromboxane 83, and 6-keto-prostaglandin F,. were reported 1 hour after injury in both 

hemispheres followed by a steady decline toward baseline levels by 4 days after injury. 

Peak levels of prostaglandin were reported 18 hours after the injury in both 

hemispheres, returning to baseline levels by 10 days after injury. While the pattern of 

release was similar in the injured and contralateral hemispheres, the amount of the 

prostaglandins released was greater in the injured hemisphere. In examining the ratio of 

thromboxane 82 to 6-keto-prostaglandin F,„, ratios less than 1 were reported IS minutes, 

18 hours and 4 days after the injury in the injured hemisphere which would indicate 

greater vasodilatory effect and increased vascular permeability contributing to edema 

formation. The vasodilation may also play a role in maintaining perfiisionto the injured 
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tissue. The authors stated that the specific mechanism for the increase in prostaglandin 

levels in the contralateral hemisphere was not understood (Shohami et al., 1987). Thus, 

edema developed early after injury, reaching a peak by 18 hours after injury, and 

returning to control levels by 10 days after injury. The increase in prostaglandin levels 

during this period may indicate the role of prostaglandins in edema formation through 

vasodilation and increased vascular permeability. 

Ellis, Wright, Wei and Kontos (1981) examined prostaglandin levels following 

fluid percussion injury to the brain of cats. The prostaglandins measured were 

prostaglandin Ej, 6-keto-prostaglandin F,,, and prostaglandin F2.. Prostaglandin levels 

were measured 1.5 minutes, 8 minutes and 60 minutes after injury. In control animals, 

the levels of prostaglandin Ej and prostaglandin were approximately equal (216 ± 44 

ng/gm wet weight and 210 ^ 48 ng/gm wet weight, respectively) and the level of 6-keto-

prostaglandin F,a was less (48 ± 12 ng/gm wet weight), bi the brain injured animals, 

levels of prostaglandin Ej, prostaglandin ¥20, and 6-keto-prostaglandin F„ decreased at 

1.5 minutes after injury, increased at 8 minutes after injury, and returned toward control 

levels at 60 minutes after injury. Thus, prostaglandins were produced early after injury 

then retumed to control levels by 1 hour after injury. The authors reported that 

prostaglandins were synthesized in brain and vascular tissue with 6-keto-prostaglandin 

Ft, synthesized in microvessels and prostaglandin E2 and prostaglandin Fj. synthesized in 

extravascular tissue (Ellis et al., 1981). 
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Shohami, Shapira and Cotev (1988) studied prostaglandin levels in brain regions 

peripheral to the injury site (frontal lobe) in the injured hemisphere and in the 

contralateral hemisphere of rats following concussive injury. The concussive injury was 

induced by a weight dropped on the fixed head. The prostaglandins measured were 

prostaglandin Eo, thromboxane Bj, 6-keto-prostaglandm and prostaglandin Dj. 

Prostaglandin levels were measured 0 minutes, 15 minutes, 1 hour, 18 hours, 4 days, and 

10 days after injury. Changes in the prostaglandin levels were reported in the injured 

hemisphere. A slight decrease in prostaglandin was reported immediately after injury 

followed by a steady increase to peak levels 18 hours after injury then a decrease toward 

control levels. Thromboxane decreased immediately after injury, increased to peak 

levels 4 days after injiuy, then decreased 10 days after injury, although remaining above 

control levels. Following an initial decrease with the lowest level 1 hour after injury, 

levels of 6-keto-prostaglandin F,, increased with peak levels reported 18 hours after 

injury. Levels then decreased steadily but remained elevated above baseline 10 days after 

injury. Prostaglandin Dj levels increased 15 minutes after injury with the highest levels 

reported 18 hours, 4 days, and 10 days after injury. In the contralateral hemisphere, little 

change in the levels of the prostaglandins was reported from control levels. The ratio of 

thromboxane Bj to 6-keto-prostaglandin F,. was examined. An increase in the ratio was 

reported 15 minutes and 1 hour after injury in the injured hemisphere. At 18 hours, 4 

days and 10 days after injury, the ratio decreased below control levels in the injured 

hemisphere. A ratio less than 1 was reported only at 18 hours after injury, indicating 
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greater vasodilatory action. In the contralateral hemisphere, little change in the ratio was 

reported. Thus, in the injured hemisphere, changes in prostaglandin levels were reported 

not only at the injured site, but in areas remote from the site. However, the ratio of 

thromboxane (vasoconstriction) to 6-keto-prostaglandin (vasodilation) greater than 

1 at all time points except 18 hours after injury may be protective of the brain by limiting 

edema formation at sites remote from the injury site. 

Gaudet, Alam and Levine (1980) investigated the effects of cerebral ischemia and 

recirculation on the products of arachidonic acid metabolism via the cyclo-oxygenase 

pathway in gerbils. Ischemia was induced by bilateral carotid artery occlusion for 5 

minutes followed by reperfusion for 5 minutes, 15 minutes, 45 minutes and 120 minutes. 

The cyclo-oxygenase products measured included prostaglandin Dj, prostaglandin Flo, 

prostaglandin Ej, thromboxane Bj, 13,14-H2-I5-keto-prostaglandin Ej, and 6-keto-

prostaglandin F,„. During the 5 minutes of ischemia, no significant changes were 

reported in the levels of prostaglandin Dj, prostaglandin Fja, prostaglandin Ej, 

thromboxane Bj, 13,14-H2-I5-keto-prostaglandin Ej, and 6-keto-prostaglandin F,,. 

During reperfusion, levels of prostaglandin Dj, prostaglandin Fj., prostaglandin £3, 

thromboxane Bj, and 6-keto-prostaglandin F,. increased with the highest levels at 5 

minutes of reperfiision. The levels of prostaglandin Dj and prostaglandin Fj. were 

highest 5 minutes after reperfusion then decreased steadily through 120 minutes of 

reperfiision remaining significantly higher than control levels at all time periods (p<.05). 

The levels of prostaglandin Ej, 6-keto-prostaglandin F,.^ and thromboxane Bj were 
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highest at S minutes after reperfusion then declined steadily to 120 minutes of reperfusion 

with levels significantly higher than control levels at S minutes, 15 minutes and 45 

minutes after reperfusion (p<.05). For 13,14-H2-I5-keto-prostaglandin Ej, levels 

increased to the highest level at 45 minutes of reperfusion, then declined at 120 minutes 

of reperfusion with levels significantly higher than control levels at 5 minutes, 15 

minutes, and 45 minutes of reperfiision (p<.05). Thus, the report of no significant 

changes in the levels of the cyclo-oxygenase products of arachidonic acid metabolism 

during ischemia followed by an increase in the levels by 5 minutes of reperfiision 

suggests that oxygen was required for the metabolism of arachidonic acid by cyclo-

oxygenase (Gaudet et al., 1980). 

Gaudet and Levine (1980) investigated the effects of partial ischemia on 

prostaglandins in gerbils. Partial ischemia was produced by occlusion of the right carotid 

artery. Following the occlusion, the gerbils were labeled as 'symptomatic' or 

'asymptomatic' based on clinical signs of ischemia. The prostaglandins measured 

included prostaglandin Oj, prostaglandin Fj,, and 6-keto-prostaglandin F,.. Prostaglandin 

levels were measured 15 minutes, 2 hours, and 6 hours of occlusion in both hemispheres, 

hi animals that were asymptomatic during occlusion, there was no significant change in 

prostaglandin Dj, prostaglandin Fj^, and 6-keto-prostaglandin F,, from control levels. In 

the animals that were symptomatic during occlusion, levels of prostaglandin D2, 

prostaglandin Fj^, and 6-keto-prostaglandin F,. increased in both hemispheres. 

Prostaglandin Dj increased in the left henusphere at 15 minutes of occlusion then 
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declined steadily at 2 hours and 6 hours after occlusion. In the right hemisphere, levels of 

levels of prostaglandin Dj increased at IS minutes and 2 hours of occlusion with the 

greatest increase at 2 hours of occlusion then decreased toward control levels by 6 hours 

of occlusion. Prostaglandin F]. increased at IS minutes of occlusion in the left 

hemisphere then declined at 2 hours and 6 hours of occlusion remaining significantly 

greater than control levels at all time periods (p<.OS). In the right hemisphere, levels of 

prostaglandin F2a increased at IS minutes and 2 hours of occlusion then decreased toward 

control levels remaining significantly greater than control levels at all time periods 

(p<.OS). Levels of 6-keto-prostaglandin F,, increased significantly in the left hemisphere 

at IS minutes of occlusion then decreased at 2 hours and 6 hours to levels below those 

reported in the right hemisphere. In the right hemisphere, levels of 6-keto-prostaglandin 

F,s increased at IS minutes of occlusion and remained at that level at 2 hours and 6 hours 

of occlusion. When indomethacin was given intraperitoneally 30 minutes prior to carotid 

artery occlusion and every hour after the occlusion, the increase in prostaglandin Dj was 

inhibited at 2 hours and 6 hours of occlusion, while the increase in prostaglandin Fj. was 

significantly lower at 2 hours and 6 hours of occlusion. No difference in the level of 6-

keto-prostaglandin F,. was reported ftom those not receiving indomethacin. Brain edema 

was determined by measuring the specific gravity of the cerebral cortex fix)m each 

hemisphere. A decrease in the specific gravity was reported in the right hemisphere of 

animals symptomatic during occlusion. No change in the specific gravity was reported in 

the left hemisphere of symptomatic or asymptomatic animals. The decrease in the 



102 

specific gravity was less in the animals that received indomethacin. Thus, the levels of 

prostaglandin D; and prostaglandin Fj, increased following partial ischemia by occlusion 

of one of the carotid arteries. The ojQrgen flow that continues, although reduced, was 

sufficient for the metabolism of arachidonic acid by cyclo-oxygenase. The diffusion of 

prostaglandins to the non-ischemic hemisphere may explain the changes reported in the 

left, non-ischemic hemisphere. 

Shohami, Rosenthal and Lavy (1982) investigated prostaglandin levels in the 

brain of rats after incomplete ischemia and recirculation. The prostaglandins measured 

included thromboxane Bj, 6-keto-prostaglandin F,„ and prostaglandin Ej. Incomplete 

ischemia was defined in this study as bilateral occlusion of the carotid arteries for S 

minutes or IS minutes accompanied by hypotension (mean arterial pressure of SO mm 

Hg). Recirculation was defined as removal of the carotid artery occlusion and return to 

normal mean arterial pressure. Prostaglandin levels were also measured in 2 control 

groups, a normotensive group and a hypotensive group, to determine if changes in the 

prostaglandin levels were a result of ischemia, hypotension, or a combination of these. 

Prostaglandin levels were measures after S minutes of ischemia, IS minutes of ischemia, 

and 30 minutes of recirculation after 15 minutes of ischemia. The highest prostaglandin 

Ej levels were reported after 5 minutes of ischemia. Prostaglandin £3 levels then 

decreased after 15 minutes of ischemia and returned to control levels after 30 minutes of 

recirculation. Prostaglandin £2 levels in the hypotensive control groiq* and the 

normotensive control group did not change, indicating that changes in prostaglandin 
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were the result of ischemia, not hypotension. Levels of 6-keto-prostaglandin F,s 

increased after S minutes of ischemia with peak levels after IS minutes of ischemia and 

returned toward control levels after 30 minutes of recirculation. Levels in the 

hypotensive control group were similar to changes after IS minutes of ischemia. Thus, it 

was unclear if the increase in 6-keto-prostaglandin F,, levels was the result of 

hypotension, ischemia, or a combination of these. The levels of thromboxane 

increased after S minutes of ischemia, continued to increase after IS minutes of ischemia, 

with peak levels occurring after 30 minutes of recirculation. Thromboxane levels did 

not change in the normotensive and hypotensive control groups, indicating that the 

increase in thromboxane B2 levels was the result of ischemia. When indomethacin (an 

inhibitor of the cyclo-oxygenase pathway) was given prior to ischemia, a reduction in the 

increases in prostaglandin E^, thromboxane Bj, and 6-keto-prostaglandin F,, were 

reported. Thus, prostaglandins were produced in response to ischemia and hypotension. 

The production of prostaglandins was decreased by a cyclo-oxygenase inhibitor. 

Kontos, Wei, Poviishock, Dietrich, Magiera and Ellis (1980) investigated the 

effect of arachidonic acid and prostaglandins on the cerebral arteries of cats. The specific 

treatments applied to the parietal cortex in artificial CSF for IS minutes included 

arachidonic acid, arachidonic acid following treatment with the cyclo-oxygenase inhibitor 

indomethacin, prostaglandin E^, prostaglandin Gj, prostaglandin Hj, 11-, 14-, 17-

eicosatrieonic acid, arachidonic acid plus a scavenger of the hydroxyl radical (mannitol), 

and prostaglandin Gj plus the fiee radical scavenger superoxide dismutase. The cerebral 
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arteries were observed through a cranial window 1 hour after application of the specific 

treatment. Vasodilation, reduced responsiveness of vessels to arterial hypocapnia, and 

production of endothelial lesions were reported with the application of arachidonic acid 

and prostaglandin Gj. The endothelial lesions were of two types, those that "consisted of 

a domelike protrusion into the lumen of the vessel, and the other had the appearance of a 

crater" (Kontos et al., 1980, p. 1244). With the application of arachidonic acid following 

indomethacin, 11-, I4-, 17-eicosatrieonic acid, prostaglandin Ej or prostaglandin there 

was no change in the responsiveness of the vessels to hypocapnia, fewer endothelial 

lesions and little or no vasodilation. With the application of prostaglandin Gj plus 

superoxide dismutase or arachidonic acid plus mannitol, there was less vasodilation, 

fewer endothelial lesions, and no change in the responsiveness of the vessel to 

hypocapnia. The authors concluded that vascular damage was produces as a result of the 

application of arachidonic acid and prostaglandin Gj through the release of oxygen &ee 

radicals, specifically the hydroxyl radical and the superoxide anion radical (Kontos et al., 

1980). 

In summary, cyclo-oxygenase products are produced after concussive injury and 

ischemia followed by recirculation. Prostaglandins and thromboxanes are produced in 

the brain and in vascular tissue at the injury site and peripheral to the injury site. These 

products play a role in vasodilation, reduced responsiveness of vessels to hypocapm'a, and 

the production of endothelial lesions foUowmg brain injury and ischemia. 
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Swnmary 

Membrane phospholipid composition in gray matter includes mostly 

phosphatidylcholine, phosphatidylethanolamine, and phosphatidylserine with only small 

amounts of sphingomyelin, phosphatidylinositol, and phosphatidic acid. The 

phospholipid composition of white matter is reported to include primarily 

phosphatidylcholine and sphingomyelin. Phospholipases, specifically phospholipase Aj 

and C, remove the fatty acid from the 1- and 2-position of the phospholipid. 

Phospholipase C, a cytosolic enzyme, acts primarily on phosphatidylinositol with the 

release of diacylglycerol. Phospholipase Aj, a membrane associated enzyme, acts on 

phosphatidylethanolamine and phosphatidylcholine with the release of arachidonic acid. 

Leukotrienes, HETEs, prostaglandins, and thromboxanes are formed from arachidonic 

acid via the lipoxygenase and cyclo-oxygenase pathways. Leukotrienes, produced in gray 

matter and blood vessels but not white matter, increase following brain injury and 

ischemia. Elevations of HETEs are associated with edema formation as are 

prostaglandins. Thromboxane, a vasoconstrictor, increases initially following brain injury 

and ischemia, but a subsequent ratio of thromboxane to prostaglandins less than I 

indicates greater vasodilatory action. 

Changes in the levels of specific phospholipids following TBI are proposed to 

indicate the extent of damage to specific regions of the brain, specifically gray matter and 

white matter. Knowledge of the arachidonic acid cascade that is initiated as a result of 
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TBI can be used to develop interventions that interfere with the cascade at specific points 

and, as a result, improve the outcome of the patient. 

This study will investigate changes in the CSF phospholipid composition of 

patients following TBI. The products of the lipoxygenase and cyclo-oxygenase pathways 

will not be measured at this time. 

Creatine Kinase 

Creatine kinase (CK), an intracellular en^rme, functions to maintain a constant 

supply of energy to the cell during periods of increased demand (Lang, 1981). The 

molecule of creatine kinase consists of two subunits that combine to form three 

isoenzymes: CK-BB, CK-MM, and CK-MB. CK-BB is found primarily in the brain, CK-

MM in the muscle, and CK-MB in heart muscle along with CK-MM. CK-BB is present 

in all of the structures of the brain. With an injury to the brain, CK-BB will be released 

&om the injured ceils into the extracellular fluid which then flows to the CSF. The 

amount of CK-BB in the CSF is proposed to reflect the extent of damage to the brain 

(Armbruster & Gruemer, 1988). 

Creatine kinase has been measured in the serum and CSF of patients following 

head injury. The findings of the studies related to serum and CSF total creatine kinase 

and creatine kinase isoenzyme changes following brain injury are presented in Table 4. 

Phillips, Jones, Hitchcock, Adams and Thompson (1980) measured seium CK-BB 

by radioimmunoassay in 54 patients who sustained a head injury. The patients were 

divided into groups based on the outcome finm the injury: Grotq) I (n=2S) suffered mild 



Table 4. Serum and cerebrospinal fluid (CSF) creatine kinase (CK) and creatine kinase isoenzyme (CK-BB) changes following brain 
injury 

Fluid Time Injury Determination 
Researcher Sample Tested To Sample of CK Levels Results 

Phillips et al, 
1980 

S4 patients with 
head injury 

Serum Group I; 
1-12 hours 
Group D: 
30 min-
24 hours 
Group ID: 
Not stated 

Radio- Group I mild injury (n=2S): 
immunoassay mean CK-BB level was 4.S7 

jig/L (SD 2.55 fig/L). 

Group n serious head injuiy 
with deficit (n=I9): mean CK-
BB 11.21 ng/L (SD 1.27 Hg/L). 

Group m died fiom head injury 
(n=10); mean CK-BB 20.9 )ig/L 
(SD 11.9^g/L). 

Group I, n and m mean CK-BB 
concentration significantly 
higher than control levels 
(p<.01). (Mean control level 1.5 
fig/L, SD 0.75 ^g/L). 



Table 4. (Continued) 

Fluid Time Injuiy 
Researcher Sample Tested To Sample 

Rabow & 37 patients Serum and Serum on 
Hedman, 1985 following head CSF admission 

injury and 
morning 
after injury 
and one 
of 3 
following 
days. 
CSF 
within 24 
hours (13 
patients) 

Determination 
of CK Levels Results 

Ion exchange 
than 
Spectro
photometry 

Normal serum CK-BB levels 
when GCS score IS. Elevated 
serum CK-BB levels in patients 
with GCS score <15. 

Normal CSF CK-BB levels 
when GCS score 15. Elevated 
CSF CK-BB levels in patients 
with GCS scores < 15. 

Patients with normal serum and 
CSF CK-BB, had a good 
outcome. Also, elevated serum 
and CSF CK-BB levels in 
patients with a good outcome. 



Table 4. (Continued) 

Fluid 
Researcher Sample Tested 

Time Injury 
To Sample 

Nordby & 
Urdal, 198S 

36 patients with 
head injury 

Serum Not stated 

Determination 
of CK Levels Results 

Radio
immunoassay 

Severe injury (GCS s 6); CK-
BB levels > 100 ^g/L in 6 of 10 
patients. Normalization of CK-
BB levels within 36 hours of 
injury in 6 of 10 patients These 
patients had a good outcome or 
moderate disability. Patients 
with CK-BB levels that had not 
normalized within 36 hours had 
severe deficits, were in a 
vegetative state, or died. 

Moderate injury (GCS 7-11): 
CK-BB levels > 100 ^g/L in 1 
patient. Itigher CK-BB levels in 
those with lower GCS scores. 
Early normalization of CK-BB 
levels in patients with good 
recovery or moderate disability. 
Death or severe disability if 
levels did not normalize within 
36 hours (6 of IS patients). 



Table 4. (Continued) 

Fluid 
Researcher Sample Tested 

Time Injury 
To Sample 

Hans et al., 
1983 

3S patients with 
severe head 
injury 

Serum and 
CSF 

Within 12 
hours 

Determination 
of CK Levels Results 

Spectro-
photometiy 
(Total CK) 
Electro
phoresis then 
Densitometry 
(CK-BB) 

Serum: Total CK mean 1043 ± 
1018 U/L. 
CK-BB mean 7.0 ± 21.0 U/L. 
86% of sample with no CK-BB 
in the serum. 

CSF: CK-BB mean 348 ± 406 
U/L. 
Mean CK-BB 718 U/L in 
patients that died or in 
vegetative state (n=12). 
Mean CK-BB 208 U/L in 
patients severely disabled (n=6). 
Mean CK-BB 94 U/L in patients 
moderately disabled or good 
recoveiy (n=9). 
High CSF CK-BB level 
correlated with low GCS score 
(p<.001). 
CK-BB of patients in vegetative 
state or died significantly higher 
that those with severe disability, 
moderate disability or that made 
a good recoveiy (p<.025). 



Table 4. (Continued) 

Fluid Time Injury 
Researcher Sample Tested To Sample 

Bakay & Ward, 
1983 

147 patients 
with head 
trauma 

Serum 
and CSF 
(Serum 
139 
patients, 
CSF 57 
patients) 

Admission 
and during 
first 24-72 
hours 

Determination 
of CK Levels Results 

Electro- Serum (n= 139): CK-BB 
phoresis significant correlation with GCS 

score (p<.01). 
For GCS score ^ 7, serum 
CK-BB significant correlation 
with GCS score (p<.05). 

CSF (n=57); CK-BB significant 
correlation with GCS (p<.05). 
For GCS score s 7, CSF 
CK-BB significant correlation 
with GCS score (p<,05). 
Higher CSF CK-BB in those 
with poorer outcome. Highest 
CSF CK-BB levels on 
admission or 12-24 hours after 
admission. 



Table 4. (Continued) 

Fluid Time Injury 
Researcher Sample Tested To Sample 

Kaste et al., 
1981 

26 patients with 
acute brain 
injury. 

Serum Admission 
and daily 
for 3 days 

Somer et al., 
1975 

IS rabbits with Rabbits: Rabbits: 
cold injuiy Serum 3,6,12 
12 patients with fi'om hours after 
brain injuiy, cerebral injuiy 
7 patients after sinus and Humans: 
neurosurgical peripheral 1.5 to 17 
procedure for vessel hours after 
aneurysm or Humans: injuiy 
tumor Serum 

Determination 
of CK Levels Results 

Spectro-
photometiy 
(total CK) 
Electro
phoresis then 
Fluorometiy 
(CK-BB) 

Electro
phoresis then 
Fluorescence 
(CK-BB) 

CK-BB present in 13 of 26 
patients. Peak CK-BB levels S-
188 U/L. 
Highest CK-BB generally in 
first sample obtained mean 2,4 ± 
0.4 hours after injuiy). 
Highest CK-BB levels in those 
with severe injuiy. 

Rabbits: Highest CK-BB levels 
from the cerebral sinus at 6 
hours (622 ± 234 U/L) and 12 
hours (6S8 ± 236 U/L) after 
injuiy. Elevated CK-BB not 
reported in peripheral sample. 

Humans: CK-BB present in first 
sample (1 .S to 8 hours) after 
brain injuiy. CK-BB levels 
generally highest in first sample. 
After neurosurgical procedure, 
CK-BB not detected. 



Table 4. (Continued) 

Fluid Time Injury 
Researcher Sample Tested To Sample 

Weversetal., 81 patients CSF Not stated 
1984 with brain 

tissue damage 
estimated by 
diagnostic 
testing and 
clinical 
assessment 

Determination 
of CK Levels Results 

Bio- 39 patients with increased total 
luminescence CK activity had increased CK 

non-M activity (CK-BB and 
mitochondrial CK). 

Gross brain tissue damage 
(n=12); 11 patients with 
elevated CK non-M activity. 

Limited brain tissue damage 
(n=SO): 25 patients with 
elevated CK non-M activity. 

No brain tissue damage (n=19); 
4 patients with elevated CK 
non-M activity. 

Increased CK non-M activity 
reported in 6 of 7 patients with 
head injury and in 4 of S 
patients with subarachnoid 
hemorrhage. 



Table 4. (Continued) 

Fluid Time Injury 
Researcher Sample Tested To Sample 

Maas, 1977a 14 cats with Serum CSF: Every 
cold injury to and CSF 30 minutes 
the brain until brain 

stem herni
ation or 
7.25 hrs 
elapsed. 
Serum: 
Eveiy hour 

Determination 
of CK Levels Results 

Electro- Serum: CK levels elevated 
phoresis throughout the study (prior to 

and after injury). 

CSF: CK levels increased above 
baseline in the first sample and 
remained elevated throughout 
the study with peak levels 2.2S 
to 3.2S hours after injury. 



Table 4, (Continued) 

Researcher Sample 
Fluid 
Tested 

Time Injuiy 
To Sample 

Maas, 1977b 31 cats 
with cold injuiy 
to the brain 

CSF Every 30 
minutes 
until brain 
stem herni
ation or 
7.25 hrs 
elapsed 

Determination 
of CK Levels Results 

Electro- Group 1,2,3; Peak CK activity 
phoresis 4 to 4.2S hours after injuiy. 

Group 1; cold injury at -40°C: 
Median CK activity 800 U/L. 

Group 2: cold injuiy at -30°C.' 
Median CK activity 100 U/L. 

Group 3: cold injuiy to smaller 
area at -40°C: Median CK 
activity 125 U/L. 

Tissue samples; Group 1 with 
greatest area of damage. Group 
3 area damaged less in diameter 
but as deep as Group I. Group 2 
area damaged more shallow than 
Group 1 or Group 3. 



Table 4. (Continued) 

Fluid Time Injury 
Researcher Sample Tested To Sample 

Maas, 1977c 36 cats with CSF Every 30 
cold lesion and minutes 
hypotension until brain 

stem herni
ation or 
7.25 hours 
elapsed 

Determination 
of CK Levels Results 

Electro- Group 2; cold lesion without 
phoresis hypotension; Significant 

increase in CK levels with peak 
2.7S hours after injury. 

Group 3: cold lesion with 
immediate hypotension: No 
change in CK levels in 3 cats. In 
remaining 3 cats, slight increase 
in CK levels. 

Group 4: cold lesion with 
hypotension 45 minutes after 
lesion: In 5 cats, no change in 
CK levels. In 2 cats, increase in 
CK levels 2.75 hours after 
injuiy. 

Brain tissue samples; Large 
areas of focal necrosis. With 
delayed or immediate 
hypotension, less edema and 
fewer hemorrhages in necrotic 
zone. 



Table 4. (Continued) 

Researcher Sample 
Fluid 
Tested 

Time Injuiy 
To Sample 

Florez et al., 
1976 

28 patients with 
acute head 
injuiy 

Serum 
and CSF 

12-24 
hours after 
injuiy and 
Day 3. 
Also Day 
5,9, 13 in 
Group II 
patients. 

Determination 
of CK Levels Results 

Monotest then 
Spectro
photometry 

Group I Concussion with loss of 
consciousness (n=10): Serum 
CK normal on Day 1 and 3 
(mean SO.l mU/mL and 39.8 
mU/mL). CSF CK elevated Day 
I (mean 4.6 mU/mL) than 
normal Day 3 (mean 1.2 
mU/mL). 

Group II Severe injuiy with 
deficit (n=10): Serum CK 
elevated Day 1 (mean 162.0 
mU/mL), decrease by Day 3 
(mean 132.0mU/mL). CSFCK 
elevated on Day 1 and 3 (mean 
IS.l mU/L and 6.1 mU/mL). 

Group ni Death from severe 
injuiy (n=8): Serum CK 
elevated Day 1 and 3 (mean 
261.0 mU/mL and 133.0 
mU/mL). CSF CK elevated Day 
1 and 3 (mean 31.2 mU/mL and 
13.3 mU/mL). 



Table 4. (Continued) 

Fluid Time Injury 
Researcher Sample Tested To Sample 

Nordby et al„ 290 patients CSF Within 24 
1975 following head hours of 

injury injury 

Determination 
of CK Levels Results 

Monotest Group I No loss of 
consciousness (n=10): Normal 
CK levels in all patients. 
Group II Probable concussion 
(n=38): Normal CK levels in 35 
of 38 patients. 
Group III Cerebral concussion 
with loss of consciousness 
(n=143); Normal CK levels in 
122 of 143 patients. 
Group rV Cerebral concussion 
with meningeal hemorrhage 
(n=59): Elevated CK in 35 of 59 
patients. 
Group V Intracranial hematoma 
(n=3): Normal CK levels in 2 of 
3 patients. 
Group VI Cerebral contusion 
with and without hematoma 
(n=13): Elevated CK in 11 of 
13 patients. Highest CK levels 
wiA levels greater than 217 U/L. 



Table 4, (Continued) 

Fluid Time Injury 
Researcher Sample Tested To Sample 

Nordby& 110 patients CSF Within 20 
Urdal, 1982 with acute brain hours of 

injury injury 

Determination 
of CK Levels Results 

Immuno- Group I patients with cerebral 
inhibition contusion, subarachnoid 

hemorriiage from ruptured 
aneurysm, neurological 
disorders, cerebral concussion 
(n=93); Elevated CK-BB levels 
within 20 hours of injury in 14 
of IS patients with cerebral 
contusion. Elevated CK-BB 
levels in 2 of 3 patients with 
subarachnoid hemorrhage and 
intracerebral hematoma. 
Normal CK-BB in patients with 
neurological disorders. Elevated 
CK-BB levels in 13 of 58 
patients with cerebral 
concussion. 
Group U patients with brain 
contusion, evolving 
hydrocephalus (n=l7): In 
patients with cerebral contusion 
CK-BB highest in first sample 
then steady decline. No increase 
in CK-BB in patients with 
evolving hydrocephalus. 



Table 4, (Continued) 

Fluid Time Injury 
Researcher Sample Tested To Sample 

Schwartz et al., 51 patients Serum Not stated 
1989 

Delanghe et al., 10 patients with CSF Every 3 
1990 head trauma hours for 

first 48 
hours 

Determination 
of CK Levels Results 

CK-BB Group 1 Brain contusion 
specific (n=15): Mean CK-BB 15 U/L. 
monoclonal Mean volume of brain tissue 
antibody damaged 39.68 ml. 

Group 2 Cerebral infarction 
(n=20): Mean CK-BB 2.32 U/L. 
Mean volume of brain tissue 
damaged 71.08 ml. 

Group 3 Primaiy and metastatic 
brain cancer (n=16); Mean CK-
BB 1.S9 U/L, Mean volume of 
brain tissue damaged 29.41 ml. 

Immuno- Maximal CK-BB concentration 
en:Qrmometric a median of 4.7 hours after 
assay with injury. 
CK-BB Median maximal CK-BB mass 
specific concentration 427 |ig/L. 
monoclonal Correlation between cumulative 
antibodies CK-BB release and outcome 

(r=-.78). 



Table 4, (Continued) 

Fluid Time Injuiy 
Researcher Sample Tested To Sample 

Osuna et al., 34 patients at CSF Time from 
1992 autopsy with death to 

autopsy 
varies by 
diagnosis 

Determination 
of CK Levels Results 

Impress-BB 
test kit which 
blocks M 
subunit 

Patients with hypoxia (n=7): 
Autopsy mean 49.7 hours after 
death. Mean CK-BB 9S U/L 
(SD 78 U/L). 

