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3. ABSTRACT 

The clinical utility of electrodermal response measures as a 
predictor of outcome from traumatic vegetative state was investigated. 
Electrodermal potential data were obtained from five subjects in acute 
vegetative state at 1 to 3 months post-trauma (Acute group), five subjects 
in perSistent vegetative state at more than 1 year post-trauma (PVS 
group), five subjects who were more than 1 year post-trauma and had 
recovered from vegetative state (RVS group), and 10 normal subjects 
(Control group). Measures included startle response amplitude, baseline 
lability, habituation and orientation to tones, responses to famous faces 
and written commands, and total number of skin potential responses. In 
addition, subjects in the Acute group were reassessed with respect to 
clinical outcome at 6 months post-trauma. 

Results revealed significant group differences between the Control 
group and each of the brain-injured groups in startle response 
amplitude, baseline lability, and total number of responses. The RVS 
group had significantly larger startle response amplitudes than the PVS 
group. All subjects in the Acute group and some subjects in the PVS 
group exhibited no startle response on 1 or more days of testing. 
Significant group differences also were found for habituation and 
orientation. Habituation was present in 80% of the Control and RVS 
SUbjects, 20% of the Acute subjects and 0% of the PVS SUbjects, and 
orientation was present in 80% of the Control SUbjects, 20% of the Acute 
and RVS subjects and 0% of the PVS subjects. Group variance in startle 
response amplitude, baseline lability and total number of responses was 
significantly greater in the Control group compared with the brain
injured subject groups. In the Acute group, a larger startle response 
amplitude, greater baseline lability, a greater total number of 
electrodermal responses, and habituation and orientation were 
associated with a positive outcome at 6 months post-trauma. 

These results indicate electrodermal responsiveness is generally 
reduced following traumatic brain injury, even in subjects with a 



relatively good recovery from vegetative state. Greater electrodermal 
activity in early vegetative state may be associated with better potential 
for recovery. 
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"I walked slowly around the machines and the chair and stopped in 
front of Angelo. and looked at him. 

"He was naked to the waist. On his head. below a cap of fawn 
crepe bandage. there was a band of silvery metal like a crown. His skin 
everywhere gleamed with grease and to his face. his neck. his chest. 
arms and abdomen were fastened an army of electrodes. No one. I 
imagined. could have been more comprehensively wired; no flicker of 
change could have gone unmonitored. 

"He seemed as well-fleshed and healthy as ever. despite his earlier 
two weeks in a coma. The muscles looked as strong. the trunk as 
tanklike. the mouth as firm. The hard man. The frightener. The 
despiser of mugs. Apart from his headdress and the wires. he looked 
just the same. I breathed a shade deeply and looked straight into his 
black eyes. and it was there that I saw the difference. There was nothing 
In his eyes. nothing at all. It was extraordinary. like seeing a stranger in 
a long-known face. The house was the same ... but the monster slept." 

-- Francis (1982). p. 339. 

" ... those patients were quantitatively indistinguishable from dead 
patients. Furthermore. the vegetative patients were considered to be 
functionally equivalent to the dead patients." 

-- Choi et al. (1988). p. 382. 

"Of 84 patients in a vegetatlve state who provided follow-up data. 41% 
became conscious by 6 months. 52% regained consciousness by 1 year. 
and 58% recovered consciousness within the 3-year follow-up interval." 

-- Levin et al. (1991). p. 580. 
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"In actuality, we have no way of determining whether an individual who 
is unable to respond on a cortical level is also unaware on a cortical level, 
for this can only be inferred from the person's behaviour or lack thereof. 
The 'vegetative state' is a heterogeneous condition, and different cortical 
areas and systems govern attention, sensation, and behaviour. Although 
these systems certainly are interdependent, there is no evidence that 
behaviour is necessaxy for sensation and consciousness; in fact, the 
converse is more likely to be true. It seems only logical then, that some 
individuals who show no behavioural evidence of cerebral cortical 
function might be capable of sensory experience on a cortical level." 

-- Glenn (1991), pp. 101-2. 
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4. INTRODUCTION 

The estimated annual incidence of traumatic brain injury in the 
United States is 200 per 100,000 (Foulkes et al., 1991). The prevalence 
of survivors with severe debilitating loss of function is 70,000 to 90,000 
(National Head Injury Foundation, 1993). Over half of traumatic brain 
injury victims are young men between 15 and 24 years of age who are 
involved in motor vehicle accidents, the most seriously disabling of all 
causes of trauma (Foulkes et al., 1991: Kalsbeek et al., 1980). Due to 
the rising incidence of traumatic injury and continual advances in 
emergency medical technology, there is a growing population of young 
survivors of severe traumatic brain injury who may remain in hospital 
and rehabilitation centres for months (Cohadon & Richer, 1983). As 

Whyte and Glenn (1986) have commented, " ... more patients are 
surviving, and rehabilitation units and nursing homes are more 
frequently confronted with caring for these individuals with a frequently 
poor, although somewhat uncertain prognosis" (p. 39). 

The social and economic costs of severe traumatic brain injury are 
inestimable, and the increased prevalence of severely disabled survivors 
has been accompanied by a demand for clinical measures that are 
prognostic of patient outcome (Diringer, 1992). In addition, there has 
emerged a need for clinical tools that permit the identification and 
measurement of very small changes in behaviOur over time (Giacino et 
al., 1991). 

Survivors of severe traumatic brain injury rarely remain in coma 
beyond 2 to 3 weeks post-injury (Plum & Posner, 1980). More 
commonly, they either recover wakefulness and awareness, or they 
awaken without appearing to recover awareness of the external 
environment. The latter have been deSCribed as being in "vegetative 
state." The number of trauma survivors who remain for a significant 
period in vegetative state has increased over the past decade, primarily 
due to a steady increase in hospital admissions for traumatic brain 
injury (Levin et al., 1982) and advances in life-saving technology. It has 
been estimated that there are between 5,000 and 10,000 patients in 



17 

vegetative state in the United States (Cranford, 1988). The lack of 
definitive diagnostic and prognostic information about these patients is a 
significant ethical, social and medical issue (Berrol, 1986a; Cranford, 
1988). 

Purpose of the study 
The purpose of the present study was to determine the relation of 

autonomic nervous system function to outcome from traumatic 
vegetative state. The study was motivated by three principal factors: (a) 
the empirical evidence that traumatic vegetative state is different from 
vegetative state of other etiologies with respect to long-term outcome and 
that patients in traumatic vegetative state themselves comprise a 
heterogeneous group with respect to long-term outcome; (b) the 
demographic significance of this population; and (c) the need for an 
assessment technique that will be useful both in describing patient 
behaviOur and in the prediction of long-term outcome from traumatic 
vegetative state for an individual patient. 

Overview of the dissertation 
The remainder of Chapter 1 focuses on vegetative state and the 

electrodermal recording technique. It includes a definition of vegetative 
state, a discussion of issues in diagnosis, and a review of selected 
research on prediction of outcome. The electrodermal recording 
technique is discussed, including general information about the 
technique, the source of electrodermal activity, measurable stimulus 
parameters, interpretation of electrodermal recordings and previous 
research using electrodermal recording in selected patient populations. 
The goal of Chapter 1 is to establish the need for a Valid, reliable and 
clinically accessible technique to predict and assess the long-term 
outcome of patients in early traumatic vegetative state. Chapter 2 
concerns the study method. including subject selection and reCruitment, 
standardization of the protocol and data analysis techniques. At the 
conclusion of this section, the research hypotheses are stated in terms of 
the specific electrodermal parameters to be measured. Chapter 3 is a 
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description of the study results. with reference to both electrodermal and 
clinical data collected. and includes analysis of reliability. Chapter 4 
contains the discussion and interpretation of the findings. and 
recommendations for future research. 
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Vegetative State 

Definition of vetletative state 
Vegetative state has been defined as a fonn of eyes-open 

unconsciousness in which the patient has periods of wakefulness and 
physiologic sleep/wake cycles (Oksenberg et al., 1989; Raps et al., 1991) 
and relatively nonnal vegetative function (e.g., heart rate, respiration), 
but remains unaware of himself or his environment (American Academy 
of Neurology, 1989; American Neurological Association Committee on 
Ethical Affairs, 1993; Jennett & Plum, 1972). The paradox between 
apparent vigilance and an absence of overt and meaningful behaviour is 
consistent with recovery of brainstem function and a " ... total loss of 
cerebral cortical functioning" (American Academy of Neurology, 1989, p. 
125). As Feinberg and Ferry (1984) stated, patients in vegetative state 
are presumed to be " ... there but not there" (p. 129). Traditionally, 
vegetative state has been regarded as pennanent (Jennett & Plum, 1972, 
p. 736), an assumption based on the reported outcome from vegetative 
state of non-traumatic origin (e.g., Levy et al., 1987). Hence the common 
use of the tenn "persistent vegetative state" in the medical and popular 
literature. 

It is the position of the American Academy of Neurology (1989) that 
hydration and nutritional support may be withdrawn from a patient who 
is diagnosed as being in vegetative state for several months. The 
Academy's position is based on the statement, as cited above, that 
vegetative state implies complete and irreversible unawareness of the 
external world, and that vegetative state patients do not have the 
capacity to experience pain or suffering. 

There is emerging recognition that vegetative state does not 
necessarily have a uniformly poor prognosis, partlcularly when of 
traumatic origin. Because of this, Sazbon and Groswasser (1991a) have 
cautioned against the indiscriminate use of the tenn "persistent 
vegetative state" because it " .. .leads to conceptual error, implying that a 
vegetative state is irreversible" (p. 1). The recent report of the Traumatic 
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Coma Data Bank (Foulkes et al., 1991), has adopted the term "vegetative 
state" in favour of "persistent vegetative state." 

For the purposes of the present study. vegetative state was defined 
as a state in which the patient has the appearance of vigilance. has 
relatively normal vegetative functions. and does not demonstrate 
~onsistent. meaningful interaction with the environment. 

To examine the issue of outcome from vegetative state, it first is 
necessary to deSCribe how the diagnosis of vegetative state is made. In 
the following section, the complicated processes involved in diagnosing 
vegetative state and the potential for making erroneous inferences about 
cognitive function and prognosis are discussed. 

Diagnosis of vegetative state 
Guidelines for the diagnosis of vegetative state, irrespective of 

etiology, are provided in publications such as the joint report of the 
Council on SCientific Affairs and Council on Ethical and Judicial Mairs 
of the American Medical Association (1990). Unlike the determination of 
brain death, which is based on well-defined criteria (Young et al., 1989), 
the diagnosis of vegetative state requires the clinician to make inferences 
about the cognitive abilities of a patient who is unable to respond 
voluntarily. As a result, the diagnosis of vegetative state is made with 
comparatively less certainty than that of brain death (Cranford, 1988). 
The diagnosis of vegetative state typically is based on physical 
examination of the patient and extended observation of the patient's 
spontaneous behaviOur, in conjunction with the results of various 
imaging and electrophysiologic tests (R Cranford, personal 
communication, January, 1989: Young et al., 1989). The diagnostic 
criteria, summarized in Table 1, are based on the recommendations of 
the American Neurological Association Committee on Ethical Mfairs 
(1993). These criteria are designed to differentiate the reflexive and 
autonomic responses of vegetative state from the meaningfUl, purposeful 
behaviour associated with recovery of conscious awareness. 



Table 1. Summary of diagnostic criteria for vegetative state 

o The patient displays no evidence of awareness of self or 
surroundings. Reflex or spontaneous eye opening may occur. 
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o No communication between the examiner and the patient, auditory 
or written, that is meaningful and consistent can be established. 
Target stimuli are not usually followed visually, although visual 
tracking can occasionally occur. There is no emotional response 
by the patient to verbal input. 

o There is no comprehensible speech or mouthing of words. 

o Smiling, frowning, and crying may occur occasionally but are 
inconSistently related to any apparent stimulus. 

o Sleep-wake cycles are present. 

o Brainstem and spinal reflex activity is variable. Primitive reflexes 
such as sucking, rooting, chewing, and swallowing may be 
preserved. Pupillary reactivity to light, oculocephalic reflexes, 
grasp reflexes, and tendon reflexes may be present. 

o The presence of voluntary movements or behavior, no matter how 
rudimentary, is a sign of cognition and is incompatible with the 
diagnosis of PVS. There is no motor activity suggesting learned 
behavior and no mimicry. Rudimentary movements (such as 
withdrawal or posturing) may be seen with noxious or disagreeable 
stimuli. 

o Blood pressure control and cardiorespiratory functions usually are 
intact. Incontinence of bladder and bowel is present. 

From: American Neurological Association Committee on Ethical Mairs. 
Persistent Vegetative State. Annals ojNeurology, 1993;33:386-
390. 
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When neuroradiographic and electrophysiological tests are used in 
diagnosis, findings may include globally reduced cerebral blood flow, an 
isoelectric electroencephalogram, abnormal evoked potential responses 
and/ or reduced cerebral metabolic rates and, in vegetative state of 
several months' duration. evidence of atrophy on computerized 
tomographic or magnetic resonance imaging. These tests are not always 
used in differential diagnosis because they are expensive, often 
unavaIlable, and not always conclusive (Cranford, 1988; Varga et al., 
1991). Also, as will be discussed below, the relationship of these tests to 
patient outcome is not well established. 

The diagnosis of vegetative state is complicated by variability both 
in the labels used to describe unresponsive patients and in the clinical 
behaviour of the patients themselves. The terms "coma," "coma vigil," 
"irreversible coma," "neocortical death" and "apallic syndrome" have been 
applied erroneously to vegetative state patients. Patients who are 
unresponsive for other reasons (e.g., locked-in syndrome) also may be 
described inaccurately as being in vegetative state. This confusion was 
exemplified in a study by Tresch and colleagues (1991). In their study, 
11 of 62 patients identified by nursing home personnel (nurses and 
physicians) as being in vegetative state were considered by the authors to 
have some awareness of their environment, with some patients even 
demonstrating volitional movements. Similar findings were reported by 
ChUds and colleagues (1993), who found that 37% of patients admitted 
into rehabilitation with a diagnosis of coma or vegetative state had been 
misdiagnosed. The authors hypothesized that errors in diagnosis were 
due to confuSion in terms and lack of extended observation by health
care providers. 

Molinari (1991) stated that" ... the combination of confUSion among 
professionals over definitions and criteria with the restriction of patient 
autonomy sets the stage for sad, bitter and potentially deadly conflict" (p. 
126), particularly regarding decisions about withholding treatment. The 
diverse terms used to deSCribe this population may reflect in part the 
diversity of behaviOurs exhibited by vegetative state patients (Sazbon & 

Groswasser, 1991a). In addition to breathing and swallowing 
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independently, vegetative state patients may exhibit motor behaviours 
that at times may appear to be purposeful. Bricolo and ,colleagues (1980) 
noted a " ... broad range of clinical pictures displayed by patients during 
their prolonged period of impaired responsiveness" (p. 627). 

An additional difficulty in diagnosis is detennining the relative 
contribution of motor impairment to the patient's inability to respond. 
The distribution of brain injury due to trauma is consistent with 
impairment of structures involved in the control of movement. The 
primary mechanisms of injury associated with trauma are diffuse axonal 
injury and contusion to the poles of the brain, followed by an immediate 
increase in intracranial pressure (Adams et al., 1982; Strich, 1956). 
Although the cortex and brainst~m are diffusely involved, the 
biomechanical characteristics of the injury and the associated edema 
predict particularly severe damage to periventricular brain structures 
(Adams et al., 1982; Bareggi et al., 1975). These structures, including 
the subcortical nuclei, playa critical role in normal motor performance 
(Alexander & Crutcher, 1990). Because this type of brain damage is 
primarily at the cellular level, the results of neuroradiographic 
assessment may underestimate the extent to which structures involved 
in motor functio~ are impaired (Astrup, 1989). Thus, deficits in motor 
function may contribute to the unresponsiveness of some traumatically 
brain-injured vegetative state patients. 

Prediction and assessment of outcome from traumatic brain inluty 
In a recent publication, Diringer (1992) offers an important 

perspective on the impetus to predict outcome from severe brain injury: 

"The deSire to be able to predict a patient's outcome 
shortly after the onset of coma is driven by two needs. The 
first is to be able to provide the patient's family with an 
understanding of the ultimate impact of the disease. The 
second is to provide the health care team with the 
information needed to cope with the moral and legal aspects 
of initiating and withdrawing life sustaining therapies [and 
rehabilitation] and allocation of limited resources. The 
degree of certainty required to meet these two needs differs 
considerably. Although desiring more finite predictions, 



families accept the need for a long period of observation 
before final outcome can be determined. On the other hand, 
decisions regarding institution of life-sustaining therapies 
and determining which patient is more likely to benefit from 
limited resources in an intensive care unit require a high 
degree of certainty, or as some argue, absolute certainty" (p. 
826, my parenthetic comment added). 
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Diringer's (1992) comments illustrate the complex motivations of 
the many individuals involved in the care of the patient, and the 
unfortunate climate of "limited resources" in which difficult decisions 
about patient care are made. They also emphasize the stringent 
requirements of any measurement tool that will be used in making these 
decisions. 