Patients with sudden cardiac 
death (n=7); Autopsy mean 41.1 
hours after death. Mean CK-BB 
7 U/L (SD 7 U/L). 

Patients with other causes (n=9); 
Autopsy mean 51.2 hours after 
death. Mean CK-BB 37 U/L 
(SD 10 U/L). 

Patients with head trauma 
(n=l 1); Autopsy mean Sl.S 
hours after death. Mean CK-BB 
1262 U/L (SD 1473 U/L). 



Table 4. (Continued) 

Researcher Sample 
Fluid 
Tested 

Time Injury 
To Sample 

Hans et al., 
1987 

SO head injured 
patients 

CSF 9.2 ± 5.3 
hours after 
injuiy 

Hans et al., 
1989 

43 patients with 
severe head 
injury 

CSF Average 
9.S hours 
after injury 

Determination 
of CK Levels Results 

Spectro- Group I those severely disabled, 
photometry vegetative or dead (n=34): Mean 
(total CK) extrapolated CK-BB 7.19 ± 1.37 
Electro- U/L. Mean CK-BB 5.60 i: 1.01 
phoresis then U/L. 
Densitometry Group II; moderate disability or 
(CK-BB) good recovery (n=16); Mean 

extrapolated CK-BB 5.65 ± 0.71 
U/L. Mean CK-BB 4.51 ± 1.01 
U/L. 
Extrapolated CK-BB best 
predictor of outcome followed 
by GLS score, observed CK-BB, 
GCS score. 

Spectro- Extrapolated CK-BB correctly 
photometry predicted outcome in 67% of the 
(total CK) patients. Correct prediction of 
Electro- outcome improved to 91 % with 
phoresis addition of presence of thoracic 
then injuiy, age, ICP, and GLS score. 
Densitometry 
(CK-BB) 



Table 4. (Continued) 

Fluid Time Injuiy 
Researcher Sample Tested To Sample 

Greenblatt, 
1976 

30 patients with 
subarachnoid 
hemorrhage 

CSF Not stated 

Rabow et al. 
1986) 

29 patients with 
severe head 
injury 

CSF Within 6-
12 hours 
after injury 
than every 
12 hours 
for 5-7 
days 

Determination 
of CK Levels Results 

Not stated Mean CSF CK 4.2 U/L. 
Significant correlation between 
CSF CK levels and evidence of 
destructive process 
(hydrocephalus, infarction, 
parenchymal hematoma or 
ventricular clot). 

Electro- CK-BB elevated during first 24 
phoresis then hours then decreased returning 
Fluorescence to normal 12-24 hours later (36 
technique to 48 hours after injury). If a 

secondary injury, a second small 
increase in CK-BB. Patients 
that died mean CK-BB 321 U/L 
(SD 214 U/L). Patients in 
vegetative state mean CK-BB 
147 U/L (SD 133 U/L). Patients 
severely disabled mean CK-BB 
137 U/L (SD 121 U/L). Patients 
with moderate disability or good 
recovery mean CK-BB 98 U/L 
(SD 77 U/L). 



Table 4. (Continued) 

Fluid Time Injury 
Researcher Sample Tested To Sample 

Karpman et al., 209 patients Serum Not stated 
1981 receiving 

treatment in ER, 
included 33 
patients with 
head trauma 

Nath et al., 38 patients with Serum On 
1986 head injury admission 

Determination 
of CK Levels Results 

Electro- CK-BB present in 10 of 33 
phoresis then patients with head trauma. CK-
Fluorescence BB ranged from 2 to 100 lU/L. 
densitometry In addition to head trauma, 6 of 

the 10 patients also had 
fractures, thoracic injuries and 
abdominal injuries. 
CK-BB present in 24 of 176 
patients without head trauma. 

Radio- Elevated CK-BB levels in 23 
immunoassay patients (> 10 fig/L). 

Level of consciousness 
significantly correlated with 
CK-BB activity and a poor 
outcome (severe disability or 
death). Combination of coma 
and high CK-BB associated with 
poor outcome. Ten of 14 
patients with high CK-BB and 
in coma on admission were 
severely disabled or died. 



Table 4. (Continued) 

Fluid Time Injury Determination 
Researcher Sample Tested To Sample of CK Levels Results 

Cooper et al., 
1983 

63 patients 
following head 
injuiy 

Serum Admission Radio- Highest CK-BB level generally 
and daily immunoassay on the day of the injury, 
for 7 days Higher CK-BB levels were 

correlated with lower GCS 
scores and a bad outcome 
(severe disability, vegetative 
state or death). Those with lower 
CK-BB levels tended to have 
good outcome (moderate 
disability or good recovery) and 
those with higher CK-BB levels 
tended to have a bad outcome. 
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injury witli loss of consciousness for less than 10 minutes and recovered with no residual 

disability. Group n (n=19) suffered serious head injury with residual deficit, and Group 

m (n=lO) suffered severe head injury which resulted in death. The CK-BB values were 

compared to control values from 1006 normal subjects, hi 476 of the control subjects, 

CK-BB was not detected. For the remaining 530 control subjects, the mean concentration 

of CK-BB was 1.5 micrograms/L (SD 0.75 micrograms/L). Based on the results from the 

control studies, a value of 3.0 micrograms/L (^g/L) was considered the upper limit of 

normal. The mean CK-BB concentration in the Group I patients was 4.57 ^g/L (SD 2.55 

^g/L). The samples were obtained within 1 to 12 hours of the injury, hi the Group II 

patients, the mean CK-BB concentration was 11.21 ^g/L (SD 1.27 ^g/L). The samples 

were obtained 30 minutes to 24 hours following the injury. Poor clinical outcome in this 

group of patients was associated with CK-BB levels that did not return to baseline or in 

which there was a second elevation resulting from increased intracranial pressure. In the 

Group ni patients, the mean CK-BB concentration was 20.9 ^g/L (SD 11.9 ^g/L). These 

patients died 1.5 hours to 9 days after admission. The mean concentration of CK-BB for 

Group I, U, and OX was significantly higher than the mean concentration for the control 

subjects (p<.0l). hi this study, higher levels of serum CK-BB were reported in those 

sustaining a more severe head injury. 

Rabow and Hedman (1985) studied serum and CSF levels of CK-BB and the 

correlation of each to the GCS score and to outcome in 37 patients following head injury. 

Serum levels were obtained on admission, the morning after the injury and on one of the 
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following three days. A CSF sample was obtained in 13 of the 37 patients within 24 

hours of the injury. A GCS score was obtained 6 hours alter injury and outcome was 

determined 12 months after injury using the Glasgow Outcome Scale. The source of the 

CSF was not stated (ventriculostomy or lumbar puncture). After separation of the CK 

isoenzymes by ion exchange, measurements of the isoenzyme species were obtained by 

spectrophotometry. Patients with a GCS score of IS were reported to have normal serum 

CK-BB levels. Elevated serum CK-BB levels were reported in patients with a GCS score 

less than 15. Similar results were reported for CSF CK-BB levels and GCS scores. In 

relation to outcome, patients with normal serum and CSF CK-BB levels had a good 

outcome. The highest serum CK-BB level was reported in a patient with a GCS score of 

3; this patient died. It should be noted that elevated serum and CSF CK-BB levels were 

reported in patients with a good outcome. Thus, there did not appear to be a clear 'linear* 

relationship between CK-BB and outcome, rather a trend was reported in which there 

were higher CK-BB levels in patients with poorer outcome and lower CK-BB levels in 

patients with a good outcome. 

Nordby and Urdal (1985) examined changes in serum CK-BB isoenzyme 

following moderate and severe head injury in 36 patients. For the analysis, the patients 

were divided into two groups based on the highest GCS score obtained within 24 hours of 

the injury: Group I (n=l 7) consisted of patients with GCS scores less than or equal to 6 

and Group H (n=19) consisted of patients with GCS scores from 7 to 11. Outcome was 

assessed 6 to 9 months after injury usmg the Glasgow Outcome Scale. 
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fUdioimmunoassay was used to detennine CK-BB levels. For Group 1,6 of 10 patients 

were reported to have CK-BB levels greater than 100 ^g/L within 6 hours of the injury. 

Six of 10 patients with CK-BB levels that normalized within 36 hours of injury had a 

good outcome or moderate disability. Three patients with CK-BB levels that had not 

normalized within 36 hours of injury in patients had severe disability, vegetative state or 

died. In group n patients, a CK-BB level greater than 100 ^g/L was reported in 1 patient. 

Higher CK-BB levels were reported in those with lower GCS scores. A rapid decrease in 

serum CK-BB levels to normal values was reported within 36 hours of the injury for 3 of 

17 patients. For those patients with early normalization of CK-BB levels, good recovery 

or moderate disability was reported. For the IS patients in whom levels did not normalize 

within 36 hours, death or severe disability was reported in 6 patients, hi patients in whom 

there was evidence of a secondary injury (defined by the authors as a delayed increase in 

ICP), a second increase in CK-BB was reported but the increase was not as high as the 

initial increase. In 9 patients, lumbar CSF CK-BB levels were obtained for diagnostic 

purposes along with a paired serum CK-BB sample. The CSF CK-BB levels were higher 

than serum CK-BB levels for all patients. The authors concluded that the amount of CK-

BB in the serum was related to the severity of the injury to the brain and the movement of 

cerebral extracellular fluid to the circulation (Nordby & Urdal, 1985). 

Hans, Bom, Chapelle and Milbouw (1983) examined serum and CSF total 

creatine kinase and CK-BB and the relationship between serum and CSF creatine kinase 

levels, GCS scores, and outcome in 35 patients with severe head injury. Severe head 
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injury was defined as a GCS score of 7 or less. Outcome was assessed 6 months after 

injury using the Glasgow Outcome Scale. Serum and ventricular CSF samples were 

obtained Avithin 12 hours of the injury. Measurement of total CK activity was obtained by 

spectrophotometry. The CK isoenzyme pattern was determined by electrophoresis with 

quantification of CK-BB activity obtained by densitometry. In the serum, total creatine 

kinase activity was reported to be high (1043 ±1018 U/L) and CK-BB activity was 

reported to be low (mean 7.0 ± 21.0 U/L). A large proportion (86%) of the sample was 

reported to have no CK-BB in the serum. In the CSF, CK-BB activity was reported to be 

high (mean 348 ± 406 U/L). Ninety-two percent of the total creatine kinase activity was 

accounted for by CK-BB. No relationship was reported between serum and CSF CK-BB 

levels (r=.l 1). A high CSF CK-BB level was significantly correlated with a low GCS 

score (p<.001). For analysis of outcome, the patients were divided into 3 groups: Group 

I (n=I2) in which the patients died or were in a vegetative state. Group 2 (n=6) in which 

the patients were severely disabled, and Group 3 (n=9) in which the patients were 

moderately disabled or made a good recovery. The mean CSF CK-BB levels of Group 1 

patients (718 U/L) were significantly higher than those of Group 2 (208 U/L) and Group 3 

(94 U/L) (t=2.41, p<.025; t=3.68, p<.0025, respectively). Mean CK-BB levels were not 

significantly different between Group 2 and Group 3 (t=1.44). The authors concluded 

that with more severe injury, the damage to cerebral tissue was greater and CSF CK-BB 

levels were higher (Hans et al., 1983). Thus, the determination of CSF CK-BB may be 

important during the initial evaluation following brain injury. 
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Bakay and Ward (1983) measured serum and CSF creatine kinase isoenzyme 

(CK-BB), lactate dehydrogenase isoenzyme (LDH,), and glutamic oxaloacetic 

transaminase (GOT) and correlated the levels of these enzymes with GCS scores and 

outcome in 147 patients with head trauma. Serum CK-BB, LDH isoenzyme, and GOT 

measurements were obtained on admission and during the first 24 to 72 hours after 

admission in 139 patients. In 57 patients, CSF CK-BB, LDH,, and GOT measurements 

were obtained on admission and during the first 24 to 72 hours after admission. CSF was 

obtained firom ventricular or lumbar puncture. The CK-BB and LDH isoenzyme activity 

were determined by electrophoresis and reported as the percent of total creatine kinase 

and LDH activity, respectively. Outcome was assessed 1 year after injury using the 

Glasgow Outcome Scale unless the patient died or "returned to normal" (Bakay & Ward, 

1983, p. 29). For each GCS score, a wide range of total serum creatine kinase, total LDH, 

LDH„ and GOT values were reported. Serum CK-BB and LDH, levels were 

significantly correlated with GCS scores (p<.01). hi the more severely injured patients 

with GCS scores of 7 or less, serum CK-BB and LDH, levels were significantly 

correlated with the GCS score (p<.OS). A significant correlation was reported t)etween 

CSF total creatine kinase, CK-BB, total LDH, LDH, and GCS scores (p<.OS). In patients 

with GCS scores ranging from 3 to 7, only CSF CK-BB and LDH, levels were 

significantly correlated with GCS scores (p<.OS for each). A significant correlation was 

reported between outcome and CSF CK-BB and LDH, (p<.05), with higher CK-BB and 

LDH, levels reported in those with a poorer outcome. The highest CSF CK-BB levels 
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were reported on admission or 12 to 24 hours after admission. A reappearance of CK-BB 

in CSF after an initial rise and fall was reported with secondary injury, hi the cases in 

which CK-BB was reported in the serum, CK-BB was also present in the CSF. There 

were cases in which the CK-BB was detected in the CSF and not in the serum. Thus, the 

CSF level was the more sensitive indicator of CK-BB activity following head trauma. 

The authors concluded that the isoenzymes released with head trauma were best studied 

in the CSF and that CK-BB was the measure that was correlated with the extent of 

damage and with outcome (Bakay and Ward, 1983) 

Kaste, Hemesniemi, Somer, Hillbom and Konttinen (1981) measured serum 

CK-BB and CK-MB in 26 patients with acute brain injury. The severity of brain injury 

was evaluated based on the time of unconsciousness. In this study, unconsciousness was 

defined as "the inability to obey commands or to utter recognizable words" (Kaste et al., 

1981, p. 511). Mild brain injury was defined as a period of unconsciousness less than 30 

minutes (n=10), moderate brain injury as unconsciousness between 30 minutes and 6 

hours (n=4), and severe brain injury as unconsciousness greater than 6 hours (n=12). 

Serum samples were obtained on admission and daily for the first 3 days of 

hospitalization. The first sample was generally obtained within 6 hours of the injury (22 

of 26 patients). Measurement of total creatine kinase activity was determined by 

spectrophotometry. The creatine kinase isoenzymes were separated by electrophoresis 

and quantified using fluorometry. CK-BB was present in 13 of 26 patients with peak 

levels ranging firom 5 to 188 U/L. The percent of CK-BB to total creatine kinase activity 
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ranged from 0.9 to 24.4% with a mean of 10.5%. The highest CK-BB level was generally 

reported in the first sample obtained, this being obtained an average 2.4 ± 0.4 hours after 

injury. The highest CK-BB levels were reported in those with severe injury. Of the 12 

patients with severe injury, 7 patients died. Serum CK-MB activity was present in 17 of 

26 patients, with peak levels ranging from S to 1 IS U/L. The percent of CK-MB to total 

creatine kinase activity ranged from 1.9 to 14% with a mean of 6.6%. The presence of 

CK-MB was associated with EKG changes (T wave inversion in the precordial leads) in 3 

of 4 patients and the finding of subendocardial hemorrhage on autopsy in 3 of 5 patients 

(only 9 patients autopsied). The authors suggested that the CK-BB increase following 

head injury was related to the degree of brain tissue damage and the CK-MB increase was 

the result of myocardial damage from chest trauma or catecholamine release following 

head injury (Kaste et al., 1981). 

Somer, Kaste, Troupp and Konttinen (1975) examined total serum CK and CK-

BB in animals and humans following acute brain injury. In 15 rabbits, a cold injury was 

induced by liquid nitrogen application to the brain. Blood samples were obtained from a 

cerebral sinus and from a peripheral blood vessel prior to the injury and 3 hours, 6 hours, 

and 12 hours following the injury. The results were compared to samples obtained from 

12 control animals that did not receive the brain mjury. In the humans, 12 patients had 

suffered brain injury within 8 hours of the study and 7 patients had undergone 

neurosurgical procedures for aneurysm or tumor. Unlike the rabbits, human serum 

samples could not be obtained at precise intervals. Following separation of creatine 



133 

kinase isoenzymes by electrophoresis, CK-BB was quantified using a fluorescence 

technique. Following cold injury in the rabbits, increased serum CK-BB levels were 

reported from the cerebral sinus at 3 hours (502 ±122 lU/L), with the highest CK-BB 

levels reported at 6 (622 ± 234 lU/L) and 12 hours (658 ± 236 lU/L) after injury. 

Elevated CK-BB levels were not reported in the peripheral blood samples at any of the 

time periods. Total creatine kinase peaked at 12 hours after the injury in the cerebral 

sinus (1248 ± 79 lU/L) and peripheral blood (1173 ± 181 lU/L) samples. In patients 

following brain injury, CK-BB was usually present in the first sample obtained (ranging 

from 1.5 to 8 hours after the injury). The CK-BB levels were generally highest in the first 

sample obtained. The total creatine kinase activity in peripheral blood was generally 

from CK-MB. In patients following neurosurgical procedures, CK-BB was not detected 

in the serum. Thus, elevated serum CK-BB activity was reported within 12 hours after 

brain injury in humans and animals 

Wevers, Jansen, van Woerkom, Doesburg and Hommes (1984) studied creatine 

kinase non-M activity (defined as CK-BB and mitochondrial CK) in the CSF of 81 

patients. The diagnoses of the patients included head trauma, subarachnoid hemorrhage, 

epilepsy, leukemia, cerebrovascular accident, myopathy, tumor cerebri, 

meningoencephalitis, polyneuropathy, disc herniation, mental retardation, 

encephalopathy, multiple sclerosis, and non-orgam'c disorders. The time from injury or 

onset of symptoms was not stated. A control sample of 19 patients was also included in 

the analysis. The 81 patients were grotq)ed based on the amount of brain tissue damaged 



134 

as estimated by diagnostic testing (Computed Tomography) and clinical assessment The 

three groups based on brain tissue damage were: Group I in which there was gross 

damage (N=12), Group II in which there was limited damage (N=50), and Group m in 

which there was no evidence of damage (N=19). The CSF samples were obtained by 

lumbar puncture. Total creatine kinase activity was determined by bioluminescence. 

Following inhibition of CK-M activity, CK non-M activity was determined by 

bioluminescence. Reference values for total creatine kinase and CK non-M were set for 

the study based on the control sample, with elevated levels for total creatine kinase 

defined as greater than 0.60 U/L and for CK non-M as greater than 0.20 U/L. hi the 

sample of 81 patients, total creatine kinase activity was increased in all of the patients 

with 39 (48%) reporting increased CK non-M activity. There was a significant difference 

in CK non-M activity for the three groups based on brain tissue damage. Of the Group I 

patients, all but one (92%) had CK non-M activity above the reference level. Of the 

Group Q patients, half (25 of SO) had CK non-M activity above the reference level. Of 

the Group III patients, 4 (21%) had CK non-M activity above the reference level, hi 

examining the specific diagnoses, increased CK non-M activity was reported in 6 of the 7 

patients with head trauma and in 4 of the 5 patients with subarachnoid hemorrhage. The 

authors concluded that there was a relationship between CK non-M activity and the 

degree of damage to brain tissue and that CK non-M activity may be useful in 

determining damage to the CNS (Wevers et al., 1984). 
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Maas (1977a) described the changes in creatine phosphokinase, alpha 

hydroxybutyric acid dehydrogenase, aspartate aminotransferase, alanine aminotransferase, 

lactate dehydrogenase, and pseudocholinesterase in the CSF and serum of 14 adult cats 

following a cold injury to the brain (cooling probe at -40°C). CSF samples were obtained 

firom the cistema magna every half hour following the injury until brain stem herniation 

or 7.25 hours had elapsed. Serum samples were obtained every hour. Control CSF 

samples were obtained prior to the cold injury and were the average of three samples. 

Creatine phosphokinase isoenzymes were separated by electrophoresis. Serum enzyme 

levels were elevated in the control period and remained elevated throughout the study 

period, an increase proposed by the author to result from the preparation of the animals 

for the experiment (Nfoas, 1977a). CSF creatine phosphokinase levels increased above 

baseline in the first sample and remained elevated throughout the study period with the 

peak level obtained approximately 2.25 to 3.25 hours after injury. The creatine 

phosphokinase isoenzyme pattern differed between CSF and serum. In the CSF, CK-BB 

predominated with only a small amount of CK-MM. hi the serum, greater than 90% of 

the creatine phosphokinase reported was CK-MM. A scatterplot revealed a variation in 

CSF creatine phosphokinase activity among the animals. A pattem of increase at 

approximately 3.25 hours after injury was seen for all except one animal. In that animal, 

there was little variation from the control values. Since this animal was hypotensive, the 

author postulated that arterial pressure may play a role in delaying or inhibiting 

movement of the enqme to the CSF (Maas, 1977a). Based on the results in animals, the 
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author concluded that enzyme analysis of the CSF of patients following brain injury may 

be a useful index of the extent of damage with serial determinations providing additional 

information (Maas, 1977a). 

Maas (1977b) described the changes in the level of creatine phosphokinase, alpha 

hydroxybutyric acid dehydrogenase, lactate dehydrogenase, aspartate aminotransferase, 

and pseudocholmesterase in the CSF of 31 cats in which different levels of injury to the 

brain were induced. The cold lesions were induced by freezing a specified area of the 

brain at -40''C (Group 1, n=14), freezing the same specified area of the brain at -30°C 

(Group 2, n=9), and freezing a smaller area of the brain at -40''C (Group 3, n=8). Group 1 

was considered the most severely injured while Group 2 and 3 were considered less 

severely injured. Samples of CSF were obtained from the cistema magna at 30 minutes 

intervals following the injury until brain stem herniation or 7.25 hours had elapsed. The 

CK isoenzymes were separated by electrophoresis. Increased activity of creatine 

phosphokinase, alpha hydroxybutyric acid dehydrogenase, lactate dehydrogenase, and 

aspartate aminotransferase occurred with all levels of injury with higher levels in those 

more severely injured. Peak creatine phosphokinase activity occurred in all groups 4 to 

4.25 hours after injury. The highest CK levels were observed in those with the most 

severe injury. Group 1 (median 800 U/L). The median levels were similar in Group 2 and 

Group 3 (100 U/L and 125 U/L, respectively). In examining tissue samples, the area of 

greatest damage was reported in those with the most severe Injury (Group 1). bi Group 3, 

the area damaged was less in diameter but as deep as that reported in Groiq) L In those 
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injured with lower temperature (Group 2), the area damaged was more shallow than 

Group I or Group 3. Thus, the amount of engine released from damaged tissue, 

specifically creatine phosphokinase, was related to the extent of damage such that greater 

amounts of creatine phosphokinase were released with a greater area of damage. 

Maas (1977c) examined the changes in creatine phosphokinase, alpha 

hydroxybutyric acid dehydrogenase, lactate dehydrogenase, aspartate aminotransferase, 

and pseudocholinesterase in the CSF of 36 cats after a cold lesion to the brain (cooling 

probe at -40°C) and induction of hypotension. The animals were divided into 4 groups: 

Group 1, control animals (n=7); Group 2, cold lesion without hypotension (n=I4); Group 

3, cold lesion followed with inunediate induction of hypotension (n=6); and Group 4, 

cold lesion with induction of hypotension 45 minutes after lesion (n=9). Trimetaphan 

was used to induce hypotension. CSF samples were obtained from the cistema magna 

every 30 minutes afrer the injury until brain stem herniation or 7.25 hours had elapsed. 

Creatine phosphokinase isoenzymes were separated by electrophoresis. In Group 2 

animals, creatine phosphokinase activity increased significantly after injury with peak 

activity occurring 2.75 hours after injury. In those with hypotension induced immediately 

after injury (group 3), there was no change in creatine phosphokinase levels in 3 of the 

animals (50%). In the remaining 3 animals, creatine phosphokinase levels increased 

slightly, with peak levels occurring later than those observed in Group 2. The amount of 

creatine phosphokinase detected was not significantly different from control levels. In 5 

of the 9 animals with delayed hypotension (group 4), creatine phosphokinase levels did 
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not rise, bi 2 of the animals, creatine phosphokinase levels increased, with the peak 

values occurring 2 J5 hours after injury. The remaining 2 animals were excluded because 

of difQculties with the catheter or the animal. Overall, creatine phosphokinase levels 

were lower in animals with immediate or delayed hypotension than in those without 

hypotension. On histologic examination of the brain of the animals, large areas of focal 

necrosis were observed. In those with immediate or delayed hypotension less edema and 

fewer hemorrhages in the necrotic zone were observed, hi 4 of the IS animals with 

immediate or delayed hypotension, extensive brain edema was reported and it was in 

these animals that CSF enzyme levels were increased. Thus, hypotension may delay or 

inhibit the movement of the enzymes to the CSF aiter injury because the movement of 

extracellular fluid to the CSF is slowed or absent. The presence of edema may be 

important in the movement of extracellular fluid and, thus, in the movement of the 

enzymes to the CSF (Maas, 1977c). 

Florez, Cabeza, Gonzalez, Garcia and Ucar (1976) investigated simultaneous 

serum and CSF glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase 

(GPT), lactate dehydrogenase (LDH), isocitric dehydrogenase (ICDH), malate 

dehydrogenase (MDH), fructose 1,6-diphosphate aldolase (ALD), and creatine kinase 

(CK) in 28 patients following acute head injury and in 13 control patients. The injured 

patients were divided into 3 groups based on the severity of the injury: Group I in which 

there was concussion with loss of consciousness for less than 15-20 minutes and no 

neurologic deficit (n=10); Group H in which there was severe injury with neurologic 



139 

deficit (n=10); and Group III in which there was severe injury resulting in death (n=8). 

The control group included patients with suspected intervertebral disc protrusion. The 

initial simultaneous lumbar CSF and serum samples were obtained 12-24 hours after the 

head injury. Samples were also obtained on day 3 after injury in a portion of the patients 

in each group. In Group II patients, samples were also obtained on day S, 9, and 13 after 

injury. Spectrophotometry was used to measure the optical densities of the enzymes after 

the enzyme activity was determined by monotest (GOT, GPT, LDH, CK) or UV test 

(ALD, ICDH, MDH). The upper limits of creatine kinase values firom the control patients 

was SO mU/mL in serum and 2.0 mU/mL ± 1 mU/mL in CSF samples, hi Group I 

patients, serum creatine kinase levels were normal on day 1 and day 3 (mean SO.l mU/mL 

and 39.8 mU/mL, respectively). CSF creatine kinase levels were elevated on day 1 (mean 

4.6 mU/mL) and returned to normal values by day 3 (mean 1.2 mU/mL). In Group n 

patients, serum creatine kinase levels were elevated in all patients on the first day (mean 

162.0 mU/mL), decreased slightly by day 3 (mean 132.0 mU/mL), and retumed to normal 

after 2 weeks in 8 of the 10 patients. CSF creatine kinase levels were elevated on the first 

and third day (mean 15.1 mU/mL and 6.1 mU/mL, respectively) and retumed to normal in 

8 of the 10 patients 2 weeks after injury, hi Group m, serum and CSF creatine kinase 

levels were elevated on the first and third day after injury (serum mean 261.0 mU/mL and 

133.0 mU/mL; CSF mean 31.2 mU/mL and 13.3 mU/mL, respectively). In general, both 

serum and CSF creatine kinase levels were elevated the first day after injury with higher 

levels reported in those more severely injured. Elevated en:^e levels were reported for 
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longer periods (day 3) in those who died or had neurologic deficits as a result of the 

injury. 

Nordby, Tveit and Ruud (1975) examined creatine kinase and lactate 

dehydrogenase activity in the CSF of290 patients following head injury. The patients 

were grouped based on the severity of the injury: Group I, head injury without loss of 

consciousness (n=10); Group n, probable concussion (n=38); (jroup m, cerebral 

concussion with loss of consciousness (n=143); Group IV, cerebral concussion with 

meningeal hemorrhage (n=59); Group V, intracranial hematoma (n=3); and Group VI, 

cerebral contusion with or without hematoma (n=13). The CSF samples were obtained 

by lumbar puncture within 24 hours of the injury. Creatine kinase activity was 

determined by monotest. Normal levels of CSF creatine kinase were considered to be 0 

to 2 U/L for this study. Normal levels were reported in all patients in Group I and the 

majority of patients in group 11 (35 of 38 patients), Group IH (122 of 143 patients), and 

Group V (2 of 3 patients). Creatine kinase levels were elevated in a majority of the 

patients in Group IV (35 of 59 patients) and Group VI (11 of 13 patients). The highest 

creatine kinase levels were reported in Group VI patients, with levels greater than 217 

U/L. Thus, higher levels of creatine kinase were reported in the CSF of patients with 

more severe injuries (Nordby et al., 1975). 

Nordby and Urdal (1982) evaluated CSF CK-BB as a useful indicator of brain 

damage in 110 patients with acute brain injury. The patients were divided into two 

groups for study: Group I, with a total of 93 patients, included patients cerebral 
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contusion (n=lS), subarachnoid hemorrhage fix)m rupture of an aneurysm (n=S), 

neurological disorders (n=lS), and cerebral concussion (n=S8) and Group II which 

consisted of 17 patients with brain contusion (n=10) and evolving hydrocephalus (n=7) in 

which serial CSF samples were studied. CSF samples were obtained by lumbar or 

ventricular puncture within 20 hours of the injury. Immunoinhibition was used to 

determine CK-BB activity. A normal value for CK-BB for this study was 0-4 U/L. Of 

the Group I patients with cerebral contusion, 93% (14 of 15) were reported to have 

elevated CK-BB levels within 20 hours of the injury. Of the patients with subarachnoid 

hemorrhage from aneurysm rupture (n=5), three developed an intracerebral hematoma. 

Two of the 3 patients with hematoma development had elevated CK-BB levels; the third 

patient died within 1 hour of the aneurysm rupture. Normal CK-BB levels were reported 

in the patients with neurological disorders. Of the 58 patients with cerebral concussion, 

elevated CK-BB levels were reported in 13 (22%) of the patients. Serial samples were 

obtained from 10 Group Q patients with cerebral contusion to determine the optimal time 

following injury for obtaining a sample. The specific times for obtaining the samples was 

not stated. Levels of CK-BB tended to be highest at the first sample followed by a steady 

decline. In 3 of the patients, CK-BB levels were highest with the second sample obtained 

which was 10-15 hours after injury, hi the patients who died after injury (n=4), the CK-

BB levels remained elevated throughout the sampling period. In patients with evolving 

hydrocephalus, no increase in CK-BB was reported. The authors concluded that CSF 
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CK-BB was a useful indicator of structural damage in acute brain injury when the initial 

sample was obtained within IS hours after injury (Nordby & Urdal, 1982). 

Schwartz, Bazen, Gage, Prihoda and Gillham (1989) investigated the relationship 

between serum CK-BB and the volume of brain tissue damaged in 51 patients. The 

patients studied were divided into 3 groups based on diagnosis: Group 1 included 

patients with brain contusion (n=lS), Group 2 included patients with cerebral infarction 

(n=20), and Group 3 included patients with primary and metastatic brain cancer (n=16). 

Serum samples were obtained on admission. A CK-BB specific monoclonal antibody 

was used to measure CK-BB activity. The volume of brain tissue damaged was 

calculated fi-om the CT scan. The brain lesions ranged from 0.5 to 319.5 ml. The highest 

CK-BB activity was reported in the patients with brain contusions (Group 1). The highest 

volume of brain tissue damaged was reported in the patients with cerebral infarctions 

(Group 2). For the Group 1 patients, CK-BB ranged from 0 to 144 U/L with a mean of 15 

U/L. The mean volume of brain tissue damaged was 39.68 ml with a range of 2.49 to 

201.40 ml. For the Group 2 patients, CK-BB ranged from 0.10 to 7.0 U/L with a mean of 

2.32 U/L. The volume of brain tissue ranged from 1.57 to 319.51 ml, with a mean of 

71.08 ml. For the Group 3 patients, the mean CK-BB was 1.59 U/L with a range of 0 to 

4.7 U/L. The mean volume of brain tissue damaged was 29.41 ml with a range of 0.50 to 

104.26 ml. No significant correlation was reported between CK-BB and the volume of 

brain tissue damaged for any of the groups studied. The authors attributed the lack of 

correlation between the CK-BB and the volume of brain tissue damage to an intact blood 
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brain barrier, to inactivatioii of CK-BB, or both (Schwartz et al., 1989). Thus, serum CK-

BB was a poor index of damage to brain tissue particularly in patients in which the blood 

brain barrier remained intact. 

Delanghe, De Winter, De Buyzere, Camaert, Martens and De Praeter (1990) 

investigated cumulative CSF CK-BB and calculated the lesion size in 10 patients with 

head trauma, 20 control patients with headache and 186 neonates of which 80 were 

control patients. Ventricular CSF samples were obtained fit)m the head injured patients 

every 3 hours for the first 48 hours after the injury. A single lumbar CSF sample was 

obtained from the control patients. Immunoenzymometric assay with CK-BB specific 

monoclonal antibodies was used to determine CK-BB activity. The cumulative CSF CK-

BB was calculated based on the concentration of CK-BB in each sample obtained. The 

median CK-BB level was 0.27 ^g/L for healthy adults and 2.09 ^g/L for neonates. For 

the head injured patients, the maximal CK-BB concentration occurred a median of 4.7 

hours after injury with a range of 2.5 to 15.3 hours. The median maximal CK-BB mass 

concentration was 427 |ig/L with a range of251-2280 pg/L. The calculated lesion size 

ranged from 0.15 to 2.65 grams CK-BB equivalent with a median of 0.68 grams CK-BB 

equivalent. For the head injured patients, a correlation (r=-.78) was reported between 

cumulative CK-BB release and outcome determined using the Glasgow Outcome Scale 1 

year after injury. The authors concluded that the size of the brain lesion, along with the 

cumulative concentration of CK-BB released following the mjuty were important in 
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determining the severity of the brain injury and the prognosis of the patient (Delanghe et 

al., 1990). 

Osuna, Perez-Carceles, Luna and Pounder (1992) studied calcium, glucose, total 

protein, aldolase, aspartate transaminase, alanine transaminase, gamma 

glutamyltransferase, lactate dehydrogenase, creatine kinase, and CK-BB in the CSF of 34 

patients at autopsy. The patients were grouped by diagnosis: head trauma (n= 11), 

hypoxia (n=7), sudden cardiac death (n=7), and other (n=9). Only 3 of the patients 

survived more than 24 hours after the insult. The autopsy was performed a mean of S1.5 

hours aiter death in those with head trauma, a mean of 49.7 hours after death in those 

with hypoxia, a mean of 41.1 hours after death in those with sudden cardiac death, and a 

mean of 51.2 hours after death in those with other diagnoses. CSF samples were obtained 

by cisternal puncture prior to opening the skull. A kit (Impress-BB kit which blocks the 

M subunit) was used to determine CK-BB activity. The mean CK-BB for patients with 

head trauma was 1262 U/L (SD 1473 U/L, range 2-3431 U/L). For patients with hypoxia, 

the mean CK-BB was 95 U/L (SD 78 U/L, range 2-187 U/L). The mean CK-BB for 

patients with sudden cardiac death was 7 U/L (SD 7 U/L, range 2-2S U/L). For patients 

with other diagnoses, the mean CK-BB was 37 U/L (SD 10 U/L, range 1-69 U/L). The 

highest level of CK-BB was reported in the patients with head trauma (mean 1262 U/L), 

while the lowest levels were reported in those with sudden cardiac death (mean 7 U/L). 

A significant correlation was reported between the interval fix)m death to autopsy and 

total creatine kinase. A significant relationship was also reported between the severity of 
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the injury, as measured by cranio-facial trauma, and CK-BB. The authors concluded that 

specific biochemical indicators may be usefiil in diagnosis when morphological findings 

are not available (Osuna et al., 1992). 

Hans, Bom and Albert (1987) investigated the pattern of CSF CK-BB activity 

following head injury and the usefulness of CK-BB in assessing the extent of brain injury 

and outcome from injury in SO patients. The GCS score was less than 8 for the first 24 

hours after injury and the Glasgow-Liege Coma Scale (GLS)' was 12 or less. The 

ventricular CSF sample was obtained 9.2 ± 5.3 hours after injury. Total creatine kinase 

activity was determined by spectrophotometry. Following separation of the isoenzymes 

by electrophoresis, the activity of each isoenzyme was determined by densitometry. 

Outcome was assessed using the Glasgow Outcome Scale 6 months after injury. For the 

analysis, the patients were divided into 2 groups based on the Glasgow Outcome Scale 

categories: Group I were those who died, were in persistent vegetative state, or severely 

disabled (n=34) and Group II were those moderately disabled or had made a good 

recovery (n=16). The pattern of CK-BB release following head injury was studied in a 

separate sample of 10 head injured patients. For the first 24 hours after injury, CSF 

samples were obtained every 2 hours. An exponential decrease in CK-BB levels was 

^ The Glasgow-Liege Scale was developed by Bom, Albert, Hans and Bonnal 
(1985) to improve the prognostic ability^ of the GCS for patients with severe head injury. 
A category ^ch includes 5 brain stem reflexes, scored fiom 0 (no response) to 5, was 
added to the 3 categories of the GCS. The score for the GLS ranges from 3 to 20, with 20 
representing the best response. 
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reported in all cases. Based on the assumption that CK-BB was released only at the time 

of injury, the half life of the isoen '̂me was calculated to be 4.5 hours. Based on the half 

life, an extrapolated CK-BB (eCK-BB) level was calculated which reflected CK-BB level 

immediately after injury. The eCK-BB was then calculated for each of the SO patients in 

the study. For those patients in Group I, mean eCK-BB was 7.19 ± 1.37 U/L and mean 

CK-BB was S.60 ±1.01 U/L. For those patients in Group II, mean eCK-BB was 5.65 ± 

0.71 U/L and mean CK-BB was 4.51 ± 1.01 U/L. Extrapolated CK-BB was reported to 

be the best predictor of outcome, followed by the GLS score, observed CK-BB, and the 

GCS score. Time since injury to CK-BB determination was important in interpreting 

CK-BB results. Thus, the level of CK-BB at the time of injury, calculated from the 

observed value during the first 24 hours after injury, was an important predictor of 

outcome following head injury. 

Hans, Albert, Franssen and Bom (1989) examined the ability of eleven variables 

to predict the outcome of 43 severely head injured patients. The 11 variables included 

sex, age, observed CSF CK-BB activity, extrapolated CSF CK-BB (eCK-BB), time 

between injury and CSF sampling, GCS score, Glasgow-Liege Coma Scale (GLS) score, 

ICP, presence of thoracic injury, presence of neurosurgical operation, and presence of 

multiple injuries. Ventricular CSF samples were obtained an average of 9.5 hours after 

the injury. Spectrophotometry was used to measure total creatine kinase activity. 

Following separation of the creatine kinase isoen^rmes by electrophoresis, the activity of 

each isoenz^e was determined by densitometry. Outcome was determined 6 months 
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after injury using the Glasgow Outcome Scale. The patients were divided into three 

groups based on outcome: death (n=22), persistent vegetative state or severe disability 

(n=8), and moderate disability or good outcome (n=13). The observed CK-BB activity 

was used to calculate eCK-BB. The median eCK-BB values for the patients who died was 

1692 lU/L (range 35 to 30160 lU/L). For patients with persistent vegetative state or 

severe disability, the median eCK-BB was 735 lU/L (range 269 to 4572 lU/L). For 

patients with moderate disability or good outcome, the median eCK-BB was 332 lU/L 

(range 46 to 564 lU/L). The variables reported to be significant predictors of outcome 

included eCK-BB activity, GLS score, observed CK-BB activity, age, CCS score, the 

presence of a thoracic injury, and ICP. Extrapolated CK-BB activity was reported to 

correctly predict the outcome in 67% of the sample. Correct prediction of outcome 

improved to 91% with the addition of the presence of a thoracic injury, age, ICP, and 

GLS score. Thus, the extent of neurological damage as measured by eCK-BB activity 

was an important predictive factor of outcome firom severe head injury. Predictive ability 

was improved when selected variables were also included. 

Greenblatt (1976) examined the diagnostic specificity of CSF creatine kinase in 

30 patients with subarachnoid hemorrhage. The subarachnoid hemorrhage resulted fiiom 

aneurysm, vascular malfimction, parenchymal hemorrhage, hemorrhagic infarction, 

trauma, and unknown causes. The CSF was obtained by lumbar or ventricular puncture. 

The mean CSF creatme kinase was 4.2 U/L with a range of 0 to 49 U/L. A significant 

correlation was reported between CSF creatine kinase and evidence of destructive 
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processes which included hydrocephalus, infarction, parenchymal hematon^ or 

ventricular clot. In 11 of 22 patients with creatine kinase levels greater than 3.S U/L, a 

significant association was repotted with a destructive process (p<.01). Since only total 

creatine kinase was measured in the study, it was not determined if the elevation in 

creatine kinase was the result of increases in CK-BB alone or if CK-MM or CK-MB from 

serum could have been responsible for the increase in total creatine kinase levels. 

Rabow, DeSalles, Becker, Yang, Kontos, Ward, Moulton, Clifton, Gruemer, 

Muizelaar and Marmarou (1986) investigated the pattem of CK-BB and lactate levels in 

the CSF of 29 patients with severe head injury. GCS scores for the patients were 8 or 

less. CSF samples were obtained from a ventricular catheter within 6 to 12 hours after 

the injury and then every 12 hours for 5 to 7 days. Outcome was determined 6 months 

after injury using the Glasgow Outcome Scale. After separation of CK isoenzymes by 

electrophoresis, CK-BB levels were measured using a fluorescence technique. For this 

study, levels less then 10 U were considered normal. Six of the 29 patients died (21%). 

CK-BB levels were elevated during the first 24 hours after injury in all patients. Levels 

then decreased returning to normal 12 to 24 hours later (36 to 48 hours after injury). In 

the event of a secondary injury, a second small increase in CK-BB levels was reported. A 

massive increase in CK-BB was reported in those patients with brain death from total 

brain infarction. Higher levels of CK-BB were reported in patients who died (mean 321 

U/L, SD 214 U/L) than patients remaining in a vegetative state (mean 147 U/L, SD 133 

U/L), severely disabled (mean 137 U/L, SD 121 U/L), or who were moderately disabled 
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or made a good recovery (mean 98 U/L, SD 77 U/L). Thus, intracellular components 

were released with damage to the cell membrane as evidenced by the increase in CK-BB 

activity following severe head injury. The amount of CK-BB in the CSF reflected the 

severity of damage to the brain (Rabow et al., 1986). 

Karpman, Weinstein, Finley and Karst-Sabin (1981) examined the utility of serum 

CK-BB as an index of the extent of damage to the brain tissue. The sample consisted of 

209 patients receiving treatment in an emergency room, of which 33 patients had a 

diagnosis of head trauma. The GCS was modified by the authors to include a category of 

limb movement evaluated for arms and legs on a scale ranging from none (0) to normal 

(S). The modified GCS score was based on a total of 24 points. Serum samples were 

obtained in the emergency room. Electrophoresis and fluorescence densitometry was 

used to determine the CK-BB level. The presence of CK-BB in the serum was 

considered a positive result. Ten of the 33 patients with head trauma were reported to 

have CK-BB present in the serum with CK-BB levels ranging firom 2 to 100 lU/L. In 

these 10 patients, the modified GCS scores ranged from 7 to 24. In addition to head 

trauma, 6 of the 10 patients also sustained fiiactures, thoracic injuries, and abdominal 

injuries. Of the 176 patients without head traimia, 24 were reported to have CK-BB 

present in the serum. The diagnosis of these patients was not stated. The authors 

concluded that serum CK-BB was not a usefiil indicator of the extent of brain injury 

(Karpman et al., 1981). The patients in this study with head injury were multiple trauma 

patients, having sustained injuries in addition to the head injury. Since CK-BB is not 
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present exclusively in the brain, the elevation in serum CK-BB may have been the result 

of injuries to other organs. 

Nath, Beastal and Teasdale (1986) investigated the relationship between level of 

consciousness, serum alcohol level, serum CK-BB level, and outcome in 38 patients with 

head injury. Level of consciousness was measured by the GCS on admission and 

outcome was determined by the Glasgow Outcome Scale 3 months after injury. A serum 

sample was obtained on admission. CK-BB levels were determined by 

radioinununoassay. A CK-BB level greater than 10 ^g/L was considered to be elevated 

for this study. Elevated CK-BB levels were reported in 23 patients. Serum alcohol was 

detected in 25 of the patients, ranging from 16 to 205 mmol/L with a mean of 68.8 

nunol/L. No correlation was reported between the blood alcohol level and the level of 

consciousness, CK-BB, or outcome. The level of consciousness was significantly 

correlated with CK-BB activity (p<.05) and a poor outcome (severe disability or death). 

The combination of coma and high CK-BB levels were associated with a poor outcome. 

Ten of 14 patients with high CK-BB levels and in coma on admission were severely 

disabled or died. The results of this study suggest that level of consciousness and serum 

CK-BB levels were indicators of the severity of injury. Also, the presence of alcohol in 

the blood did not influence the relationship between CK-BB and level of consciousness 

or outcome. 

Cooper, Chalif, Ramsey and Moore (1983) investigated serum CK-BB levels and 

the relationship between CK-BB and outcome in 63 patients following head injury. 
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Serum samples were obtained on admission and daily for seven days. Serum samples 

were also obtained fiom 11 patients with disorders not involving the CNS and from 41 

patients with other neurological disorders including subarachnoid hemoniiage, spinal 

cord injury, spontaneous intracerebral hemorrhage, hydrocephalus, cerebral infarction, 

and seizure disorder. A GCS score was obtained on admission and a Glasgow Outcome 

Scale score was obtained at discharge from the hospital. Radioimmunoassay was used to 

determine CK-BB levels. The highest CK-BB level was used in the analysis. The 

highest CK-BB levels were reported in the head injured patients and the lowest levels in 

those with a seizure disorder. Of the patients with head injury, those with a gunshot 

wound had the highest CK-BB level and those with an epidural hematoma had the lowest 

level. The highest CK-BB level was generally reported on the day of the injury. Higher 

CK-BB levels were correlated with lower GCS scores and a bad outcome (severe 

disability, vegetative state, or death). Patients with a GCS score of 8 or less were 

examined more closely in relation to CK-BB and outcome. Of the 10 patients with a 

GCS score of 3,9 had a bad outcome, hi those with a GCS score from 4 to 8,40% (12 of 

27 patients) had a good outcome (good recovery or moderate disability), while 15 of 27 

patients (60%) had a bad outcome. When CK-BB levels alone were examined, those with 

lower CK-BB levels (26 of 34 patients) tended to have a good outcome and those with 

higher CK-BB levels (21 of 29 patients) tended to have a bad outcome. Thus, CK-BB 

along with other parameters may improve the ability to predict the outcome of patients 

following head injury. 
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In summaiy, creatine kinase and creatine kinase isoenzyme (CK-BB) have been 

measured in the serum and CSF of patients with head injury. Because of assessment and 

diagnostic testing required immediately after injury, the interval from injury to the initial 

measurement varied in the studies reviewed. Few studies have addressed the pattem of 

change in the level of CK-BB over time and the timing of peak CK-BB levels. In those 

studies, peak CSF CK-BB levels were reported during the first 12 to 24 hours after 

injury. A second small increase in the CK-BB level was reported with a secondary injury 

When assessing total CK activity, the pattem of activity was predominantly CK-

BB in the CSF whereas in the serum, the primary isoenzyme was CK-MM with only a 

small amount of CK-BB. Thus, total serum CK levels were not as useful in assessing the 

extent of brain injury as was CSF CK levels. CK-BB pattems of change after injury in 

both CSF and serum revealed higher CK-BB levels with greater amounts of damage as 

determined by the GCS score and outcome from injury. Hypotension was reported to be 

important in reducing the amount of CK-BB detected in the CSF and delayed the timing 

of the peak CK-BB level. Thus, CSF CK-BB may be an important assessment parameter 

that can be obtained early after injury and may be useful in determining the extent of 

injury and predicting the outcome from a head injury. The pattem of change in CK-BB 

levels over time after TBI may indicate a pattem of injury which distinguishes primary 

and secondary injury. A second rise in CK-BB levels has been reported with a secondary 

injury. 



153 

CK-BB has potential for usefulness following TBI in determining the severity of 

the injury, the extent of the injury, and the prediction of outcome when used along with 

the neurological examination and diagnostic tests. Changes in the CK-BB level over time 

may indicate changes in the condition of the patients and provide additional information 

in determining the prognosis for recovery. 

Behavioral Measures 

Behavioral measures are a means to quantify and describe the level of 

consciousness. A measure of the level of consciousness can be used in conjunction with 

other parameters in the assessment of the patient to describe the degree of damage to the 

brain. The Glasgow Coma Scale was one of the behavioral measures used in this study. 

Glasgow Coma Scak 

The Glasgow Coma Scale (GCS) was developed by Teasdale and Jennett (1974) 

to measure the depth and duration of impairment of consciousness (coma). The depth 

and duration of coma is an index of the severity of damage to the brain. The scale was 

developed for use by climcians at the bedside as one measure in the neurologic 

assessment of the patient. 

The consciousness or responsiveness of the patient is described in terms of three 

components: arousal, activity, and awareness. These three components are measured in 

the GCS through eye opening (arousal), motor response (activity) and verbal response 

(awareness) (Jennett, 1979). The items included in each category are listed in Table 5. 

Eye opening may occur spontaneously, in response to speech, in response to pain, or the 
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Table 5. Glasgow Coma Scale Items 

Response Score 

Eye Opening 

Spontaneous eye opening 4 
Opens eyes in response to speech 3 
Opens eyes in response to pain 2 
No response 1 

Motor Response 

Obeys commands 6 
Localizing response to pain 5 
Withdraws to pain 4 
Abnormal flexor response to pain 3 
Extensor posture to pain 2 
No response 1 

Verbal Response 

Oriented 5 
Con&sed conversation 4 
Inappropriate words 3 
Incomprehensible sounds 2 
No response I 

Source: Teasdale & Jennett, 1976 
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eyes may remain closed throughout testing (Teasdale & Jennett, 1976). Motor responses 

range from obeying commands to no response to painful stimuli. If no response to 

command is elicited, a painfiil stimuli is applied, and the response characterized as a 

localized response (movement of the limb in an attempt to remove the stimuli), a 

withdrawal response (flexion of the limb in an attempt to draw away from the stimuli), 

abnormal flexor response (adduction of the upper extremity with flexion of the arm, 

wrist, and fingers), an extensor response (adduction and internal rotation of the limb in 

response to the stimuli), or no response (Teasdale & Jennett, 1976). The painful stimuli 

applied may be a peripheral stimuli, such as pressure applied to the nailbed, or it may be a 

central stimulus, such as pinching the trapezius muscle. The central stimulus will elicit a 

response that is a "more reliable and valid indicator of actual function in comatose 

patients" (Hickey, 1997, p. 137). Initially the withdrawal and abnormal extensor response 

were combined under the heading of flexor response (Teasdale & Jennett, 1974). Both 

limbs are assessed and the best response from the best limb is recorded and used in the 

calculation of the GCS score. Verbal responses range from orientation to person, place 

and time to no response (Teasdale & Jennett, 1976). Absence of a verbal response may 

result from a cause other than CNS dysfunction, such as endotracheal intubation or 

tracheostomy. 

The responses in each category are ranked with the highest score associated with 

the best response and the lowest score associated with the worst response. The scores 

from each category are then added to give an indication of the overall performance of the 
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patient The total score ranges from 3 to 15> The simmiing of scores fit}m each category 

implies an equal weight for each category in the total scale score (Jennett, Teasdale, 

Galbraith, Pickard, Grant, Braakman, Avezaat, Maas, Minderhoud, Vecht, Heiden, Small, 

Caton & Kurze, 1977). A total scale score is calculated only if a score is obtained for 

each category. 

Frequent monitoring of the level of consciousness is essential since changes in the 

level of consciousness may indicate deterioration in the condition of the patient that 

requires prompt attention. The grading of coma guides the management of the patient, 

monitors progress after injury, and allows evaluation of the effectiveness of the specific 

treatment regimen (Teasdale, Knill-Jones & Van Der Sande, 1978). With the widespread 

use of the GCS, a common language came into clinical practice and in the research 

literature allowing comparison of patient data and results of specific treatments. 

The scale is simple to administer and can be used with all adult patients. There 

are some disadvantages to the use of the scale. The use of the best motor response fi:om 

the best limb eliminates the information from the weaker or nonresponsive limb. Also, 

paralysis in a limb or limbs and absence of speech, or hearing that are pre-existing will 

result in lower GCS scores (Ingersoll & Leyden, 1987). Even in light of these limitations, 

the scale has been widely used and accepted in research and clinical practice. 

The GCS score has been linked to severity of injury. A GCS score ranging from 3 

to 8 indicates severe injury, from 9 to 12 moderate injury, and from 13 to IS mild injury 

(Gronwall, 1989). 
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In 1978, Langfitt proposed widespread use of the GCS to provide data for 

evaluation of therapies used in the treatment of head injured patients. By using the same 

scale to rate the level of consciousness, patients with injuries of similar severity can be 

compared and the outcome of various patient groups and of different therapies can be 

compared. 

The GCS score obtained at specific times after injury has been used to predict 

outcome from head injury. The results of studies investigating GCS scores and the 

relationship between GCS scores and outcome following brain injury are presented in 

Table 6. 

Jennett, Teasdale and Knill-Jones (1975) investigated the relationship of coma, as 

defined by the GCS score, to outcome in patients with head injury. Outcome was 

categorized as good recovery, moderate disability, severe disability, vegetative state, or 

death. Lower GCS scores were reported in patients that remained in a persistent 

vegetative state or died. The highest GCS scores were reported in patients that made a 

good recovery. Those with moderate disability had the next highest GCS score followed 

by those with severe disability. GCS scores improved over time (14 days) in patients that 

made a good recovery, had moderate disability, or severe disability. For the patients that 

died or remained in a vegetative state, little change was reported in the GCS scores over 

the 14 days. Thus, the GCS score on admission and changes in the GCS score over time 

was one measure that had potential for predicting the degree of recovery from head 

injury. 
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Table 6. Relationship of Glasgow Coma Scale (GCS) scores to outcome following brain 
injury 

Researcher Sample Results 

Jennett et al., 
1975 

Patients with head 
injury 

Teasdale & 
Jennett, 1976 

255 patients with 
head injury 

Lower GCS scores in patients in 
persistent vegetative state or died. 
Highest GCS score in patients with 
good recovery. 
GCS score improved over 14 days in 
patients with good recovery, 
moderate disability, or severe 
disability. Little change in GCS 
scores over 14 days in patients in 
persistent vegetative state or died. 

Admission GCS significantly related 
to outcome (p<.05). 
GCS score increased over time in 
patients with good recovery, 
moderate disability, or severe 
disability. No chamige in GCS score 
over time in patients in vegetative 
state. 
Able to make correct prediction in 
80% of 92 patients with head injury. 
In 2 patients predicted worse 
outcome than the actual outcome and 
in 17 patients predicted a better 
outcome than the actual outcome. 
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Table 6 (Continued) 

Researcher Sample Results 

Young et al., 1981 170 patients with 
head injury 

Initial GCS^8 (n=76): 72 patients 
with &vorable recovery (good 
recovery or moderate disability), 
hiitial GCS 5-7 (n=73): 36 patients 
with favorable recovery, 24 patients 
died. If GCS improved to ^ 8 during 
the first week, 80% made a favorable 
recovery. IfGCS worsened to ^ 4, all 
made an unfavorable recovery 
(severe disability, vegetative state, or 
died). If no change in GCS, 21% 
made a favorable recovery. 
Initial GCS^4 (n=21): 20 with an 
unfavorable recovery. 

Narayan et al., 
1981 

133 patients with 
severe head injury 

Roccaetal., 1989 70 patients with 
head trauma 

GCS < 5,62% of patients died. 
GCS 6-11,76% of patients with a 
good recovery or moderate disability. 
GCS correctly predicted outcome in 
80% of patients. 

GCS correctly predicted outcome in 
77% of patients with scores of 7 or 
less with sensitivity of 0.75 and 
specificity of 0.79. 
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Table 6 (Continued) 

Researcher Sample Results 

Paletal., 1989 170 multiple 
trauma with head 
injury 

Braakman et al., 
1980 

305 patients with 
severe head injury 

GCS 13-15 (n=87): 86 patients with 
good recovery. 
GCS 9-12 (n=24): 17 patients with 
good recovery. 
GCS s 8 (n=59): 21 patients with 
good recovery, 24 patients died. 
GCS score obtained 6 hours after 
injury predicted survival in 83.6% of 
the patients with sensitivity of 75.4% 
and specificity of 85.7%. 

Variables obtained during the first 
week that predicted outcome 6 
months after injury included age, 
GCS score, motor response, 
pupillary response, and 
oculovestibular response. 
Correct prediction of death or 
survival 86% on admission, 98% 8-
14 days and 96% 15-28 days after 
injury. 
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Table 6 (Continued) 

Researcher Sample Results 

Levati et al., 1982 215 patients with 
severe head injury 

Choi et al., 1983 264 patients with 
head injury 

ChoietaL, 1988 523 patients with 
head injury 

Significant relationship between 
admission GCS and death (p<.001). 
GCS<5:82.9% of patients died 
GCS 5; 40.5% of patients died 
GCS 6-7:19.1% of patients died. 
Impaired or absent pupillary reflex or 
oculocephalic reflex significantly 
related to death (p<.001). 
75% of patients with no motor 
response to stimuli died. 
75.5% of patients with localized or 
withdrawal response to stimuli 
survived. 
Arterial hypotension (systolic blood 
pressure < 90 mm Hg) associated 
with death (p<.05). 

GCS score, oculocephalic response, 
and age were predictive of outcome 
on day 1 and day 4 after injury. 
Accuracy of prediction was 80% or 
greater based on these 3 variables. 

Significant correlation (p<.05) to 
outcome for motor response, age, 
pupillary response, hematocrit, sex, 
oculocephalic response, verbal 
response, pulse rate, degree of 
midline shift on CT scan, pupillary 
size, eye opening, respiratory rate, 
and time fom injury to admission. 
Age, motor response and piq>illaty 
response were the best predictors of 
outcome with correct prediction in 
78.4% of patients. 
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Table 6 (Continued) 

Researcher Sample Results 

Choi et al., 1994 786 patients with Outcome of 3 months after injury, 
severe head injury age of the patient, admission GCS 

score, and pupillary response 
predicted outcome at 6 months with 
an accuracy of 93.5 % with a 
sensitivity of 89.5% and a specificity 
of 97.3%. 
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Teasdale and Jennett (1976) examined the relationship of the depth and duration 

of coma with outcome in 255 patients with head injury. The depth and duration of coma 

was based on the GCS score obtained on admission, day 2-3, day 4-7, and day 8-14 after 

injury. Outcome was determined 6 months after injury using the Glasgow Outcome 

Scale. The admission GCS score was significantly related to outcome (p<.05). Over 

time, the GCS score increased in those patients that made a good recovery, had moderate 

disability or had severe disability, whereas no change in the GCS score was reported in 

the patients that remained in a vegetative state. Data fi:om these 255 patients were then 

used to predict the outcome of 92 patients with head injury. In 74 of the 92 patients 

(80%), the actual outcome was the same as the predicted outcome. In 2 (2%) of the 

patients, die predicted outcome was worse than the actual outcome. In 17 (17%) of the 

patients, the predicted outcome was better than the actual outcome, which the authors 

attributed to complications that the patient developed later. The clinician needs to be able 

to make the best prediction with the minimal amount of information that may be 

available. The prediction needs to be continually updated as the condition of the patient 

changes over time. 

Young, Rapp, Norton, Haack, Tibbs and Bean (1981) examined the relationship 

l)etween GCS scores during the first week after head injury and outcome evaluated 1 year 

after injury in 170 patients. The GCS score used in the analysis included the admission 

GCS score, the highest score during the first 24 hours, the score at 48 hours, the score at 
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72 hours, and the score I week after injury. Outcome was assessed using the Glasgow 

Outcome Scale and recorded as favorable (good recovery or moderate disability) or 

unfavorable (severe disability, vegetative state, or death). For the analysis, the patients 

were grouped based on the initial GCS score: Group I in which the initial GCS score 

was 8 or greater (n='76). Group 2 in which the GCS score ranged from S to 7 (n=73), and 

Group 3 in which the GCS score was 4 or less (n=21). Of the patients in Group 1,95% 

(72 of 76 patients) made a favorable recovery and 1 of the patients died. Of the patients 

in Group 2,49% (36 of 73 patients) made a favorable recovery. Of the 37 patients in 

Group 2 that made an unfavorable recovery, 24 died. The percent of patients in Group 2 

making a favorable recovery increased to 80% if the GCS score improved to 8 or greater 

during the first week after injury, whereas in patients in whom the GCS score worsened 

to 4 or less, none made a favorable recovery. Of the patients in Group 2 in whom the 

GCS score remained the same, 21% made a favorable recovery. Of the patients in Group 

3, twenty (95%) made an unfavorable recovery, of these 19 died. Thus, the initial GCS 

score had potential for predicting outcome with some accuracy in patients with an initial 

GCS score of 8 or greater and in patients with an initial GCS score of 4 or less, hi the 

patients with a GCS score ranging from 5 to 7, the accuracy of prediction improved if the 

scores increased to 8 or greater or worsened to 4 or less. 