The prediction and assessment of outcome for traumatic brain 
injuxy survivors, particularly for those who are comatose on admission to 
the hospital emergency room, has become the subject of intense research 
(e.g., Ahmed, 1988; Alter et aI., 1990; Bricolo et aI., 1980; Brotman et aI., 
1991; Childs, 1991; Choi et aI., 1988; de la Torre et aI., 1978; Dickerson 
Mayes, 1989; Dikmen et aI., 1990; Emhoff et aI., 1991; Facco et aI., 
1991; Frutiger et aI., 1991; Greenberg et aI., 1981; Groswasser & 
Sazbon, 1990; Higashi et aI., 1977, 1981; Jennett et aI., 1976; Kassum et 
aI., 1984; Keren et aI., 1991; Kivoija et aI., 1990; Klonoff et aI., 1986a, 
1986b; Levin, Grossman et aI., 1979; Levin, Williams et aI., 1988; 
Marmarou et aI., 1991; Marshall, Gautllle et aI., 1991; Marshall, 
Marshall et aI., 1991; Narayan et aI., 1981; Rappaport, 1986; Sakata et 
aI., -1991; Sazbon & Groswasser, 1990, 1991b; Siegel et aI., 1991; 
Stambrook et aI., 1990; Tsubokawa et aI., 1990; Uzzell et aI., 1987; 
Vollmer et aI., 1991). To date, the results of this research suggest that 
the prognosis for functionaI recovery from severe injuxy is influenced by 
factors such as the amount of change in brain volume (i.e., from swelling 
or haemorrhage causing increased intracranial pressure), the degree of 
diffuse axonal injuxy, the amount of ischemia, the patient's age and 
intelligence at injury, and the duration of coma and vegetative state. 

Despite the accumulation of data represented by the above-listed 
reports, it remains impossible to predict the outcome from traumatic 
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brain injury of an individual subject. In part this is due to variations in 
method and measurement tools among different groups of researchers 
that limit the potential for comparing the results and applying them to a 
specific population. Outcome studies differ in the definition of outcome, 
the demographic and injury characteristics of the subject sample, the 
time and frequency of follow-up, the method of assessing subjects at 
follow-up and the statistical approach used to predict outcome (Brooks, 
1989). 

In many outcome studies, brain-injured subjects are grouped 
together with subjects with mixed etiologies, making it difficult to 
separate the outcome of the traumatically-injured vegetative state 
subjects from that of the entire group. Further, subjects with varying 
levels of severity of injury are grouped together, although outcome 
measures that are relevant in mild traumatic brain injury may differ from 
those in severe brain injury. Siegel and colleagues (l991) reported that 
outcome from mild brain injury was heavily influenced by the nature and 
extent of coexisting trauma to the body. Systemic trauma would be 
expected to influence long-term factors such as return to work and 
quality of life. By contrast, outcome from severe brain injury was related 
to the presence of hypovolemia (i.e., a reduction in blood supply to the 
brain) during the acute phase of injury. Hypovolemia would be expected 
to critically influence mortality in the acute stage post-injury. In other 
words, the outcome from mild injury was more influenced by factors 
affecting morbidity and functional outcome, whereas the outcome from 
severe injury was more influenced by factors affecting survival in the 
acute state. This information would be lost by combining subjects with 
different levels of severity of injury. 

Brain-injured subjects often are grouped into broad, general 
categories of outcome, such as death, severe disability or good recovery. 
For example, such categories are used in the Glasgow Outcome Scale 
(Jennett & Bond, 1975: see Appendix A). Berrol (l986b) suggested that 
the use of broad categories may faU to diSCriminate subtle behaviOUrs 
that might predict a substantial change in expected outcome. Frutiger 
and colleagues (1991) reported that the Glasgow Outcome Scale may be 
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overly pessimistic. correlating well with the probability of returning to 
work. but overestimating the number of patients who would remain in a 
vegetative state. 

Outcome data derived from studies of large and heterogeneous 
groups may not apply to an individual patient. At present. as Jennett 
and colleagues (1976) stated. " ... a reliable prediction can be made about 
an individual patient only if he has a feature which is consistently 
associated with a particular outcome. In practice this applies to only a 
proportion of even the most severely or mildly injured. who can be 
predicted to die or to make a good recovery. And certainly no possibility 
exists of calculating the relative likelihood of one patient reaching each of 
the different outcomes defined" (p. 1033). 

In addition to the methodological considerations described above. a 
given measure may be more or less predictive of outcome depending on 
when and how often it is made. Data collected during the first few hours 
after injury may be less predictive of functional outcome than 
information obtained several days or weeks post-injury. For example. the 
Glasgow Coma Scale (Teasdale & Jennett. 1974) has been reported to be 
more accurate in predicting outcome when initial measures are taken on 
the second day post-injury rather than at the time of admission to the 
emergency room (G. Teasdale. personal communication. November 11. 
1991). Other tests. like evoked potentials. may be more predictive when 
administered during the first few days than at several weeks or months 
post-injury (Facco et al .• 1991). Regarding frequency of assessment. 
Watson and Hom (1991) commented that severely brain-injured subjects 
may" ... demonstrate continual signs of recovery. but that conventional 
methods of assessment. using a limited spectrum of tests at limited 
intervals. 'overlooked' such changes as they were occurring" (p. 423). 

Recently. in recognition of the limitations of conventional 
measures. several researchers have described behavioural assessment 
tools that are designed to be administered serially and to measure very 
small changes in the patient's clinical status. These include the 
Coma/Near Coma Scale (Rappaport et al .• 1992). the Coma Recovery 
Scale (Giacino et al .• 1991). the Westenl Neuro Sensory Stimulation 
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Prome (Ansell & Keenan, 1989), and the Sensory Stimulation Assessment 
Measure (Rader & Ellis, 1989). However, these scales share the property 
of depending on overt, clinical evidence of change, and may not reflect 
improvement in patients with severe disorders of movement or sensation. 

Other authors have described the use of measures that are made 
repeatedly over time, do not require movement, and may be combined in 
regression equations to increase predictive value. These include 
ventilatory status, intracranial pressure, cerebral oxygenation (e.g., 
Garcia-Larria et al., 1992; Robertson et al., 1992; Sazbon et al., 1991), 
and evoked potential responses (e.g., Cusumano et al., 1992; Kane, 
1993; Rappaport et al., 1991). These measures may improve predictive 
accuracy in the future. 

At present, the best prognostic instrument or combination of 
instruments may predict death or survival in broad categories of 
disability (e.g., dead vs. disabled) for about 70% of patients who are 
comatose on admission to hospital. The majority of identified predictors 
are negative rather than positive -- I.e., the presence of a variable carries 
a negative prognOSiS. This is wholly inadequate in acute care where, as 
Diringer (1992) stated, life-and-death decisions are made. It is also 
inadequate in rehabilitation, where therapists are confronted with the 
challenge of developing appropriate intervention and providing realistic 
information to patients and their caregivers. Each patient has a 
response to injury that is individual and depends on the nature of her or 
his physiological system and capacity to compensate for the injury 
(Kassum et al., 1984). 

Prediction and assessment of outcome from traumatic ve~etatlve state 
According to research by Higashi and colleagues (1981), the first

year mortality rate among patients in vegetative state due to traumatic 
brain injury is 26.3 %, compared to 57.1 % in patients with 
cerebrovascular injuries, and from 40 % to 60 % in patients with brain 
tumours and other disorders. In all groups, most deaths tend to occur in 
the first 2 to 3 months post-onset (Bricolo et al., 1980). By 6 months 
post-onset patients in both groups tend to stabilize medically and deaths, 



which are primarily due to bronchopneumonia, are sporadic (Bricolo et 
al., 1980; Frutiger et al., 1991; Higashi et al., 1977). 
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Although the long-term prognosis for patients in traumatic 
vegetative state is generally poor, the outcome of an individual patient is 
relatively unpredictable (Whyte, 1986). Unlike patients who are in 
vegetative state due to anoxia or other medical conditions, patients with 
severe traumatic brain injury may show clinical improvement beginning 
as late as 3 to 6 months post-injury (Ansell, 1991). Bricolo and 
colleagues (1980) stated that trauma patients who are vegetative as late 
as 3 months after onset " ... still have some chance of regaining an 
independent existence with good recovery" (p. 632), although reports of 
late recovery have been rare (e.g., Arts et al., 1985; Bricolo et al., 1980; 
Haig & Ruess, 1990; Rosenberg, 1977; Sazbon & Groswasser, 1990; 
Wilson et al., 1991). 

Sazbon and Groswasser (1991b) described the long-term clinical 
course of a group of 134 traumatically brain-injured SUbjects, admitted 
to hospital from 1974 to 1983, who had recovered from coma but had not 
demonstrated signs of awareness by 30 days post-injury. They referred 
to the subjects' state as post-comatose unawareness, presumably 
equivalent to vegetative state. The authors followed this group of 
subjects for at least 1 year after discharge. Subjects were considered to 
have recovered from post-comatose unawareness when they were able to 
" ... maintain meaningful communicative contact with the environment by 
either motor, visual, or verbal act" (p. 4). Of the 134 SUbjects, 72 (54%» 
had regained consciousness, .all of them within the first year post-injury. 
In general. those who recovered earlier (I.e., within the first 1 to 3 
months) had less severe motor impairment. had a greater probability of 
attaining independence in activities of daily living, were more likely to be 
living at home than in an institution, had fewer residual communication, 
cognitive and behavioural sequellae, and had a better vocational outcome 
at 1 year after discharge compared to those who recovered later. For 
example, 66% of subjects who were in post-comatose unawareness for 
less than 1 month were independent in activities of daily living compared 
to only 20% of those who were in post-comatose unawareness until 



between 1 and 6 months post-trauma. In their sample, all of the 
subjects who remained in post-comatose unawareness longer than 6 
months post-trauma were wheelchair-bound. completely dependent, 
institutionalized and unemployable at 1 year after discharge from 
hospital. 
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Until recently, the long-term functional outcome of patients who 
are discharged from acute care in traumatic vegetative state has been 
addressed inadequately in the United States. Before the publication of 
the Traumatic Coma Data Bank report (Levin et al., 1991), vegetative 
state was conSidered to be permanent, i.e., "perSistent." The Traumatic 
Coma Data Bank Study was a long-term, multicentre study of 650 
patients admitted to hospital with traumatic brain injury over a 5-year 
period. This study included 93 patients who were in vegetative state at 
discharge from hospital, on average between 1 and 3 months post
trauma, and were followed for up to 3 years. Of the 93 patients in 
vegetative state at discharge, 58% recovered from vegetative state within 
3 years. There were no significant differences in age at injury or 
intracranial pressure characteristics between vegetative state patients 
who ultimately recovered and those who remained in vegetative state or 
died. The results of the Traumatic Coma Data Bank study support 
previous reports of late recovery from vegetative state and challenge the 
Position of the American Academy of Neurology (1989) that it is possible 
to make a diagnosis of irreversible vegetative state and thus ethically 
withhold treatment at 1 to 3 months post-trauma (Turkstra, 1992). 

The impact of the Traumatic Coma Data Bank study (Levin et al., 
1991), and the growing concern regarding the increasing number of 
vegetative state patients is evidenced by the formation of the Multi
society Task Force on Medical Aspects of Persistent Vegetative State. Co
chaired by neurologists Stephen Ashwal, M.D., and Ronald Cranford, 
M.D., the task force objective, as stated in the Task Force Report (in 
press) was to provide" ... a summary of our current knowledge of the 
medical aspects of the persistent vegetative state in adults and children" 
(p.l).' The members of the Task Force concluded that persistent 
vegetative state " ... can be diagnosed on clinical grounds with a high 
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degree of medical certainty in most adult and pediatric patients after 
careful, repeated neurologic examinations" (p. 3). The report also states 
that recovery from post-traumatic vegetative state" ... after six months in 
adults and 12 months in chUdren is unlikely" (p. 3). The comprehensive 
Task Force Report is recommended reading for those who work with 
severely brain-injured individuals, and is likely to have a strong influence 
on future medical and rehabilitative practice. 

, The above discussion may be summarized as follows: 

o There is a growing number of survivors of severe traumatic brain 
injury, some of whom remain in a vegetative state for several weeks or 
months post-injury. Many of these individuals are young adults who 
may be involved in rehabUitation for a significant length of time. 
o The diagnosis of vegetative state is complicated and is limited by 
the inability of existing behavioural and neurodiagnostic methods to 
conclusively differentiate absence of cognitive function from absence of 
motor response. 
o There is increasing evidence that vegetative state of traumatic 
origin does not have the uniformly poor prognosis associated with 
vegetative state of non-traumatic origin. 
o There is no technique that will predict who, among the patients in 
early traumatic vegetative state, will begin to improve at several months 
post-trauma. Existing assessment tools rely on the identification of overt 
behavioural change and may underestimate the status of ,individuals 
with severely impaired movement. 

It would be useful to develop a technique to identify those patients 
in early traumatic vegetative state who are more likely to demonstrate 
improvement at several months post-injury. This technique should be a 
sensitive measure of response to stimulation, without requiring that the 
patient produce a voluntary movement. It should be useful for predicting 
and measuring the outcome of a specific patient rather than broad 
groups of patients, and it should be accessible to clinical staff involved in 
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rehabilitation. It should provide information about change over time. 
One method that appears to meet these criteria involves the 
measurement of autonomic nervous system response to stimulation, as 
reflected by changes in the electrical activity of the skin. 
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The Electrodermal Recording Technique 

Background 
The electrodermal recording technique has been used extensively 

in neuropsychological research. It involves measurement of the electrical 
activity of the skin in the presence or absence of specific stimulation. 
Changes in skin electrical activity. together with changes in heart rate. 
pupil size and other vegetative functions. are included in the body's 
reactions to alterations in the environment. Collectively. these reactions 
are referred to as the orienting reflex. The electrodermal component of 
the orienting reflex. referred to as the electrodermal orienting response. 
has three main properties: (a) it is nonspecific with regard to the nature 
of the stimulus (e.g .• it occurs in response to stimuli in any modality and 
of any form); (b) it is nonspecific with regard to the intensity of the 
stimulus and occurs when stimuli are introduced or discontinued; and 
(c) it extinguishes with repeated presentation of the stimulus and re
appears with any change in the stimulus parameters (Sokolov. 1963). 

The properties of the electrodermal orienting response distinguish 
it from other types of vegetative reflexes. such as sweating of the palms in 
response to increased ambient temperature. and allow it to be used in 
the exploration of many neuropsychological phenomena. Measurement 
of the orienting response also has been used in the criminal justice 
system and in employment interviews. and is known in those contexts as 
the "lie detector" or "guilty knowledge" test. 

Measures of electrodermal activity exploit the changes in voltage 
conductance across the vertically-arrayed ducts of the eccrine sweat 
glands of the skin. The eccrine sweat gland of the palm is depicted in 
Figure 1. In this figure. the duct is shown to originate from the secretory 
portion of the sweat gland and terminate on the surface of the epidermis. 
Because of the vertical orientation of the ducts and their transport of 
salty fluid. changes in the content or configuration of the ducts are 
reflected by changes in the ability of the skin to conduct electricity. 
When the sweat ducts are full. the pores of the ducts are 5 to 20 mV 
more negative than the surrounding epidermis and there is a flow of 



Figure 1. The eccrine sweat gland of the palm 
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current between the duct and the epidermis. The voltage difference 
between the ducts and the epidermis varies with changes in the fullness 
of the ducts and hydration of the epidermis. For example, as sweat rises 
in the duct there is a negative shift in the voltage potential measured at 
the skin surface that reverses as the skin dries out (Edelberg, 1972). 
This change in electrical potential measured at the skin surface is called 
the skin potential. 

The flow of liquid through the eccrine sweat glands is controlled by 
the sympathetic. branch of the autonomic nervous system, the branch 
involved in the "fight or flight" reaction and other aspects of human 
behaviour that have psychological and physiological correlates. For 
example, states of heightened emotional arousal, including fear and 
happy excitement, are associated with an increased flow of sweat 
through the ducts. 

The sweat glands of the upper extremities, including the palmar 
sweat glands, are innervated by segments T2-TB of the spinal cord. The 
pre- and post-ganglionic neurotransmitter is acetylcholine. The latency 
of the response is long, about 1 to 2 seconds, because the efferent 
pathway from the central nervous system is by way of sympathetic C 
fibers that are unmyelinated and conduct electrical impulses very slowly 
(Hoeldtke et al., 1992). 

For over a hundred years, psychophysical researchers have 
employed the electrodermal technique to make inferences about the 
internal, psychological states of human and non-human experimental 
subjects. In a typical paradigm, either a stimulus is presented to the 
subject or the subject is instructed to think about something specific. 
Surface electrodes are attached to the subject's palm or fingers to record 
autonomically-mediated changes in the flow of electrical current across 
the sweat glands of the palm. A high impedance voltmeter is used to 
measure changes in the electrical potential at the skin surface (Edelberg, 
1972). This voltmeter measures the difference in electrical potential 
between two electrodes that are affixed to the skin. Alternative 
approaches involve measuring changes in electrical conductance or 
electrical resistance. 
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Generator of the electrodermal resp'onse 
The central nervous system generator of electrodermal activity is 

not known. Nevertheless, it is of interest to note that phasic 
electrodermal responses may be elicited by electrical stimulation of the 
premotor cortex (Brodmann's Area 6), anterior hypothalamus, anterior 
limbic cortex, basolateral amygdala, dorsal midline thalamus and other 
brain structures (Edelberg, 1972). However, in apparent contradiction, 
Tranel and Damasio (1989) reported normal electrodermal orienting 
responses in one subject with virtually complete bilateral destruction of 
the limbic system, including the amygdala, secondary to herpes simplex 
encephalitis. 