Narayan, Greenberg, Miller, Enas, Choi, Kishore, Selhorst, Lutz and Becker 

(1981) evaluated the prognostic value of the GCS and other clinical data in 133 patients 
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with severe head injury. The clinical data included CT scan, ICP, and multimodality 

evoked potentials The results relating only to the GCS score will be discussed. The GCS 

score was obtained on admission after resuscitation measures were completed. Outcome 

was assessed 3,6, and 12 months after injury using the Glasgow Outcome Scale. The 

outcome categories were recorded as good outcome (good recovery or moderate 

disability), poor outcome (severe disability or vegetative), and death. Of the 39 patients 

with a GCS score less than 5,62% died. Of those with a GCS score of 6 to 11,76% had 

a good outcome. The GCS correctly predicted outcome in 80% of the cases. Errors in 

prediction were categorized as falsely optimistic, predicting a better outcome than 

actually occurred due to non-neurological factors, or falsely pessimistic, predicting a 

worse outcome than actually occurred. A modified prediction rate was calculated by 

eliminating the falsely optimistic prediction. When the falsely optimistic scores were 

removed, the GCS score correctly predicted outcome in 93% of the cases. Thus, clinical 

data, specifically the admission GCS score, was a good predictor of outcome following 

severe head injury. 

Rocca, Martin, Viviand, Bidet, Saint-Gilles and Chevalier (1989) evaluated the 

value of the GCS and three other measures in predicting outcome in 70 patients with head 

trauma. The GCS score was obtained at 24 hours after injury or if multiple measures 

were obtained during the first 24 hours, the most abnormal score was used. Outcome was 

defined as survival or death, however, the specific time of the assessment was not stated. 

The GCS was reported to correctly predict outcome in 77% of the cases with scores of 7 
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or less. Correct prediction was defined as predicting that the patient would live and the 

patient lived or predicting that the patient would die and the patient died. A sensitivity 

(likelihood of predicting a good outcome when it actually was good) of 0.7S and a 

specificity (likelihood of not predicting a good outcome when it actually was not good) of 

0.79 were reported for the GCS. Thus, the GCS was valuable in predicting outcome as 

well as assessing the severity of damage early after injury. Changes in the score over the 

first 24 hours as well as the most abnormal score were important in predicting outcome. 

Pal, Brown and Fleiszer (1989) investigated the ability of the GCS to predict 

outcome in 170 multiple trauma patients who also sustained a head injury. GCS scores 

were obtained 6 hours after injury. Outcome was assessed 1 month after injury using the 

Glasgow Outcome Scale. For the analysis, GCS scores of 13 to IS were considered mild 

injury, 9 to 12 moderate injury, and 8 or less severe injury. Of the patients with mild 

injury, 86 of 87 (98.8%) made a good recovery. Of the patients with moderate injury, 17 

of24 (70.8%) made a good recovery. Of the patients with severe injury, 21 of59 (35.6%) 

made a good recovery, while 40.7% (24 of 59 patients) died. Thus, high GCS scores 

were associated with a good outcome. Most of the deaths occurred in patients with GCS 

scores of 8 or less. The GCS obtained 6 hours after injury predicted survival in 83.5% of 

the patients with a sensitivity of 75.4% and a specificity of 85.7%. 

Braakman, Gelpke, Habbema, Maas and Minderhoud (1980) identified factors 

that were significant predictors of outcome in 305 patients with severe head injury. The 
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factors recorded included characteristics of the patient and the state of the patient on 

admission and changes in the state of the patient 24 hours after injury, day 2-3, day 4-7, 

day 8-14, and day lS-28 after injury. Outcome was determined using the Glasgow 

Outcome Scale 6 months after injury. The specific variables obtained during the first 

week after injury that predicted outcome at 6 months included age, GCS score, GCS 

motor response, pupillary response, and oculovestibular response. The predictors of 

outcome differed based on time since injury. Age was an important predictor at all time 

periods. The GCS score or the categories included as parts of the GCS score were 

important predictors early after injury (24 hours after injury) and late after injury (lS-28 

days). Pupillary response was important during the first week after injury (admission, day 

2-3, and day 4-7). The oculovestibular response was important early after injury (24 

hours, day 2-3, and day 4-7). The ability to correctly predict outcome as death or survival 

increased from 86% on admission to 98% on day 8-14 and 96% on day 15-28. Thus, 

variables available within 6 hours of admission were used to correctly predict outcome. 

The ability to correctly predict outcome improved over time following injury. 

Levati, Farina, Vecchi, Rossanda and Marrubini (1982) examined the relationship 

between outcome and admission GCS score, age, pupillary reflex, and oculocephalic 

reflex in 215 patients with severe head injury. Severe head injury was based on an 

admission GCS score of 7 or less or deterioration to a GCS score of 7 or less within the 

first 24 hours after admission. Outcome was determined 1 year after injury and 

categorized as death or survival. Eighty-five (39.5%) of the 215 patients died. A 
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significant relationship was reported between the admission GCS score and mortality 

(p<.001). A greater percent of patients with a GCS score less than S died (82.9%) than 

those with a GCS score of 6 or 7 (19.1%). For patients with a GCS score of 5,40.5% 

died. The presence of impaired or absent pupillary reflex or oculocephalic reflex was 

associated with the death of the patient (p<.001). The relationship between the GCS 

motor response and mortality was assessed. A high percent of patients (75%) with no 

response to stimuli died whereas a high percent of patients (75.5%) with a localized or 

withdrawal response to stimuli survived. The presence of arterial hypotension (defined as 

systolic blood pressure less than 90 mm Hg) was associated with death (p<.05). Thus, the 

presence of absent or impaired pupillary reflex, absent or impaired oculocephalic reflex, 

the admission GCS score, no motor response to stimuli, and arterial hypotension were 

associated with mortality in severe head injured patients (Levati et al., 1982). 

Choi, Ward and Becker (1983) analyzed the ability of specific clinical and 

demographic data to predict outcome in 264 patients with head injury. Demographic data 

were obtained on admission and clinical data (neurological evaluation) were obtained on 

day 1 and day 4 after injury. Outcome was determined using the Glasgow Outcome Scale 

6 months after injury and categorized as a good outcome (good recovery or moderate 

disability) and a poor outcome (severe disability, vegetative state, or death). The 

demographic and clinical data included age, sex, race, systolic blood pressure, diastolic 

blood pressure, arterial O2 level, arterial COj level, GCS score, hematocrit, surgical 
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decompression, oculocephalic response, pupillary response, CT scan, and piq)il size. The 

variables reported to be predictive of outcome included the GCS score, the oculocephalic 

response, and age. These variables were predictive of outcome on day 1 and day 4 after 

injury. The probability of achieving a good outcome was presented based on these three 

variables obtained on day 1 and based on these three variables obtained on day 4 plus the 

GCS scores obtained on day 1, this representing the change in the status of the patient 

from day 1 to day 4 after injury. The authors reported that the accuracy of outcome 

prediction was 80 percent or greater based on these three variables (Choi et al., 1983). 

The development of complications changed the predicted outcome. 

Choi, Narayan, Anderson and Ward (1988) examined the ability of 21 factors 

obtained on the first day after head injury to correctly predict outcome in 523 patients. 

The factors included the motor response, age, pupillary response, hematocrit, gender, 

oculocephalic response, systolic blood pressure, verbal response, arterial CO2 level, pulse 

rate, degree of midline shift on the CT scan, pupillary size, arterial O2 level, eye opening, 

respiratory rate, arterial pH, temperature, race, blood alcohol level, time from injury to 

admission, and diastolic blood pressure. Outcome was determined 3 months after injury 

using the Glasgow Outcome Scale and categorized as good recovery, moderate disability, 

severe disability, and vegetative state/death. A significant correlation to outcome was 

reported for 13 of the factors; motor response (p=.001), age (p=.001), pupillary response 

^.001), hematocrit (p=.007), sex (p=.042), oculocephalic response (p=.00l), verbal 

response ^.005), pulse rate (p=.043), degree of midline shift on the CT scan (p=.OOS), 
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pupillary size (p=.001), eye opening (p=.003), respiratory rate (p=.004), and time from 

injury to admission (p=.004). A combination of three of the factors, age, motor response 

and pupillary response, were reported to be the best predictors of outcome. These three 

factors were reported to correctly predict outcome in 78.4% of the patients. Thus, the 

motor response, the age of the patient, and the pupillary response obtained on admission 

was used to determine an initial estimation of the outcome of a patient admitted with 

severe head injury. The authors caution that this would be only an "intelligent" guess that 

may change over time (Choi et al., 1988). 

Choi, Barnes, Bullock, Germanson, Marmarou and Young (1994) investigated 

changes in outcome category from discharge to 12 months aiter injury in 786 patients 

with severe head injury. The effects of the age of the patient, GCS score, pupillary 

response, and the type of injury based on CT results on the changes in outcome between 3 

and 6 months was also examined. Outcome was determined using the Glasgow Outcome 

Scale 3 months, 6 months, and 12 months after injury. Improvement in outcome was 

reported in a large percent of the patients from discharge to 12 months after injury. Of 

the patients severely disabled at discharge, only 22% remained severely disabled 12 

months after injury, while 76.3% improved to a good recovery or moderate disability. Of 

the patients with a moderate disability at discharge, 83.9% improved to a good recovery 

and 16.1% remained moderately disabled 12 months after injury. The outcome at 3 

months after injury was significantly associated with outcome 6 months after injury 

(p=.OOOI). The GCS score was "marginally" associated with outcome at 6 months after 
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injury (p=.056). When outcome was categorized as favorable (good recovery or moderate 

disability) or unfavorable (severe disability, vegetative state, or death), the outcome at 3 

months, the age of the patient, the GCS score on admission, and pupillary response 

predicted outcome at 6 months with an accuracy of 93.5% with a sensitivity of 89.5% and 

a specificity of 97.3%. The type of injury had an effect on improvement in outcome firom 

3 to 6 months after injury. Fifty percent of those with a diffuse injury and only 27% of 

those with mass lesions were reported to improve. For patients with severe disability at 3 

months after injury, those more likely to improve at 6 months were those with higher 

GCS scores, diffuse injury and no hematoma. Thus, outcome could be predicted, 

however, the variables that were used in the prediction of outcome changed depending on 

the length of time since injury. 

hi summary, the GCS was developed to measure the depth and duration of 

impaired consciousness through three components: eye opening, motor response, and 

verbal response. The GCS scores range from 3 to 15, with the highest score associated 

with the best response. Admission GCS scores were related to outcome with higher GCS 

scores associated with a good outcome or moderate disability, and lower scores 

associated with severe disability, vegetative state, or death. If the score improved over 

time, the percent of patients with a good recovery or moderate disability increased, 

whereas if the scores remained the same or decreased, the percent of patients with severe 

disability, those remaining in a vegetative state, or those that died increased. The GCS 
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score correctly predicted outcome in greater than 77 percent of the cases studied with 

high sensitivity and specificity. 

The GCS and components of the GCS are widely used in the clinical setting. 

Frequent monitoring of the TBI patient is essential since changes in the GCS score may 

indicate deterioration or improvement in the condition of the patient. The GCS score, 

along with other parameters guides the management of the TBI patient, monitors progress 

toward recovery, and allows evaluation of the effectiveness of a specific treatment 

regimen. The initial GCS score along with changes in the score over time can be used to 

predict outcome from an injury. 

Summary 

In TBI, neurons and neuroglia are disrupted or destroyed. With this disruption or 

destruction during primary and secondary injury, phospholipids and creatine kinase 

isoenzyme are released into the extracellular fluid which then moves to the CSF, making 

the CSF the ideal fluid to examine for changes in these specific substances. CSF creatine 

kinase isoen^rme has been studied in patients following head injury. A pattern of change 

has been reported with higher levels in those with greater amounts of damage. The lack 

of literature relative to CSF phospholipid changes following TBI demonstrates the need 

for this study. 

The GCS score and CSF creatine kinase isoena^e have potential for use in 

determining the degree of damage, the extent of the injury, and predicting the outcome 

from TBI. Changes in these parameters over time following TBI can be used to direct the 



173 

care of the patient. Additional information is needed regarding phospholipid changes 

following TBI and the relationship of phospholipid changes to the extent of the injury and 

outcome from the injury. 
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Chapter 3 

METHODOLOGY 

Introduction 

The methodology for the investigation of cerebrospinal fluid phospholipid and 

creatine kinase isoenzyme concentration following traumatic brain injury is outlined. The 

design, sample, data collection procedures and data analysis plan are discussed. The 

methods for phospholipid extraction, separation, and identification are outlined. The 

method for creatine kinase isoenzyme determination is discussed and the Glasgow Coma 

Scale is described. 

Research Design 

A longitudinal, correlational, one-group, descriptive design was used to describe 

changes in cerebrospinal fluid (CSF) phospholipids, CSF creatine kinase isoens^e, and 

Glasgow Coma Scale scores over time and to investigate the relationship between CSF 

phospholipids, CSF creatine kinase isoen^one, Glasgow Coma Scale scores, and 

Survival Status in patients with traumatic brain injury (TBI). 

Sample 

The study sample was obtained from patients with TBI in the intensive care unit 

of a Level I Trauma Center. Ten patients with TBI were recruited to participate in this 

study. Criteria for inclusion in the study included: diagnosis of a TBI, informed consent 

obtained firom the appropriate family member, presence of a functional ventricular 
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catheter or anticipated placement of a ventricular catheter by the physician as part of the 

medical management of the patient, and age 18 years or older. Patients who received a 

TBI as a result of a gunshot wound were excluded fiom the study. 

Protection of Human Subjects 

Approval for the study was obtained from the Himian Subjects Committee of the 

University of Arizona (Appendix A). Approval for the study was also obtained from the 

Institutional Review Board of the participating institution from which the patients were 

recruited (Appendix A). 

Prior to participation in the study, the appropriate family member of the patient 

with TBI was given an explanation of the study. The family member was informed that 

the CSF that was obtained from the patient was drained as ordered by the physician and 

would normally be discarded. The family member was informed of the risks and benefits 

of the study and advised that he/she was free to withdraw the patient from the study at any 

time. Also, the family member was informed that participation or non-participation in the 

study would not affect the care received by the patient from the health care personnel. An 

informed consent was signed by the appropriate family member (Appendix B). Each 

patient was assigned a subject number that was used throughout the study. 

Setting 

The study was conducted in the intensive care unit of a Level I trauma center. 

Level I trauma centers have 24 hour availability of resources to care for the severely 
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injured person. The resources include state-of-the-art equipment, laboratory and 

radiologic facilities, operating room availability, intensive care units and well-trained 

personnel in all areas (Viese-Berry & Beachley, 1994). 

Data Collection Plan 

Following informed consent from the appropriate family member, the CSF 

samples, Glasgow Coma Scale scores, and demographic and clinical data were obtained. 

At least two ml of CSF was collected from the ventricular catheter system of patients with 

TBI up to three times each day over a period of 2 to 3 days while the catheter was in 

place. The CSF that was collected was drained to control increased intracranial pressure. 

Each sample was labeled with the patient's name, subject identification number, and the 

date and time the sample was collected. The CSF sample was placed on ice and 

transported to the Biological Laboratory (University of Arizona, College of Nursing), 

centrifriged at 1,700 revolutions per minute (rpm) for IS minutes to remove cells and 

cellular debris (Savant Instruments, Inc.). Samples from two of the patients were bloody 

and were not clear after being centrifliged for IS minutes. The samples were centrifliged 

for an additional 10 to IS minutes (total 2S-30 minutes) at which time the samples were 

clear. The sample was then divided into two portions and frozen at -7S''C. One portion 

was used for phospholipid analysis. One portion was sent to an outside laboratory for 

creatine kinase isoenzyme determination. A Glasgow Coma Scale score was obtained 

each time a CSF sample was obtained. The Glasgow Coma Scale score was recorded as 
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the total score and as the score in each category: eye opening, motor response and verbal 

response. Demographic and clinical data were obtained from the medical record. Data 

were recorded on the Demographic Form and the Data Collection Form (Appendix C). 

Approximately one month after injury, information was obtained regarding the Survival 

Status of the patient, survival or non-survival (Appendix C). The family was contacted 

unless the information was obtained from another source, particularly if the patient did 

not survive. 

Phospholipid Extraction 

The method used for the extraction of phospholipids from the CSF samples was 

developed by Folch, Lees and Stanley (1957). The phospholipids were extracted from 1 

ml of CSF with 4 ml of chloroformrmethanol (2:1, volume:volume [vn^]). For samples 

less than I ml, proportionally less chloroform:methanol was used. The recovery rate of 

the phospholipids using chlorofbrmimethanol 2:1 was 99% for 

phosphatidyiethanolamine, 90% for phosphatidylinositol, 99% for phosphatidylserine, 

98% for phosphatidylcholine, 89% for sphingomyelin, and 83% for 

lysophosphatidylcholine (Kolarovic & Foumier, 1986). The mixture was vortexed for 60 

seconds then centrifiiged for 20 minutes at 10,000 rpm at 0°C (Beckman model J2-21M). 

The organic, lower phase was removed, placed in another vial, and stored on ice. The 

aqueous, upper phase was extracted with a second wash of 4 ml chloroformnnethanol 

(9:1, v:v). Proportionally less cliloroform:methanol was used if the CSF sample was less 
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than 1 ml, same as for the first wash. The second wash was used to ensure complete 

extraction of the phospholipids. The mixture was vortexed for 60 seconds then 

centrifliged for 20 minutes at 10,000 rpm at 0°C. The lower aqueous phases were 

combined, dried under nitrogen, and redissolved in 150 ^1 of hexane:isopropanol;water 

(39:52:9). The sample was stored at -75°C until it was injected on the High Performance 

Liquid Chromatography (HPLC) system. The procedure for the extraction of 

phospholipids from the CSF sample is outlined in detail in Appendix D. 

High Performance Liquid Chromatography 

Chromatography, specifically High Performance Liquid Chromatography (HPLC), 

is a means of separating the compounds of a mixture (Hohnan, 1993). The separation is 

based on the physical and chemical properties of the compound or compounds of interest. 

HPLC consists of a mobile phase, an injector, a column, a detector, and a 

recording device (Bidlingmeyer, 1992). The sample is injected onto the column. The 

column, specifically the particles contained within the column, is the stationary phase. 

The mobile phase consists of the solvent or solvents that are pumped through the column. 

The components of the sample ate separated through the interaction of the mobile phase 

and the stationary phase (Christie, 1987). The movement of each component of the 

sample through the column results fi;om two forces, the driving force of the mobile phase 

and the slowing as each component of the sample interacts with the stationary phase 

(Bidlmgmeyer, 1992). Differences in these two forces for each component in the sample 

will result in different rates of movement through the column. 
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The selection of the mobile phase is based on the properties of the stationary 

phase and the properties of the solute mixture (Berridge, 1985). The composition of the 

mobile phase and the nature of the stationary phase can be changed to separate all the 

components in the mixture (Bidlingmeyer, 1992). The mobile phase, the eluent, can be 

isocratic in which the composition of the solvents and the flow rate remain constant over 

time, or it can be a gradient elution in which the concentration of the solvents in the 

eluent change over time (Bidlingmeyer, 1992). A gradient elution is generally used to 

achieve a separation of all the components in a mixture. For the separation of the 

phospholipids in the CSF sample, a gradient elution was used. With a gradient elution, a 

shift in the baseline of the chromatogram will be evident. This is because the light in the 

detector is absorbed or scattered differently as the mobile phase changes (Blain, 1993). 

This does not create any problems with measurement of the peak areas on the 

chromatogram. 

The different components leave, or elute, from the column at different rates and 

are sensed by the detector. The detector is the means of detecting the specific 

components in the sample as they elute firom the column (Christie, 1987). UV detectors 

have good sensitivity and selectivity and are generally used in lipid analysis (Christie, 

1987). Absorbance of the UV light by the compounds eluted is based on the presence of 

double bonds in the compound. Most lipids are absorbed in the wavelength range of 200 

to 210 nm (Christie, 1987). The solvents that are generally used in the mobile phase are 
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not absorbed in this range (Christie, 1987). For the separation of the phospholipid 

classes, the UV detector was set at 206 nm. 

Nonnal Phase HPLC 

Nonnal phase HPLC is the commonly used method for the analysis of CSF 

phospholipids (Chen & Chan, I98S). In normal phase HPLC, the stationary phase is 

polar and the mobile phase is non-polar (Bidlingmeyer, 1992). The CSF lipid extracts 

were separated using a Beckman model 338 System Gold Liquid Chromatograph system 

(Biological Laboratory, University of Arizona, College of Nursing) with a pre-packed 

normal phase silica column of 5 micron particle size (Ultrasphere Si-5 ^, 2S cm x 4.6 nun 

internal diameter, Beckman). The neutral lipids, fiee fatty acids and various phos

pholipids were separated using a gradient elution that was adapted from Chen &. Chan 

(1985) (Table 7). 

The mobile phase began with hexane:isopropanol (50:50) for five minutes. From 

5 minutes to 35 minutes, the mobile phase was gradually changed to 

hexane:isopropanol.*water (39:52:9). It remained hexane:isopropanol:water (39:52:9) for 

fifteen minutes. The mobile phase was then returned to hexane:isopropanol (50:50) over 

10 minutes. The total time for the method was 70 minutes. The column was allowed to 

equilibrate before injection of the next sample. The flow rate was 1 ml/min. The 

ultraviolet (UV) detector was set to 206 mn to monitor the elution of the components. 

Each of the components in the sample was represented by a peak on the 

chromatogram. The elution time and the shs^e of the peak was used to identify each of 
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Table 7. Gradient for separation of phospholipids on High Performance Liquid 
Chromatography (HPLC) 

Time (minutes) Mobile Phase Composition 

0-5 Hexane:isopropanol (50:50) 

5-35 Change to hexane:isopropanol:water (39:52:9) 

35-55 Hexane:isopropanol:water (39:52:9) 

55-70 Change to hexane:isopropanol (50:50) 

70- Hexane:isopropanol (50:50) 
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the components in the sample. For the CSF samples, the identification of each of the 

components was done by comparing the elution time and the shape of the peak for each 

component in the sample with the elution times and peak shape of each of the 

phospholipid classes: phosphatidylethanolamine, phosphatidylinositol, 

phosphatidylserine, phosphatidylcholine, sphingomyelin, and lysophosphatidylchoUne. 

The concentration of each compound was recorded as a peak on the 

chromatogram. The concentration of each of the phospholipids was determined through 

quantification of the peak area recorded on the chromatogram. The peak area was 

converted to micrograms per milliliter (Mg/ml) of CSF. 

The column, detector, and method used in the analysis were checked for reliability 

each day prior to running samples. A standard (phosphatidylcholine) of known 

concentration was analyzed under the same conditions as the CSF samples from each of 

the patients. The chromatogram was examined for the peak shape, the elution time, and 

the peak area to determine of the column, the detector, and the method were reliable. 

Model Phospholipid Mixture 

Normal human CSF was not available for analysis, therefore, a model 

phospholipid mixture was prepared using phospholipid standards (Sigma, St. Louis, MO). 

The molecular species of the standards are comparable to that of human adult CSF. The 

model mixture was based on the percent of the specific phospholipids in the CSF 

(lUingworth & Glover, 1971). A model mixture based on the concentration of each 
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specific phospholipid in 0.60 mg/dl, the phospholipid concentration in the CSF (Fishman, 

1992), was not used as the concentrations were so small, the peaks would not have been 

detected. The phospholipid concentrations in the model mixture are presented in Table 8. 

The chromatogram fi-om the model mixture was used to identify the phospholipid classes 

separated on the HPLC from the CSF samples collected from the patients. Identification 

was based on the elution times for each of the components in the sample and the 

characteristics of each of the peaks as they eluted or co-eluted from the column. The 

chromatogram of the model phospholipid mixture is presented in Figure 3. 

Calibration Curves 

To quantify the peak areas for the phospholipids, calibration curves, a plot of peak 

areas against the concentration, were constructed over a range of concentrations for each 

phospholipid. Standards of each of the phospholipids (Sigma, St. Louis, MO) were 

analyzed under the same conditions as the CSF samples from the patients. For each of 

the phospholipids, a known concentration was injected and the peak area was measured. 

The peak area was then plotted against the concentration. This was done over a range of 

concentrations to construct the calibration curve. Each point on the calibration curve was 

duplicated to verify the peak area for that concentration. The mean of the peak areas was 

plotted on the curve. The plot of the peak area to the concentration was linear for each of 

the phospholipids. The calibration curve was then used to determine the concentration of 

each of the compounds in the sample. The peak of interest, identified based on the 
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Table 8. Phospholipid concentratioii of model phospholipid mixture of adult 
cerebrospinal fluid (CSF) 

Concentration 
(mg/dl) Concentration of 

% in based on phospholipid 
Phospholipid adult CSF 0.60mg/dl 

Phosphatidylcholine 54.0 .3240 .03240 

Sphingomyelin 20.3 .1218 .01218 

Phosphatidylethanolamine 13.1 .0786 .00786 

Lysophosphatidylcholine 5.1 .0306 .00306 

Phosphatidylinositol 4.5 .0270 .00270 
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retendon time and the shape of the peak, was compared to the values on the curve to 

determine the amount of the phospholipid in the sample. The calibration curves for 

phosphatidylethanolamine, phosphatidylinositol, phosphatidylserine, 

phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine are displayed in 

Appendix E. 

Mollova, Moore, Hutter, and Schram (1995) identified phosphatidylcholine, 

sphingomyelin, and lysophosphatidylcholine in the CSF of children prior to and following 

brain injury as the result of intrathecal chemotherapy. The HPLC fraction for each of the 

peaks was collected and fast atom bombardment mass spectrometry and fast atom 

bombardment mass spectrometry combined with tandem mass spectrometry was used to 

identify the molecular species of each of the phospholipids. The spectrum from each of 

the peaks were compared to the spectrum from phospholipid standards for identification. 

Electrophoresis 

The method used for creatine kinase isoen^me determination was electrophoresis 

using a florescent substrate on agarose gel (personal conununication. Associated Regional 

and University Pathologists Laboratories). Electrophoresis involves the separation of 

charged particles in an electrical field (Andrews, 1986). The particles must have a net 

positive or net negative charge for movement in the electrical field. The particles with a 

net positive charge will move toward the negative pole, those with a net negative charge 

will move toward the positive pole, and those with no net charge (neutral) will not move 



187 

toward either pole (remain stationary). Particles are placed in a liquid medium supported 

by an inert solid and an electrical current is conducted through the liquid medium 

(Melvin, 1987). When the current is applied, the particles move at a specific speed 

toward the appropriately charged pole, the migration velocity. The migration velocity is 

specific based on the particle and the strength of the electrical field applied, such that the 

migration velocity will increase with increasing strength of the electrical field applied 

(Andrews, 1986). Also, each particle has an electrophoretic mobility, which is the 

migration velocity when the particle is influenced by an electrical field (Melvin, 1987). 

The electrophoretic mobility constant will be positive or negative depending on the net 

charge of the particle. The electrophoretic constant will be zero if the particle has no 

charge as it will not move when the electrical current is applied. 

As an electrical field is applied to the medium, the molecule with a net charge will 

move to the appropriate (oppositely charged) electrode. The movement of the particle 

will be opposed by the fiictional force of the medium, the viscous drag. The viscous drag 

will depend in the viscosity of the medium as well as the size and shape of the particle 

(Melvin, 1987). Thus, the migration velocity of a particle is influenced by the viscosity 

of the medium, the strength of the electrical field applied to the medium, the net charge of 

the particle, and the size and shape of the molecule, such that the migration velocity is 

proportional to the net charge of the particle and to the strength of the electrical field and 

is inversely proportional to the viscosity of the medium and to the size and shape of the 

particle (Melvin, 1987). 
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The media used in the separation of the creatine kinase isoenzyme was agarose 

gel. Gel is a three dimensional network with a random structure. Gels are "cross-linked 

polymers that should be inert and not interact with the molecules under study" (Melvin, 

1987, p. 28). Agarose is "a linear polymer of D-galactose and 3,6-anhydrogalactose 

which contains about 0.4% sulphate ion" (Melvin, 1987, p. 42). Between the gel 

molecules are pores. When the electrical field is applied, the particles in the sample with 

some net positive or negative charge migrate to the appropriate electrode. The movement 

of the particle is related to the size of the pores and to the radius of the molecule (Melvin, 

1987). The average pore size depends in the concentration of the polymer such that the 

higher the concentration of the polymer, the more dense the network and the smaller the 

size of the pores (Melvin, 1987). The size and net charge of the molecule will influence 

the migration of the molecule toward the appropriate electrode. 

An immunoabsorbant assay was used to obtain the total creatine kinase 

concentration (personal conununication. Associated Regional and University Pathologists 

Laboratories) which was reported in U/L. Electrophoresis was then used to determine the 

creatine kinase isoenzyme concentration which was reported as a percent. The percent of 

total creatine kinase was calculated for each isoenzyme to determine the concentration 

which was reported in U/L. 

Glasgow Coma Scale 

A Glasgow Coma Scale (GCS) score was obtained at each data collection period. 

The GCS score was recorded as a total score and as the score in each category; eye 
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opening, motor response and verbal response. The score in each category was ranked 

with the highest score representing the best response. The items included in each 

category and the score associated with each item are listed in Table S. Eye opening may 

occur spontaneously, in response to speech, in response to pain (pressure applied to the 

nailbeds), or the eyes may remain closed throughout testing (Teasdale & Jennett, 1976). 

Motor responses range from obeying commands to no response. If no response to 

command was obtained, a painful stimuli in the form of pressure to the nailbed was 

applied and the response characterized as localized, withdrawal, abnormal flexion, 

extensor, or no response (Teasdale & Jennett, 1976). Verbal responses range from 

orientation to person, place and time to no response (Teasdale & Jennett, 1976). For 

verbal response, any communication in forms other than a verbal response were scored 

since all the patients were intubated and, thus, unable to respond verbally. The scores 

from each category were then added together with total scores ranging from 3 to IS. 

There are some limitation to the use of the scale. For the motor response, both 

limbs were assessed and the best response from the best limb was recorded. The use of 

the best response from the best limb eliminated information about the weaker or non-

responsive limb. Pre-existing conditions, such as paralysis of a limb or limbs, the 

absence of speech, and impaired hearing, will result in lower GCS scores. The presence 

of impairment in one category from causes other than CNS dysfunction, such as injury to 

a limb, can also result in a lower GCS score. 
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The reliability^ and validity of the GCS has been reported. The consistency of 

obtaining similar responses with different observers was initially reported as being high 

(Teasdale & Jennett, 1974). Differences reported by physicians and nurses from 

observation of the same patients were reported as being "rare" (Teasdale & Jennett, 1974, 

p. 83). In another study, the disagreement rate reported for physicians and nurses on 

independent examination of the same patients was 6 percent for motor response and 9 

percent for verbal response and eye opening (Teasdale & Jennett, 1976). 

Teasdale, Knill-Jones and Van Der Sande (1978) described the variability based 

on the disagreement rate among observers using the GCS. The disagreement rate was 

based on differences from the consensus score (mode) of all observations for a specific 

patient and was calculated and compared for different groups of observers. The possible 

range for the disagreement rate was from 0 to O.S. When no definition or description of 

the categories was given to neurosurgeons, house ofQcers, and nurses, the disagreement 

rate ranged from 0.0S4 to 0.143. A decrease in the disagreement rate was reported when 

definitions and descriptions of the GCS categories were given to nurses, neurosurgeons 

and surgical trainees. The disagreement rate reported was 0.091 for verbal response, 

0.081 for motor response, and 0.089 for eye opening. The disagreement rate for the total 

scale score was 0.076. For the total scale score, the disagreement rate for the 

neurosurgeons was 0.081, for surgical trainees 0.074, and for nurses 0.072. The 

variations in the observations were speculated to be from changes in the patient condition. 
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firom differences in the technique used to elicit a response (differences in the strength of 

the stimuli applied), or from differences between observers in interpreting the same 

response (Teasdale, Knill-Jones & Van Der Sande, 1978). 

The reliability and accuracy of the GCS when used by nurses with various levels 

of experience was investigated by Rowley and Fielding (1991). Percent agreement, 

disagreement rate, and accuracy were calculated for observations by experienced nurses, 

graduate nurses and two groups of student nurses. The accuracy was calculated using the 

same formula as that for calculation of the disagreement rate with the exception that 

ratings from an expert were substituted for the consensus score. This calculation of 

accuracy was based on the assumption that the rating by the expert was the correct rating. 

The mean percent agreement for the groups of observers ranged from 98 percent to 88.5 

percent. The percent agreement for the experienced nurses was 98 percent, for the 

graduate nurses 95 percent, and for the student nurses 94.7 and 88.5 percent. When 

compared to the expert, the mean percent agreement of the experienced nurses was 96.4 

percent, for the graduate nurses 78.1 percent, and for the student nurses 71.0 and 61.6 

percent. The mean disagreement rate ranged from 0.009 to 0.074. The lowest 

disagreement rate was for the experienced nurses, 0.009, while higher scores were 

reported for the graduate nurses, 0.034, and the student nurses, 0.032. and 0.074. The 

mean accuracy (disagreement rate with expert's rating substituted for the consensu score) 

ranged from 0.026 to 0.308, with the lowest rate reported for the experienced nurses. 
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0.026, and higher scores for the other three groups, 0.156 for the graduate nurses and 

0.237 and 0.308 for the student nurses. The authors concluded that the GCS can be used 

reliably and accurately by those with knowledge and experience while those with limited 

knowledge and experience can use the scale reliably but not accurately (Rowley & 

Fielding, 1991). 

Stanczak, White, Grouview, Moehle, Daniel, Novack and Long (1984) 

investigated the reliability and validity of the GCS when used by a neurosurgical resident 

and doctoral candidate in neuropsychology. Reliability was evaluated by Chronbach's 

alpha, inter-rater reliability and test-retest reliability. Chronbach's alpha, which measures 

the internal consistency of the items on the scale, was 0.69 for the scale which increased 

to 0.71 if the motor response was deleted from the analysis. The inter-rater reliability, 

defined as the correlation between 20 simultaneous evaluations, was 0.95. Test-retest 

reliability, defined as the Spearman rank-order correlation coefficient of evaluations 12 

hours apart, was 0.85. Since the physical condition of the patient may change over a long 

period, test-retest reliability may not have been an appropriate measure. Scores on the 

first and second evaluation may have varied due to changes in the patient rather than 

changes in how the evaluation was conducted. Validity was evaluated through construct 

validity and predictive validity. Construct validity was defined as the correlation between 

a rating made by nurses of the level of consciousness and the GCS score. The ratings of 

the level of consciousness ranged from coma (scored as 0) to alert and oriented (scored as 
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6). No additional infonnatioa was provided regarding the specific rating categories. The 

correlation between the rating of level of consciousness and the GCS was 0.68. 

Predictive validity was defined as the correlation between scores on a modified version of 

the Glasgow Outcome Scale (GOS) and the GCS. The modified GOS was based on a 

nine point scale fi'om dead within 24 hours of the insult to complete recovery. The 

correlation between the modified GOS and the GCS score was 0.56. The authors 

concluded that the reliability and validity of the GCS were adequate with the exception of 

the intemal consistency of the items on the GCS (Chronbach's alpha of .69) (Stanczak et 

al., 1984). 

In summary, the GCS is reported to be a reliable measure of impaired 

consciousness based on high agreement rates and low disagreement rates of different 

groups of observers. Accuracy, based on agreement with the ratings of an expert, were 

high. However, disagreement rates when the ratings of an expert were used as the 

consensus score, were low only for those with knowledge and experience. 

In this study, the reliability of the GCS was tested using Chronbach's alpha. It 

was used to determine the intemal consistency of the items of the GCS. 

Data Analysis Plan 

Descriptive statistics were computed for all demographic variables, for the CSF 

phospholipid classes, for CSF creatine kinase and creatine kinase isoen^mes (CK-BB), 

for the Glasgow Coma Scale score, and for Survival Status. Identification of 
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phospholipid classes afier nonnal phase HPLC separation of CSF samples was done by 

direct comparison with reference compounds (phospholipid standards) and a model 

phospholipid mixture representative of the phospholipid composition of normal adult 

CSF. Identification was based on peak shape and elution time. 

Data analysis plan will be presented for each research question. For all parametric 

and non-parametric procedures, the significance level was set at p ^ .05. 

1. What is the CSF phospholipid composition of patients following traumatic brain 

injury? 

Identification of phospholipid classes after normal phase HPLC separation of CSF 

samples was done by direct comparison with reference compounds (phospholipid 

standards) and a model phospholipid mixture representative of the phospholipid 

composition of normal adult CSF. Descriptive statistics were computed for the 

concentration of each of the phospholipid classes at each time period following the injury. 

2. Does the CSF concentration of phospholipids and the CSF concentration of creatine 

kinase isoen^mie change over time in patients following traumatic brain injury? 

The CSF concentration of phospholipids and the CSF concentration of creatine kinase 

isoenzyme for each patient was plotted against time. The plots were examined for each 

patient to determine if there was a change in the concentration and to describe the change 

in the concentration of phospholipids and the concentration of creatine kinase isoenzyme 

over time following traumatic brain injury. 
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3. What is the pattern of change in the CSF concentration of phospholipids and the CSF 

concentration of creatine kinase isoenzyme following traumatic brain injury? 

The CSF concentration of each phospholipid and the CSF concentration of creatine 

kinase isoenzyme were plotted against time. The plots were examined to describe the 

pattem of change in each of the phospholipids and creatine kinase isoenzyme over time 

following traumatic brain injury. The patterns of change were described for each of the 

phospholipids and for creatine kinase isoenzyme. 

4. Can primary and secondary injury be distinguished based on the pattem of change in 

the CSF concentration of phospholipids and the CSF concentration of creatine kinase 

isoenzyme in patients following traumatic brain injury? 

It is theorized that primary and secondary injury can be distinguished by the pattem of 

change in CSF phospholipids and creatine kinase isoenzyme. An early increase in the 

levels of creatine kinase isoenzyme and the levels of phospholipids is thought to reflect 

the damage and destruction of neurons and neuroglia at the time of the injury (primary 

injury). A second increase in the levels of creatine kinase isoen^rme and the levels of 

phospholipids is thought to reflect secondary injury to the brain. Secondary injury may or 

may not occur following TBI. If secondary injury does develop following TBI, it can 

occur as soon as seconds after the primary injury or it may occur days later. 

The concentration of CSF creatine kinase isoenzyme and each of the 

phospholipids for each patient were plotted against time and the plots examined to 



196 

detennine if primary and secondary injury can be identified and distinguished. 

5. Is there a relationship between the CSF concentration of phospholipids and the CSF 

concentration of creatine kinase isoenzyme in patients following traumatic brain injury? 

Spearman rank-order correlation coefBcient (Spearman rho) was used to determine the 

reiationship between the CSF concentration of phospholipids and the CSF concentration 

of creatine kinase isoenzyme at each time period. 

6. What is the pattern of change in Glasgow Coma Scale scores following traumatic 

brain injury? 

The Glasgow Coma Scale scores were plotted against time. The plots were examined to 

describe the pattern of change in the Glasgow Coma Scale score over time following 

traumatic brain injury. 

7. Is there a relationship between the Glasgow Coma Scale score and the CSF 

concentration of phospholipids and the CSF concentration of creatine kinase isoenzyme 

in patients following traumatic brain injury? 

Spearman rank-order correlation coefBcient (Spearman rho) was used to determine the 

relationship between the CSF concentration of phosphoUpids and the Glasgow Coma 

Scale scores and between the CSF concentration of creatine kinase isoen^me and the 

Glasgow Coma Scale scores at each time period. 

8. Is there a relationship between Survival Status and the CSF concentration of 

phospholipids and CSF concentration of creatine kinase isoenzyme in patients following 

traimiatic brain injury? 
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A point biserial correlation was used to determine the relationship between 

Survival Status and the CSF concentration of phospholipids and between Survival Status 

and the CSF concentration of creatine kinase isoen^me at each time period. 

9. Is there a relationship between Survival Status and the Glasgow Coma Scale score in 

patients with traumatic brain injury? 

Spearman rank-order correlation coefBcient (Spearman rho) was used to determine the 

relationship between the Glasgow Coma Scale scores and Survival Status at each time 

period. 

10. Is there a relationship between selected demographic factors and the CSF 

concentration of phospholipids and the CSF concentration of creatine kinase isoenzyme 

in patients following traumatic brain injury? The relationship between selected 

hemodynamic variables and the CSF concentration of phospholipids and the CSF 

concentration of creatine kinase isoen^me were also examined. The selected 

demographic factors include age, admission Glasgow Coma Scale score, the presence of 

skeletal fiticture, the presence of abdominal injury, the presence of chest injury, 

craniotomy following the injury, and the presence of mass lesion, midline shiit, 

hematoma, hemorrhage, contusion, edema, ischemia, henuation, and/or skull firacture on 

the Computed Tomography (CT) scan. The hemodynamic variables include intracranial 

pressure (ICP) and cerebral perfusion pressure (CPP). 

A point biserial correlation was used to determine the relationship between the CSF 

concentration of phospholipids and the presence of mass lesion, midline shift, hematoma. 
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hemorrhage, contusion, edema, ischemia, herniation, and/or skull fracture on the 

Computed Tomography (CT) scan and to determine the relationship between the CSF 

concentration creatine kinase isoen^one and the presence of mass lesion, midline shift, 

hematoma, hemorrhage, contusion, edema, ischemia, herniation, and/or skull fracture on 

the Computed Tomography (CT) scan. A point biserial correlation was used to determine 

the relationship between the CSF concentration of phospholipids and the presence of 

skeletal fracture, the presence of abdominal injury, the presence of chest injury, and 

craniotomy following the injury and to determine the relationship between the CSF 

concentration creatine kinase isoenzyme and the presence of skeletal fracture, the 

presence of abdominal injury, the presence of chest injury, and craniotomy following the 

injury. Spearman rank-order correlation coefBcient (Spearman rho) was used to 

determine the relationship between the CSF concentration of phospholipids and age and 

to determine the relationship between the CSF concentration of creatine kinase isoenzyme 

and age. Spearman rank-order correlation coefficient (Spearman rho) was used to 

determine the relationship between the CSF concentration of phospholipids and 

admission GCS scores and to determine the relationship between the CSF concentration 

of creatine kinase isoen^rme and admission GCS scores. Spearman rank-order 

correlation coefficient (Spearman rho) was used to determine the relationship between the 

CSF concentration of phospholipids and hemodynamic variables (ICP and CPP) and to 

determine the relationship between the CSF concentration of creatine kinase isoen^rme 

and hemodynamic variables following traumatic brain injury. 



199 

Summary 

The methodology that was used for data collection and data analysis has been 

outlined. A longitudinal, correlational, one-group, descriptive design was used to 

investigate CNS membrane damage during primary and secondary injury following TBI. 

The criteria for subject inclusion was described. The data collection protocol was 

presented. The method for CSF phospholipid extraction and separation and for creatine 

kinase determination were outlined. The instrument that was used to collect the 

behavioral data, the Glasgow Coma Scale, was discussed. The plan for data analysis 

includes descriptive statistics and correlation. 
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Chapter 4 

RESULTS OF DATA ANALYSIS 

btroduction 

The purpose of this study was to investigate Central Nervous System membrane 

damage during primary and secondary injury following traumatic brain injury. The 

biological measures of membrane damage include the phospholipid and creatine kinase 

isoenzyme concentration in the cerebrospinal fluid following traumatic brain injury. The 

behavioral measures include the Glasgow Coma Scale score following traumatic brain 

injury and Survival Status one month aiter injury. The purpose of this study was also to 

determine the relationship between the biological measures of injury and the behavioral 

assessment of neurological status. The results of data analysis are presented. The study 

sample is described and the findings related to each research question are reported. 

Description of the Sample 

Ten patients with traimiatic brain injury (TBI) participated in this study. The age 

of the patients ranged fi-om 18 to 79 years, with a mean of 39.4 years (standard deviation 

[SD] 22.1 years). Six of the patients were Caucasian, 3 were Hispanic and 1 was Afiican 

American. Six were male and 4 were female. 

The traumatic brain injury was the result of a motor vehicle crash (n=6), 

pedestrian struck by a vehicle (n=l) and a fall (n=3). hicluded in the 6 involved in a 

motor vehicle crash (MVC) was one patient that was mvolved in a motor cycle crash. 
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This person was wearing a helmet. Of the other patients involved in a MVC, 4 were 

ejected from the vehicle and 3 involved a vehicle rollover. Only one patient was wearing 

a seat belt. 

The patients sustained injuries in addition to the traumatic brain injury. The 

injuries included skeletal fractures (n=S), abdominal injuries (n=3) and chest injuries 

(n=4). As a result of the injuries sustained, 5 of the patients had a craniotomy, 2 had 

abdominal surgery, and 2 had surgery for skeletal repair. 

Alcohol was present in 4 patients. The alcohol level ranged from 65 to 172 mg/dl 

(mean 113.75, SD 56.31). The presence of drugs was reported in 1 of the patients. 

All of the patients in the study were placed on standing cerebral injury orders by 

the physician. Parameters for the maintenance of the cerebral perfusion pressure (CPP) 

and intracranial pressure (ICP) were set by the physician. The intravenous medications 

the patients received were started and titrated based on specific parameters outlined in the 

standing orders and as ordered by the physician. The patients received Neosynephrine 

(n=8) and Dopamine (n=7) to maintain the CPP and Cardiac Index within a specific 

range. The ventriculostomy was drained based on the ICP reading or was continuously 

drained based on specific limits or by physician order. The patients received Morphine 

(n '̂lO), Ativan (n=8) and/or Versed (n=3) for sedation. Most of the patients received a 

continuous infrision of Morphine and Ativan. Three of the patients received Dilantin. 

Maimitol and Albumin were given to maintain fluid balance. Two of the patients were 
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also part of a clinical research study involving the neuroprotective agent Cerestat 

(Aptianel HCl). This was a double blind study so the patient could receive the drug or a 

placebo. The patient received a loading dose of the drug (or placebo) followed by a 

continuous infusion for 72 hours. One of the patients received the &11 course of the drug 

(or placebo) and the second patient received the infusion for approximately 24 hours at 

which time the family decided to withdraw the patient from the study. 

All of the patients had a Computed Tomography (CT) scan on admission and a 

repeat scan the following day. The findings firom the scans included the presence of a 

mass lesion (n=7), midline shift (n=8), hematoma (n=8), hemorrhage or the presence of 

blood (n=8), contusion (n=8), edema (n=7), ischemia (n=3), skull firacture or suspected 

skull fracture (n=4), herniation (n=5), compression or change in the size of the ventricles 

(n=9), and/or obliteration of the cisterns (n=2). 

The blood pressure (systolic and diastolic) and ICP were recorded each time a 

CSF sample was obtained. These parameters were used to calculate the mean arterial 

pressure (MAP) and CPP. The systolic blood pressure ranged from 122 to 187 mm Hg; 

the diastolic blood pressure ranged from 48 to 93 mm Hg. The MAP ranged from 77 to 

124 mm Hg. The ICP ranged from 10 to SO mm Hg. Generally, the CSF was drained for 

an ICP greater than 20 mm Hg. However, if the ICP remained above a specific limit or if 

specifically ordered by the physician, the ventriculostomy was continuously drained, 

which accounts for the readings less than 20 nun Hg. The CPP ranged from 55 to 100 

mm Hg. The goal was generally to maintain the CPP at or above 70 mm Hg. 



203 

The admission Glasgow Coma Scale (GCS) score ranged from 3 to 11 with a 

mean of 6.1 (SD 2.3). One of the patients who received the TBI as a result of a fall had 

an admission GCS score of 11. Excluding this patient, the admission GCS score ranged 

from 3 to 8. For 1 of the patients, a lucid interval was recorded prior to admission or in 

the Emergency Room (ER). A hypotensive episode (SBP < 90 mm Hg) prior to 

admission or in the ER was recorded for 3 of the patients. 

Of the patients in the study, 6 siu^ved and 4 did not survive. The age of the four 

patients that did not survive the injury ranged from 19 to 79 years (mean SS.7S years, SD 

26.25). Excluding the patient at age 19 years, the age ranged from 56 to 79 years. All 

were male. The cause of the TBI was the result of a MVC (n=l, motor cycle crash), 

pedestrian struck by a vehicle (n=l), and a fall (n=2). The admission GCS score ranged 

from 5 to 11, with a mean of 7.0 (SD 2.7). In addition to the brain injury, the patients 

sustained skeletal fractures (n=l), abdominal injuries (n=l) and chest injuries (n=I). 

Craniotomy was performed on each of the patients. Alcohol was present in 2 of the 

patients. The alcohol levels were 66 and 152 mg/dl. A lucid interval was recorded in one 

of the patients. A hypotensive episode prior to admission or in the Emergency Room was 

recorded for 2 of the patients. 

The age of the six patients that survived the injury ranged from 18 to 46 years 

(mean 28.5 years, SD 10.4). Four of the patients were female and 2 were male. The 

cause of the TBI was the result of a MVC (n=5) and a fell (n=l). Of the patients 
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involved in a MVC, 4 were ejected firom the vehicle and 3 involved a vehicle rollover. 

One patient was wearing a seat belt. The patients sustained skeletal fiactures (n=4), 

abdominal injury (n=2), and chest injury (n=3) in addition to the brain injury. The 

patients required craniotomy (n=l), abdominal surgery (n=l) and surgery for skeletal 

repair (n=2) as a result of the injuries sustained. Alcohol was present in 2 of the patients. 

The alcohol levels were 65 and 172 mg/dl. The admission GCS score ranged firom 3 to 8 

with a mean of 5.5 (SD 1.9). A hypotensive episode prior to admission or in the 

Emergency Room was recorded for 1 of the patients. 

A total of 39 cerebrospinal fluid (CSF) samples were obtained firom the 10 

patients that participated in the study. Three to 5 samples were obtained firom each 

patient. The CSF samples were obtained firom the patients between 15 and 142 hours after 

the TBI. The time when the first sample was obtained depended on when consent was 

obtained firom the appropriate family member and the time the CSF was drained by the 

nurse according to the protocol ordered by the physician. A delay occurred if the 

ventriculostomy became non-functioning and required intervention by the physician. 

Of the 39 samples, 3 were obtained during the first 24 hours after injury (day 1), 

11 samples between 24 and 48 hours after injury (day 2), 11 between 48 and 72 hours 

after injury (day 3), 7 between 72 and 96 hours after injury (day 4), 2 between 96 and 120 

hours after injury (day 5), and 5 between 120 and 144 hours after injury (day 6). 



205 

Reliability of the Glasgow Coma Scale 

The internal consistency of the items in the Glasgow Coma Scale (GCS) was 

tested using Chronbach's alpha. The GCS consists of three items: eye opening, motor 

response and verbal response. All of the patients were intubated. There was no verbal 

response or attempt by the patient to communicate during the data collection period. 

Thus, there was no variability in the verbal score, so it was not used in the computation of 

Chronbach's alpha. The alpha was based on eye opening and motor response. The alpha 

for the GCS was .69; the standardized alpha was .78. 

Reliability of the Column, Detector and Method 

The column, detector, and method used for phospholipid analysis were checked 

for reliability each day prior to running samples. A standard (phosphatidylcholine) of 

known concentration was analyzed under the same conditions as the CSF samples firom 

each of the patients. The chromatogram was examined for the peak shape, the elution 

time, and the peak area. The peak shape, elution time and peak area remained consistent 

throughout the analysis period indicating that the column, the detector and the method 

were reliable. 

Findings Related to Each Research Question 

Research Owstion 1 

What is the CSF phospholipid composition of patients following traumatic brain 

injury? 
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The chromatograms from each patient were examined to identify the 

phospholipids present The identification was done by comparing the peaks on each 

chromatogram with the peaks from reference compounds (phospholipid standards) and a 

model phospholipid mixture representative of the phospholipid composition of normal 

adult CSF. 

Following traumatic brain injury, phosphatidylethanolamine, phosphatidylinositol, 

phosphatidylserine, phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine 

were identified in the CSF. Phosphatidylethanolamine and phosphatidylinositol co-eluted 

making it difScult to determine the beginning and end of each peak at the baseline which 

then made it difficult to determine the concentration of each of these phospholipids. The 

peak was considered to be primarily phosphatidylethanolamine, therefore, the 

concentration was determined based in the calibration curve for 

phosphatidylethanolamine. 

On some of the chromatograms, phosphatidylcholine and sphingomyelin co-

eluted. Since it was difBcult to determine the beginning and end of each peak at the 

baseline, it was difiGcult to determine the precise concentration of each of these 

phospholipids. The peak was considered to be primarily phosphatidylcholine. Therefore, 

the concentration was determined based on the calibration curve for phosphatidylcholine. 

The concentration of phosphatidylethanolamine in the CSF ranged from 0.473 to 

9.689^g/nil. The concentration of phosphatidylserine in the CSF ranged from 1.298 to 
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9.037jUg/inl. The concentratioa of phosphatidylcholine in the CSF ranged from 1.821 to 

lS6.456;Ug/ml. The concentration of sphingomyelin in the CSF ranged from 0.423 to 

8.490^g/ml. The concentration of lysophosphatidylcholine in the CSF ranged fi:om 0.220 

to 23.600//g/ml. The mean and standard deviation for each of the phospholipids on each 

day after injury are presented in Table 9. 

There were three other peaks that were consistently present on the chromatogram. 

The identity of these peaks is not known at present. They were recognized based on the 

peak shape and the elution time. The peaks eluted at 17-18 minutes, at 20-22 minutes 

and at 35 to 39 minutes. A peak at 40 minutes also eluted, but was present on only 7 of 

the chromatograms. The peak area for the peak at 17 to 18 minutes ranged &om 0.42 to 

17.90. The peak area for the peak at 20 to 22 minutes ranged from 0.37 to 55.12. The 

peak area for the peak at 35 to 39 minutes ranged from 1.08 to 116.38. Additional peaks 

were present on the chromatograms of some of the patients. Since these peaks have not 

been identified, they will not be discussed further. 

Research Question 2 

Does the CSF concentration of phospholipids and the CSF concentration of 

creatine kinase isoenzyme change over time in patients following traumatic brain injury? 

The CSF concentration of the phospholipids (phosphatidylethanolamine, 

phosphatidylserine, phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine), 

creatine kinase and creatine kinase isoenzyme (CK-BB) was plotted against time from 



Table 9. Phospholipid, creatine kinase and creatine kinase isoenzyme (CK-BB) concentration, and Glasgow Coma Scale 
scores on each day after injury. 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 
Mean Mean Mean Mean Mean Mean 
SD SD SD SD SD SD 
N N N N N N 

Phosphatidylethanolamine 2.36 2.15 2.73 3.07 .86 .65 
(^g/ml) 2.99 1.63 2.53 2.65 .51 .22 

3 11 11 7 2 5 

Phosphatidylserine 2.76 3.55 2.49 3.35 1.75 2.82 
(Hg/ml) 1.41 2.40 1.08 2.02 .01 2.04 

3 11 11 7 2 5 

Phosphatidylcholine 18.56 36.14 39.09 46.32 4.88 2.58 
(Jig/ml) 1.46 38.79 45.81 45.66 4.16 .56 

3 11 11 7 2 5 

Sphingomyelin 1.13 1.60 2.26 4.48 .61 .80 
(Hg/ml) .42 1.16 2.04 3.29 .13 .25 

3 11 11 7 2 5 

Lysophosphatidylcholine 7.53 6.70 3.65 3.05 5.50 2.86 
(fig/ml) 8.52 6.79 2.68 2.39 3.21 

3 11 11 7 1 3 

Creatine kinase 248.67 74.73 13.18 9.86 12.00 10.80 
(U/L) 365.79 97.61 6.81 9.48 1.41 16.39 

3 11 11 7 2 5 



Table 9. (Continued) 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 
Mean Mean Mean Mean Mean Mean 
SD SD SD SD SD SD 
N N N N N N 

CK-BB 234.77 87.19 8.44 8.02 6.38 8.19 
(U/L) 377.79 104.28 5.79 9.62 2.02 14.23 

3 8 8 5 2 5 

Glasgow Coma Scale 3 4.73 4.46 4.14 7.00 5.00 
Total Score 0 2.72 2.97 2.04 5.66 3.46 

3 11 11 7 2 5 

Glasgow Coma Scale 1 1.27 1.55 1 2.50 2.00 
Eye Opening 0 .91 .93 0 2.12 1.41 

3 11 11 7 2 5 

Glasgow Coma Scale 1 2.46 1.91 2.14 3.50 2.00 
Motor Response 0 2.12 1.38 2.04 3.54 2.24 

3 11 11 7 2 5 

Glasgow Coma Scale 1 1 1 1 1 1 
Verbal Response 0 0 0 0 0 0 

3 11 11 7 2 5 
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injury to data collection for each patient The plots were examined to determine if there 

was a change in the concentration and to describe the change in the concentration of 

phospholipids, creatine kinase, and CK-BB over time following traumatic brain injury. 

The change in each of the phospholipids, creatine kinase, and CK-BB will be 

described for each patient. For the first patient, there were 3 data collection periods over 

day S and day 6 after injury. There was a change in the concentration of 

phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, sphingomyelin, 

creatine kinase, and CK-BB over time (Figure 4, Figure S). Lysophosphatidylcholine 

data were obtained, however, the accuracy of the data were questioned and, therefore, was 

not used in any of the analysis. The concentration of phosphatidylethanolamine and 

phosphatidylserine decreased over the 3 samples firom the peak concentration in sample 1. 

The concentration of phosphatidylcholine decreased in sample 2 fi'om the peak 

concentration in sample I, then increased slightly in sample 3. The concentration of 

sphingomyelin decreased in sample 2 then increased to the peak concentration in sample 

3. The concentration of creatine kinase and CK-BB decreased in sample 2 followed an 

increase to the peak concentration in sample 3. 

For the second patient, there were 5 data collection periods over day 4 through day 

6. There was a change in the concentration of each of the phospholipids, creatine kinase, 

and CK-BB over time (Figure 6, Figure 7). There was a slight increase in the 

concentration of phosphatidylethanolamine in the second and fifth samples. For 

phosphatidylserme, there was a sh'ght increase in the concentration in the second sample 
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and a larger increase to the peak concentration in the fourth sample, followed by a 

decrease in the concentration. The concentration of phosphatidylcholine increased to the 

peak concentration in the third sample followed by a decrease in the concentration. The 

peak concentration of sphingomyelin was in the first sample obtained. This was followed 

by a decrease to the lowest concentration in the second sample. There was then a slight 

increase in the concentration in the third and fourth samples and a slight decrease in the 

concentration in the fifih sample. For lysophosphatidylcholine, there were two peaks in 

the concentration, in the second sample and the larger peak in the fifth sample. The 

concentration of creatine kinase and CK-BB increased to the peak concentration in the 

second sample. This was followed by a decrease in the concentration in the third and 

fourth samples then an increase in the concentration in the fifth sample. 

There were 3 data collection periods for the third patient over day 3 and day 4 

after injury. There was a change in the concentration of each of the phospholipids, 

creatine kinase, and CK-BB over time (Figure 8, Figure 9). The concentration of 

phosphatidylethanolamine decreased over the 3 samples firom the peak in sample I. For 

phosphatidylserine, phosphatidylcholine, and sphingomyelin, there was a decrease in the 

concentration in sample 2 followed by an increase in the concentration in sample 3. The 

peak concentration was in sample 3 for phosphatidylserine and sphingomyelin; the peak 

concentration was in sample 1 for phosphatidylcholine. For lysophosphatidylcholine, the 

concentration increased to the peak concentration m sample 3. There was an increase in 
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the concentration of creatine kinase and CK-BB to the peak concentration in sample 2 

followed by a decrease in the concentration in sample 3. This patient did not survive. 

For the fourth patient, there were S data collection periods over day 2 through 4 

after injury. There was a change in the concentration of each of the phospholipids, 

creatine kinase and CK-BB over time (Figure 10, Figure 11). For 

phosphatidylethanolamine, phosphatidylserine, sphingomyelin, there was a decrease in 

the concentration in sample 2, an increase in the concentration in sample 3, a decrease in 

the concentration in sample 4 and an increase in the concentration in sample S. The peak 

concentration of phosphatidylethanolamine was in sample 3; the peak concentration of 

phosphatidylserine was in sample 5; and the peak concentration of sphingomyelin was in 

sample 1. For phosphatidylcholine, the peak concentration was in sample 1. This was 

followed by a decrease in the concentration in sample 2, an increase in the concentration 

in sample 3 and a decrease in the concentration in sample 4 and 5. For 

lysophosphatidylcholine, there was a decrease in the concentration in sample 2 followed 

by an increase in the concentration to the peak in sample 4 then a decrease in the 

concentration in sample S. The concentration of creatine kinase did not change from 

sample 1 to sample 2. The concentration then increased to the peak concentration in 

sample 3. This was followed by a decrease in the concentration in sample 4 and 5. The 

concentration of CK-BB increased to the peak concentration in sample 2. This was 

followed by a decrease in the concentration. 
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For the fifth patient, there were 5 data collection periods over day 2 through day 4 

after injury. There was a change in the concentration of each of the phospholipids, 

creatine kinase and CK-BB over time (Figure 12, Figure 13). From the peak 

concentration of phosphatidylethanolamine in sample I, there was a decrease in the 

concentration in sample 2. This was followed by a slight increase in the concentration in 

sample 3 then a decrease in the concentration in sample 4 and S. For phosphatidylserine, 

there was a slight increase in the concentration in sample 2 and a second increase to the 

peak concentration in sample 4. For phosphatidylcholine, the peak concentration was in 

sample 1. This was followed by a decrease in the concentration in sample 2 and 3 then a 

slight increase over sample 4 and 5. For sphingomyelin, there was a decrease in the 

concentration in sample 2 from the peak in sample 1. This was followed by an increase 

in the concentration over sample 3 and 4 then a decrease in the concentration in sample 5. 

The concentration of lysophosphatidylcholine increased to the peak concentration in 

sample 2. This was followed by a decrease in the concentration. There was a decrease in 

the concentration of creatine kinase from the peak concentration in sample I. For CK-BB 

the peak concentration was in sample 1. This was followed by a decrease in the 

concentration in sample 2 and 3, a slight increase in the concentration in sample 4, and a 

decrease in the concentration in sample 5. 

There were 3 data collection periods for the sixth patient over day 1 and day 2 

after injury. There was a change in the concentration of each of the phospholipids, 

creatine kinase, and CK-BB over time (Figure 14, Figure IS). For 
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phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, and sphingomyelin, 

there was a decrease in the concentratioa from the peak in sample 1. For 

lysophosphatidylcholine, the concentration decreased in sample 2 from the peak in 

sample I. This was followed by an increase in the concentration in sample 3. The 

concentration of creatine kinase and CK-BB decreased over time from the peak 

concentration in sample 1. 