The efferent pathway of the response is from the hypothalamus to 
the brainstem reticular formation. From the brainstem, efferent 
information is carried to segments T2 to TB of the spinal cord by way of 
the reticulospinal tract. 

Parameters of electrodermal activity 
There is experinlental evidence that certain electrodermal activity 

parameters reflect particular aspects of a person's psychological state. 
The parameters of interest in the present context are skin potential 
lability and skin potential response. These parameters are depicted in 
Figure 2 as they might appear on a strip-chart printout from an 
electrodermal recording system. 

Skin potentlallabillty. Skin potential lability is defined as the 
frequency of occurrence of spontaneous fluctuations in skin potential 
during a period when no specific stimuli are presented. Skin potential 
lability has been hypothesized to be a reflection of a subject's tendency to 
respond impulsively on motor tasks, with high lability being associated 
with greater motor impulsivity (Lacy & Lacy, 1958). Lability has been 
shown to be independent of level of Situational anxiety (Lacy & Lacy, 
1958) and of phasic responses to stimulation (Kimble et al., 1965). As 

such, it may represent a personal trait that is relatively consistent across 
tasks and over time. 



Figure 2. Parameters of electrodermal activity 
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Skin potential response. Skin potentlal response is defined as a 
phasic change in skin potential associated with the presentation of a 
stimulus. At the most basic level. a phasic electrodermal response to a 
novel stimulus represents what Pavlov in Czarist Russia first labeled the 
"Shto eta takoe?" or the ''What is it?" response. an attentionru. reaction he 
observed in his animals just prior to an experimental procedure (Kimmel 
et al .• 1979). Pavlov (1947) stated that in humans " ... this reflex has been 
greatly developed in its highest form as inquisitiveness -- the parent of 
that sCientific method through which we hope one day to come to a true 
orientation in knowledge of the world around us" (p. 27). 

Electrodermal response is influenced by many internal and 
external variables. including room temperature. muscle spasms and 
postural changes (Frexia i Baque. 1982: Frexia i Baque et al .• 1984). In 
general. these factors affect tonic levels of skin potentlal and do not affect 
the frequency or amplitude of phasic skin potentlal responses. 

Interpretatlon of electrodermal data in normal subjects 
The electrodermal orienting response has been hypothesized to 

reflect "pre-cognitlve" attention to a stlmulus. an indication that the 
organism has been alerted to facilitate the reception and retention of 
incoming information (Andreassi. 1989). The orienting response is 
thought to be a necessary prerequisite to conscious learning and the 
beginning stage of the explicit memory process (Verfaellie et al .• 1991). 
In support of this view. Waters and colleagues (1977) found that more 
intense and persistent electrodermal (skin conductance) responses were 
associated with enhanced performance on attention-demanding tasks. 
They also found that prior exposure to distractors decreased the number 
of phasic responses to these same distractors when they were 
interspersed between test items in a later task. This was interpreted as 
evidence that the orienting response reflected attentional gating of 
incoming information. In another study, Cohen and Waters (1985) found 
that linguistic stimuli that were remembered more accurately on a 
delayed recall task were associated with an increased number of 
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electrodermal responses during recall. Additionally, large electrodermal 
responses during learning have been found to be good predictors of recall 
accuracy (Stelmack, 1983; Yuille & Hare, 1980). 

A second interpretation of electrodermal activity is that it is related 
to memory for the stimulus, so that an orienting response is generated 
on p~esentation of a remembered, significant stimulus. Sokolov (1963) 
postulated that an applied stimulus would evoke excitation of both a 
direct pathway, leading to the attention-gating response described above, 
and an indirect pathway leading" ... to the mechanism of memory trace 
fixation" (p. 561). Thus, it is hypothesized that the orienting response 
could be generated by either a new and significant stimulus or a 
remembered and significant stimulus. Interpretation of the data would 
depend on the context of the experiment, including the examiner's 
instructions to the subject (Ohman, 1979). Several researchers have 
employed the electrodermal technique in the investigation of human 
memory (e.g., Bauer, 1984; Schacter, 1987). 

Electrodermal activity in individuals with brain dysfunction 
Electrodermal response has been studied in subjects with both 

psychiatric and neurogenic disorders. As a result, lesions to a variety of 
cortical and subcortical structures have been associated with differences 
in electrodermal response characteristics. 

The observation that amnesic subjects respond electrodermally to 
stimuli that they are unable to name has been used to support the 
hypothesis that electrodermal response reflects implicit memory (Bauer, 
1984; Verfaellie et al., 1991). Bauer described a subject with 
prosopagnosia, a disorder characterized by the inability to recognize 
familiar faces. The subject was shown a photograph of a famous person 
and was asked to select which of a set of five alternative spoken names 
matched the photograph by answering "yes" or "no" to each presented 
name. His electrodermal response was recorded during this procedure. 
The results indicated that his performance was at a chance level on the 
verbal recognition task. However, his electrodermal response accuracy 
was significantly above chance, indicating that he was able to respond 



autonomically to the correct name of a famous person who he was 
unable to identify verbally. In this case, the stimulus to which the 
subject responded had significance because it was familiar and 
anticipated, suggesting that task instructions and residual memory 
influenced the electrodermal reactivity of the subject. 
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Observations of electrodermal activity have been used in the study 
of psychopathology. For example, Dawson and his research colleagues 
(1989) have described electrodermal activity in individuals with 
schizophrenia in relation to the clinical manifestation of psychosis. They 
noted that skin conductance levels in three schizophreniC subjects 
increased just preceding a relapse. Dawson also described a subgroup of 
schizophrenic individuals who were " ... electrodermally unresponsive to 
innocuous environmental stimuli" (p. 244). 

Electrodermal activity has been studied in relation to right- and 
left-hemisphere strokes. Morrow and colleagues (1981) recorded skin 
resistance responses to emotionally arousing and emotionally neutral 
colour slides, in subjects with right- and left-hemisphere lesions, 
predominantly of vascular origin. The study was motivated in part by the 
authors' previous observation that subjects with right-hemisphere 
leSions exhibited behavioural indifference to emotionally charged 
sentences. They found that electrodermal responses to both emotionally 
arousing and neutral slides were depressed in the left-hemisphere brain
damaged group .compared to controls, and in the subjects with right
hemisphere brain damage compared to subjects in the other two groups. 
Morrow and colleagues concluded that brain damage to either 
hemisphere inhibits electrodermal response to visual stimuli. 

Rogozea and Florea-Ciocoiu (1983) compared the somatic, 
autonomic and electroencephalographic components of the orienting 
response in subjects with epileptogenic (ECT) and non-epileptogenic 
(NCT) cerebral tumours, to those of healthy control subjects (NC) and 
subjects with epilepsy but without cerebral lesions (ENT). It was found 
that the orienting response was more reSistant to habituation in subjects 
in the ECT and ENT groups than in subjects in the NCT or NC groups. 
The amplitude of the first electrodermal response and the number of 



40 

electrodermal baseline fluctuations in 5-minute pre- and post-test 
baseline recording periods were found to be greatest in the ECT group, 
and smaller in the ENT, NCT and NC groups, respectively. The findings 
were interpreted as evidence of hyper-excitability of neural tissue in 
subjects with seizures. Because the most pronounced autonomic 
abnormalities were found in subjects with structural changes in the 
temporo-central regions of the brain, the authors hypothesized that these 
areas were important for psychophysiological processes. 

The electrodermal response of seven subjects who had sustained a 
moderate-to-severe traumatic brain injury- and seven uninjured controls 
was studied during cognitive testing by Lehrer and associates (1989). 
Subjects completed four neuropsychological tests in each of two test 
sessions approximately 1 month apart. Brain-injured subjects were 
found to have lower frequencies of electrodermal response during the 
first post-test rest period and during all tests on the second day of 
testing. Control subjects showed a relative increase in the frequency of 
electrodermal responses during task perfonilance compared to rest 
periods on both days, while brain-injured subjects maintained a low rate 
of responding throughout. The diminished overall reactivity of the brain
injured subjects was attributed to impairment of " ... situation-appropriate 
physiological modulation" (p. 674). Although the results may have been 
confounded by medication effects, the authors also suggested that the 
brain-injured subjects may have been less involved in the tests and/or 
perhaps felt less able to perform well on them. 

Electrodermal activity in vegetative state patients 
The measurement of electrodermal activity is well-suited to the 

study of individuals in vegetative state because it does not require a 
voluntary- motor response (Iacono, 1991). Therefore, it is not biased 
against patients with impaired movement. Electrodermal techniques 
were used to study vegetative state patients in an investigation by Schuri 
and von Cramon (1979) and in a pilot study conducted by the present 
author (Appendix B). 
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Schuri and von Cramon (1979) observed that patients who were in 
vegetative state due to drug poisoning turned their heads in response to 
their own names. They attempted to detennine if the head-turning 
response reflected meaningful processing or simply orientation to sound. 
Electrodermal response (skin conductance) and heart rate were recorded 
while the patients were exposed to forward and backward presentations 
of their names. It was found that patients did not respond differentially 
to the forward presentations, suggesting that they were not processing 
the acoustic stimuli in a meaningful way. However, as acknowledged by 
the authors, necrosis of sweat glands can occur in acute poisoning and 
may have invalidated their results. 

In the pilot study conducted in preparation for the present 
investigation, electrodermal activity was recorded in four young adults 
who were in traumatic vegetative state. The diagnosis of vegetative state 
in each case was based on repeated neurological examinations and a 
clinical absence of meaningful behaviour of significant duration (1 year in 
one SUbject, 4 years in two subjects, and 5 years in one subject). Skin 
potential was recorded during ad~stration of the Sensory Stimulation 
Assessment Measure (SSAM, Rader & Ellis, 1989), which includes 
stimuli in all sensory modalities, and during presentation of the slides 
from the International Picture System (Lang et al., 1988), which have 
been normed on the dimension of arousal and are used internationally in 
electrodermal research. 

In general, the results of the pilot study support the hypothesis 
that vegetative state subjects are responsive to auditory and visual 
stimulation in some contexts. There was significant heterogeneity both 
in the responsiveness of the subjects and in the type of stimuli that 
elicited responses. When evoked potential test results were available, the 
electrodermal results typically were consistent with the results of 
multiple evoked potential testing. For example, a subject with better 
visual than auditory evoked potential responses also had a greater 
number of skin potential responses to visual than auditory stimuli. The 
"Following Commands" section of the SSAM elicited the best responses 
from three of the four subjects (one subject did not respond to any 
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stimuli). The slides evoked only one response from a single SUbject, 
perhaps because the subjects either attended only to the more imperative 
voice commands or were fatigued by the end of the study. Although 
measurement of response rate was not included in the experimental 
method, visual inspection of the data suggested that all subjects had a 
low overall response rate. 

Based on this pUot work, the present study was designed to more 
fully describe the conditions under which skin potential activity occurs. 
To facilitate interpretation of data, the present study included both 
control and brain-injured subjects. stimuli of varying levels of 
complexity, and measurement of several electrodermal parameters, 
including response amplitude and skin potential lability, to capture 
aspects of electrodermal response that have been linked theoretically to 
psychological states. Important considerations such as the effect of 
fatigue and other environmental factors also were addressed. The 
relationship of electrodermal responsiveness to outcome from post
traumatic vegetative state was examined. 
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Research Hypotheses 

The research hypotheses were that: (a) in the chronic stage post
injmy, the electrodennal response of individuals who had recovered from 
post-traumatic vegetative state would differ from that of individuals who 
had remained in a vegetative state, and (b) electrodennal response to 
auditory and visual stimulation in the first few months post-injury would 
be related to long-tenn behavioural outcome from vegetative state. 

Stated in tenns of the specific electrodennal variables to. be 
measured, it was predicted that: 

o subjects who had recovered from acute vegetative state and were in 
the chronic stage post-injury, when compared to subjects who had 
remained in vegetative state, would show greater baseline lability 
scores, evidence of habituation and orientation to auditory tones, a 
maximum electrodennal response to matching faces and names, 
and more responses to written or spoken commands: and 

o the 6-month behavioural outcome of subjects who were in 
vegetative state at 1 to 3 months post-injury would be related to 
electrodennal baseline lability scores, habituation and orientation 
to auditory tones, responses to matching faces and names, and 
responses to written or spoken commands, such that greater 
values on these variables would be associated with a better 
outcome. 

The first hypothesis was based on previous reports of decreased 
electrodennal response associated with traumatic brain injmy (Lehrer et 
aI., 1989) and stroke (Morrow et al., 1981), and on the converse findings 
of increased electrodennal response in individuals with abnonnally high 
levels of neural activity due to epUepsy (Rogozea & Florea-Clocolu, 1983). 
The second hypothesis was based on the interpretation of electrodennaI 
response as a reflection of attention to new infonnatlon in the 
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environment (Sokolov, 1963), and the expectation that responsiveness to 
the environment is necessruy for recovery from severe brain injury. 
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5. METHOD 

Subject selection 
Data were obtained from 15 traumatically brain-injured subjects 

and 10 non-injured control subjects (Control). Five of the brain-injured 
subjects were in vegetative state at the time of initial testing and were 
between 1 and 3 months post-trauma (Acute). Five others were more 
than 1 year post-injury and continued to be in vegetative state (Persistent 
Vegetative State, PVS). The final five brain-injured subjects were more 
than 1 year post-trauma and had recovered from vegetative state 
(Recovered Vegetative State, RVS). The Control subjects were healthy 
individuals of comparable age and education with no previous history of 
traumatic brain injury. 

All subjects were required to meet the criteria summarized in Table 
2. Subjects in each of the three brain-injured subject groups were 
medically stable. They had no evidence of uncorrected peripheral 
hearing or visual impairment. Individuals with Significant hyperthermia, 
hyperhydrosis or diaphoresis, or evidence of spinal cord injury above T8. 
or peripheral nerve (median, ulnar or radial) damage were excluded 
because measurement of electrodermal activity requires intact autonomic 
efferent pathways and peripheral innervation of the palmar sweat glands 
(DeJong. 1985). Children under the age of 16 were excluded because the 
pathophysiology of traumatic brain injury and recovery in children is 
substantially different than in adults. People over age 70 were excluded 
on the basis of evidence that amplitude of electrodermal activity 
decreases with age, perhaps as a function of a decreasing number of 
sweat glands and decreased sweat output per gland (Anderson & 

McNeilly, 1991), and that these changes begin after the seventh decade of 
life (Adhoute et al., 1992). Individuals with black skin were excluded 
because it has been shown that the level of electrodermal activity 
recorded frOln black skin is significantly lower than from lighter skin 
(Anderson & McNeilly. 1991). Both male and female subjects were 
included because studies of the effect of sex on electrodermal activity in 
normal subjects have been equivocal (Anderson & McNeilly. 1991) or 
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Table 2. Additional subject inclusion criteria 

o Medically stable. 

o No evidence of uncorrected peripheral hearing or visual 
impairment. 

o No evidence of diaphoresis, hyperhydrosis or hyperthennia. 

o No evidence of spinal cord injury above Ta. 

o No evidence of injury to median, ulnar or radial nerves. 

o Aged 16-70 years. 

o Non-black skin. 

o Male or female. 

o Not taking medication with known sympathetic antagonist effects. 

o A visible startle to visual threat and eye-opening to sound. 
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shown to have no effect (Davidson et al., 1992). Individuals who were 
taking medications with known effects on sweating (e.g., anticholinergics) 
were excluded. The inclusion of brain-injured subjects taking 
medications with the potential side-effect of sedation (e.g., 
anticonvulsants) was considered on a case-by-case basis. Subjects were 
included if they were able to maintain alertness for at least one complete 
test seSSion, and an attempt was made to test subjects when they were 
most alert. All subjects were required to manifest an eyeblink response 
to visual threat and eye-opening to loud sound. 

Subjects in the Acute group were tested at 1 to 3 months based on 
the recommendations of the American Academy of Neurology (1989) for 
the diagnosis of vegetative state and on the fact that this was the average 
time at which patients in the Traumatic Coma Data Bank study (Levin et 
aI., 1991) were discharged from hospital. The diagnosis of vegetative 
state, or Rancho Los Amigos Level II (equivalent to vegetative state, see 
Appendix C), was made by a physician and confirmed by clinical 
observation by the investigator. The critical criterion was that subjects 
showed no consistent, externally obtainable evidence of cognitive 
function, as judged by the absence of a voluntary and reliable response 
to auditory and visual stimuli. The outcome of subjects in this group 
was assessed at 6 months post-injury by administration of the SSAM 
and categOrization on the Glasgow Outcome Scale (Jennett & Bond, 
1975). This time-frame was selected because recovery from a traumatic 
vegetative state of more than 6 months' duration is unlikely (Levin et al., 
1991). Outcome information for one subject who was transferred out of 
state was obtained through medical records and therapists' reports. 
Outcome measures were compared to initial electrodermal data. In 
addition, electrodermal data were obtained from three subjects in the 
Acute group at apprOximately 4.5 months post-injury and from one 
subject at 6 months post-injury. 

Subjects in the PVS group had never recovered from vegetative 
state, as documented in medical records and confirmed by clinical 
observation. These subjects were more than 1 year post-injury at the 
time of testing. 
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Subjects in the RVS group had met the diagnostic criteria for 
vegetative state at 1 to 3 months post-injury, as documented in medical 
records and supplemented by reports from subjects, their families 
and/ or therapists, and subsequently had recovered to a Glasgow 
Outcome Scale category of 3 (severely disabled) or better and Ran,cho Los 
Amigos level of III or better. Subjects in this group were more than 1 
year post-injury at the time of testing. 