For the seventh patient, there were 3 data collection periods over day 2 and day 3 

after injury. There was a change in the concentration of each of the phospholipids, 

creatine kinase, and CK-BB over time (Figure 16, Figure 17). For 

phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine and sphingomyelin, 

the peak concentration was in sample 1. This was followed by a decrease in the 

concentration in sample 2 and a slight increase in the concentration in sample 3. The 

peak concentration of lysophosphatidylcholine was in sample 2 followed by a decrease in 

the concentration in sample 3. The peak concentration of creatine kinase and CK-BB was 

in sample 1. This was followed by a decrease in the concentration in sample 2 then a 

slight increase in the concentration in sample 3. This patient did not survive. 

For the eighth patient, there were 3 data collection periods over day I and day 2 

after injury. There was a change in the concentration of each of the phospholipids, 

creatine kinase, and CK-BB over time (Figure 18, Figure 19). For 

phosphatidylethanolamine, phosphatidylcholine, and sphingomyelin, the peak 

concentration was in the first sample obtained. This was followed by a decrease in the 
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concentradoa in the second sample and an increase in the concentration in the third 

sample. For phosphatidylserine, there was an increase in the concentration to the peak 

concentration in the third sample. For lysophosphatidylcholine, there was an increase to 

the peak concentration in the second sample, then a decrease in the concentration in the 

third sample. The concentration in creatine kinase and CK-BB decreased from the peak 

concentration in the first sample. This patient did not survive. 

There were S data collection periods for the ninth patient over day 2 through day 4 

after injury. There was a change in the concentration of each of the phospholipids and 

creatine kinase overtime (Figure 20, Figure 21). For phosphatidylethanolamine, there 

were slight decreases and increases in the concentration to a peak concentration in the 

fifth sample. There was an increase in the concentration of phosphatidylserine to the 

peak concentration in the second sample. This was followed by a decrease in the 

concentration in the third and fourth sample then an increase in the concentration in the 

fifth sample. For phosphatidylcholine, there was an increase in the concentration in the 

second sample. This was followed by a decrease in the concentration in the third sample 

then an increase in the concentration to the peak concentration in the fifth sample. For 

sphingomyelin, there was an increase in the concentration to the peak concentration in the 

fourth sample. This was followed by a decrease in the concentration. For 

lysophosphatidylcholine, there was an increase in the concentration to the peak 

concentration in the second sample. This was followed by a decrease in the 

concentration. The concentration of creatine kinase decreased over time finm the peak 
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concentration in the first sample. No CK-BB data was obtained firom the laboratory for 

this patient. 

For the tenth patient, there were 4 data collection periods over day 2 through day 4 

after injury. There was a change in the concentration of each of the phospholipids and 

creatine kinase over time (Figure 22, Figure 23). For phosphatidylethanolamine, 

phosphatidylcholine, and sphingomyelin, there was an increase in the concentration to the 

peak concentration in the second sample followed by a decrease in the concentration in 

the third and fourth sample. There was an increase in the concentration of 

phosphatidylserine to the peak concentration in the fourth sample. The peak 

concentration of lysophosphatidylcholine was in the first sample. This was followed by 

a slight decrease in the concentration in the second sample, a second increase in the 

concentration in the third sample, then a decrease in the concentration in the fourth 

sample. The concentration of creatine kinase decreased over time firom the peak 

concentration in the first sample. Data for CK-BB was available only firom the first 

sample obtained. This patient did not survive. 

In summary, the concentration of each of the phospholipids, creatine kinase, and 

CK-BB was plotted against time fi»m injury. The plots were examined to determine if 

there were changes in the concentration over time. There were changes in the 

concentration of each of the phospholipids over time following traumatic brain injury for 

each of the patients. There were changes in the concentration of creatine kinase for each 
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of the patients over time following traumatic brain injury. There was a change in the 

concentration of CK-BB for each of the patients from which data was obtained. 

Research Question 3 

What is the pattern of change in the CSF concentration of phospholipids and the 

CSF concentration of creatine kinase isoenzyme following traumatic brain injury? 

The CSF concentration of each of the phospholipids (phosphatidylethanolamine, 

phosphatidylserine, phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine) 

and the CSF concentration of creatine kinase and creatine kinase isoen^rme (CK-BB) 

were plotted against time from injury to data collection. The plots of each of the 

phospholipids, creatine kinase, and CK-BB was examined to determine the pattem of 

change. The patterns of change will be described for each of the phospholipids, for 

creatine kinase, and for CK-BB. 

There were 3 patterns that emerged from examination of the plot of the 

concentration of phosphatidylethanolamine for each of the patients (Figure 24). For 4 of 

the patients, there was a decrease in the concentration over time. For 3 of the patients, 

there was a decrease followed by a second increase in the concentration. For 3 of the 

patients, the concentration varied with slight increases and decreases in the concentration 

over time. 

Four patterns emerged from examination of the plot of the concentration of 

phosphatidylserine for each of the patients (Figure 25). For 2 of the patients, there was a 

decrease in the concentration over time. For 2 of the patients, there was an increase in the 
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concentratioii over time. For 2 of the patients, there was a decrease followed by an 

increase in the concentration. For 4 of the patients, the concentration varied with 

increases and decreases over time. 

From examination of the plots of the concentration of phosphatidylcholine for 

each of the patients, four patterns emerged (Figure 26). For 5 of the patients, there was a 

decrease then an increase in the concentration. For 1 patient, there was a decrease in the 

concentration over time. For 2 of the patients, there was an increase then a decrease in 

the concentration over time. For 2 of the patients, the concentration varied with increases 

and decreases over time. 

Four patterns emerged from examination of the plot of the concentration of 

sphingomyelin for each of the patients (Figure 27). For 4 of the patients, there was a 

decrease then an increase in the concentration. For 1 patient, the concentration decreased 

over time. For 2 of the patients, there was an increase then a decrease in the 

concentration. For 3 of the patients, the concentration varied with increases and 

decreases in the concentration over time. 

For lysophosphatidylcholine, four patterns emerged from examination of the plots 

of the concentration for each of the patients (Figure 28). For 4 of the patients, there was 

an increase then a decrease in the concentration. For 1 patient, there was a decrease then 

an increase in the concentration. For 1 patient, there was an increase in the concentration 

over time. For 3 of the patients, the concentration varied with increases and decreases 
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over time. For 1 patient, the accuracy of the data was questioned and was not used in the 

analysis. 

Four patterns emerged from examination of the plots of the concentration of 

creatine idnase for each of the patients (Figure 29). For 2 of the patients, there was a 

decrease then an increase in the concentration. For 2 of the patients, there was an 

increase then a decrease in the concentration. For 5 of the patients, there was a decrease 

in the concentration over time. For 1 patient, there was an increase, a decrease, then an 

increase in the concentration. 

Four patterns emerged from examination of the plots of the concentration of CK-

BB for each of the patients (Figure 30). For 2 of the patients, there was a decrease then 

an increase in the concentration. For 2 of the patients there was an increase then a 

decrease in the concentration. For 2 of the patients there was a decrease in the 

concentration over time. For 2 of the patients, the concentration varied with increases 

and decreases over time. For 2 of the patients, there was no CK-BB data or data from 

only one sample. 

In summary, the concentration of each of the phospholipids, creatine kinase, and 

CK-BB were plotted against time from injury. The plots were examined to determine the 

pattern of change in each of the phospholipids, creatine kinase, and CK-BB. Five 

patterns emerged from examination of the plots: a decrease m the concentration over 

time, an increase in the concentration over time, a decrease then an increase in the 
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concentration over time, an increase then a decrease in the concentration over time, and 

variation in the concentration with increases and decreases in the concentration over time. 

Research Question 4 

Can primary and secondary injury be distinguished based on the pattern of change 

in the CSF concentration of phospholipids and the CSF concentration of creatine kinase 

isoenzyme in patients following traumatic brain injury? 

The CSF concentration of phospholipids (phosphatidylethanolamine, 

phosphatidylserine, phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine) 

and the CSF concentration of creatine kinase isoenzyme (CK-BB) for each patient were 

plotted against time from injury to data collection. The plots for each patient were 

examined to determine if primary and secondary injury can be distinguished. 

An early increase in the concentration of CK-BB is thought to reflect the damage 

and destruction of neurons and neuroglia that occur at the time of TBI (primary injury). 

A second increase in the concentration of CK-BB is thought to reflect secondary injury. 

Secondary injury may occur as soon as seconds after TBI or it may occur days later. 

For 2 of the patients, CK-BB was not obtained finm the laboratory on all of the 

samples. The explanation given by the laboratory was that the isoenzymes were not run if 

the total creatine kinase was less than 25 U/L (personal communication. Associated 

Regional and University^ Pathologists Laboratory). 

A second increase in CK-BB was seen in 5 of the patients. However, for each of 

these patients the initial peak in CK-BB was not captured. The initial peak in CK-BB 
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was expected diiring the first 24 hours after injury (Rabow et al., 1986). Data could not 

be collected during this period on these patients. 

In one of the patients, the increase occurred on day 6 after injury. This patient had 

a craniotomy for an anterior temporal lobectomy approximately 36 hours prior to this data 

collection period. This may have accounted for this increase in CK-BB. 

For the second patient, a small increase in CK-BB occurred on day 5 and on day 6 

after injury. The ICP at the data collection period on day 5 was SO mm Hg. Nordby and 

Urdal (198S) reported evidence of a second increase in CK-BB from a delayed increase in 

ICP. At the data collection period on day 6, the CP? was slightly low, 67 mm Hg. Other 

than that observation, the increase in CK-BB on day 6 cannot be explained from the 

information available. 

For the third patient, the increase in CK-BB occurred on day 4 after injury. A 

specific explanation for this small increase cannot be discerned firom the information 

obtained at this data collection period or fi:om the other data collection periods. This 

patient did not survive. 

In the fourth patient, the increase in CK-BB occurred on day 3 after injury. At 

this data collection period, the ICP was 34 mm Hg. 

For the fifth patient, the increase in CK-BB occurred on day 3 after injury. At this 

data collection period, the ICP was 37 mm Hg. This patient did not survive. 

No information is available on changes in the CSF concentration of phospholipids 

following a secondary injury. Therefore, the CSF phospholipid changes will be described 
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for the S patients that had a second increase in CK-BB to determine if there were similar 

changes. 

For the first patient, there was a slight increase only in the concentration of 

sphingomyelin on day 6 after injury, the same data collection period as the increase in 

CK-BB. 

For the second patient, there was a slight increase in the concentration of 

phosphatidylserine on day S and a larger increase on day 6. The increase on day 6 was in 

an earlier data collection period than that of CK-BB. For phosphatidylcholine, there was 

an increase in the concentration on day 6, in an earlier data collection period than that of 

CK-BB. For sphingomyelin, there was an increase in the concentration on day 6 after 

injury. This increase was in an earlier data collection period than that of CK-BB. There 

was an increase in the concentration of lysophosphatidylcholine on day 5 and day 6 after 

injury. The same data collection periods as CK-BB along with an increase in an 

additional data collection period on day 6. 

For the third patient, there was an increase in the concentration of 

phosphatidylserine, phosphatidylcholine, and sphingomyelin on day 4 after injury. This 

increase was in a later data collection period than the increase in CK-BB. 

For the fourth patient, there was an increase in the concentration of 

phosphatidylserine on day 4 after injury. There was an increase in the concentration of 

phosphatidylethanolamine, phosphatidylcholine, sphingomyelin, and 
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lysophosphatidylcholine on day 3 after injuiy, at a later data collection period that the 

increase in CK-BB. 

For the fifth patient, there was an increase in the concentration of 

phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, and sphingomyelin 

on day 3 after injury. This increase was at the same data collection period as the increase 

in CK-BB. There was an increase in the concentration of lysophosphatidylcholine on day 

3 after injury, at an earlier data collection than the increase in CK-BB. 

In summary, the plots of the concentration of phospholipids and CK-BB for each 

patient were examined to determine if primary and secondary injury can be distinguished. 

There was a second increase in the concentration of CK-BB in S of the patients. For 

these patients, there was an increase in the phospholipids at an earlier data collection 

period, at a later data collection period, and, in some cases, at the same data collection 

period as the increase in CK-BB. Thus, while a change in CK-BB reflected secondary 

injury, the timing of the change in phospholipids was not the same. 

Research Question 5 

Is there a relationship between the CSF concentration of phosphoUpids and the 

CSF concentration of creatine kinase isoenzyme in patients following traumatic brain 

injury? 

Spearman rank-order correlation coefBcient (Spearman rho) was used to 

determine the relationship between the CSF concentration of phospholipids 

(phosphatidylethanolamine, phosphati(fylserine, phosphati(fylcholine, sphingomyelin, and 
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lysophosphatidylcholme) and the CSF concentration of creatine kinase. Spearman riio 

was used to determine the relationship between the CSF concentration of phospholipids 

(phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, sphingomyelin, and 

lysophosphatidylcholine) and the CSF concentration of creatine idnase isoenzyme (CK-

BB). The relationship was determined for each day after injury. The results are presented 

in Tables 10-15. 

On day 1 after injury, there was a significant conelation between 

phosphatidylethanolamine and creatine kinase (rj=1.00, p=.0001, n=3). This would 

indicate that there was a higher concentration of phosphatidylethanolamine in patients 

with a higher concentration of creatine kinase. A coefficient of determination (r,' =1.00) 

indicates that 100% of the variance in phosphatidylethanolamine is explained by creatine 

kinase. There was a significant relationship between phosphatidylserine and creatine 

kinase (rs=l .00, p=.0001, n=3), indicating that there was a higher concentration of 

phosphatidylserine in those with a higher concentration of creatine kinase. An tf of 1.00 

indicates that 100% of the variance in phosphatidylserine is explained by creatine kinase. 

There was a significant correlation between lysophosphatidylcholine and creatine kinase 

(r,=1.00, p=.0001, n=3). This would indicate that there was a higher concentration of 

lysophosphatidylcholine in patients with a higher concentration of creatine kinase. A 

coefficient of determination (r,^ =1.00) indicates that 100% of the variance in 

lysophosphatidylcholine is explained by creatine kinase. There was a significant 

correlation between phosphatiifylethanolamine and CK-BB (r,=1.00, p=.OOOI, n=3). 



Table 10. Speannan rank order correlation between phospholipids and creatine kinase 
and CK-BB on day 1 after injury. (N=3) 

Creatine kinase CK-BB 
rvalue rvalue 

probability probability 

Phosphatidylethanolamine 1.00 1.00 
.0001 .0001 

Phosphatidylserine 1.00 1.00 
.0001 .0001 

Phosphatidylcholine .50 .50 
.667 .667 

Sphingomyelin -.50 -.50 
.667 .667 

Lysophosphatidylcholine 1.00 1.00 
.0001 .0001 

Table 11. Spearman rank order correlation between the phospholipids and creatine kinase 
and CK-BB on day 2 after injury. (N=l 1) 

Creatine kinase CK-BB 
rvalue rvalue 

probability probability 

Phosphatidylethanolamine .18 -.07 
.601 .867 

Phosphatidylserine .17 .50 
.611 .207 

Phosphatidylcholine -.07 -.14 
.831 .736 

Sphingomyelin -.33 -.55 
.318 .160 

Lysophosphatidylcholine .16 .57 
.630 .139 



Table 12. Speannan rank order correlation between phospholipids and creatine kinase 
and CK-BB on day 3 after injury. (N=l 1) 

Creatine kinase CK-BB 
rvalue rvalue 

probability probability 

Phosphatidylethanolamine .57 .10 
.067 .823 

Phosphatidylserine .23 .69 
.500 .058 

Phosphatidylcholine .54 .05 
.087 .911 

Sphingomyelin .11 -.02 
.748 .955 

Lysophosphatidylcholine -.63 -.45 
.038 .260 

Table 13. Spearman rank order correlation between phospholipids and creatine kinase 
and CK-BB on day 4 after injury. (N=7) 

Creatine kinase CK-BB 
rvalue rvalue 

probability probability 

Phosphatidylethanolamine .43 .46 
.337 .434 

Phosphatidylserine -.14 .31 
.760 .614 

Phosphatidylcholine .14 .31 
.760 .614 

Sphingomyelin .39 .56 
.383 .322 

Lysophosphatidylcholine -.07 -.36 
.879 .553 



Table 14. Speannan rank order correlation between phospholipids and creatine kinase 
and CK-BB on day S after injury. (N==2) 

Creatine kinase CK-BB 
rvalue rvalue 

probability probability 

Phosphatidylethanolamine 1.00 1.00 
1.00 1.00 

Phosphatidylserine 1.00 1.00 
1.00 1.00 

Phosphatidylcholine 1.00 1.00 
1.00 1.00 

Sphingomyelin -1.00 -1.00 
1.00 1.00 

Lysophosphatidylcholine - -

Table IS. Spearman rank order correlation between phospholipids and creatine kinase 
and CK-BB on day 6 after injury. (N=5) 

Creatine kinase CK-BB 
rvalue rvalue 

probability probability 

Phosphatidylethanolamine .56 .56 
.322 .322 

Phosphatidylserine -.67 -.67 
.219 .219 

Phosphatidylcholine -.05 -.05 
.935 .935 

Sphingomyelin -.41 -.41 
.493 .493 

Lysophosphatidylcholine .50 .50 
.667 .667 
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This would indicate that there was a higher concentration of phosphatidylethanolamine in 

patients with a higher concentration of CK-BB. A coefBcient of detennination (r,~ =1.00) 

indicates that 100% of the variance in phosphatidylethanolamine is explained by the CK-

BB. There was a significant relationship between phosphatidylserine and CK-BB 

(r,=1.00, p=.0001, n=3), indicating that there was a higher concentration of 

phosphatidylserine in those with a higher concentration of CK-BB. An r,~ of 1.00 

indicates that 100% of the variance in phosphatidylserine is explained by CK-BB. There 

was a significant correlation between lysophosphatidylcholine and CK-BB (r,=l .00, 

p=.000I, n=3). This would indicate that there was a higher concentration of 

lysophosphatidylcholine in patients with a higher concentration of CK-BB. A coefBcient 

of determination (r,- =1.00) indicates that 100% of the variance in 

lysophosphatidylcholine is explained by CK-BB. 

On day 3 afier injury, the correlation between the concentration of 

phosphatidylserine and the concentration of CK-BB approached significance (rj=.69, 

p=.058, n=l 1). This would tend to indicate that there was a higher concentration of 

phosphatidylserine in patients with a higher concentration of CK-BB. There was a 

significant relationship between the concentration of lysophosphatidylcholine and the 

concentration of creatine kinase (r=-.63, p=.038, n=l 1). This would indicate that there 

was a higher concentration of lysophosphatidylcholine in patients with a lower 

concentration of creatine kinase. An r/ of .397 indicates that 39.7% of the variance in 

lysophosphatidylcholine was explained by creatine kinase. 
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There was no significant relationship between the CSF concentration of 

phospholipids and the concentration of creatine kinase on day 2, day 4, day S, or day 6 

after injury. There was also no significant relationship between CSF concentration of 

phospholipids and the concentration of CK-BB on day 2, day 3, day 4, day 5, or day 6 

after injury. 

In summary, there was a significant relationship between 

phosphatidylethanolamine, phosphatidylserine, lysophosphatidylcholine and creatine 

kinase and between phosphatidylethanolamine, phosphatidylserine, 

lysophosphatidylcholine and CK-BB on day I after injury. There was also a significant 

relationship lysophosphatidylcholine and creatine kinase on day 3 after injury. The 

relationship between phosphatidylethanolamine and CK-BB approached significance on 

day 3 after injury. 

Research Question 6 

What is the pattern of change in Glasgow Coma Scale scores following traumatic 

brain injury? 

The Glasgow Coma Scale (GCS) scores (total score, eye opening, motor response, 

and verbal response) were plotted against time from injury to data collection. The plots 

were examined to describe the pattern of change in the GCS scores over time following 

traumatic brain injury. The pattern of change will be described for the GCS total score, 

eye opening, motor response, and verbal response. 

The GCS total scores ranged from 3 to 11. The scores for eye opening ranged 
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from 1 to 4, with 8 of the patients having a score of 1 at all data collection periods. The 

motor response ranged from I to 6, with 5 of the patients having a score of 1 at all data 

collection periods. The verbal response was I for all of the patients at all data collection 

periods. The patients were all intubated and none of the patients made an attempt to 

commumcate during the data collection periods. 

There were S patterns that emerged from the examination of the plots of the GCS 

total score from each of the patients (Figure 31). For 5 of the patients, there was no 

change in the GCS total score over time. For 2 of the patients, there was an initial 

decrease than an increase. For 1 patient, there was initially no change in the GCS total 

score then an increase at the final data collection period. For 1 patient, there was an 

initial increase then a decrease in the GCS total score. For 1 patient, there was a decrease 

in the GCS total score over time. 

Three patterns emerged from examination of the plots of the GCS eye opening 

response from each of the patients (Figure 32). For 8 of the patients, there was no change 

throughout the data collection period. For 1 patient, there was a decrease then an increase 

in the GCS eye opening response. For 1 patient, there was a decrease in the GCS eye 

opening response over time. 

For the GCS motor response, 4 patterns emerged from examination of the plots 

from each of the patients (Figure 33). There was no change in the motor response for 5 of 

the patients. There was an initial decrease in the motor response then an increase for 2 of 

the patients. For 1 patient, there was initially no change in the GCS motor response then 



15 

12 

9 

6 

3 

0 

0 24 48 72 96 120 144 

Time from injury 

Figure 31. GCS total scores changes over time 

-•-101 

-^102 

-^103 

-^104 

-*-105 

-^106 

-^-107 

—108 

—109 

-•-110 

N> un 00 



"  i-  — T I .  T n  ,  ^  2IQ 

0 24 48 72 96 120 144 

Time from injury 

Figure 32. GCS eye opening changes over time 



i 
o 

C/D 

0 24 48 72 96 

Time from injury 

Figure 33. GCS motor response changes over time 

101 

102 
103 

104 

105 

106 

107 

108 
109 

110 
120 144 

ON o 



261 

an increase at the final data collection period. For 1 patient, there was an initial increase 

then a decrease in the GCS motor response. For 1 patient, there was an initial decrease in 

the GCS motor response then no further change. 

For the GCS verbal response, only 1 pattern emerged fi-om examination of the 

plots firom each of the patients (Figure 34). For all of the patients, there was no change in 

the verbal response over time. 

In summary, the GCS total score, eye opening, motor response, and verbal 

response were plotted against time firom injury to data collection. The plots were 

examined to determine the pattern of change. Six patterns emerged firom the data; no 

change over time, a decrease then an increase, no change then an increase in the final data 

collection period, an increase then a decrease, a decrease over time, and an initial 

decrease then no further change. 

Research Question 7 

Is there a relationship between the Glasgow Coma Scale score and the CSF 

concentration of phospholipids and the CSF concentration of creatine kinase isoenzyme 

in patients following traumatic brain injury? 

Spearman rank-order correlation coefficient (Spearman rho) was used to 

determine the relationship between the CSF concentration of phospholipids 

(phosphatidylethanolamine, phosphati(fylserine, phosphatidylcholine, sphingomyelin, and 

lysophosphatidylcholine) and the Glasgow Coma Scale (GCS) score on each day after 
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injury. The results are presented in Tables 16-20. The GCS total score and each of the 

components of the GCS (eye opening, motor response, and verbal response) were used in 

the analysis. There was no variability in the verbal response across all time periods for all 

of the patients. All of the patients were intubated and made no attempt to communicate 

during the data collection periods. 

On day I, there was no variability in the GCS score. A GCS total score of 3 was 

obtained at each data collection period which included a score of I for each component. 

On day 2, there was a significant correlation between phosphatidylethanolamine 

and the GCS total score (r,=.81, p=.003, n=l 1) indicating a higher concentration of 

phosphatidylethanolamine in patients with higher GCS total scores. The coefficient of 

determination (r,- = 656) indicates that 65.6% of the variance in 

phosphatidylethanolamine was explained by the GCS total score. There was a significant 

relationship between phosphatidylcholine and the GCS total score (r,=.80, p=.003, n=I 1). 

This would indicate that there was a higher concentration of phosphatidylcholine in 

patients with higher GCS total scores. An r/ of .635 indicates that 63.5% of the variance 

in phosphatidylcholine was explained by the GCS total score. There was a significant 

correlation between sphingomyelin and the GCS total score (r,=.82, p=.002, n=l I), 

indicating that there was a higher concentration of sphingomyelin in patients with higher 

GCS total scores. The coefBcient of detennination (r,^ =.679) indicates that 67.9% of the 

variance in sphingomyelin was explained by the GCS total score. There was a significant 



Table 16. Spearman rank order correlation between phospholipids and the Glasgow 
Coma Scale scores on day 2 after injury. (N=l 1) 

GCS total 
rvalue 

probability 

GCS eye 
rvalue 

probability 

GCS motor 
rvalue 

probability 

GCS verbal 
rvalue 

probability 

Phosphatidylethanolamine .81 
.003 

.30 
.370 

.82 
.002 

-

Phosphatidylserine .19 
.576 

.00 
1.00 

.21 
.542 

-

Phosphatidylcholine .80 
.003 

.20 
.555 

.82 
.002 

-

Sphingomyelin .82 
.002 

.30 
.370 

.84 
.001 

-

Lysophosphatidylcholine -.37 
.256 

-.40 
.223 

-.35 
.292 

-

Table 17. Spearman rank order correlation between phospholipids and the Glasgow 
Coma Scale scores on day 3 after injury. (N=l 1) 

GCS total 
rvalue 

probability 

GCS eye 
rvalue 

probability 

GCS motor 
rvalue 

probability 

GCS verbal 
rvalue 

probability 

Phosphatidylethanolamine .45 
.167 

.45 
.163 

.45 
.167 

-

Phosphatidylserine -.11 
.755 

.06 
.850 

-.11 
.755 

-

Phosphatidylcholine .45 
.167 

.45 
.163 

.45 
.167 

-

Sphingomyelin .04 
.901 

.000 
1.000 

.04 
.901 

-

Lysophosphatidylcholine -.34 
.305 

-.26 
.443 

-.34 
J05 

-



Table 18. Speannan rank order correlation between phospholipids and the Glasgow 
Coma Scale scores on day 4 after injury. (N=7) 

GCS total 
rvalue 

probability 

GCS eye 
rvalue 

probability 

GCS motor 
rvalue 

probability 

GCS verbal 
r value 

probability 

Phosphatidylethanolamine -.22 
.631 

- -.22 
.631 

-

Phosphatidylserine -.18 
.702 

- -.18 
.702 

-

Phosphatidylcholine -.36 
.433 

- -.36 
.433 

-

Sphingomyelin -.49 
.264 

- -.49 
.264 

-

Lysophosphatidylcholine -.27 
.562 

- -.27 
.562 

-

Table 19. Spearman rank order correlation between phospholipids and the Glasgow 
Coma Scale scores on day 5 after injury. (N=2) 

GCS total 
rvalue 

probability 

GCS eye 
rvalue 

probability 

GCS motor 
r value 

probability 

GCS verbal 
r value 

probability 

Phosphatidylethanolamine 1.00 
1.00 

1.00 
1.00 

1.00 
1.00 

-

Phosphatidylserine 1.00 
1.00 

LOO 
LOO 

1.00 
1.00 

-

Phosphatidylcholine 1.00 
1.00 

LOO 
LOO 

1.00 
LOO 

-

Sphingomyelin -1.00 
1.00 

-LOO 
LOO 

-LOO 
LOO 

-

Lysophosphatidylcholme - - - -
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Table 20. Spearman rank order correlation between phospholipids and the Glasgow 
Coma Scale scores on day 6 after injury. (N=5) 

GCS total GCS eye GCS motor GCS verbal 
rvalue rvalue rvalue rvalue 

probability probability probability probability 

Phosphatidylethanolamine .78 .78 .35 -

.118 .118 .559 

Phosphatidylserine -.89 -.89 -.71 -

.041 .041 .182 

Phosphatidylcholine .11 .11 .35 -

.858 .858 .559 

Sphingomyelin -.78 -.78 -.35 -

.118 .118 .559 

Lysophosphatidylcholine - - - -

correlation between phosphatidylethanolamine and the GCS motor response (r,=.82, 

p=.002, n=l 1) indicating a higher concentration of phosphatidylethanolamine in patients 

with higher GCS motor response. The coefBcient of determination (r/ =.665) indicates 

that 66.5% of the variance in phosphatidylethanolamine was explained by the GCS motor 

response. There was a significant correlation between phosphatidylcholine and the GCS 

motor response (r,=.82, p=.002, n=ll). This would indicate that there was a higher 

concentration of phosphatidylcholine in patients with higher GCS motor response. An r,' 

of .665 indicates that 66.5% of the variance in phosphatidylcholine was explained by the 

GCS motor response. There was a significant relationship between sphingomyelin and 

the GCS motor response (r =.84, p==.001, n=l 1), indicating that there was a higher 

concentration of sphingomyelin in patients with higher GCS motor response. The 
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coefficient of determination (r/ =.70) indicates that 70% of the variance in sphingomyelin 

was explained by the GCS motor response. 

On day 3 and day 4 there was no significant correlation between the phospholipids 

and the GCS scores. On day 5, there were too few cases (n=2). 

On day 6, there was a significant correlation between phosphatidylserine and the 

GCS total score (r,= -.89, p=.041, n=5). This would indicate that there was a higher 

concentration of phosphatidylserine in patients with lower GCS total scores. The 

coefficient of determination (r,- =,80) indicates that 80% of the variance in 

phosphatidylserine was explained by the GCS total score. There was a significant 

relationship between phosphatidylserine and GCS eye opening (r,= -.89, p=.041, n=S), 

indicating that there was higher concentration of phosphatidylserine in patients with 

lower GCS eye opening response. An r,^ of .80 indicates that 80% of the variance in 

phosphatidylserine was explained by GCS eye opening. 

Spearman rho was used to determine the relationship between the CSF 

concentration of creatine kinase and the Glasgow Coma Scale scores (total score, eye 

opening, motor response, and verbal response). Spearman riio was used to determine the 

relationship between the CSF concentration of creatine kinase isoen^one (CK-BB) and 

the Glasgow Coma Scale scores. The results are presented in Tables 21-25. There were 

no significant correlations between creatine kinase and the GCS scores or between CK-

BB and the GCS scores on any day after injury. 