Visual and auditory evoked potentials (short latency) had been 
tested in two subjects (PVSM1, AF1 *), and were found to be within 
normal limits. Results of these tests were noted for use in the 
interpretation of electrodermal data. 

Subject characteristics are summarized in Table 3 and detailed in . 
Appendix D. Subjects ranged in age from 16 to 56 years. There was no 
significant difference among the groups in age at testing (F (3,21) = 1.63, 
P = .21), or age at injury for the brain-injured subjects (F (3,21) = 1.22, p 
= .33). There were more male than female subjects in the brain-injured 
groups (nine men, six women), reflecting the demographics of traumatic 
brain injury. 

Subject recruitment 
Consent to conduct this study was obtained in Tucson and 

Phoenix from several hospitals, nursing homes and rehabilitation 
centers. A copy of the consent of the University of Arizona Health 
Sciences Center Human Subject Committee is on file (HSC A 90.51). 

A letter was sent to neurolOgists and neurosurgeons affiliated with 
each of the Tucson hospitals at which consent was obtained, enlisting 
their support and cooperation with this project. The caregivers of 
potential subjects residing in hospitals or nursing homes were contacted 
first by nursing and medical staff at the facility. Subjects living at home 
were contacted directly by the investigator, following referral by a contact 

,. Subjects are deSignated by group (e.g., A = Acute). sex and number. 
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Table 3. Subject characteristics 

GROUP 

Acute PVS RVS Control 

Number of 5 5 5 10 
subjects 

Mean age 34:0 43:2.4 26:9.6 31:4 
years: months 

(16 - 51) (31 - 56) (23 - 39) (16 - 54) (range) 

Mean age at 33:4.8 36:4.8 23:2.4 
trauma 
years:months (15 - 51) (25 - 54) (21 - 27) 
(range) 

Length of 0: 2.3 6:9 0: 2.7 
time in Vs* 
years: months (0: 1 - 0:3.5) (2:0 - 14:0) (0:1 - 0:4) 
(range) 

# of men I 3/2 4/1 2/3 5/5 
women 

,. VS = vegetatlve state 
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in the community. The project was explained to the subjects and/or 
caregivers by the principal investigator. A research consent form, 
arelease of medical infonnation and a videotaping consent form were 
signed by each subject or his/her legal guardian or equivalent (Appendix 
E). Geoffrey Ahem, M.D., Ph.D., Department of Neurology, University of 
Arizona College of Medicine agreed to perfonn the neurological 
examination of potential subjects. At his discretion, Dr. Ahem'accepted 
the report of the attending neurologist or physiatrist at the subject's 
facility in lieu of a direct examination. The signed consent form included 
a provision for subjects in the Acute group to be followed until 1 year 
post-trauma in their respective residences (nursing home, family home, 
etc.). 

Control subjects were primarily students and faculty from the 
University of Arizona. They were recruited directly by the investigator. 

All Control subjects and the majority of subjects in the RVS group 
were tested at the University of Arizona, Department of Speech and 
Hearing Sciences. Acute subjects AFI and AM2 were tested at Synergos 
Neurological Center; subject AF3 was tested at the University Medical 
Center; subjects AM4, AM5 and PVSM5 were tested at Posada del Sol 
Nursing Home; subject RVSF3 was tested at Manorcare Nursing Center; 
subject PVSMI was tested at Lifecare Center; subject PVSF2 was tested 
at Villa Maria Nursing Home; subject PVSM3 was tested at Flower Square 
Health Care Center; and subject PVSM4 was tested at Park Villa 
Convalescent Center. 

Protocol 
The experimental protocol included a baseline behavioural 

assessment (Acute and PVS subjects only) and recording of electrodermal 
data. Each session was videotaped to monitor subjects for movements 
which could create artifacts in the data. In addition, for subjects in the 
Acute group, videotapes were used in subsequent scoring of the baseline 
assessment tool (SSAM, see below). 
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BaseUne behavioural assessment. For the Acute group. subjects 
were observed and videotaped without electrodermal recording for 
approximately 30 minutes to determine the range of each subject's 
spontaneous motor activity. During this time. subjects were assessed 
with the cOlnplete SSAM to obtain a baseline behavioural description. 
The SSAM. which provides an inventory of responses to multimodality 
stimuli of varying complexity. has been recommended for tracking the 
rate of recovery from severe traumatic brain injury (Rader & Ellis. 1989). 
It was used in the present study to measure initial status and outcome at 
6 months post-injury of subjects in the Acute group. Subjects in the PVS 
group also were observed and videotaped for several minutes without 
electrodermal recording to determine the range of each subject's 
spontaneous motor activity. 

The SSAM evaluations were administered and scored by the 
principal investigator. The videotaped assessments of the initial SSAM 
administration also were scored by a trained assistant to determine 
reliability of scoring. The principal investigator was responsible for 
administering the experimental protocol. 

Electrodermal assessment. Brain-injured subjects were tested 
on 3 separate days within 1 week. with the expectation that performance 
would vary from day to day due to clinical and environmental factors. 
Such factors include the amount of sleep the subject had had the 
previous night. the subject's medical condition on that day. the frequency 
of extensor spasms and extraneous movement. the occurrence of 
interruptions and distractions. and psychosocial factors. among others. 
Each subject's best and worst days were identified based on these 
factors. without regard to electrodermal results. Control subjects were 
tested only once. as they were not expected to be influenced by medical 
and environmental factors to the same degree. The expected consistency 
of electrodermal activity in Control subjects was confirmed by repeated 
testing of two subjects (see Appendix F). 

Skin potential was measured in the present study as it has been 
recommended for paradigms in which electrodermal responses are 
counted (Fowles et al., 1981). Skin potential was recorded using three 
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silver/silver chloride surface electrodes in accordance with published 
gUidelines (Fowles et al., 1981). The electrodes were attached to the 
hypothenar eminence or base of the little finger of the palm (active site), 
the ipsilateral dorsal forearm 2" distal to the elbow (reference site) and 
the midforearm (ground electrode) on the ventral surface of the same 
arm, as shown in Figure 3. Handedness of the subject and hand from 
which data were recorded were not controlled. as both have been shown 
not to affect skin potential response amplitude (Wyatt & Tursky. 1969). 
The best hand for recording data was determined according to the signal 
obtained and the amount of extraneous movement of the extremity. If no 
best hand was identified, data were recorded from the left. The entire 
test session. including set-up and administration of the protocol. took 
approximately 60 minutes each day. Brain-injured subjects were 
recorded at a time of day when they typically were alert. 

The potential effects of external variables were minimized by 
recording in a relatively constant environment with respect to ambient 
temperature, lighting and noise levels. In addition, the potential effects 
of audible ambient noise were minimized by fitting subjects with 
headphones. S~bjects were videotaped during recording of electrodermal 
activity. 

Skin potential signals were amplified (Grass Instruments Polygraph 
#7P511K), digitized and fed directly to a microprocessor (MacIntosh IIfx) 
for display and analysis. Signals were calibrated using a 50 microvolt 
calibration switch on the amplifier. Data were displayed in stimulus 
onset-determined epochs on the microprocessor monitor. Data collection 
was triggered either manually by a remote switch (for the startle, baseline 
and written-command tasks) or acoustically (for the auditory tones, 
famous faces and aUditory-command tasks). AudiO signals were 
streamed into the microprocessor from a lapel microphone and appeared 
simultaneously with the electrodermal data on the mOnitor during data 
analysis. 



Figure 3. Data acquisition system 
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The electrodermal protocol, illustrated in Figure 4, began with 
elicitation of a startle response and a 2-minute baseline recording period. 
This was followed by an auditory tone habituation/orientation task 
(THO), a famous faces recognition task (AFF) and a task in which the 
subject was presented with written motor commands (WCM). Ifpatients 
were unable to sustain eye-opening, spoken motor commands (ACM) 
were given instead of written commands. The protocol concluded with a 
post-test 2-minute baseline recording period. The order of presentation 
remained constant across subjects. For consistency of stimulus 
presentation, the auditory stimuli for the THO task were pre-recorded on 
cassette tape and delivered via binaurally-calibrated headphones at 
approximately 90 dB SPL. 

The AFF and ACM stimuli were delivered live voice by the 
investigator. Standardization of administration of live voice was ensured 
in two ways. Before beginning the study, an aUdiotape of the 
investigator's presentation of the stimuli was presented to two naive 
listeners. These listeners were unable to determine the correct target 
from the aUdiotape alone. In addition, a trained research assistant 
verified that the target and non-target stimuli were presented in the same 
voice by observing the live or videotaped test sessions for each subject. 

In the THO, AFF, WCM and ACM tasks, interstimulus intervals 
were fixed at approximately 15 seconds between the stimulus onset. 
Interstlmulus intervals have been varied in previously published 
paradigms (e.g., Oscar-Berman & Gade, 1979), presumably to control for 
habituation to the interval itself. However, there is evidence that the 
auditory nervous system can discriminate the duration of the intervals 
between two sets of stimuli only if the intervals are different by at least 
50% of the duration of the first interval (Abel, 1972). The interstlmulus 
interval in the present study was similar to those used in previous 
studies of habituation and face recognition (Bauer, 1984; Kimble et al., 
1965). 

At the beginning of each recording period, subjects were instructed 
to sit quietly without moving. They were told that they should not 



Figure 4. Electrodermal protocol 
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respond to any of the stimuli in the entire test session, and that the 
electrodermal recording would take about 25 minutes. These 
instructions were repeated periodically as needed. 
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In the THO task, subjects were told that they would hear a series 
of tones that would be loud but not painful. Each subject was presented 
with 17 1.0 kHz tones of 2 seconds duration, followed by 3 1.5 kHz tones 
of the same duration. 

The AFF task was similar to that described by Bauer (1984). As 

suggested by R. Bauer (personal communication, May 25, 1992), 
information about the upcoming task was provided, so that subjects 
would develop expectations about the stimuli. Subjects were told that 
they would be shown five photographs of famous people. With each 
photograph, they would hear a series of names, one of which was the 
name of the person in the photograph. For each of five trials, the subject 
was shown an 8-by-l0-inch black-and-white photograph of a famous 
person for 90 seconds at a distance of 18 to 30 inches, during which time 
five spoken names were presented through headphones. One name 
corresponded to the person shown in the photograph, and the others 
were names of famous people in the same field and of the same sex and 
era. For example, five names of female pop music stars were presented 
with a photograph of Madonna. Sample stimuli are presented in 
Appendix G. Photographs were selected in accordance with the subject's 
age at injwy, and confirmed by information from caregivers whenever 
possible. In the AFF and WCM tasks, stimuli were presented in the 
visual field to which the subject's gaze was directed. 

The WCM task began with the presentation of two blank cards, 
followed by eleven motor commands from the SSAM. Two nonsense 
commands (mog dom blix, yem snar blag) were placed randomly among 
the SSAM commands. The ACM was comprised of the same 13 
meaningful and nonsense commands in the same order. Subjects were 
told that they would be seeing (if the written commands were used) or 
hearing (If the spoken commands were used) commands, and were asked 
to refrain from following the commands. A sample written command is 
presented in Appendix H. 
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Outcome assessment (Acute group only). Subjects in the Acute 
group were considered to have made a meaningful improvement if they 
had progressed by at least one level on the Glasgow Outcome Scale (i.e .• 
from vegetative state to severely disabled) or 1.5 standard deviations on 
the General Responsiveness Score of the SSAM. in accordance with 
published norms (Rader & Ellis. 1989). The nature of intervention 
provided to each subject during vegetative state was relatively similar 
across subjects. consisting primarily of multImodality. periodic. sensory 
stimulation administered by speech-language pathologists. occupational 
therapists and caregivers. in addition to range of motion and mobility 
therapy by physical and occupational therapists. 

Subjects in the RVS and PVS groups were categOrized at the time 
of testing according to the Glasgow Outcome Scale. History and physical 
data. and general Information about subject's course post-injury were 
elicited (see Appendix E). 

Analysis of electrodermal data 
The digitized recordings of electrodermal data were measured using 

the dedicated analysis capabilities designed for the microprocessor by 
Peter Watson. Research AsSOCiate. National Center for Neurogenic 
Communication Disorders. The measured electrodermal variables were 

. the number and amplitude of stimulus-related skin potential responses. 
The electrodermal data measurements are illustrated in Figure 5. 

Skin potential response was measured as a phasic change in 
baseline potential with a peak-to-trough amplitude of greater than or 
equal to 90 microvolts occurring between 1 and 5 seconds after the 
stimulus. as suggested by Waters and colleagues (1988). Although there 
is evidence that a narrower latency window reduces the amount of 
spontaneous noise included in the data analysis (e.g .• Barry. 1990; 
Levinson & Edelberg. 1985), neurologically impaired subjects may have 
increased response latencies (Biro, 1989), and thus there is a greater 
probability of missing responses if a narrow latency window Is used. 

Skin potentlallabllity was calculated as the number of 
spontaneous skin potentlal responses with a peak-to-trough amplitude of 



Figure 5. Measurement of electrodennal data 
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greater than or equal to 90 microvolts occurring during the combined 
pre- and post-test baseline recording periods. 
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In addition, because brain-injured subjects may have a reduced 
amplitude of response (R. Bauer, personal communication, May 25, 
1992), a separate count was made for the baseline periods and all tasks 
of identifiable skin potential changes with a peak-to-trough amplitude of 
from 20 to 89 microvolts (sub-criterion responses). The minimum of 20 
microvolts was selected because respiratory and pulse artefacts are 
visible in the electrodermal data at and below this amplitude, and may be 
indistinguishable from electrodermal responses. 

The following measures were analysed statistically: amplitude of 
the skin potential startle response, total number of skin potential 
responses over the entire recording session (criterion-level and sub
criterion responses were analysed separately), skin potential lability over 
the combined pre- and post-test baseline recording periods (criterion and 
sub-criterion responses were analysed separately), habituation and 
orientation. 

Main effect comparisons of startle response amplitude, total 
number of responses, and skin potential lability were made using the 
Kruskal-Wallis Test, with a criterion alpha-level of .05. Paired 
comparisons were made with the Mann-Whitney U Test, with a criterion 
alpha-level of .008 (.05 / 6 paired comparisons per main effect) to correct 
for alpha slippage. One-tailed tests were conducted with the expectation 
that on all test items subject scores would be ordered as follows: Control 
group> RVS group> PVS group> Acute group. This expectation was 
based on previous studies of brain-damaged subjects and the fact that 
Acute subjects would be in the process of neurological recovery. 

Visual inspection of the data suggested that there were differences 
in the range of startle response amplitudes, baseline lability scores, and 
total electrodermal response rates among the groups. Thus, variance of 
scores among groups was tested with Bartlett's Test for Homogeneity of 
Variance. The criterion alpha-level for these comparisons was .05. As 

data in the brain-injured groups appeared to be similarly distributed (i.e., 
with a narrow range of values)! data from the brain-injured subjects were 
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grouped together (data from the Best day were selected for this purpose) 
and compared to the data from subjects in the Control group. 

The data suggested that the groups differed in the number of 
subjects who produced electrodermal responses on each recording day. 
Thus, for the measures of startle response amplitude, total number of 
responses and baseline lability, a separate count was made of the 
number of subjects in each group who produced responses on anyone of 
the recording days compared to the number of subjects who produced 
responses on every recording day. 

Habituation was determined by the presence of three consecutive 
no-response trials after an initial response on the THO task. Orientation 
was defined as an increase in the amplitude of response to the final three 
1.5 kHz tones compared to the preceding three 1.0 kHz tones. 
Habituation and orientation were compared statistically among groups 
using the Chi-Squared Test for comparing frequency distributions, with a 
criterion alpha-level of .05. A subject was considered to show 
habituation and orientation if each was present on at least 1 recording 
day (not necessarily the Best day). 

A correct score on the AFF task was defined as a maximum 
amplitude skin potential response to the correct name (I.e., the name 
matching the photograph). The first response to each photograph was 
rejected to eliminate the effect of the photograph presentation itself, thus 
the target name never was presented first. The Famous Faces stimuli did 
not elicit many responses from subjects in either the Control or brain
injured groups, and therefore were not analysed statistically. However, 
individual subject response patterns will be described in the Results and 
Discussion. 

During the WCM and ACM tasks, all responses were counted. Very 
few responses were elicited in any of the groups and therefore the results 
were not analysed statistically. 
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6. RESULTS 

The results section is divided into two parts. The first section 
concerns cross-sectional data, and includes results of comparisons 
among the brain-injured and Control groups on each electrodermal 
measure. Results for individual subjects are listed in Appendix I. The 
second section contains the results of longitudinal analysis of subjects in 
the Acute group with respect to electrodermal data and clinical outcome. 

Group comparisons 
Startle response ampHtude. Sample startle responses from one 

subject in each group are reproduced in Figure 6. Startle response 
amplitude measures are depicted in Figures 7a, 7b and 7c. Each point 
represents the startle response of one subject on a single recording day. 
Results from the brain-injured subjects' Best, Worst and First recording 
days are presented. Results from the single recording day of subjects in 
the Control group are repeated on each graph. 

The amplitude of the startle response was found to be greatest in 
the Control group. There was a significant main effect of startle response 
amplitude on the Best day (p < .001). Worst day (p < .001) and First day 
(p < .001). As shown in Tables 4a. 4b and 4c. there were significant 
differences between the Control group and each of the brain-injured 
groups on the Best and First days. Differences also were found between 
the Control group and the Acute and PVS groups on the Worst day. 
between the RVS and the PVS groups on the Best day. and between the 
RVS and Acute groups on the Worst day. 

The variance in electrodermal startle response amplitudes of 
subjects in the Control group was greater than that of subjects in the 
brain-injured subject groups. The difference in variance of measures 
between groups was significant (p < .001). 

The number of subjects who produced a startle response and the 
number who conSistently produced a startle response on each recording 
day differed as a function of group membership. An electrodermal startle 
response was eliCited from three subjects in the Acute group. two 
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Figure 6. Sample electrodermal startle responses from one subject in 
each group. The horizontal axis is potential difference in microvolts; the 
vertical axis is time in seconds. The startle stimulus was a loud clap. 
presented between 1 and 2 seconds after the onset of data acquisition. 
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Figure 7a. Startle response amplitude - Best day 
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Figure 7h. Startle response amplitude - Worst day 
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Figure 7c. Startle response amplitude - First day 
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Table 4a. Paired comparisons of startle response amplitude among 
groups on the Best clinical day. The symbol (*) denotes significant 

differences between groups. 

Acute PVS RVS Control 
Acute - .210 .028 .001* 

PVS - .004* .001* 

RVS - .001* 

Control -

Table 4b. Paired comparisons of startle response amplitude among 
groups on the Worst clinical day. The symbol (*) denotes significant 

differences between groups. 

Acute PVS RVS Control 
Acute - .140 .004* .001* 

PVS - .070 .001* 

RVS - .010 
Control -

Table 4c. Paired comparisons of startle response amplitude among 
groups on the First clinical day. The symbol (*) denotes Significant 

differences between groups. 

Acute PVS RVS Control 
Acute - .579 .008 .001* 

PVS - .030 .001* 

RVS - .001* 

Control -
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subjects in the PVS group, and all subjects in the RVS and Control 
groups. Startle responses were elicited consistently from two subjects in 
the PVS group and all subjects in the RVS group, and from the two 
repeated-measures subjects in the Control group (see Appendix F). By 
contrast, none of the three subjects in the Acute group who produced a 
startle response did so on each day of testing. These results are 
summarized in Table 5. 

Table 5. Number of subjects producing startle response and conSistency 
of response over 3 test days 

# of subjects with # of subjects with 
startle response startle response on 3 

test days 

Acute 3/5 0/5· 

PVS 2/5 2/5· 

RVS 5/5 5/5· 

Control 10/10 2/2* 

,. only two subjects in the Control group were tested repeatedly 

Total number of criterion-level responses 
The total number of criterion-level ~ 90 microvolts) responses for 

each subject is depicted in Figures Ba, Bb and Bc. Each point in the 
graphs represents the total number of skin potential responses for an 
individual subject on 1 recording day. Subjects in the Control group had 
more responses throughout the test session than subjects in the brain
injured groups. Group differences were significant on the Best day 

(p < .001), Worst Day (p < .001) and First day (p < .001). The results of 
paired comparisons are presented in Tables 6a, 6b and 6c. There were 
Significant differences between the Control group and the PVS group on 
the Best day, between the Control group and each of the brain-injured 



66 

Figure 8a. Total number of criterion-level responses 
Best day 
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Figure 8b. Total number of criterion-level responses 
Worst day 
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Figure 8e. Total number of criterion-level responses 
First day 
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Table 6a. Paired comparisons of total number of criterion-level 
electrodermal responses among groups on the Best clinical day. The 

symbol (*) denotes significant differences between groups. 

Acute PVS RVS Control 
Acute - .421 .028 .010 
PVS - .048 .001* 

RVS - .010 
Control -

Table 6b. Paired comparisons of total number of criterion-level 
electrodermal responses among groups on the Worst clinical day. The 

symbol (*) denotes significant differences between groups. 

Acute PVS RVS Control 
Acute - .120 .010 .001* 

PVS - .460 .001* 

RVS - .001* 

Control -

Table 6c. Paired comparisons of total number of criterion-level 
electrodermal responses among groups on the First clinical day. The 

symbol (*) denotes significant differences between groups. 

Acute PVS RVS Control 
Acute - .910 .070 .001* 

PVS - .040 .001* 

RVS - .010 
Control -
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subject groups on the Worst day, and between the Control group and the 
Acute and PVS groups on the First day. There were no significant 
differences between the brain-injured subject groups. On the Best day, 
the Control group data had significantly greater variance than the data of 
the brain-injured subject groups (p < .001). 

Differences were observed in the number of subjects in each group 
who responded on every recording day. Of a total of 25 SUbjects, 23 
produced at least one criterion-level response. Among the responders, 
subjects in the Control and RVS groups were most consistent from day to 
day: each subject responded on all test days. Subjects in the Acute 
group were least consistent from day to day: only one subject who 
produced a criterion-level response did so on all 3 test days. This is 
summarized in Table 7. 

Table 7. Number of subjects producing criterion-level responses and 
consistency of responses over 3 test days 

# of subjects with at 
# of subjects with at least one criterion-level 

least one criterion-level response on 3 test 
response days 

Acute 4/5 1/5 

PVS. 4/5 3/5 

RVS 5/5 5/5 

Control 10/10 2/2 

Total number of sub-criterion responses 
The total number of sub-criterion (20 - 89 microvolts) responses for 

each subject are shown in Figures 9a, 9b and 9c. There were significant 
differences among groups on the Best day (p < .05) and Worst day 
(p < .01), but not on the First day (p = .35). Paired comparisons revealed 
no significant differences between groups, as shown in Tables Sa and 8b. 
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Figure 9a. Total number of sub-criterion responses 
Best day 
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Figure 9b. Total number of sub-criterion responses 
Worst day 
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Figure 9c. Total number of sub-criterion responses 
First day 
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Table 8a. Paired comparisons of total number of sub-criterion responses 
among groups on the Best clinical day. The symbol (*) denotes 

significant differences between groups. 

Acute PVS RVS Control 
Acute - .090 .010 .010 

PVS - .750 .620 

RVS - .950 

Control -

Table 8b. Paired comparisons of total number of sub-criterion 
electrodermal responses among groups on the Worst clinical day. The 

symbol (*) denotes significant differences between groups. 

Acute PVS RVS Control 
Acute - .650 .070 .010 

PVS - .010 

RVS - .500 

Control -
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On the Best day, the valiance among groups in total sub-criterion level 
responses differed significantly (p < .01), with PVS subjects having the 
greatest range of scores. As illustrated in Table 9, in each of the Acute 
and PVS groups, two subjects produced sub-criterion responses only 1 or 
2 days of testing. 

Table 9. Number of subjects producing sub-criterion responses and 
consistency of responses over 3 test days 

# of subjects with at 
# of subjects with at least one sub-criterion 

least one sub-criterion response on 3 test 
response days 

Acute 4/5 2/5 

PVS 4/5 2/5 

RVS 5/5 5/5 

Control 10/10 1/2 

Baseline lability - criterion level responses 
A sample of baseline electrodermal data from Control subject CF3 

are presented in Figure 10. In general, subjects in the Control group had 
greater baseline lability than subjects in the brain-injured groups. 
Baseline lability scores for criterion-level ~ 90 microvolts) responses are 
presented in Figures 11a, lIb and 1Ic. Significant differences among 
groups were found on the Best day 
(p < .01), Worst day (p < .001) and First day (p < .001). Paired 
compalisons revealed significant differences between the Control group 
and each of the brain-injured groups on the Worst day, and between the 
Control group and each of the Acute and PVS groups on the First day, as 
shown in Tables lOa, lOb and 10c. 



Figure 10. Baseline electrodermal activity from Control subject CF3. The vertical axis is potential in 
microvolts; the horizontal axis is time in seconds. 
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Figure 11a. Total number of criterion-level baseline responses 
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Figure 11b. Total number of criterion-level baseline responses 
Worst day 
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Figure 11c. Total number of criterion-level baseline responses 
First day 
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Table lOa. Paired comparisons of baseline lability (criterion-level 
responses) among groups on the Best clinical day. The symbol (*) 

denotes significant differences between groups. 

Acute PVS RVS Control 

Acute - .345 .500 .010 
PVS - .500 .030 
RVS - .010 
Control -

Table lOb. Paired comparisons of baseline lability (criterion-level 
responses) among groups on the Worst clinical day. The symbol (*) 

denotes significant differences between groups. 

Acute PVS RVS Control 
Acute - NS-all ties NS-all ties .001* 

PVS - NS-all ties .001* 

RVS - .001* 

Control -

Table 10c. Paired comparisons of baseline lability (criterion-level 
responses) among groups on the First clinical day. The symbol (*) 

denotes Significant differences between groups. 

Acute PVS RVS Control 
Acute - .640 .270 .001* 

PVS - .075 .001* 

RVS - .010 
Control -
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The variance in scores was found to differ significantly between the 
Control group and the brain-injured groups (p < .001). The greatest 
variance in scores was found in the Control group. 

Subjects in all groups were inconsistent from day-to-day in 
exhibiting skin potential responses during baseline recording periods, as 
shown in Table 11. These results may represent a floor effect, as 
baseline scores were low in all brain-injured subject groups. 

Table 11. Number of subjects producing criterion-level baseline 
responses and consistency of responses over 3 test days 

# of subjects # of subjects 
producing at least one producing at least one 
criterion-level baseline criterion-level baseline 

response response on 3 test 
days 

Acute 3/5 0/5 

PVS 4/5 0/5 

RVS 5/5 0/5 

Control 10/10 1/2 

Baseline lability - sub-criterion responses 
The brain-injured subject groups were Similar in the number of 

sub-criterion (20 - 89 microvolts) baseline responses produced, with a 
relatively greater number produced by subjects in the Control group. 
Sub-criterion baseline lability counts are shown in Figures 12a, 12b and 
12c. There was a Significant difference among groups on the Worst day 
(p < .05), but not on the Best day (p = .18) or First day (p = .35). Paired 
comparisons of Worst day data revealed no Significant differences 
between groups, as summarized in Table 12. 
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Figure 12a. Total number of sub-criterion baseline responses 
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Figure 12b. Total number of sub-criterion baseline responses 
Worst day 
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Figure 12c. Total number of sub-criterion baseline responses 
First day 
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Table 12. Paired comparisons of baseline lability (sub-criterion 
responses) among groups on the Worst clinIcal day. 

Acute PVS RVS Control 
Acute - .700 .640 .020 

PVS - .370 .030 

RVS - .260 

Control -
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There were no significant differences in variance of scores between 
the Control group and brain-injured subject groups (p = .11). Subjects in 
all groups, including the repeated-measures Control subjects, were. 
InconsIstent with respect to the occurrence of sub-criterion baseline 
responses, as shown in Table 13. 

Table 13. Number of subjects producing sub-criterion baseline 
responses and consistency of responses over 3 test days 

# of subjects 
# of subjects producing at least one 

producing at least one sub-criterion baseline 
sub-criterion baseline response on 3 test 

response days 

Acute 4/5 1/5 

PVS 4/5 1/5 

RVS 4/5 1/5 

Control 9/10 1/2 
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Habituation and Orientation 
Examples of habituation and orientation demonstrated by Control 

subject CF9 are reproduced in Figures 13a and 13b respectively. Each 
window contains the electrodermal data obtained from the onset of a 2-
second auditory tone. The electrodermal data are represented by the 
upper line in each window. and the tone onset and duration are 
indicated by the lower line. The test stimuli are 1.0 kHz tones for the 
first 17 trials. and 1.5 kHz tones for the last 3 trials. 

Habituation and orientation results are summarized in Figure 14. 
In this figure, the percent of subjects in each group demonstrating 
habituation or orientation on the THO task on at least 1 recording day is 
compared across groups. The groups were found to differ Significantly 
with respect to the presence of Habituation on the THO Task (p < .01). 
Habituation was demonstrated by one of five subjects in the Acute group, 
none of five subjects in the PVS group, four of five subjects in the RVS 
group and eight of ten subjects in the Control group. The groups were 
found to differ significantly with respect to the presence of Orientation on 
the THO task (p < .01). Orientation was demonstrated by two of five 
subjects in the Acute group. none of five subjects in the PVS group, one 
of five subjects in the RVS group, and eight of ten subjects in the Control 
group. 

Famous faces 
A sample of electrodermal data from one subject (PVSF2) is shown 

in Figure 15. In this figure. each data trace represents the response to 
the presentation of a single name. Sample voice data are displayed at 
the bottom of each column of electrodermal data. Results from the 
Famous Faces Task are summarized in Table 14. Responses in the 
unshaded portlon of the table represent a greater than chance 
occurrence of the maximum response to the target name. The data in 
Figure 15 were given a score of I, as the maximum response occurred in 
association with the target name on only one trial. 
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Figure 13a. Sample electrodermal data from the first 10 stimuli in the 
THO task for subject CF9. The horizontal axis is potential in microvolts; 
the vertical axis is time in seconds. The order of tone presentation is 
from the top left to the bottom right. 
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Figure 13b. Sample electrodermal data from the last 10 stimuli in the 
THO task for subject CF9. The horizontal axis is potential in microvolts; 
the vertical axis is time in seconds. The order of tone presentation is 
from the top left to the bottom right. 
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Figure 14. Percent of subjects in each group demonstrating orientation 
and habituation on the THO task 
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Figure 15. Sample electrodermal data from AFF task for subject PVSF2. 
The horizontal axis is potential in microvolts; the vertical axis is time in 
seconds. The order of presentation of names and faces is from the top 
left to the bottom right. The solid black bar at the onset of the first data 
trace represents a potential difference of 90 microvolts . 
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Table 14. Number of subjects in each group producing maximum 
response to matching name and face on 0, 1, 2, 3, 4, or 5 trials 

Num maximum ectrodermal response to 
target 

2 3 4 
GROUP 

Acute 0 0 0 0 

PVS 1 1 0 0 

RVS 2 0 0 0 

Control 3 1 1 0 
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In the Acute group, none of three subjects tested (two subjects 
were unable to maintain eye opening for the duration of the task) 
produced a maximum response to the target on more than one trial (i.e., 
above chance level). In each of the PVS and RVS groups, two of five 
subjects produced a maximum skin potential response to the target 
name and face on more than one trial. In the Control group, five of ten 
subjects produced a maximum skin potential response to the target 
name on more than one trial. 

Written/Spoken commands 
Results from the written and spoken commands task are presented 

in Figures 16a, 16b and 16c. Very few criterion-level or sub-criterion 
electrodermal responses were recorded during this task in either the 
Control or brain-injured subject groups on the Best, Worst and First 
recording days. 
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Figure 16a. Number of criterion-level responses 
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Figure 16b. Number of criterion-level responses 
during Written/Auditory Commands Task 
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Figure 16c. Number of criterion-level responses 
during Written/Auditory Commands Task 
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Clinical vs. electrodermal data 
As described above, the ratings of Best and Worst days were based 

on clinical assessment of the subject and contributory factors in the 
recording environment. Clinical ratings were compared to objective 
evaluations of the data, to Investlgate the relatlonshlp of electrodermal 
data to day-to-day fluctuations within the subject and within the 
recording environment. In addition, the subject's clinical status and data 
collected on the First Day were assessed in order to determine if the first 
recording day was the best day (I.e., if recording on a single day would 
have been suffiCient), or the worst day (I.e., if subject performance 
improved over time). These comparisons are summarized In Table 16. 
In all but two cases (RVSM1 on the Worst day and RVSF3 on the Best 
day) there was agreement between the clinical ratings and electrodermal 
response. That is, more electrodermal responses were elicited on days 
when subjects appeared to more alert, reportedly had rested well the 
previous night, and had minimal medical complications. 

The First Day did not appear to be conSistently better or worse In 
any subject group. However, there was a trend for subjects in the RVS 
Group to show their best performance on the First Day. 



Table 15. Comparison of clinical ratings of subject recording days to 
electrodermal data 

Best Clinical 
Day/Best 

SUBJECT Data Day 

AFI 

AM2 

AF3 

AM4 

AM5 

PVSMI 

PVSF2 

PVSM3 

PVSM4 

PVSM5 

RVSMI 

RVSF2 

RVSF3 

RVSM4 

RVSM5 

A = Acute group 
PVS = PVS group 

RVS = RVS group 

F=Female 

M=Male 

3/3 

2/All 0 

2/2 

2/2 

1/1 

2/2 

2/2 

1/1 

2/2 

2/All 0 

1/1 

2/2 

1/3 

1/1 

3/3 

Worst First Day = First Day = 
Clinical Best Data Worst Data 

Day/Worst Day Day 
Data Day 

1/1 ...J 

I/AlIO All 0 

3/3 

1/1 ...J 

2/2 ...J 

3/3 

1/1 ...J 

2/2 ...J 

3/3 

I/AlIO All 0 

3/2 ..J 

3/3 

3/3 ..J 

3/3 ..J 

2/2 

All 0 = No responses were exhibited on any recording day 
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Outcome 
Subjects in the Acute group were tested with the electrodermal 

response protocol and the SSAM at approximately I to 3 months post
injury (Test I). The electrodermal response protocol was repeated at 
approximately 4.5 months post-injury for subjects AFI, AM2 and AM4 
(Test 2), and again at 6 months post-injury for subject AM4 (Test 3). This 
is illustrated in Figure I7, below. 