Table 21. Speannan rank order correlation between Glasgow Coma Scale scores and 
creatine kinase and CK-BB and on day 2 after injury. (N=l 1) 

GCS total 
rvalue 

probability 

GCS eye 
rvalue 

probability 

GCS motor 
rvalue 

probability 

GCS verbal 
rvalue 

probability 

Creatine kinase total -.17 
.619 

-.10 
.769 

-.19 
.579 

-

CK-BB -.38 
.346 

-.58 
.134 

-.38 
.346 

-

Table 22. Spearman rank order correlation between Glasgow Coma Scale scores and 
creatine kinase and CK-BB and on day 3 after injury. (N=I I) 

GCS total 
rvalue 

probability 

GCS eye 
rvalue 

probability 

GCS motor 
rvalue 

probability 

GCS verbal 
rvalue 

probability 

Creatine kinase total .56 
.075 

.58 
.059 

.56 
.075 

-

CK-BB -.39 
.338 

-.28 
.499 

-.39 
.338 

-

Table 23. Spearman rank order correlation between Glasgow Coma Scale scores and 
creatine kinase and CK-BB and on day 4 after injury. (N=7) 

GCS total 
rvalue 

probability 

GCS eye 
rvalue 

probability 

GCS motor 
rvalue 

probability 

GCS verbal 
rvalue 

probability 

Creatine kinase total .09 
.849 

- .09 
.849 

-

CK-BB -.73 
.165 

- -.73 
.165 

-



269 

Table 24. Spearman rank order correlation between Glasgow Coma Scale scores and 
creatine kinase and CK-BB and on day 5 after injury. (N==2) 

GCS total 
rvalue 

probability 

GCS eye 
rvalue 

probability 

GCS motor 
rvalue 

probability 

GCS verbal 
rvalue 

probability 

Creatine kinase total 

o
 o

 
p
 p

 

1.00 
1.00 

1.00 
1.00 

-

CK-BB 1.00 
1.00 

1.00 
1.00 

1.00 
1.00 

-

Table 25. Spearman rank order correlation between Glasgow Coma Scale scores and 
creatine kinase and CK-BB and on day 6 after injury. (N=S) 

GCS total 
rvalue 

probability 

GCS eye 
rvalue 

probability 

GCS motor 
rvalue 

probability 

GCS verbal 
rvalue 

probability 

Creatine kinase total .57 
.312 

.57 
.312 

.73 
.165 

-

CK-BB .57 
.312 

.57 
.312 

.73 
.165 

-

bi summary, Spearman rho was used to determine the relationship between CSF 

phospholipids and the GCS scores, the relationship between CSF creatine kinase and the 

GCS scores, and the relationship between CSF CK-BB and the GCS scores. There was a 

significant positive relationship between phosphatidylethanolamine, phosphatidylcholine, 

sphingomyelin, and the GCS total score and between phosphatidylethanolamine, 

phosphatidylcholine, sphingomyelin, and the GCS motor response early after injury (day 

2). There was a significant negative relationship between phosphatidylserine and the 

GCS total score and between phosphatidylserine and the GCS motor response later after 
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injury (day 6). There was no significant correlation between the GCS scores and CSF 

creatine kinase or CSF CK-BB on any day after injury. 

Research Question 8 

Is there a relationship between Survival Status and the CSF concentration of 

phospholipids and the CSF concentration of creatine kinase isoenqrme in patients 

following traumatic brain injury? 

A point biserial correlation was used to determine the relationship between 

Survival Status and CSF concentration of phospholipids (phosphatidylethanolamine, 

phosphatidylserine, phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine). 

The results are presented in Tables 26-29. 

On day I after injury, there was a significant correlation between Survival Status 

and phosphatidylethanolamine (rp,,=-1.0, p=.003, n=3). This would indicate that there 

was a higher concentration of phosphatidylethanolamine in those who did not survive. A 

coefficient of determination (rp^^LO) indicates that 100% of the variance in Survival 

Status was explained by phosphatidylethanolamine. There was a significant relationship 

between Survival Status and phosphatidylserine (rpt,= -.99, p=.049, n=3), indicating that 

there was a higher concentration of phosphatidylserine in those who did not survive. An 

Tpb' of .98 indicates that 98% of the variance in Survival Status was explained by 

phosphatidylserine. There was a significant correlation between Survival Status and 

sphingomyelin (rpb=.99, p=.028, n=3). This indicates that there was a higher 
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Table 26. Point biserial correlation between Survival Status and phospholipids on day 1 
after injury (N=3). 

Survival Status 
rvalue 

probability 

Phosphatidylethanolamine -1.00 
.003 

Phosphatidylserine -.99 
.049 

Phosphatidylcholine .15 
.905 

Sphingomyelin .99 
.028 

Lysophosphatidylcholine -.99 
.076 

Table 27. Point biserial correlation between Survival Status and phospholipids on day 2 
after injury (N=l 1). 

Survival Status 
rvalue 

probability 

Phosphatidylethanolamine -.48 
.134 

Phosphatidylserine -.67 
.023 

Phosphatidylcholine -.46 
.158 

Sphingomyelin -.33 
.320 

Lysophosphatidylcholine -.49 
.124 
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Table 28. Point biserial cotielation between Survival Status and phospholipids on day 3 
after injury (N=l 1). 

Survival Status 
rvalue 

probability 

Phosphatidylethanolamine -.48 
.137 

Phosphatidylserine -.17 
.627 

Phosphatidylcholine -.37 
.262 

Sphingomyelin -.53 
.091 

Lysophosphatidylcholine -.06 
.861 

Table 29. Point biserial correlation between Survival Status and phospholipids on day 4 
after injury (N=7). 

Survival Status 
rvalue 

probability 

Phosphatidylethanolamine -.80 
.032 

Phosphatidylserine -.82 
.023 

Phosphatidylcholine -.84 
.017 

Sphingomyelin -.49 
261 

Lysophosphatidylcholine -.53 
.221 
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concentration of sphingomyelin in those who survived. An rp,,^ of .98 indicates that 98% 

of the variance in Survival Status was explained by sphingomyelin. 

On day 2 after injury, there was a significant relationship between Survival Status 

and phosphatidylserine (tj^= -.67, p=.023, n=l 1), indicating that there was a higher 

concentration of phosphatidylserine in those who did not survive. The coefiBcient of 

determination (rpi,H449) indicates that 44.9% of the variance in Survival Status was 

explained by phosphatidylserine. 

On day 4 after injury, there was a significant correlation between Survival Status 

and phosphatidylethanolamine (rp(,= -.80, p=.032, n=7). This would indicate that there 

was a higher concentration of phosphatidylethanolamine in those who did not survive. A 

coefficient of determination (TJ^^.63) indicates that 63% of the variance in Survival 

Status was explained by phosphatidylethanolamine. There was a significant relationship 

between Survival Status and phosphatidylserine (rp(,= -.82, p=.023, n=7), indicating that 

there was a higher concentration of phosphatidylserine in those who did not survive. An 

fpi,' of .67 indicates that 67% of the variance in Survival Status is explained by 

phosphatidylserine. There was a significant correlation between Survival Status and 

phosphatidylcholine (rpb= -.84, p=.0I7, n-7). This indicates that there was a higher 

concentration of phosphatidylcholine in those who did not survive. An tp,,' of .709 

indicates that 70.9% of the variance in Survival Status is explained by 

phosphatidylcholine. 
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There were no significant correlations between Survival Status and phospholipids 

on day 3, day 5, or day 6 after injury. There was no variability in Survival Status on day 5 

and day 6; the patients from whom samples were obtained survived. 

A point biserial correlation was used to determine the relationship between 

Survival Status and the CSF concentration of creatine kinase and to determine the 

relationship between Survival Status and the CSF concentration of creatine kinase 

isoenzyme (CK-BB). The results are presented in Tables 30-33. 

On day I after injury there was a significant relationship between Survival Status 

and creatine kinase (rp5= -.99, p=.01, n=3), indicating there was a higher concentration of 

creatine kinase in those who did not survive. The coefBcient of determination (rpt,~=.98) 

indicates that 98% of the variance in Survival Status was explained by creatine kinase. 

There was a significant correlation between Survival Status and CK-BB (rp(,= -1.0, 

p=.004, n=3). This would indicate that there was a higher concentration of CK-BB in 

those who did not survive. An rp '̂ of 1.00 indicates that 100% of the variance in Survival 

Status was explained by CK-BB. 

On day 2 after injury there was a significant relationship between Survival Status 

and creatine kinase (rp(,= -.61, p=.04S, n=l I), indicating there was a higher concentration 

of creatine kinase in those who did not survive. An rp,,'of .376 indicates that 37.6% of the 

variance in Survival Status was explained by creatine kinase. The relationship between 

Survival Status and CK-BB approached significance (rp(,= -.68, p=.063, n=8). 



lis 

Table 30. Point biserial correlation between Survival Status and creatine kinase and 
CK-BB on day 1 after injury (N=3). 

Survival Status 
rvalue 

probability 

Creatine kinase -.99 
.010 

CK-BB -.100 
.004 

Table 31. Point biserial conelation between Survival Status and creatine kinase and 
CK-BB on day 2 after injury (N=I 1). 

Survival Status 
rvalue 

probability 

Creatine kinase -.61 
.045 

CK-BB -.68 
.063 

Table 32. Point biserial correlation between Survival Status and creatine kinase and 
CK-BB on day 3 after injury (N=l I). 

Survival Status 
rvalue 

probability 

Creatine kinase .11 
.751 

CK-BB -.12 
.781 
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Table 33. Point biserial correlation between Survival Status and creatine kinase and 
CK-BB on day 4 after injury (N=7). 

Survival Status 
rvalue 

probability 

Creatine kinase -.31 
.498 

CK-BB -.63 
.256 

On day 3 through day 6, there was no significant relationship between Survival 

Status and creatine kinase or between Survival Status and CK-BB. On day 5 and day 6, 

there was no variability on Survival Status; the patients firom whom samples were 

obtained survived 

In summary, a point biserial correlation was used to determine the relationship 

between Survival Status and CSF phospholipids, between Survival Status and CSF 

creatine kinase, and between Survival Status and CSF CK-BB. There was a significant 

negative relationship between Survival Status and phosphatidylethanolamine and 

phosphatidylserine on day 1 after injury, between Survival Status and phosphatidylserine 

on day 2 after injury, and between Survival Status and phosphatidylethanolamine, 

phosphatidylserine, and phosphatidylcholine on day 4 after injury. There was a 

significant positive relationship between Survival Status and sphingomyelin on day I 

afier injury. There was a significant negative relationship between Survival Status and 
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creatine kinase and CK-BB on day 1 after injury and between Survival Status and creatine 

kinase on day 2 after injury. 

Research Question 9 

Is there a relationship between the Survival Status and the Glasgow Coma Scale 

score in patients following traumatic brain injury? 

A Spearman rank-order correlation coefficient (Spearman rho) was used to 

determine the relationship between Survival Status and the Glasgow Coma Scale (GCS) 

score on each day after injury. The results are presented in Tables 34-36. There were no 

significant correlations between Survival Status and the GCS total score, between 

Survival Status and GCS eye opening, or between Survival Status and GCS motor 

response on each day after injury. There was no variability in the GCS verbal response 

across all data collection periods. All of the patients were intubated and made no attempt 

to communicate. 

On day 1 after injury there was no variability in the GCS scores. A GCS total 

score of 3 was obtained at each data collection period which included a score of 1 for 

each component. On day 5 and day 6, there was no variability in Survival Status; the 

patients from whom samples were obtained survived. 



Table 34. Spearman rank order correlation between Survival Status and the Glasgow 
Coma Scale scores on day 2 after injury (N=l 1). 

Survival Status 
rvalue 

probability 

GCS total score -.34 
.313 

GCS eye opening .29 
.389 

GCS motor response -.37 
.263 

GCS verbal response -

Table 35. Spearman rank order correlation between Survival Status and the Glasgow 
Coma Scale scores on day 3 after injury (N=l I). 

Survival Status 
rvalue 

probability 

GCS total score .28 
.404 

GCS eye opening .46 
.152 

GCS motor response .28 
.404 

GCS verbal response -
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Table 36. Speannan rank order correlation between Survival Status and the Glasgow 
Coma Scale scores on day 4 after injury (N=7). 

Survival Status 
rvalue 

probability 

GCS total score .54 
.211 

GCS eye opening -

GCS motor response .54 
.211 

GCS verbal response -

Research Question 10 

Is there a relationship between selected demographic factors and the CSF 

concentration of phospholipids and the CSF concentration of creatine kinase isoen^me 

in patients following traumatic brain injury? The relationship between selected 

hemodynamic variables and the CSF concentration of phospholipids and the CSF 

concentration of creatine kinase isoenzyme were also examined. The selected 

demographic factors include age, admission Glasgow Coma Scale score, the presence of 

skeletal fracture, the presence of abdominal injury, the presence of chest injury, 

craniotomy following the injury, and the presence of mass lesion, midline shift, 

hematoma, hemorriiage, contusion, edema, ischemia, herniation, and/or skull fracture on 

the Computed Tomography (CT) scan. The hemodynamic variables include intracranial 

pressure (ICP) and cerebral perfusion pressure (CPP). 
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The highest concentration of CSF phospholipids (phosphatidylethanoiamine, 

phosphatidylserine, phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine) 

and the highest concentration of CSF creatine kinase and creatine kinase isoenzyme (CK-

BB) were used in the analysis of the relationship between the demographic factors and the 

CSF concentration of phospholipids and creatine kinase isoenzyme in patients following 

traumatic brain injury. 

A point biserial correlation was used to determine the relationship between the 

CSF concentration of phospholipids (phosphatidylethanoiamine, phosphatidylserine, 

phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine) and the presence of 

mass lesion, midline shift, hematoma, hemorrhage, contusion, edema, ischemia, 

herniation, and/or skull fracture on the Computed Tomography (CT) scan. The CT scans 

had all been done prior to the first data collection period. There was a significant 

relationship between phosphatidylserine and herniation on the CT scan (rp,,=.64, p=.048, 

n=IO), indicating a higher concentration of phosphatidylserine in those with evidence of 

herm'ation on the CT scan. The coefficient of determination (rpbH404) indicates that 

40.4% of the variance in phosphatidylserine is explained by herniation on the CT scan. 

The relationship between sphingomyelin and ischemia on the CT scan approached 

significance (rpt,=.62, p=.05S, n=10). This would indicate a trend toward a higher 

concentration of sphingomyelin in those with evidence of ischemia on the CT scan. 

A point biserial correlation was used to determine the relationship between the 

CSF concentration creatine kinase and the presence of mass lesion, midline shift. 
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hematoma, hemorrhage, contusion, edema, ischemia, herniation, and/or skull fracture on 

the CT scan and between the CSF concentration of CK-BB and the presence of mass 

lesion, midline shift, hematoma, hemorrhage, contusion, edema, ischemia, herniation, 

and/or skull fiacture on the CT scan. There was no significant relationship between 

creatine kinase and the presence of mass lesion, midline shift, hematoma, hemorrhage, 

contusion, edema, ischemia, herniation, and/or skull fracture on the CT scan or between 

CK-BB and the presence of mass lesion, midline shift, hematoma, hemorrhage, 

contusion, edema, ischemia, herniation, and/or skull fracture on the CT scan. 

A point biserial correlation was used to determine the relationship between the 

CSF concentration of phospholipids (phosphatidylethanolamine, phosphatidylserine, 

phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine) and the presence of 

skeletal fracture, the presence of abdominal injury, the presence of chest injury, and 

craniotomy following the injury. There was a significant relationship between the 

concentration of phosphatidylethanolamine and craniotomy following the injury (rpt,=.63, 

p=.OS, n=10). This would indicate a higher concentration of phosphatidylethanolamine in 

those that required craniotomy following the injury. The coefiGcient of determination 

(rpbH399) indicated that 39.9% of the variance in phosphatidylethanolamine was 

explained by craniotomy following the injury. 

A point biserial correlation was used to determine the relationship between the 

CSF concentration creatine kinase and the presence of skeletal fracture, the presence of 

abdominal injury, tiie presence of chest injury, and craniotomy following the injury, and 
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between the CSF concentration of CK-BB and the presence of skeletal fi:acture, the 

presence of abdominal injury, the presence of chest injury, and craniotomy following the 

injury. There was no significant conelation between creatine kinase and the presence of 

skeletal fracture, the presence of abdominal injury, the presence of chest injury, and 

craniotomy following the injury. There was no significant correlation between CK-BB 

and the presence of skeletal fracture, the presence of abdominal injury, the presence of 

chest injury, and craniotomy following the injury. 

Spearman rank-order correlation coefQcient (Spearman rho) was used to 

determine the relationship between the CSF concentration of phospholipids 

(phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, sphingomyelin, and 

lysophosphatidylcholine) and age. There was a significant relationship between 

phosphatidylcholine and age (r,=.82, p=.004, n=10), indicating that there was a higher 

concentration of phosphatidylcholine in older patients. The coefGcient of determination 

(r,^.664) indicates that 66.4% of the variance in phosphatidylcholine was explained by 

age. 

Spearman rank-order correlation coefficient (Spearman rho) was used to 

determine the relationship between the CSF concentration of creatine kinase and age and 

between the CSF concentration of CK-BB and age. There was no significant correlation 

between creatine kinase and age or between CK-BB and age. 

Spearman rank-order correlation coefficient (Spearman riio) was used to 

determine the relationship between the CSF concentration of phospholipids 
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(phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, sphingomyelin, and 

lysophosphatidylcholine) and admission GCS scores (GCS total, eye opening, motor 

response, verbal response). There were no significant correlations between the 

phospholipids and the admission GCS scores. 

Spearman rank-order correlation coefBcient (Spearman rho) was used to 

determine the relationship between the CSF concentration of creatine kinase and 

admission GCS scores (GCS total, eye opening, motor response, verbal response) and 

between the CSF concentration of CK-BB and admission GCS scores. There were no 

significant correlations between creatine kinase and the admission GCS scores or between 

CK-BB and the admission GCS scores. 

Spearman rank-order correlation coefficient (Spearman rho) was used to 

determine the relationship between the CSF concentration of phospholipids 

(phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, sphingomyelin, and 

lysophosphatidylcholine) and hemodynamic variables (ICP and CPP) following traumatic 

brain injury. The relationship was determined for each day after injury. On day I after 

injury, there was a significant relationship between phosphatidylethanolamine and ICP 

(r,=1.0, p=.0001, n=3), indicating that there was a higher concentration of 

phosphatidylethanolamine in those with higher ICP. The coefficient of determination 

(rJ^l.O) indicates that 100% of the variance in phosphatidylethanolamine was explained 

by ICP. There was a significant relationship between phosphatidylserine and ICP (r=1.0, 

p=.000l, n=3). This would indicate that there was a hi^er concentration of 
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phosphatidylserine in those with higher ICP. An r,~ of 1.0 indicates that 100% of the 

variance in phosphatidylserine was explained by ICP. There was a significant 

relationship between lysophosphatidylcholine and ICP (r,=1.0, p=.0001, n=3), indicating 

that there was a higher concentration of lysophosphatidylcholine in those with higher ICP. 

The coefiScient of determination (r,^l .0) indicates that 100% of the variance in 

lysophosphatidylcholine was explained by ICP. On day 2 after injnry, there was a 

significant relationship between lysophosphatidylcholine and CPP (r5= -.67, p=.023, 

n=l 1), indicating that there was a higher concentration of lysophosphatidylcholine in 

those with lower CPP. The coefScient of determination (r,^.4S3) indicates that 45.3% 

of the variance in lysophosphatidylcholine was explained by CPP. On day 3 after injury, 

there was a significant relationship between phosphatidylserine and ICP (r,= >.70, p=.016, 

n=l 1). This would indicate that there was a lower concentration of phosphatidylserine in 

those with higher ICP. An r,^ of .494 indicates that 49.4% of the variance in 

phosphatidylserine was explained by ICP. On day 6 after injury, there was a significant 

relationship between sphingomyelin and ICP (r = -.87, p=.054, n=S), indicating that there 

was a lower concentration of sphingomyelin in those with higher ICP. The coefBcient of 

determination (rj^.761) indicates that 76.1% of the variance in sphingomyelin was 

explained by ICP. There were no significant correlations between the phospholipids and 

ICP or CPP on day 4 or day 5 after injury. 

Spearman rank-order correlation coefficient (Spearman rho) was used to 

determine the relationship between the CSF concentration of creatine kinase and 
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hemodynamic variables (ICP and CP?) and between the CSF concentration of CK-BB 

and hemodynamic variables following traumatic brain injury. The relationship was 

determined for each day after injury. On day 1 after injury, there was a significant 

relationship between creatine idnase and ICP (r,= l.O, p=.0001, n=3), indicating that there 

was a higher concentration of creatine kinase in those with higher ICP. The coefBcient of 

determination (r,^1.0) indicates that 100% of the variance in creatine kinase was 

explained by ICP. There was a significant relationship between CK-BB and ICP (r = 1.0, 

p=.000I, n=3). This would indicate that there was a higher concentration of CK-BB in 

those with higher ICP. An r,^ of 1.0 indicates that 100% of the variance in CK-BB was 

explained by ICP. On day 4 after injury, there was a significant relationship between CK-

BB and ICP (r,= -.92, p=.026, n=5). This would indicate that there was a lower 

concentration of CK-BB in those with higher ICP. An r,' of .848 indicates that 84.8% of 

the variance in CK-BB was explained by ICP. 

There were no significant correlations between creatine kinase and ICP or CPP on 

day 2, day 3, day 4, day S, or day 6 after injury. There were no significant correlations 

between CK-BB and ICP or CPP on day 2, day 3, day 5, or day 6 after injury. 

In summary, there were sigm'ficant relationships between selected demographic 

variables and the CSF concentration of phospholipids. There were significant 

relationships between the hemodynamic variables and the CSF concentration of 

phospholipids, between the hemodynamic variables and the CSF concentration of creatine 

kinase, and between the hemodynamic variables and the CSF concentration of CK-BB. 



286 

Summary 

Ten patients with traumatic brain injury (TBI) participated in this study. Three to 

five cerebrospinal fluid (CSF) samples were obtained from each patient. The samples 

were obtained fi'om the patients between IS and 142 hours following the injury. A 

Glasgow Coma Score (GCS) was obtained at each data collection period. 

Phosphatidylethanolamine, phosphatidylinositol, phosphatidylserine, 

phosphatidylcholine, sphingomyelin, and lysophosphatidylcholine were identified in the 

CSF following examination of the chromatograms fix)m each sample. However, 

phosphatidylethanolamine and phosphatidylinositol co-eluted making it difiBcult to 

detennine the concentration of each of these phospholipids. The peaks were considered 

to be primarily phosphatidylethanolamine and the concentration was determined based 

the calibration curve for phosphatidylethanolamine. There was a change in the 

concentration of phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, 

sphingomyelin, lysophosphatidylcholine, creatine kinase, and creatine kinase isoensyme 

(CK-BB) over time following TBI. There were five patterns of change identified in the 

concentration of the phospholipids, creatine kinase, and CK-BB. 

For five of the patients, secondary injury was distinguished by a second increase 

in the concentration of CK-BB, however, the initial increase expected during the first 24 

hours after the TBI was not seen as data could not be collected during that period. A 

second peak in the phospholipids occurred at the same data collection period, slightly 

earlier or slightly later then the increase in CK-BB. 
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There was a significant relationship between phospholipids and creatine kinase 

isoenayme on day I and day 3 after injury. There was a significant positive relationship 

between phospholipids and the GCS score early after injury (day 2) and a significant 

negative relationship between phospholipids and the GCS score later after injury (day 6). 

There was a significant relationship between Survival Status and phospholipids on day I 

and day 4 after injury. There was a significant relationship between Survival Status and 

creatine kinase and CK-BB early after injury (day 1 and day 2). There were significant 

correlations between selected demographic variables and phospholipids, creatine kinase 

and CK-BB. There were significant relationships between hemodynamic variables and 

phospholipids, creatine kinase, and CK-BB. 



288 

Chapter S 

CONCLUSIONS 

Introduction 

The findings from this investigation of Central Nervous System membrane 

damage during primary and secondary traumatic brain injury will be discussed. The 

discussion will include biological measures and behavioral measures of membrane 

damage. Study limitations will be addressed, implications for practice will be discussed, 

and suggestions will be made for future research. 

Biological Measures 

Few studies have addressed phospholipid changes in the cerebrospinal fluid (CSF) 

of humans following traumatic brain injury (TBI). Since phospholipids are a constituent 

of the membrane, the disruption of cells at the time of the injury is proposed to result in 

changes in the phospholipid content of the CSF resulting fi»m alterations in the 

membrane. The specific timing of the changes in the phospholipids is not known. 

In examining the mean CSF concentration of phospholipids, there were three 

different pattems of change (Table 9). For phosphatidylethanolamine, 

phosphatidylcholine and sphingomyelin, the concentration increased from day 1 to day 4 

with the peak concentration on day 4 after injury. The concentration of 

phosphatidylethanolamine and phosphatidylcholine then decreased for over day 5 and day 

6. For the concentration of sphingomyelin, there was a slight decrease on day 5 and a 
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slight increase on day 6 after injury. The concentration of phosphatidylserine was more 

variable. The concentration of phosphatidylserine increased to the peak concentration on 

day 2 after injury. The concentration then decreased on day 3, increased on day 4, 

decreased on day 5 and increased on day 6 after injury. For lysophosphatidylcholine, the 

peak concentration was on day I after injury. This was followed by a decrease in the 

concentration. There was an increase in the concentration of lysophosphatidylcholine on 

day S, but this was firom the one sample available, not the mean concentration. 

In the present study, the CSF that was collected from 2 of the patients was bloody. 

The samples from one of the patients were collected on day 3 and day 4 and the samples 

from the other patient were collected on day 2, day 3 and day 4 after injury. These 

patients alone would not account for the high concentration of phospholipids on these 

days as there were other patients with high concentrations of phospholipids, particularly 

phosphatidylcholine. The bloody CSF may have affected the mean, but was not the only 

reason for the high mean concentration on these days. One of the patients with bloody 

CSF also had a large amount of ischemia reported on the CT scan which may contribute 

to the high phospholipid concentration. 

There is little empirical support for the timing of the changes in the concentration 

of phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, sphingomyelin or 

lysophosphatidylcholine after TBI. The mechanisms that are initiated at the time of the 

traumatic brain injury may be manifested early or late after injury. The activation of 

phospholipases, proteases and lysosomal en^rmes lead to the degradation of structural 
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proteins and myelin, to the breakdown of membrane phospholipids and eventually to the 

destruction of the cell. The timing of this activity is not fiilly known. Evidence of the 

injury process has been reported as late as 4 days after injury (Homayoua et al., 1997). 

Parsons et al. (1997) described changes in the mean concentration of 

phosphatidylcholine and sphingomyelin in persons suffering TBI as a result of a motor 

vehicle accident or fall. The peak mean concentration of phosphatidylcholine and 

sphingomyelin was within 24 hours of admission following the injury. This was followed 

by a decrease in the concentration of phosphatidylcholine and sphingomyelin in those 

receiving the injury as a result of a motor vehicle accident. For those receiving the injury 

as a result of a fall, the mean concentration of phosphatidylcholine decreased following 

the peak concentration. For sphingomyelin, there was a decrease at time 2, an increase at 

time 3 followed by a decrease in the concentration. 

The early peak in the concentration of lysophosphatidylcholine may be the result 

of the action of phospholipase Aj on phosphatidylcholine. Phospholipase Aj removes the 

fatty acid from the 2-position of glycerol. Phospholipase Aj activity has been reported 

during the first 24 hours after injury (Shohami, Yadid, Reisfeld & Yedgar, 1989). 

Phosphatidylethanolamine and phosphatidylcholine changes have been reported 

following ischemia. Following 30 minutes of ischemia, phosphatidylcholine decreased 

slightly in the brain and returned to pre-ischemia levels by 30 minutes of reperfiision 

(Yoshida et al., 1980). Following 30 minutes of ischemia, phosphatidylethanolamine 

levels decreased significantly in the brain fix)m control levels then returned toward pre-
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ischemia levels by 30 minutes of reperfusion, decreasing at 90 minutes and 180 minutes 

of reperfusion (Yoshida et al., 1980). Thus, there is evidence for phospholipid changes 

very early after injury, in this case ischemic injury. 

There was a positive correlation between phosphatidylethanolamine, 

phosphatidylserine, lysophosphatidylcholine and creatine kinase and between 

phosphatidylethanolamine, phosphatidylserine, lysophosphatidylcholine and CK-BB on 

day 1 after injury. On day 3 after injury, there was a positive correlation between 

phosphatidylserine and CK-BB. There was also a negative correlation between 

lysophosphatidylcholine and creatine kinase on day 3 after injury. A positive relationship 

betMreen phospholipids and CK-BB was expected on day 1 after injury. Both reflect 

damage to the ceil, damage that was evident within the first 24 hours after injury. A 

positive relationship would also be expected on day 2 and day 3 after injury but not 

necessarily a significant relationship since the concentration of CK-BB would be 

expected to decrease. The phospholipid concentration was more variable after injury. 

Later changes in the phospholipid concentration may reflect secondary injury. There is 

no empirical evidence for the timing of changes in the phospholipid concentration with 

secondary injury. Changes in the phospholipid concentration may be related to a specific 

event such as hematoma formation or seizure activity as well as to periods of elevated 

ICP or episodes of low CPP. 

There was a significant positive correlation between the CSF concentration of 

phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine, sphingomyelin, and 
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the Glasgow Coma Scale (GCS) scores early (day 2) after injury. Those with lower 

phospholipid concentration tended to have lower GCS scores. There was a significant 

negative correlation between the CSF concentration of phosphatidylserine and the GCS 

scores later (day 6) after injury. Those with higher concentration of phospholipids tended 

to have lower GCS scores. There is no prior literature support for the findings of this 

relationship between CSF phospholipids and the GCS score. If the injury is progressive 

and the disruption of the cell occurs over time (days), these relationships may hold. A 

lower phospholipid concentration would be present early after injury and higher 

phospholipid concentration would be present as the injury mechanisms progresses. The 

GCS scores were generally 8 or less early after injury. 

There was a significant negative correlation between the CSF concentration of 

phosphatidylethanolamine, phosphatidylserine and Survival Status on day 1 after injury. 

On day 1 after injury, there was also a significant positive correlation between the CSF 

concentration of sphingomyelin and Survival Status. Thus, on day 1 after injury there 

was a higher concentration of phosphatidylethanolamine and phosphatidylserine and a 

lower concentration of sphingomyelin in those that did not survive the injury. On day 2 

after injury, there was a significant negative correlation between the CSF concentration of 

phosphatidylserine and Survival Status. On day 4 after injury, there was a significant 

negative correlation between the CSF concentration of phosphatidylethanolamine, 

phosphatidylserme, phosphati(fyIcholine and Survival Status. Those that did not survive 

had a higher concentration of phosphatidylethanolamine, phosphaticfylserine and 
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phosphatidylcholine. Ifphosphatidylethanolamine(phosphatidylethanolamine plus 

phosphatidylinositol), phosphatidylserine, and phosphatidylcholine are more abundant in 

gray matter and sphingomyelin is more abundant in white matter (Kwee & Nakada, 

1988), this would indicate that the extent of gray matter damage had a greater impact on 

Survival Status (non-survival) than white matter damage. This relationship was found on 

day I, day 2, and day 4 after injury. 

In examining the pattem of change in the mean CSF CK-BB concentration, the 

highest concentration was during the first 24 hours after injury (Table 9). This was 

followed by a decrease in the concentration on day 2 through day 5 then a slight increase 

in the concentration on day 6 after injury. The pattem of change in the mean 

concentration of creatine kinase was similar to that of CK-BB. The highest concentration 

was during the first 24 hours after injury followed by a decrease in the concentration on 

day 2 through day 4 after injury. This was followed by a slight increase in the 

concentration on day 5 then a slight decrease on day 6 after injury. 