Figure I7. Electrodermal testing of subjects in the Acute group 

AFI -------•1 Test II I Test 21 

AM2 I Test II I Test 2 I 
AF3 ~Test II 

AM4 ~ Test II • -----•1 Test 2 •I --•f Test 31 

AM5 I Test 11 
I I I I I I I 

Injury 1 2 3 4 5 6 

Months 

Outcome on the Glasgow Outcome Scale was determined by the 
investigator using medical chart information, supplemented by 
observation and caregiver interviews for subjects AFI, AM2, AM4 and 
AM5. Also, for these four subjects, change in SSAM score was 
determined by re-administration of the SSAM at approximately 6 months 
post-injury. Subject AF3 had been discharged from hospital and was 
preparing to return to school. Thus, testing with the SSAM, a measure 
designed for minimally responsive individuals, was inappropriate for this 
subject. 

In Table I6, Test I Acute group electrodermal data is shown in 
relation to each subject's outcome. For the startle, baseline and total 



Table 16. Ranking of Acute group subjects by electrodermal responses over three test sessions 
compared to outcome SSAM and GOS scores 

Startle Lability 
Response Total # SPR's Pre/Post- Presence Of Presence Of Change In Outcome On 
Amplitude Overall Baseline Habituation Orientation SSAMScore GOS 

AFI 3 4 1.5 N Y < 1 sd 2 

AM2 1.5 1 1.5 N N Osd 2 

AF3 5 5 5 Y Y >3sd 4 

AM4 1.5 3 3 N N 1.5 sd 3 

AM5 4 2 4 N N 2sd 3 

00 
00 



1 (least response) to 5 (greatest response) based on the hypothesis that 
greater response rates would be associated with better outcome. 
Habituation and orientation tasks were considered to be either present 
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(Y) or absent (N). These summary scores were compared to change in 
SSAM score and outcome on the Glasgow Outcome Scale. The relation of 
electrodermal results to outcome data is depicted graphically in Figure 
18. In this figure, the ranked startle response amplitude (0) and baseline 
lability score (_) for each subject is represented. 

At Test 2, the data of subjects AFl, AM2 and AM4 were consistent 
with the data obtained at Test 1. Exceptions were the absence of a 
startle response from subject AFl, and the presence of a startle response 
from subject AM2. The clinical status of subjects AM2 and AFI at Test 2 
was unchanged from Test 1. Subject AM4 appeared to be unchanged 
from Test I, although his family reported that he was able to follow some 
simple whole-body commands at a significant response latency. 

At Test 3, subject AM4 demonstrated a trend toward habituation 
and orientation on the third recording day, producing responses that 
were normal in appearance but less than 90 microvolts (82 microvolts on 
the first auditory tone, followed by no response to tones 2 through 17, 
then 55 microvolts on tone 18 and no response on tones 19 and 20). 
Although this subject remained severely disabled, he did follow one 
command on the SSAM and according to his family was able to do more 
if given suffiCient response time. It is noteworthy that a trial of Ritalin 
had been initiated several weeks before Test 3, and was ongoing. 



Figure 18. Comparison of ranked values on electrodermal startle and 
baseline lability measures, and SSAM change score for subjects in the 
Acute group 
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Reliability 
To determine the measurement reliability. 10 percent of the 

electrodermal data were re-analyzed by one of two trained research 
associates. These data were comprised of all data from one of the ten 
control subjects. and 10 percent of the data. randomly selected. from the 
first 14 brain-injured subjects enrolled in the study (subject AM5 in the 
Acute group was recruited late in the study. after reliability measures 
had been completed). 

A difference of 5 microvolts and 0.2 second was established as the 
criterion for inter-rater reliability. Four aspects of inter-rater reliability 
were assessed: a) the number of amplitude measurements that were 
within 5 microvolts. b) the number of latency measurements that were 
within 0.2 second. c) the number of disagreements regarding the 
presence or absence of a response. and d) the number of measurements 
where differences in latency. amplitude or identification resulted in a 
change in the subject's overall score. An example of the latter would be a 
difference of 4 microvolts between 88 and 92 microvolts on a baseline 
response. resulting in the subtraction or addition of one response to the 
subject's total baseline score. 

Reliability data for criterion-level responses are summarized in 
Table 17. For the Control subjects' data. there was 100% reliability 
(66/66) of latency and amplitude measurements. There were eight 
disagreements on identification of sub-criterion (20 - 89 microvolts) 
responses. The overall inter-rater reliability was 88% (58/66). For the 
brain-injured subjects' data. there were eight disagreements regarding 
amplitude. two disagreements regarding latency, and thirteen 
disagreements regarding identification of responses (all sub-criterion 
responses). One of the amplitude disagreements resulted in a change of 
1 in the subject's pre-test baseline score. Overall reliability was 92% 
(263/286). Among the responses that were reliably identified, 99% of 
latency measurements (271/273) were within 0.2 second. with an 
average inter-rater difference of 0.008 second, and 97% of the amplitude 
measurements (265/273) were within 5 microvolts. with an average 
inter-rater difference of 0.649 microvolts. 
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Table 17. Summary of inter-rater reliability measures of data 

changed 
amplitude score re: 

number difference latency disagree re: criterion-
of >5 difference presence/ level OVERALL 

GROUP responses microvolts > 0.2 sec. absence measures RELIABILl1Y 
measured (#) (#) (#) (#) (%) 

Control 66 0 0 8 0 88 

Brain-
injured 286 8 2 13 1 92 

TOfAL 352 8 2 21 1 90 

In summary. there was high inter-rater reliability in the 
measurement of electrodermal data. The majority of differences between 
raters occurred in the identification of small responses. In only one case 
did a difference between raters result in a change in the number of 
criterion-level responses for an individual subject. 
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7. DISCUSSION 

The results of this study generally support the research hypotheses 
proposed at the beginning of this investigation. In the chronic stage 
post-injury, the electrodermal response of individuals who had recovered 
from vegetative state differed from that of individuals who had remained 
in vegetative state. Specifically, subjects who had recovered from 
vegetative state and were more than 1 year post-injury had larger and 
more consistent startle responses than those who had not recovered, and 
showed evidence of habituation to auditory tones. Further, electrodermal 
response in the first few months post-injury generally was related to 
long-term behavioural outcome from vegetative state. Greater baseline 
electrodermal lability between 1 and 3 months post-injury was associated 
with a better 6-month behavioural outcome. It also was noted that 
control subjects as a group had more frequent and larger electrodermal 
responses than brain-injured SUbjects, and that Control subject group 
data on the measures of startle response amplitude, baseline lability and 
total number of responses had a wider range of values than those of the 
brain-injured subject groups. This was because data for the brain
injured groups tended to cluster around lower scores. Most subjects in 
vegetative state (Acute and PVS subjects) exhibited no electrodermal 
responses on their worst clinical days. 

The discussion that follows begins with a more detailed 
examination of differences among the brain-injured groups. Only 
criterion-level responses are considered, as the inclusion of sub-criterion 
responses did not differentiate among the groups. Next, the present 
findings are compared to the results of earlier electrodermal research. 
Possible interpretations of the differences between brain -injured and 
control subject groups are presented, followed by a discussion of the 
relation of electrodermal data to behavioural outcome. The final sections 
include a summary of the strengths and limitations of the method, and 
suggestions for future research applications. 
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Qyerview of differences amon~ ~roups on electrodermal measures 
Differences were found among the brain-injured subject groups on 

~everal measures. Subjects in the Acute group were the least consistent 
from day to day with respect to the presence or absence of electrodermal 
responses, as might be expected during the most dynamic stage of 
recovery. Acute subjects also were the least able to maintain eye opening 
for the duration of the electrodermal protocol, as sleep-wake cycles, 
though present, were not normal. The subjects' reduced eye-opening 
time limited the use of visual stimuli in this group. 

The group of subjects who remained in vegetative state more than 
a year post-trauma (pvsgroup) was distinguished by having significantly 
smaller startle response amplitudes than subjects in the RVS and 
Control groups, and by the absence of both habituation and orientation 
to auditory tones. Nevertheless, there was heterogeneity of electrodermal 
activity across subjects within this group. 1\vo PVS subjects produced 
no responses, while the baseline and total response rates for the three 
remaining subjects were within the range of the RVS and Control subject 
groups. 1\vo of the latter subjects (PVSMl and PVSM3) had a significant 
number of responses (above chance) to matching faces and names. The 
response of the third subject (PVSF2) on the famous faces task, although 
not statistically significant, appeared to be clinically Significant. That is, 
this subject produced only one criterion-level response on 2 consecutive 
recording days, and each response occurred in association with a target 
name (Jim Morrison and Judy Garland, respectively). 

The group of subjects who had recovered from vegetative state 
(RVS group) had significantly greater startle response amplitudes than 
the group of subjects in PVS, and, unlike PVS SUbjects, showed 
habituation to auditory tones. However, despite having made a good 
recovery, RVS subjects had smaller and less frequent responses than 
Control SUbjects, and in most cases did not demonstrate orientation to a 
change in tone pitch. 

Responses to the famous faces and written commands tasks did 
not distinguish among groups. In the former case, about half of the 
subjects in each of the four groups produced a maximum electrodermal 
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response to more than one target name. In the latter case, few responses 
to visual (or auditory) commands were elicited from subjects in any of the 
four groups. 

Comparison to previous research 
The findings described above are similar in selected features to 

those reported in the previous research described in Chapter 1. As in the 
present study, Lehrer and colleagues (1989) observed lower overall 
electrodermal response rates in brain-injured subjects compared to 
control subjects. Lehrer and colleagues observed that both baseline 
electrodermal response rates and response rates during the performance 
of specific cognitive tasks were depressed in the brain-injured subjects 
relative to controls, although the difference in baseline lability between 
groups was statistically significant during only one of four baseline 
recording periods. Brain-injured subjects in the present study also were 
found to have significantly lower baseline electrodermal lability than 
control subjects. Although response rates were not measured 
continuously during specific tasks, brain-injured subjects had smaller 
and fewer stimulus-related responses on the startle and 
habituation/ orientation tasks, which may be comparable to the reduced 
task-specific activity noted by Lehrer and colleagues. 

It is interesting to compare the results of Bauer's (1984) study of a 
prosopagnosic subject and control subjects to the present results for the 
famous faces task. Although the control subjects in the Bauer study 
appeared to produce a greater number of maximum responses to the 
target name when compared to the present control subjects. This can be 
explained by differences in the scoring procedures and electrodermal 
measures used in the two studies. Bauer eliminated from all statistical 
calculations the trials on which each subject did not demonstrate an 
electrodermal response to any of the names, thereby inflating the 
percentage of trials on which the maximum response occurred to the 
target. In contrast, "no-response" trials were included in all calculations 
in the present study. Also, Bauer used skin conductance rather than 
skin potential as a dependent measure. Skin conductance may be a 
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more sensitive measure of small changes in skin hydration (R. Bauer. 
personal communication. May 25. 1992) that may be associated with 
implicit memory. In consideration of the possibility that the present 
brain-injured subjects were unable to perceive or recognise the stimuli. 
those subjects who were able to speak (RVS group) were asked to identify 
the photographs. either by confrontation naming or forced choice. at the 
conclusion of the test session. All RVS subjects could identify the 
famous individuals in the photographs. However. there is no way to 
confirm that stimuli were perceived by all vegetative state subjects. 

The presence of electrodermal responses in Bauer's (1984) 
prosopagnosic subject and in the PVS subjects in this study suggest that 
there may be covert knowledge of meaningful associations in individuals 
who do not demonstrate awareness. Corroborative evidence that such 
covert knowledge can be present in vegetative state subjects was 
provided by Childs and colleagues (A. Childs. personal communication. 
January 1. 1992). These researchers documented dramatic changes the 
electrodermal response of subjects in vegetative state when either 
conflictual or highly positively charged topics were discussed in their 
presence. There was no change in electrodermal activity when neutral 
topics were discussed. Details of this clinical study currently are 
unavailable. However. the researchers' observations suggest that the 
vegetative state subjects in the present study were not unique in their 
response to meaningful information. 

In my own previous research (Appendix B). I recorded 
electrodermal activity in four vegetative state subjects who were 
presented with a variety of stimuli. In that study. many electrodermal 
responses were observed in association with the presentation of written 
commands. This is in contrast to the present study in which commands 
elicited the fewest responses of any task in the electrodermal protocol. 
The reason for this discrepancy in findings is not clear. However. it is 
possible that there was an effect of the sequence in which tasks were 
presented. That is. in the pilot study the commands were presented at 
the beginning of the protocol. when subjects may have been most 
attentive. whereas in the present study. the commands were presented at 
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the end of the protocol, when subjects may have been fatigued. An 
alternative explanation might be that responses to the commands 
?ccurred at a long latency, and were missed in the present study because 
of the response scoring criteria (Le., 1 to 5 seconds post-stimulus). The 
fact that subjects in all groups were capable of responding within 5 
seconds on other tasks, including the famous faces task which involved 
cross-modality information processing, suggests that this interpretation 
is unlikely. Another possible interpretation of the lack of response to 
commands is that the subj ects were instructed to do nothing in response 
to the commands, and consequently may have stopped attending to the 
experimental procedure. 

Interpretation of Ilroup differences on electrodermal measures 
BaseUne lability. In normal SUbjects, baseline response rate has 

been interpreted as a reflection of what Lacy and Lacy (1958) labeled 
"motor impulsivity," manifested in their study as a tendency to respond 
impulsively on a forced-choice motor task. Lacy and Lacy claimed that 
baseline lability is a trait that varies from subject to subject but remains 
relatively constant over time within a subject. In their study, normal 
subjects who responded more frequently than the mean response rate for 
the group were termed "labiles," and their lower-responding counterparts 
were termed "stabiles." As an example, the repeatedly-tested control 
subjects Ml and Fl would be considered to be labile and stabile, 
respectively (see Appendix F). Subject Ml exhibited 12, 19 and 15 
criterion-level baseline responses on the 3 consecutive days of testing, 
and subject Fl produced 3, 0 and 1 criterion-level baseline responses on 
the 3 testing days. When compared to control subjects, most of the 
brain-injured subjects in the present study appeared to have what Lacy 
and Lacy might refer to as stabile response patterns. 

The interpretation of baseline data as reflecting motor impulsivity 
would be difficult to test in the present brain-injured SUbjects, many of 
whom were severely impaired with respect to move~ent. However, it is 
possible that what Lacy and Lacy (1958) observed was a reflection of the 
general arousal level of the subject. Consistent with this interpretation, 
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a reduction in electrodermal activity has been associated with decreased 
arousal in normal individuals (Edelberg, 1972; Lang et al., 1990, 1992). 
It is possible that the present brain-injured subjects, although they 
appeared to be awake, had a lower overall level of arousal compared to 
their non-injured peers. This, in tum, may have been reflected in 
abnormally low electrodermal responsiveness. 

There are several observations that lend support to the notion that 
the present brain-injured subjects had abnormally low levels of arousal. 
For example, the subject in the RVS group with the lowest baseline 
lability score reported that since the accident she has felt emotionally 
blunted, and is more likely to let things " ... roll off her back." Further, 
subjects typically produced fewer electrodermal responses on their worst 
clinical days, which tended to be the days when they were judged to be 
less alert. Another example can be found in the baseline lability data of 
the two repeatedly-tested control subjects described above. Subject Ml, 
the high responder, reported a high level of stress and preoccupation 
with upcoming work-related events. Subject Fl, the low responder, 
complained of lethargy on all 3 test days, and appeared to sleep through 
the majority of baseline recording periods. It also is noteworthy that the 
subjects in vegetative state, particularly in those in the acute stage of 
recovery, did not exhibit normal sleep-wake cycles and tended to 
alternate between apparent wakefulness and sleep many times 
throughout the day. This is consistent with research showing rapid 
cycling of levels of brain electrical activity in vegetative state subjects 
(e.g., Oksenberg et al., 1989; Raps et al., 1991). Perhaps electrodermal 
activity measures were even more indicative of level of arousal than the 
subjects' physical appearance. 

It is difficult, if not impossible, to know if levels of arousal may be 
adequate for cognitive processing in some subjects in vegetative state. 
However, as cognitive function requires both arousal and complex 
information processing, it is reasonable to assume that the loss of 
cortical tissue in these individuals may preclude cognition, even in the 
presence of suffiCient arousal. 
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Auditory tones. As described above. the brain-injured and 
control groups differed in their patterns of response to auditory tones. 
These differences may reflect relative impairment of attention processes 
among the brain-injured subject groups. Electrodermal activity has been 
found to vary as a function of the amount of attention paid to a stimulus. 
increasing during new learning (Andreassi. 1989) and decreasing with 
habituation (Sokolov. 1963). Traumatic brain injury has been· 
associated with deficits in attention and ability to process information 
(e.g .• Stuss et al .• 1985; Van Zomeren & Brouwer. 1987). These deficits 
are seen even in mild traumatic brain injury (Gronwall. 1989) and tend 
to increase as a function of injury severity (Van Zomeren & Van den 
Burg. 1985). It has been hypothesized that some types of post-traumatic 
attentional deficits are related to lesions of the thalamic reticular nucleus 
(Ross et al .• 1993). a structure that has been implicated in attentional 
processes (Heilman et aI., 1987). Thalamic reticular nuclear lesions have 
been found in non-human primates after mild traumatic brain injury 
(Ross et al., submitted) and in the histologiC material from human 
nonsurvivors of severe brain injury (Ross et al., 1993). The high 
incidence of prolonged coma among brain-injured subjects in the present 
study (longer than 1 week in 13 of 15 subjects) is consistent with the 
presence of severe damage to the reticular system. As control of the 
electrodermal response involves reticular mechanisms. it is conceivable 
that some differences in electrodermal response patterns among brain
injured subject groups reflect dysfunction of the reticular mechanisms 
involved in some aspects of attention. 

Most (80%) of the subjects in the Control group demonstrated both 
habituation and orientation to auditory tones. By contrast, the majority 
of subjects in the RVS group showed habituation but not orientation. 
This result was somewhat surprising, as two of the RVS subjects later 
acknowledged that they had heard the pitch change. It is possible that 
the RVS subjects' attention to the task diminished over time. As a result. 
the later tones. while processed at some level. may not have received 
suffiCient attention to generate an electrodermal response. Most subjects 
in the RVS group reacted overtly to the loudness of the first few tones. 
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Only the RVS subject who showed orientation (RVSF5) also remarked on 
the the change to a higher-pitched tone. It may be relevant that this 
subject was tested in the company of her mother, whose presence may 
have kept the subject on-task. None of the subjects in the PVS group 
demonstrated electrodermal habituation or orientation to auditory tones, 
despite the fact that three subjects produced electrodermal startle 
responses on other tasks, indicating that they were capable of generating 
electrodermal responses. Further, four of the PVS subjects did not 
indicate by facial expression or any other overt physical reaction that the 
tones were startling. Perhaps the ability of these subjects to attend to 
the stimuli was impaired beyond the threshold necessary for the 
generation of an electrodermal response. The fifth subject (PVSM1) 
opened his eyes for the duration of the first tone. This response 
gradually diminished with each successive tone and re-appeared with the 
change in pitch. The startle, baseline and famous faces responses of this 
subject were very small in amplitude -- often below the 90 microvolts 
criterion level -- and perhaps his electrodermal response to the tones was 
too small to detect. 

Famous faces. The historIcal interpretation of electrodermal 
response in the famous faces paradigm is that it represents impliCit 
memory for the association of a particular name and face that are known 
to the subject. By definition, impliCit memOIY is memory without 
conscious awareness that nonetheless plays a significant role in normal 
cognitive function. For example, children learn many grammatical rules 
without explicit instruction. Implicit memory has been demonstrated in 
individuals with severe declarative memory problems. The research by 
Bauer (1984) illustrates that individuals with memory disorders such as 
prosopagnosia are able to demonstrate evidence of and act on knowledge 
to which they have no conscious access. 

The finding that individuals in vegetative state show evidence of 
implicit memory may have an impact on the perception of vegetative state 
patients as being disconnected from meaningful environmental stimuli. 
While the famous faces paradigm does not address the issue of conscious 
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awareness, it does suggest that some individuals who are incapable of 
overt, meaningful interaction with the environment nevertheless 
demonstrate covert recognition of previously-Ieamed associations. Given 
the diffuse and complex nature of traumatic injury, it is reasonable to 
suspect that cognitive impairment occurs along a continuum, as it does 
in other neurogenic disorders such as dementia. Therefore, among the 
population of patients who meet the clinical criteria for vegetative state 
there may be certain individuals who have the ability to process some 
types of information, even if that processing is implicit and unavailable to 
them for conscious recall. The existence of such capacity may neither 
have prognostic significance nor carry the implication that conscious 
thought occurs. 

As stated in Chapter 1, the diagnosis of vegetative state is based 
primarily on the patient's clinical presentation. Also stated was the fact 
that patients with severe traumatic brain injury may be at high risk for 
movement disorders caused by decreased dopamine levels and the 
destruction of neural structures involved in the initiation, planning and 
programming of voluntary movement. Thus, the results of the famous 
faces. task raise the possibility that the lack of behavioural response of 
some of the subjects in the present study may have been due more to 
impaired movement than to the absence of cognition. 

Other influences on electrodermal response 
The electrodermal response rates among brain-injured subjects 

may have been influenced by injUIY to the afferent and efferent 
peripheral pathways involved in electrodermal response to auditory and 
visual stimuli. Although individuals with any discernible evidence of 
peripheral impairment were excluded from the present study, it is 
possible that the lack of response in two subjects may be accounted for 
by damage to central pathways involved in the afferent and efferent 
transmission of information. One subject in the RVS group (RVSF2) did 
not respond to the auditory tones. This subject stated that she had a 
mild bilateral hearing loss, greater in the left ear than the right. 
However, she was included in the present study because her audiogram 
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from the previous year showing that hearing was within normal limits 
below 2.0 kHz. Further, this subject showed both an observable 
behavioural startle and an electrodermal startle response to a loud clap, 
and reportedly perceived all of the names on the famous faces task. 
More recent communicative interactions with this subject have led me to 
believe that the hearing loss may be more severe than the audiogram 
suggested, thereby confounding the interpretation of the auditory tone 
task results for this subject. 

In retrospect, the clinical presentation of a second non -responding 
subject (PVSM5) suggests that damage to the reticulospinal pathway at 
the level of the medulla may have interrupted the efferent transmission of 
the electrodermal response. This subject moved all four limbs 
spontaneously and had no evidence of spinal cord or pulmonary injury, 
yet he was ventilator-dependent. When ventilation was discontinued for 
routine tracheostomy care, he reportedly would breathe on his own for a 
short time and then cease. Plum and Posner (1980) have deSCribed an 
acquired respiratory syndrome, similar to congenital central 
hypoventilation syndrome (Ondine's curse) in children, characterized by 
" ... normal or near-normal respiration during wakefulness or attention, 
but severe hypoventilation or even potentially fatal apnea with the advent 
of sleep or inattention" (p. 39). The acquired syndrome often is 
assOCiated with subacute medullary disease or lesions of the respiratory 
reticulospinal projection, causing damage to the medullary respiratory 
pattern generator and sparing the corticospinal pathways. An awake 
individual without concommitant brain damage would be able to control 
respiration voluntarily using cortical mechanisms and the corticospinal 
pathways to the respiratory musculature. Severe brain damage could 
impair this voluntary pathway, potentially rendering a patient ventilator
dependent. Despite the absence of documented brainstem injury in 
subject PVSM5, he did have a history of cardiac dysfunction and 
infrequent but prolonged episodes of hiccups, both of which can be 
associated with damage to the medulla. 
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Prediction of outcome 
Subjects in the Acute group were found to have a generally poor 

outcome at 6 months post-injury, with the exception of subject AF3, who 
returned to school. Two subjects (AFI and AM2) remained in vegetative 
state and two subjects (AM4 and AM5) responded inconsistently to 
meaningful stimuli but remained non-verbal and completely dependent 
in all activities of daily living. 

Electrodermal measures obtained in the first few months post
injury appeared to be generally predictive of outcome. The subject with 
the best outcome (AF3) had the most consistent startle response, the 
highest baseline and total overall scores, and exhibited both habituation 
and orientation on a single recording day. The remaining four SUbjects, 
who were in the Glasgow Outcome Score categories of 2 (vegetative state) 
or 3 (severely disabled), had lower or absent startle responses, and fewer 
responses overall. 

The observation that more frequent baseline responses were 
associated with better outcome may indicate that baseline electrodermal 
activity reflects the overall integrity of neural systems involved in arousal 
and attention to the environment. Similarly, the presence of an 
electrodermal startle response suggests that one of the most primitive 
mechanisms for alertlng the organism to important information is intact. 
Startle responses were present in all Control and RVS subjects and in 
the one Acute subject who made a good recovery (AF3), and were absent 
in three subjects in the PVS group (PVSM3, PVSM4 and PVSM5) and two 
of the Acute subjects who had a poor outcome at 6 months post-injury 
(AM2 and AM4). 

As mentioned above, the presence of a primitive orienting response 
is not suffiCient for the recovery of cognitive function, which also requires 
the capacity for cortical processing. This may account for the presence of 
an electrodermal startle response in three subjects who remained in 
vegetative state (PVSMl, PVSF2 and AFl). In apparent contradiction, 
subjects AM4 and AM5 differed in the presence of a startle response, 
although they had a similar clinical proffie (they followed commands 
occasionally but remained completely dependent). Perhaps the response 
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represent a meaningful difference in orienting to the environment. 
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Subjects in the Acute group who did produce electrodennal 
responses varied in their day-to-day perfonnance on most electrodennal 
measures. This is unsurprising given that during the first few weeks and 
months post-injury the nervous system is in the initial process of 
recovery from trauma. Acute subjects also appeared to tire easily. and 
recording sessions often were delayed to accommodate rest periods. 
These subjects became more neurologically stable over the first 6 months 
post-injuty. as evidenced by the improvement in SSAM scores for visual 
tracking and eye-opening. regardless of the presence or . absence of 
change in cognitive status. Even when Acute subjects were tested again 
at several months post-injury. electrodennal responses continued to vary
from day to day. suggesting that electrodennal activity does not stabilize 
untlllate in the first year post-trauma. In comparison. chroniC subjects 
tended to be more consistent in their electrodennal response; that is. 
subjects who responded tended to do so on all test days. 

Despite the inconsistency of response among the Acute subjects. 
aspects of the data obtained from repeated testing are noteworthy. 
Subjects AFl and AM2. who remained in vegetative state at 6 months 
post-injury. exhibited essentially no change in electrodennal activity over 
time. By contrast. subject AM4. who reportedly recovered sufficiently to 
follow some simple whole-body commands. demonstrated a tendency 
toward habituation and orientation to tones for the first time at 6 months 
post-injury. 

Strengths and limitations of the present study 
Strengths. There were three important strengths of the present 

study method. First. the data acquisition system was easy to use. 
flexible. portable and worked rapidly. In clinical practise. it would be 
easily accessible to staff after a minimum of training. and could be 
adapted to suit the physical and experiential characteristics of individual 
patients. 
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Second, the selection of 90 microvolts as the criterion for a skin 
potential response proved useful in comparing results among the present 
~ubject groups. The number of smaller responses (20 to 89 microvolts) 
did not differ significantly among groups. Conversely, if a higher 
threshold had been set, meaningful electrodermal responses might have 
been excluded from brain-injured subject data. 

Third, it was instructive to record from brain-injured subjects on 3 
separate days within 1 week. In this way, a range of clinical behaviour 
was observed, arid was found to be reflected in measures of electrodermal 
activity. The presence or absence of responses from day-to-day provided 
useful information, particularly among vegetative state subjects. In 
addition, groups were found to differ on some variables only on the best 
or worst clinical days. Clinical judgments of the best and worst day 
generally were consistent with electrodermal data. Given that subject 
days typically were assigned the 'Worst Day" ratlng due to decreased 
alertness in subjects, this finding supports Edelberg's (1972) statement 
that electrodermal responsiveness is related to level of arousal. 

Limitations. The principal limitation of the present method is that 
it does not permit qualitative inferences about thought content and 
awareness, but rather provides only a quantitative index of 
responsiveness to various stimuli. Such quantitative data must be 
viewed with great caution, because it might be temptlng for caregivers or 
others to interpret a response as evidence of conscious awareness. 

A second limitation of the electrodermal method concerns the 
eligibility of subjects for testlng. It was necessary to exclude subjects 
with thoracic or cervical spinal cord injury or autonomic instability, 
subjects taking medications affectlng the autonomic nervous system, and 
other criteria listed in Table 2. Further, electrodermal activity may be 
difficult to measure in subjects at Rancho Los Amigos Levels III and IV, 
when they are agitated and unable to tolerate repetitive listening tasks. 
Many of these limitations may be circumvented by modifications in the 
recording procedure. For subjects with Spinal cord or peripheral nerve 
injury, electrodermal activity may be recorded from the forehead or the 
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sole of the foot. To minimize phannacologic effects. recording times may 
be scheduled in accordance with medication regimens. To address the 
~ssue of movement artefacts, an accelerometer placed in the vicinity of 
the recording electrodes and oriented in the direction of the nlovements 
may aid in the differentiation of electrodermal response from movement. 

In future studies, auditory and visual evoked potential testing is 
recommended. Information obtained from these additional assessments 
would help to eliminate potential confounds in the data, and would 
facilitate the interpretation of electrodermal responses. 

A final and important limitation of the present study was the small 
number of subjects tested. Although significant group differences were 
observed, additional differences may have emerged more clearly in a 
larger group of subjects. To illustrate, ten of the paired comparisons of 
startle response amplitude and total number of criterion-level responses 
between the RVS group and other groups were different at the .05 level, 
but were not statistically significant after correction for alpha-slippage. 
The results of the famous faces task also would be strengthened by the 
inclusion of more subjects and a greater number of stimuli per subject. 

These limitations will be addressed in future research. Specific 
recommendations are described in the following section. 

Recommendations for future research 
There are several research implications that can be drawn from the 

results of the present study. Despite the limitations just discussed, the 
results suggest that electrodermal response measures have potential as a 
research tool, and perhaps ultimately as a clinical tool, in traumatic 
brain injury. 

For individuals in acute vegetative state, electrodermal recordings 
could be made and combined with other measures (such as length of 
time in coma) to determine whether accuracy of outcome prediction is 
improved as well as to track changes in responsiveness over time. In this 
context, daily measures of electrodermal activity are recommended. For 
example, a procedure such as that employed by Kane (1993) might be 
used. Kane periodically recorded evoked potentials from comatose 
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patients and was able to demonstrate electrophysiological changes that 
preceded emergence from coma. As is the case with evoked potential 
~esting, recording of electrodermal activity is not dependent on overt 
behaviour, and changes in patient status may be detected before they are 
apparent on physical examination. Collection of data could be 
streamlined to include only the startle, baseline and auditory tone tasks 
-- the most informative in the present Acute group -- to allow for repeated 
administration on a daily or weekly baSis. 

For individuals who have made a substantial recovery from severe 
brain injury, the electrodermal method may be used to investigate 
deficits in attention and information processing. As deSCribed above, 
attention deficits are common sequelae of traumatic brain injury, and the 
results of the present study suggest that these deficits may be reflected 
in electrodermal activity. A significant advantage of electrodermal 
recording is that it does not require movement by the subject, thereby 
circumventing the potential influences of weakness and incoordination 
on the performance of brain-injured individuals. Further, measurement 
of electrodermal response provides temporal information that is not 
captured by other types of behavioural tests. 

For subjects who remain in vegetative state after several months, 
the electrodermal method may prove useful in the investigation of pre
cognitive and/or impliCit memory processes. Data obtained using this 
method may provide insights regarding theories of memory, and 
poteritially have an impact on definition and diagnosis of vegetative state. 
Also, it would be of interest to study the relationship between caregiver 
perceptions and electrodermal response. Perhaps electrodermal activity 
reflects what caregivers "see" in their interactions with patients and what 
often creates the " ... potentially deadly conflict ... " between health care 
providers and family members described by Molinari (1991, p. 627). 

One advantage of testing recovered and vegetative 'state subjects 
who are in the chronic stage post-injury is that they are less likely to be 
taking medications that affect autonomic nervous system function. 
Another advantage is that subjects in the chroniC stage have more 



consistent and longer eye-opening time. This makes it possible to 
administer a large number of stimuli. 

Final comments 
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The results of this research emphasize the importan~e of 
attempting to determine the interaction with the environment and level of 
cognitive processing of individuals in vegetative state. An the very least. 
evidence that patients in vegetative state are in some way responsive to 
environmental stimulation may result in an increased perception of them 
as individuals. This perception in turn may be associated with better 
medical care of the patients and may support the caregivers and hospital 
staff in their interactions with the patient (LaPuma et al .• 1988). At best. 
we may better understand the capabilities of each individual survivor 
throughout the course of recovery and rehabilitation. 
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APPENDIX A: Glasgow Outcome Scale 

From: Jennett B. Bond M (1975) Assessment of outcome after severe 
brain damage. Lancet. March 1: 480-4. 

1 Death. This might seem to require no further definition. but 
agreement must be reached on what conditions should be met 
before ascribing death to brain damage. This can be difficult after 
head injury. when other major injuries and extracrantal 
complications are conunon. and when coma complicates major 
systemic disease which may itself cause death. perhaps after initial 
recovery from cerebral symptoms. This problem can be met by 
accepting only deaths within a limited time interval as indicating a 
fatal outcome from a particular incident. Most deaths ascribable 
to primary brain damage. especially after head injury. happen 
within 48 hours. But with intensive therapy patients may survive 
in a vegetative or severely disabled state and die after weeks or 
months; although such deaths may technically be ascribed to 
pneumonia. it would be deception to deny that they are due to the 
original brain damage. One device is to subcategorise deaths 
which have occurred after the patient has regained consciousness. 
regarding this as evidence of initial recovery from the incidence of 
brain damage. 

2 Persistent ve@tative state. This is the least ambiguous term to 
deSCribe patients who remain unresponsive and speechless for 
weeks or months until death after acute brain damage. Mter 2-3 
weeks they open their eyes and have cycles of sleeping and waking. 
which makes it inappropriate to deSCribe this state as prolonged 
coma; nor is akinetic mutism an accurate label. because that term 
is used also for patients who respond at a much higher level. and 
who have potential for recovery. Although vegetative patients show 
an absence of function in the cerebral cortex. as judged 
behaviourally. the cortex may be structurally intact. In such cases 
the lesion is in subcortical structures of the cerebral hemisphere or 
in the braInstem. or more often in both. It was for this reason that 
Jennett and Plum considered the term "apallic syndrome" an 
inaccurate one to deSCribe this state. 