A similar pattem of change in the CSF concentration of CK-BB has been 

reported. Florez et al. (1976) described a pattem of release of CSF CK-BB with the 

highest level during the first 24 hours after injury followed by a decrease in the 

concentration by day 3 after injury. Rabow et al. (1986) described a significant increase 

in the CSF CK-BB activity within 24 hours after trauma followed by a decrease to normal 

concentration by 36 to 48 hours after injury. With secondary injury, there was a second 

increase in the CSF CK-BB activity, but the increase was less than the initial increase. 
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There was no relationship between the cerebrospinal fluid (CSF) concentration of 

creatine kinase and the Glasgow Coma Scale (GCS) score or between the CSF 

concentration of creatine kinase isoenzyme (CK-BB) and the GCS score on any day after 

injury. The highest mean concentration of CSF creatine kinase and CK-BB concentration 

was on day I after injury. However, on day 1 after injury, there was no variability in the 

GCS scores with a score of 3 obtained at each data collection period. This follows the 

trend of higher CSF concentration of CK-BB early after injury in those with more severe 

injury, those with lower GCS scores. 

Rabow and Hedman (1985) reported no significant correlation between the CSF 

concentration of CK-BB obtained during the first 48 hours following head injury and the 

GCS score obtained 6 hours after injury. However, Hans et al. (1983) reported a 

significant negative correlation between CSF CK-BB obtained within 12 hours of a 

severe head injury and the best GCS score within 24 hours after injury. Bakay and Ward 

(1983) also reported a significant correlation between the CSF concentration of CK-BB 

and the admission GCS score in patients with head trauma. The CSF samples were 

obtained between 24 and 72 hours after injury. For these studies, higher concentration of 

CSF CK-BB was reported in those with lower GCS scores. Since lower GCS scores, 

those 8 or less, indicate more severe injury, higher concentration of CSF CK-BB reflect 

greater damage. the present study, there was also no significant relationship between 

the highest CSF concentration of creatine kinase and admission GCS scores or between 

the highest CSF concentration of CK-BB and admission GCS scores. 
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Survival Status was assessed approximately I month after injury. Patients were 

divided into 2 groups: those that were alive (survival) and those that had died (non

survival). There was a significant relationship between Survival Status and creatine 

kinase and between Survival Status and CK-BB on day 1 and day 2 after injury. Those 

with a higher concentration of creatine kinase and CK-BB early aiter injury did not 

survive. In most of the studies reviewed, outcome from injury was assessed using the 

Glasgow Outcome Scale (Jennett & Bond, 1975) which defines 5 categories of outcome: 

good recovery, moderate disability, severe disability, vegetative state, and death. All 5 

categories were used or they were combined into 2 or 3 categories for the analysis. 

Rabow and Hedman (1985) reported no correlation between the CSF 

concentration of CK-BB and outcome assessed 12 months after injury. Bakay and Ward 

(1983), on the other hand, reported a significant correlation between CSF CK-BB and 

outcome determined 1 year after injury unless the patient was "dead or had returned to 

normal" (Bakay & Ward, 1983, p. 29). Delanghe et al., (1990) also reported a significant 

correlation between CSF CK-BB and outcome assessed 1 year after injury. M both of 

these studies, those with higher concentration of CSF CK-BB had a poorer outcome, hi 

the present study, the highest CSF concentration of CK-BB was obtained on day 1 and 

day 2 after injury in one patient that died as a result of the brain injury (brain dead). 

Secondary injury occurs after primary injxuy as a result of mechanisms initiated by 

the primary injury and/or fi»m complications arising firom intracnmial or systemic events 

(Graham et al., 1993). The mechanisms of injury are complex and interrelated. Different 
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mechanisms are present at different times during the injury process. This may account for 

the differences in the timing of changes in the CSF concentration of CK-BB and 

phospholipids. 

When ceils are disrupted at the time of injury and the cell contents, which 

includes CK-BB, are released, the concentration of CK-BB will increase rapidly and then 

decrease since the release of the enzyme would not be expected to continue over time 

(Hans et al., 1987). With a secondary injury, mechanisms are initiated that result in 

damage to cells that were not initially damaged. Fewer cells would be damaged, thus the 

second increase in CK-BB would be less than the initial increase. A second increase in 

CK-BB was seen in S of the patients in this study. Because data could not be collected 

during the first 24 hours after injury, the initial peak in CK-BB was assumed. The events 

that preceded the second increase in CK-BB included craniotomy for anterior temporal 

lobectomy and increased intracram'al pressure (ICP). It should be re-emphasized that the 

ventriculostomy was drained for high ICP readings or the ventriculostomy was 

continuously drained based on specific limits set by the physician (ICP remaining above 

the set limit following drainage) or as ordered specifically by the physician. The ICP 

was, in general, elevated at each data collection period as well as at times other than the 

data collection periods. 

The timing of the changes in phospholipids was not the same for all the patients 

that had a second increase in CK-BB. The changes in phospholipids occurred at the same 

data collection period, at an earlier data collection period, and at a later data collection 
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period than the increase in the concentration of CK-BB. Thus, the mechanism 

responsible for the increase in CK-BB and for the increase in phospholipids may be 

different. 

In the Framework proposed for biological and behavioral relationships following 

traumatic brain injury (Figure 2), primary and secondary injury were reflected in the 

Biological Measures of injury, CSF phospholipids and CSF creatine kinase isoenzyme 

(CK-BB), and the Behavioral Measures of injury, Glasgow Coma Scale score and 

Survival Status. There was a relationship between the Biological Measures, CSF 

phospholipids and CSF CK-BB, specifically in day I and day 3 after injury. There was a 

relationship between the Biological and Behavioral Measures of injury. Phospholipids 

were correlated with the GCS scores and Survival Status; CK-BB was correlated with 

Survival Status. There was no relationship between CK-BB and the GCS score. These 

relationships between the Biological and Behavioral Measures following traumatic brain 

injury are reflected in Figure 35. 

Behavioral Measures 

In examining the pattern of change in the GCS score (Table 9), there was a trend 

toward higher GCS scores later after TBI, day 5 and day 6. This was present for the GCS 

total score, GCS eye opening, and GCS motor response. This would indicate an 

improvement in the responsiveness of the patient over time, however, the mean GCS 

score remained less than 8. There was no change in the GCS verbal response from day I 

to day 6 after injury. 
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Traumatic Brain Injury 
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Figure 35. Biological and behavioral relationships following 
traumatic brain injury based on empirical data 
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There was no relationship between the GCS score and Survival Status. The GCS 

score on each day after injury was used in the analysis. There was also no relationship 

between the admission GCS score and Survival Status. This is contrary to the findings of 

others. Teasdale and Jennett (1976) reported a significant relationship between the 

admission GCS score and outcome 6 months after head injury. Levati et al. (1982) 

reported a significant relationship between the admission GCS score and mortality 1 year 

after severe head injury. Choi et al. (1988) reported a significant relationship between 

outcome 3 months after head injury and motor response, verbal response, and eye 

opening. Thus, in these studies, there was a significant relationship between the GCS 

score and outcome after head injury. 

In the present study, the level of sedation and changes in the amount of sedation 

may account for the changes and lack of change in the GCS score. Most of the patients 

were receiving continuous sedation which included Morphine and Ativan. For one of the 

patients receiving a continuous infusion of Morphine, the amount of sedation doubled 

between the first and second data collection periods. This may account for the decrease in 

the GCS score from 11 to 8. The amount of Morphine was then increased further and the 

GCS score decreased further to 6. For another patient receiving a continuous infusion of 

Morphine and Ativan, added doses of Versed were given prior to procedures. This was 

just prior to data collection periods. For this patient, when the level of sedation was later 

decreased, the GCS score increased fi»m 3 to 8. 
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In the present study, all of the patients greater than age 55 did not survive. The 

cause of the TBI for these patients was a fall and a pedestrian struck by a vehicle. There 

was a significant negative conelation between age and Survival Status (rp^ = -.64, p=.048, 

n=10). According to the literature, the mortality rate for patients following traumatic 

brain injury tends to increase with increasing age. In a study of 661 patients following 

head injury, 55 of the 71 patients greater than age 55 died (80.3%) (Volhner, Tomer, 

Jane, Sadovnic, Charlebois, Eisenberg, Foulkes, Marmarou & Marshall, 1991). In a study 

of420 patients age 60 years or older with head injury, 26% (111 patients) died 

(Hemesniemi, 1979). The most conunon cause of the injury was the result of a fall 

(n=220, 52%). The next most conunon cause was pedestrian traffic accidents (N=95, 

23%). In a study of 201 patients with head injury following road-trafBc accidents, the 

percent of patients that died or were in a chronic vegetative state increased with age; a 

greater percent of patients that were greater than age 60 remained in a vegetative state or 

died (Overgaard, Hvid-Hansen, Land, Pedersen, Christensen, Haase, Hein & Tweed, 

1973). 

As a person increased in age the cause of the injury changed. The percent of 

patients receiving the injury as a result of falls and pedestrian accidents increased with 

increasing age while accidents fi»m motor cycle crashes was more prevalent in the 

younger ages (Voilmer et al., 1991). This was also evident in the present study. In the 

study by VoUmer et al. (1991), the older patients had other medical conditions. 
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cardiovascular disease, that may have contributed to the outcome. In the present study, 

two of the patients that did not survive had a history of cardiovascular disease. 

In the Framework proposed, there was no relationship between the Behavioral 

Measures of injury as reflected in Figure 35. There was little change in the GCS score 

after TBI, which may have been due to the level of sedation of the patients. Secondary 

injury was not easily distinguished in this study, as for example by a specific event. Thus, 

it was not certain that, in this study, the Behavioral Measures were reflective of secondary 

injury. 

Limitations of the Study 

The sample size was small. This was limited by the availability of patients that fit 

the criteria for inclusion. The sample was a convenience sample of those family members 

willing to allow the patient with traumatic brain injury to participate in the study. Thus, 

the sample may not be representative of the population. There were family members that 

did not want to participate, patients whose identity was unknown, and patients with no 

family members or family members that had a difficult time getting to the site. Consent 

could not be obtained in these cases. 

The time from injury to sample collection was variable. The time from injury to 

the first sample collection depended on when consent could be obtained from the 

appropriate family member. This was delayed when the fimiily had to travel to Tucson 

and as the family decided on participation in the study. The delay also resulted from the 

time the CSF was drained as per the protocol ordered by the physician. The CSF was 
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generally drained if the ICP was greater than 20 mm Hg. hi two cases, the ICP did not 

increase to this level for approximately the first 24 hours that the patient was in the study. 

The patients were enrolled in the study within 24 hours of the injury, but the ICP did not 

increase to greater than 20 nun Hg for an additional 24 hours. In two cases, a delay 

occurred when the catheter became non-functioning and was subsequentially changed by 

the physician. 

The time from injury to sample collection varied for each sample obtained. The 

time of sample collection depended on when the CSF was drained by the nurse. This was 

according to the protocol ordered by the physician. 

There was a period of time the CSF sample was at room temperature which may 

have affected the concentration of phospholipids and creatine kinase isoenzyme. A 

period of 40 minutes could elapse before the sample was obtained and placed on ice. 

This resulted firom the time needed for a sufficient amount of CSF to drain if the patient 

was on continuous drainage. It also resulted from the time required for the investigator 

to travel to the hospital once the CSF was drained. Once the sample was obtained, it was 

immediately placed on ice and transported to the laboratory where it was centrifiiged and 

then frozen. 

Blood in the CSF and bloody CSF samples may have affected the phospholipid 

and creatine kinase concentration. Since phospholipids are present in the membranes of 

the blood cells, the concentration of phospholipids may have been affected as these cells 

were broken down. The presence of blood in the CSF would indicate the breakdown of 
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the blood brain barrier. The blood firom the systemic circulation would contain creatine 

kinase. This presence of blood would account for the concentration of CK-MM and CK-

MB isoen^^es in the CSF, isoen^ones that are not normally present in the CSF. While 

these isoenzymes were not discussed, the concentration of CK-MM and/or CK-MB 

accounted for the difference between the concentration of creatine kinase and CK-BB. 

No intrarater reliability was obtained for the GCS score. A second measure of the 

GCS score should have been obtained within 30-60 minutes of the data collection period. 

Since no change in the condition of the patient would be expected within this period of 

time, it would be sufGcient for re-testing. A measure of interrater reliability with an 

expert would have ensured that the technique was correct and that the score that was 

obtained represented the true score. 

Implications for Practice 

Phospholipid and creatine kinase isoen^nne changes following traumatic brain 

injury may provide additional information regarding the severity of the injury. The 

specific mechanism underlying primary and secondary brain injury are not completely 

understood. This research has provided knowledge of the phospholipid composition of 

the CSF following traumatic brain injury. Additional knowledge was also gained 

regarding the changes in phospholipid and creatine kinase isoen^one concentration 

following traumatic brain injury and their relationship to the GCS score and Survival 

Status. 
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The information gained may assist in the preparation of the femily for the possible 

outcome of the patient. Family counseling is provided during the acute phase after injury 

and prepares the family for the possible outcome, the time involved in recovery, and the 

possible extent of recovery. The family needs to be prepared for the long term outcome 

of the injury. More information is needed. Long term studies are needed to determine the 

relationship between the acute measures of injury (phospholipids and creatine kinase 

isoenzyme) and the long term outcome in terms of physical, cognitive, behavioral and 

emotional impairments. 

Future Research 

Further research is needed to better understand the phenomena of membrane 

damage following traumatic brain injury. Recommendations include a larger sample size 

with subjects recruited into the study during the first 24 hours after injury. The CSF 

samples need to be obtained during the first 24 hours after injury. Also, the CSF samples 

should be obtained at more regular intervals, for example every 8 hours. 

A control sample should be included. The control sample would consist of 

patients with no history of traumatic brain injury or neurological deficits. The CSF fi-om 

these patients would be obtained for diagnostic purposes such as rule out meningitis or 

rule out encephalitis and would be used as the control sample. 

The addition of other CSF measures of membrane damage should be considered. 

Calcium and glutamate are prominent in the cascade of events that are initiated with a 

traumatic brain injury. The timing of glutamate and calcium changes in relationship to 
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the changes in phospholipids may provide additional information about the cascade of 

events that occur and about the effects of glutamate and calcium on membrane damage. 

The generation of oxygen radicals occurs early after injury and plays a role in blood brain 

barrier disruption and edema formation. The effect of increased oxygen radical on 

phospholipid changes would provide information regarding the effects of edema on 

membrane damage. 

More information is needed about the long term outcome of the patients following 

traumatic brain injury. A longitudinal study is needed to test the relationship between the 

acute measures of injury and the long term outcome in terms of physical, cognitive, 

behavioral and emotional impairments. 

Summary 

The findings from the study of Central Nervous System membrane damage 

following traumatic brain injury were discussed. The concentration of CSF 

phospholipids, creatine kinase and creatine kinase isoens^me (CK-BB) changed after 

injury. The relationship between the phospholipids and CK-BB reflect the damage to the 

cell early after injury. While the mechanisms for phospholipid and CK-BB increase may 

be different, the relationship between phosphoUpids and CK-BB indicates that the 

damage was evident early after injury. 

The relationship between phospholipids and the Glasgow Coma Scale (GCS) 

score indicates the progressive nature of the injury. Those with lower phospholipid 

concentration early after injury tended to have lower GCS scores while those with higher 
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concentration of phospholipids later after injury tended to have lower GCS scores. The 

relationship between Survival Status and phospholipids indicates that the extent of gray 

matter damage had a greater impact on survival than white matter damage. 

While there was no relationship between creatine kinase or CK-BB and the GCS 

score, there was a trend toward higher CK-BB early after injury in those with lower GCS 

scores, those with more severe damage. The relationship between Survival Status and 

creatine kinase and CK-BB early after injury indicates that those with higher 

concentration of creatine kinase and CK-BB did not survive. 

The limitations of the study include the small sample size, variability in the time 

&om injury to sample collection, the possible effect of room temperature and blood on the 

phospholipid and creatine kinase concentration, and the limited reliability estimates of the 

GCS score. The implications for practice and future research of membrane damage 

following traumatic brain injury were discussed. 
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ARIZONA. t622E.NUbelSt 
Tuoon. Ahiotu 8572-
(533)626^721 HEMTH Sqencis CENTEII 

16 May 1996 

Alice E. Pasvogel, R.N.,M.S. 
c/o Ida M. Moore, Ph.D. 
College of Nursing 
PO BOX 210203 

RE: BSC A96.47 CEREBROSPINAL FLUID PHOSPHOLIPID AND CREATINE 
KINASE ISOENZYME CHANGES FOLLOWING TRAUMATIC BRAIN INJURY 

Dear Ms. Pasvogel: 

He received your revisions for the above cited research proposal. 
The procedures to be followed in this study pose no more than 
minimal risk to participating subjects. Regulations issued by the 
U.S. Department of Health and Human Services [45 CFR Part 
46.110(b)] authorize approval of this type project through the 
expedited reviev procedures, vith the condition(s) that subjects' 
anonymity be maintained. Although full Committee review is not 
required, a brief summary of the project procedures is submitted to 
the Committee for their endorsement and/or comment, if any, after 
administrative approval is granted. This project is approved 
effective 16 May 1996 for a period of one year. 

The Human Subjects Committee (Institutional Review Board) of the 
University of Arizona has a current assurance of compliance, number 
H-1233, which is on file with the Department of Health and Human 
Services and covers this activity. 

Approval is granted with the understanding that no further changes 
or additions will be made either to the procedures followed or to 
the consent form(s) used (copies of which we have on file) without 
the knowledge and approval of the Human Subjects Committee and your 
College or Departmental Review Committee. Any research related 
physical or psychological harm to any subject must also be reported 
to each committee. 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

Sincerely yours. 

Will »nny, M.D. 
Chairman 
Human Subjects Committee 

WFD:rs 
cc: Departmental/College Review Committee 
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February 26, 1996 

Alice E. Pasvogel, MS, RN 
445 N. Wilmot #252 
Tucson, Arizona 85711 

RE: Cerebrospinal Fluid PhosPholipid and Creatine Kinase Isoenzyme Changes Following 
Traumatic Brain Injury 

Dear Ms. Pasvogel: 

Thanlc you for presenting the above named smdy at the Human Research Committee this 
morning. Based on your presentation the committee approved your smdy. You may now begin 
data collection. 

It is understood that no changes will be made to the study without the knowledge and permission 
of the Human Research Committee. Please be aware t^t a copy of the consent form must bee 
placed in the patient's medical record. Review by the Human Research Committee has been set 
at six months with the understanding that if there has been little or no activity on this study the 
committee will re-evaluate the cost effectiveness of continuing the study in the TMC Research 
Program. 

Please contact me at 324-5332 if you have any questions or the TMC research office at 324-
5512. 

Sincere!; 

Ronald P. Spark, MD. Chair 
TMC Human Research Comminee 
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Consent Form 

Project Title: Cerebrospinal Fluid Phospholipid and Creatine Kinase Isoenzyme Changes 
Following Traumatic Brain Injury 

Investigator: Alice E. Pasvogel, M.S., 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE THAT 
I AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW 
MY FAMILY MEMBER WILL PARTICIPATE IN FT, IF I CONSENT FOR HIM/HER 
TO DO SO. SIGNING THIS FORM WILL INDICATE THAT I HAVE BEEN SO 
INFORMED AND THAT I GIVE MY CONSENT. FEDERAL REGULATIONS 
REQUIRE WRITTEN INFORMED CONSENT PRIOR TO PARTICIPATION IN THIS 
RESEARCH STUDY SO THAT I CAN KNOW THE NATURE AND THE RISKS OF 
MY FAMILY MEMBER'S PARTICIPATION AND CAN DECIDE TO PARTICIPATE 
OR NOT PARTICIPATE IN A FREE AND INFORMED MANNER. 

Purpose 
I am being asked to allow my to participate in the above-titled research 
project. The purpose of this project is to study the changes in two substances, 
phospholipids and creatine kinase isoenzyme, that are present in the fluid that sunounds 
the brain and changes in the ability of the person with an injury to the brain to open the 
eyes, move the arms and legs, and to respond verbally. The study will also describe the 
condition of the person one month after an injury to the brain. 

Selection Criteria 
I am being asked to allow my to participate because he/she has had an 
injury to the brain, he/she is going to have or has a tube placed in his/her brain by the 
physician, and he/she is age 18 years or older. 

Standard Treatment 
The care my is receiving will not be changed by participating or not 
participating in this study. Also, I am ftee to withdraw my from the study 
at any time without change in his/her care. 

Procedures 
ff I decide to allow my to participate, I will agree to the foilowmg: A 
small portion, less thm a teaspoon, of the fluid that surrounds the brain will be removed 
when the tube is placed by the physician and iq> to three times each day while the tube is 
in place. The fluid that is being collected is normally drained to control the pressure on 
the brain. 
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As is regularly done by the nurses, my will be asked to open his/her eyes, 
move his/her arms and legs and tell who he/she is, where he/she is, and what day, month 
and/or year it is. If he/she does not open his/her eyes or move his/her arms or legs when 
asked, slight pressure will be applied to one of his/her fingers as he/she is asked to open 
his/her eyes and move his/her arms and legs. 
The medical chart will also be reviewed to obtain some information. 
About one month after injury, I will be contacted and asked about the condition of my 

Risks 
Participation in this study may involve some risk. Although rare, an infection in the brain 
may develop because fluid is being removed from the tube in the brain. Medical 
assistance will be available if required. 

Benefits 
There is no direct benefit for participating in the study. Information gained by this study 
may, however, help health care providers in assisting future patients. 

Confidentiality 
All information obtained will be confidential in any formal or published report. Only the 
researcher and authorized representatives will have access to the data and filed informed 
consent forms. Use of the data may extend beyond the present project. 

Participation Costs and Subject Compensation 
There is no cost or payment for participation in this study. 

Liability 
I understand that side effects or harm are possible in any research program despite the use 
of high standards of care and could occur through no fault of my ^"s or the 
investigator involved. Known side effects have been described in this consent form. 
However, unforeseeable harm also may occur and require care. I understand that money 
for research-related side effects or harm, for wages or time lost, is not available. I do not 
give up any of my ^"s legal rights by signing this form. Necessary 
emergency care will be provided without cost. I can obta^ fiirther information from 
Alice Pasvogel, M.S., R.N. at 626-6151. If I have questions concerning my 

's rights as a research subject, I may call the Human Subjects Committee 
office at 626-6721. Additional information/questions concerning liability (other than 
covered above) must be discussed with the Principal bvestigator, sponsor or the 
institution. 
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Emergcn^/IRB Contact 
During this study, if I have any questions about this study or if any medical problems or 
adverse effects are experienced, I will contact Alice Pasvogel at 626-6151. 
If I have any questions regarding my rights, I shall call the Tucson Medical Center 
Research OfBce at (520) 324-5512. 

Authorization 
Before giving consent by signing this form, the methods, inconveniences, risks, and 
benefits have been explained to me and my questions have been answered. I understand 
that 1 may ask questions at any time and that I am free to withdraw my 
from the project at any time without causing bad feelings or affecting his/her medical 
care. My 's participation in this project may be ended by the investigator 
or by the sponsor for reasons that would be explained. New information developed 
during the course of this study which may affect my willingness for my to 
continue in this research project will be given to me as it becomes available. I understand 
that this consent form will be filed in an area designated by the Human Subjects 
Committee with access restricted to the principal investigator, Alice Pasvogel, M.S., 

., or authorized representatives of the College of Nursing. I understand that I do not 
give up any of my rights by signing this form. A copy of this signed consent form will be 
given to me. 

Consent 
I have read and understand the preceding information. I have had an opportimity to ask 
questions and all my questions have been answered to my satisfaction. This form is being 
signed voluntarily by me, indicating my agreement to participate in this study, until I 
decide otherwise. I will receive a signed copy of this agreement. 

Parent/Legal Guardian Date 

Subject's Name (Please Print) 

Signature of Witness Date 
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Investigator's Affidavit 
I have carefully explained to the subject the nature of the above project. I hereby certify 
that to the best of my knowledge the person who is signing this consent form understands 
clearly the nature, demands, benefits, and risks involved in his/her 's 
participation and his/her signature is legally valid. A medical problem or language or 
educational barrier has not precluded this understanding. 

Signature of Investigator Date 

Name (please Print) 

Phone Number 
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DEMOGRAPHIC FORM 

ID 

Name Race or Minority 

Medical Record Nimiber 

Hospital 

Age Date of Birth Gender M F 

Occupation 

Education completed (years of school) 

Handedness Right handed Left handed 

Date and Time of Injury 

Date and Time of ER admission 

Cause of Injury 

Description of the injury (Include direction of impact, rotation of the head) 

Diagnosis 

Other Injuries 

Date and Time of Ventriculostomy 
Surgical Procedure(s) 

Date and Time of Surgical procedure. 



Pre-existing medical conditions 
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ID 

Medications currently taking 

Presence of Alcohol? Yes No Unknown 

Alcohol level 

Presence of Drugs? Yes No Unknown 

Presence of Lucid Interval? Yes No Unknown 

Length of Lucid Interval 

Wearing seat belt? Yes No Unknown Not Applicable 

Using Helmet? Yes No Unknown Not Applicable 

Seizure? Yes No 

Description of seizure 

Adnussion GCS Date and Time 

Eye opening 

Motor response 

Verbal response 

Total Score 
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ID 

Admission Vital Signs Date and Time 

BP 

Pulse 

Respirations 

Temperature 

Hypotensive episode (SBP < 90 mm Hg) Yes No 

Length of hypotensive episode 

Treatment(s) 
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DATA COLLECTION FORM 

Name 

Medical Record Number 

Date Time 

GCS Score 

Right Side 

Eye opening 

Motor response 

Verbal response 

Left Side 

Eye opening 

Motor response 

Verbal response 

Total GCS score 

Pupillary response 

Right Eye 

Size (in mm) 

Response 

Left Eye 

Size (in mm) 

Response 

ID 

Reaction 

Reaction 

Untestable 

Untestable 

Untestable 

Untestable 

Untestable 

Untestable 

No reaction Untestable 

No reaction Untestable 



320 

ID 

ICP Date and Time 

Vital Signs Date and Time 

BP 

Pulse 

Respirations 

Temperature 

Hypotensive episode (SBP < 90 mm Hg) since last data collection? 

Yes No 

Length of hypotensive episode 

T reatment(s) 

Seizure Yes No 

Seizure Date and Time 

Description of the Seizure 

CT scan results (full report on back of page) 

Presence of mass lesion(s) Yes No Unknown 

Location of mass lesion(s) 

Volume of mass lesion(s) 
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ID 
CT results (cont.) 

Presence of midline shift Yes No Unknown 

Presence of blood Yes No Unknown 

Degree of midline shift (in mm) 

Ventricles 

Normal Partial Obliteration Complete Obliteration 

Cisterns 

Normal Partial Obliteration Complete Obliteration 

Laboratory results Date and Time 

Hematocrit 

Hemoglobin 

ABG results Date and Time 

pCOz 

PO2 

PH 

HCO3 

Medications (Routine and pm) 

Name Dose Time of Last dose 
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ID 

Creatine BCinase 

CK total. 

CK-MM. 

CK-MB_ 

CK-BB 

_U/L 

_U/L 

U/L 

U/L 

Phospholipids 

Phosphatidylethanolamine 

Phosphatidylinositol 

Phosphatidylserine 

Phosphatidylcholine 

Sphingomyelin 

_Percent 

Percent 

Percent 

jig/ml 

jig/ml 

_jig/ml 

_^g/ml 

Jig/ml 

Lysophosphatidylcholine jig/ml 



Outcome Status 

One month after injury, the subject 

Alive (Survived) Dead (Not siffvived) 



Appendix D 
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Phospholipid Extraction Procedure 

Before starting, turn on the centrifuge for warm up [cool down]. Allow about 30 

minutes fortius. 

Place 1 ml (1000^/1) of CSF in a IS ml test tube (Cortex tubes). Label each tube 

with a number that corresponds to the number for the sample as recorded in the Record 

Book. Put scotch tape over the number as the mark may come off in the centrifuge. In 

the Data Book list the number, name, ID number, date and time collected, and volume for 

each sample. Put the label from the sample in the Record Book. Keep the sample on ice. 

Add 4ml Chloroform:Methanol (2:1) to each sample. If the sample is less than 1 ml, 

will need to add proportionally less Chloroform:Methanol; 

0.9 ml of sample add 3.6 ml of Chloroform:Methanol (2:1) 
0.8 ml of sample add 3.2 ml of Chloroform:Methanol (2:1) 
0.75 ml of sample add 3.0 ml of Chloroform:Methanol (2:1) 
0.7 ml of sample add 2.8 ml of Chloroform:Methanol (2:1) 
0.6 ml of sample add 2.4 ml of Chloroform:Methanol (2:1) 
0.5 ml of sample add 2.0 ml of Chloroform:Methanol (2:1) 

Vortex each test tube for 60 sec. Centrifuge for 20 minutes at 10,000 rpm at 0°C. 

Fourteen test tubes will fit in the centrifuge. Then from each test tube, take lower phase 

and place in another vial marked with the same number as is on the test tube. Change 

pipettes with each sample. Cap each vial and place on ice. 

To the upper phase add 4ml ChloroformtMcthanol (9:1). Again, if the sample is 

less than 1 ml, will need to add proportionally less Chlorofotm:Methanol, same as for the 

previous step 
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Vortex for each test tube 60 sec. Centrifuge for 20 minutes at 10,000 rpm at CC. 

Turn the centrifuge off. 

Combine the lower aqueous phases and dry under Nitrogen. This will take about 

114 to 2 hours. Remember to turn the Nitrogen tank off after using and bleed the gas from 

the line from the line when finished. 

After drying, add 150 fU Hexane:Isopropanol:Water (39:52:9) being sure to 

wash around the inside of the vial. Initially I added 150 fil Hexane:Isopropanol (50:50) 

then changed since the water will recover more of the sample from the vial. Place in 

smaller vials with inserts and cap (red Teflon side to the sample) 

Prior to injecting on HPLC reduce the volume to only 100 |il the volume of the 

injector loop. This is done by evaporating the solvent volume to a total of only 100 ^1 

with helium. 
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200 

- 6.6648 + 14.437X R'̂ 2 . 0.997 

100 

0 
0 2 8 1 2  6 4 1 0  

PE ug/ml 

Calibration curve for phosphatidyiethanolamine 
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20 
y « - 0.90013 + 2.0697X R>»2 . 0.998 

10 -

1 2  2 0 4 6 8 1 0  

PI ug/ml 

Calibration curve for phosphatidylinositol 
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y « - 2.8556 * 2.3591 X » 0.999 

2 6 1 3 4 5 

PS ug/ml 

Calibration curve for phosphatidylserine 
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- 4.5863 + 2.7766X - 0.997 

800 -
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400 -

200-
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PC ug/ml 

Calibration curve for phosphatidylcholine 
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- 0.78979 + 2.0722X « 0.997 

20-

1 0 -

0 2 6 1 2  4 8 1 0  

SM ug/ml 

Calibration curve for sphingomyelin 
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10 

y » 0.10851 > 9.1026e-2x > 0.994 

8 

6 

4 

2 

0 
20 60 120 0 40 80 1 0 0  

concentration (ug/ml) 

Calibration curve for lysophosphatidylcholine 
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