3 Severe disability (conscious but disabled). This is used to deSCribe 
patients who are dependent for daily support by reason of mental 
or physical disability. usually a combination of both. Many will be 
in institutions. but this should not be a criterion. because 
exceptional family efforts may enable such patients to be looked 



after at home. It is important to recognise that severe mental 
disability may occasionally justify this classification in a patient 
with little or no physical disability. 
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4 Moderate disability (disabled but independent). Such patients can 
travel by public transport and can work in a sheltered 
environment, and are therefore independent in so far as daily life is 
concerned. The disabilities found include varying degrees of 
dysphasia, hemiparesis, 'or ataxia, as well as intellectual and 
memory deficits and personality change. These may produce 
considerable family disruption. Notice that independence is of a 
greater degree than that commonly described by geriatric 
physicians and others under the title "activities of daily living," 
which usually refer only to ability to maintain self-care within the 
patient's room or house; those able to do only that would be judged 
as severely disabled on the present scale. 

5 Good recoveor. This implies resumption of normal life even though 
there may be minor neurological and psychological deficits. Return 
to work is regarded as an unrealistic index of recovery, because it 
may lead to false impressions in either direction. Local 
socioeconomic circumstances may make it difficult for anyone who 
has been seriously ill to return to work, even though fully 
recovered. On the other hand, some patients with conSiderable 
disability may be fully employed, either because their work is 
compatible with their particular disability, or because their 
employers are showing generosity by providing what really 
represents sheltered employment. Other aspects of social outcome 
should be included in the assessment, such as leisure activities 
and family relationships. 
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APPENDIX B. Chedoke pilot research project summary 

AUTONOMIC RESPONSE TO VISUAL AND AUDITORY STIMULATION IN 
SEVERELY BRAIN INJURED ADULTS 

Chedoke-McMaster Hospitals, June-August, 1991 

Pilot Project: Final Report 

PRINCIPAL INVESTIGATOR: 

Lyn S. Turkstra, M.A. 
Institute for Neurogenic Communication Disorders 

University of Arizona,Tucson, Arizona 

ON-SITE SUPERVISOR: 

Karen Shue, Ph.D., Department of Psychology 
Acquired Brain Injury Program 

Chedoke-McMaster Hospitals, Chedoke Division 
Hamilton, Ontario 

"The persistent vegetative state is a form of eyes-open permanent 
unconsciousness in which the patients has periods of wakefulness and 
physiologiC sleep/wake cycles, but at no time is the patient aware of 
himself or his environment." 

Purpose. 

American Academy of Neurology 
POSition Statement, 1989. 

The purpose of this research was to increase our understanding of 
the cognitive and motor correlates of severe brain injury. The overall 
research objective was to determine if, within a behaviourally similar 
population of brain injured patients, there existed a subgroup who would 
respond autonomically to arousing visual and auditory stimuli, as 
measured by electrodermal skin response. 
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Rationale. 
By definition, persistent vegetative state (PVS) is a state in which 

~e patient is alert, with relatively normal vegetative function and an 
absence of externally obtainable evidence of mentation -- i.e., "the 
absence of any adaptive response to the environment" (Jennett & Plum 
1972, p. 736). Although the patient in vegetative state (VS) occasionally 
may track moving objects in the environment, this is assumed to be a 
random event. Thus, VS is characterized by a contrast between apparent 
vigilance and a lack of overt and meaningful behavior, consistent with 
preserved brainstem function with a total loss of cerebral cortical 
functioning [American Academy of Neurology (AAN) Position Statement 
1989]. As Feinberg and Ferry (1984) stated, patients in PVS are 
presumed to be "!!.there but not there" (p. 129). 

Due to advances in life-saving technology and a concornmitant rise 
in the incidence of traumatic injuries, the prevalence of survivors of 
severe brain injury is increasing. It has been suggested that there are 
500,000 new patients in vegetative state each year in the United States 
(Plexus, 1989). A percentage of these patients are tramatically injured 
young adults who may survive for several years without artificial cardiac 
and respiratory support. In a recent report of the Traumatic Coma Data 
Bank, 14% of 650 patients with closed head injury were discharged in 
vegetative state, 58% of whom regained consciousness within three years 
(Levin et al., 1991). The lack of definitive cognitive and predictive 
information about this population is a significant ethical, social and 
medical issue (Berrol, 1986; Turkstra, 1991). 

There is no existing method to determine with certainty whether 
individuals diagnosed as being in the persistent vegetative state (PVS) are 
aware of the environment. The estimation of cognitive status in PVS 
patients typically is based on the results of various imaging and 
electrophysiologic techniques. For example, there may be evidence of 
atrophy on CT scanning, reduced rCBF, isoelectric EEG, abnormal 
evoked potentials or hypometabolism on PET scanning (R. Cranford, 
personal communication, Januruy, 1989). However, the Validity of many 
of these techniques has been inferred from studies of PVS secondruy to 
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hypoxic/ischemic injury (e.g., Levy et al., 1987). Many of these 
techniques are difficult to access, and the results may not provide 
?onclusive information. Furthermore, the relationship of neuroradiologic 
measures to neuropsychological outcome is not well established. One 
method that has been studied extensively in other neuropsychological 
applications is electrodermal skin response (a.k.a. galvanic skin 
response, lie detector test). This method has been shown to reflect 
knowledge that is not reflected in the subjects' behaviour (e.g., Bauer, 
1984; Verfaellie et al., 1991). It is uniquely suited to this population 
because it does not require an overt behavioural response. 

One hypothesis is that the population of patients labelled VS is 
heterogeneous with respect to ~ognitive function, despite similarities in 
movement and tone. In other words, the unresponsiveness of some 
patients may be relatively more motorically-based than cognitively-based. 
Due to the biomechanica! characteristics of acceleration/deceleration 
injury and cerebral edema, one would predict that areas of the brain 
putatively involved in motor function (i.e., subcortical nuclei near the 
cerebral ventricles) would be affected severely (Margulies et al., 1990). 
This type of brain damage primarily is at the cellular level and is not 
apparent on CT or MRI scans. In other words, current techniques are 
limited in their sensitivity to the distinction between someone who is not 
moving because they are not thinking and someone who is not moving 
because they have severe motor impairment. 

Given the above, it would be useful to develop an accessible and 
reliable technique that would reflect the patient's response to meaningful 
exteroceptive stimulation, independent of his or her ability to produce a 
voluntary motor response. 

The research hypothesis for the Chedoke study is that some 
patients diagnosed as being in PVS would exhibit autonomic evidence of 
awareness of meaningful, environmental stimuli as measured by 
Galvanic Skin Response. 
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Subjects. 
Four severely brain-injured subjects, two females and two males, 

participated in the study (the data from a fifth subject were excluded for 
technical reasons). The time post-injury ranged from 13 to 60 months, 
and the mean age of the subjects was 23 years. Three of the subjects 
had received in-patient treatment in American rehabilitation centres for 
some length of time before being repatriated back into the Ontario health 
care system via the Chedoke-McMaster Hospitals Acquired Brain Injury 
Programme (ABIP). These three patients were living at home with 
medical, rehabilitation and housekeeping support and were tested at 
home in a quiet room. The fourth patient (BL) was an in-patient who had 
been admitted to ABIP for assessment of further rehabilitation and was 
tested in a quiet room in the hospital. All subjects were involved in 
rehabilitation programmes that included sensory stimulation. All were 
judged by previous and present rehabilitation team members, including 
the ABIP admission committee, to be at Level II on the Rancho Los 
Amigos Scale, i.e., responding inconSistently and non-purposefully, not 
following commands or demonstrating purposeful movement. Thus, all 
subjects fulftlled the criteria for PVS as defined by Jennett and Plum 
(1972). 

Procedure. 
The Sensory Stimulation Assessment Measure (Rader & Ellis, 

1987) was administered to each SUbject, beginning with a baseline 
observation period. Skin potential (SP) was recorded continuously from 
two surface electrodes attached to the upper forearm and the thenar 
eminence, respectively. of the palm that yielded the best response to a 
startle stimulus. A third ground electrode was attached to the mid
forearm on the same side. Subjects were videotaped during the 
administration of the SSAM, including a pre-assessment baseline 
recording of spontaneous motor activity. After the SSAM, each subject 
was shown a selected subset of slides from the International Affective 
Picture System (Greenwald et al, 1989). Slides were projected on a blank 
wall or screen apprOximately 5 to 10 feet from the subject and were 
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presented for a minimum of 6 seconds per slide. The slide presentation 
was preceded by three presentations of a blank screen to habituate the 
~ubject to the visual image. Subjects were physically oriented toward the 
screen/wall and were judged by the experimenters to have their gaze 
directed toward the visual images projected. Mter the formal assessment 
was complete, data continued to be recorded during spontaneous 
interaction between the patient and members of his or her family. 

For the first three subjects (CV, JB, TM) SP was recorded using a 
portable electrocardiography (ECG) unit with an oscilloscope display, 
which did not provide a printed record. One experimenter (PF) was 
trained to make yes/no judgments on the electrodermal response based 
on the absence or presence of a signal deflection on the oscilloscope 
screen; her observations were recorded on the SSAM form. The 
oscilloscope was videotaped during the presentation of slides. Data from 
the fourth subject, BL, were recorded on the Advantage EMG 
computerized recording system with graphic output display. The input 
specifications for the Advantage system are present in the lower right 
hand comer of the sample printout in Appendix B. 

Results. 
Subject JB. JB demonstrated two characteristic motor behaviours: 

intennittent extension of the left index finger with dyskinetic movements 
of the left arm and protruSion of the tongue, and head-turning away from 
stimulation. In addition, JB displayed periodic episodes of extensor 
spasm and CNVII palsy followed by a series of cloniC jerks and a yawn. 
These latter episodes previously had been deSCribed as "seizure-like," 
consistent with the patient's history of seizure disorder. although this 
had not been confirmed by EEG. The episodes did not appear to be 
related to specific external stimuli and were associated with wild 
excursions of SP. Otherwise, the baseline recording period was 
associated with an absence of SP responses. On ocular examination the 
subject was found to have large and briskly reacting symmetrical pupils 
with no tracking or accommodation response. 
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JB had no overt behavioural response to a startle stimulus. The 
only observed responses to stimulation were minimal and non
~eproducible movements of the left arm (once) and finger (once) to spoken 
commands, a single occurrence of eye-closing after presentation of a 
written command, a gross startle response to olfactory stimulation with 
the examiner closing his (JB's) lips to force airflow through his nose and 
the above-noted generalized head-tUrning away from all stimulation. 

JB showed large SP responses to the following stimuli: loud clap 
(startle), spoken command to move his arm, written command to close 
his eyes, pupillary testing (light), and two of the olfactory stimuli (rum 
extract and peppermint). After administration of the third scent 
(almond), a "seizure-like" episode occurred and the SSAM was 
discontinued. 

JB had small responses to slides 576 (landscape) and 200 (happy 
face), and more robust responses to slides 690 (aircraft) and 109 (snake). 

Subject 1M. 1M showed no overt behavioural responses to 
stimulation. She was sitting in a customized wheelchair, and periodically 
she would move her head from an upright to a sideways pOSition. Her 
left eye was open more than the right. She had a CNVII palsy throughout 
the session associated with some head movement. She frequently had 
coughing episodes and required repositioning. Ocular assessment was 
remarkable for unequal and somewhat reactive pupils (right smaller than 
left) and minimal visual tracking in the horizontal direction only. 

There were no SP changes during the baseline recording period. 
During the test period, SP changes were observed in association with the 
following stimuli: finger snapping (startle, minimal), spoken commands 
to open/close/blink eyes (minimal) and move head, and one olfactory 
stimulus (almond extract). Because of the lack of response to visual 
stimuli, testing was discontinued before the slide presentation. 

At the conclusion of 1M's session we were informed by the family 
that a trial of clonazepam, a CNS depressant, had been initiated 3 weeks 
prior to our testing. 
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Subject CV. CV had a fixed gaze deviation to the left with his eyes 
half-opened, and had random "chomping" mouth movements. He 
demonstrated behavioural responses to spoken commands to move his 
arm, finger and thumb, close his eyes and tum his head. The head
turning movement to the right was accomplished over a 5-minute period 
with considerable spoken encouragement. He showed a marked increase 
in eye-opening when presented with the written commands. He was able 
to answer three out of four yes/no questions correctly by raising his 
thumb. although this behaviour was not reproducible with repetition of 
commands at a later time. With gustatory stimulation (instant chocolate 
powder) by his mother. he had rotary chewing movements, groaning 
vocalizations and a shift in body posture - i.e .• arms and head moving in 
concert with his swallow. On ocular examination the subject was found 
to have briskly reacting large symmetrical pupils with abnormally small 
accommodation and tracking responses (small medial tracking movement 
left eye only). 

There were no observed SP changes during the baseline recording 
period. Discrete SP changes were observed in association with the 
following stimuli: spoken commands to blink his eyes and move his 
thumb. written commands to open/blink/close his eyes or move his 
thumb, two of four yes/no questions he was answering by raising his 
thumb (one of which he answered incorrectly) and the colour red. Small 
responses were noted in association with written commands to move his 
tongue and vocalize, with the colour orange and with all four olfactory . 
stimuli (rum. peppermint, almond, orange). 

CV showed a galvanic skin response to slide 122 (spider). At some 
point late in the slide presentation the electrodes apparently became 
detached from the subject and it is unknown if he would have responded 
to the last ten or twelve slides. 

Subject BL. BL perhaps could be described as the "highest level" 
patient of this group. In the past, she reportedly had been able to 
indicate yes/no intermittently by elevating her thumb and had been 
receiving some nutritional intake by mouth. Her level of function had 
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declined significantly with the initiation of a trial of clonazepam 2 months 
prtor to testlng. At the time of testing. it had been 1 month since 
discontinuation of the drug. and BL's level of alertness was improved 
significantly. She was awake with a fixed gaze. She had oral/limb 
dyskinesias and rtgidity on the left side. and a rtght upper and lower 
extremity hemiparesis. Once. approximately 1 week after testing was 
initiated. BL was able to answer 40 yes/no questions approprtately by 
raising her left thumb. She was able to track obje~ts hOrizontally and to 
inconsistently close her eyes and protrude her tongue on command. Her 
ability to follow oral-motor commands improved in proportion to the level 
of enthusiasm of the therapist and declined with fatigue. She responded 
to wrttten and auditory stimuli. 

SP responses were observed in association with the startle 
stimulus. slides # 150 (dog) and #620 (gun). Mter presentation of the dog 
slide BL exhibited a sertes of agitated motor behaviours. including 
shaking of her leg. It was later discovered that the dog in the slide was 
the same breed as BL's own dog. It was noted that BL's general level of 
autonomic arousal vaIied across the different phases of testing. from 
nearly monotonic durtng the initial portions of the standard test battery 
when she appeared to be asleep with her eyes open. to somewhat 
vartably durtng the following commands section of the test. to extremely 
vartable when her parents were giving her intense verbal stimulation. 
The monotonic pattern of response also was observed durtng olfactory 
stimulation. BL had no specific behavioural response to the assessment 
protocol. other than the above-noted response to the picture of the dog. 

Discussion. 
The above results emphasize the heterogeneous nature of the 

population of vegetative state patients. These subjects would be 
descrtbed as "persistently" vegetative based on the length of time they 
had been observed to be unresponsive. Yet there was considerable 
variation in the degree of this unresponsiveness across subjects. There 
also was vartability in the items to which different patients responded. 
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Evidence of autonomic response to meaningful stimuli has many 
implications for management of patients who are vegetative in the early 
stages post-trauma. First. it may affect the direction of treatment for 
these patients. For example. if a patient responds preferentially to visual 
vs olfactory stimulation it may be beneficial to focus on the former in 
developing a stimulation programme. Second. the quality of interaction 
between a patient and his or her caregivers might be influenced 
positively by indications that a patient in some way responds to events in 
the environment. Finally. it is hoped that this method will assist in the 
prediction of outcome among severely brain injured patients who are 
vegetative at 1-3 months post-injury. It is hypothesized that patients 
who have a greater autonomic response to environmental stimulation will 
have a better long-term outcome. 

The current study has the potential of furthering our 
understanding of severe brain injury. The procedures used in this study 
may supplement other electrophysiological and neuroimaging techniques 
in determining appropriate treatment and in the prediction of outcome 
from early post-traumatic vegetative state. Positive findings may justify 
the extension of this research to a larger clinical population. with the 
goal of developing a standard protocol for diagnostic testing. In addition. 
the study may generate some interesting theoretical questions about 
physiological and psychological aspects of human thinking and 
expression. 
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APPENDIX C. Rancho Los Amigos Levels of Cognitive Functioning 

Level I No response 

Level II Generalized 
Response 

Level III Localized 
Response 

Levelnf Confused, 
Agitated 

Level V Confused, 
Inappropriate, 
Non-agitated 

Level VI Confused, 
Appropriate 

Level VII Automatic, 
Appropriate 
Response 

Level VIII Purposeful, 
Appropriate 

Unresponsive to all stimuli. 

Inconsistent, non -purposeful, non -specific 
reactions to stimuli. Response may be 
the same, regardless of stimulus. 

Inconsistent reaction directly related to 
type of stimulus presented. May respond 
to commands in inconsistent, delayed 
manner. 

Behaviour is bizarre and non purposeful 
relative to immediate environment. 
Verbalizations incoherent, inappropriate 
and/ or confabulatory-o Short attention 
span and lacks short-term recall. 

Non purposeful random or fragmented 
responses when task complexity 
exceeds abilities. Patient appears alert 
and responds to simple commands. 
May performs previously learned tasks 
with structure but is unable to learn 
new ones. Memory- severely impaired. 

Behaviour is goal-directed but dependent 
on external input for direction. Responses 
are appropriate to the situation with 
incorrect responses due to memory
difficulties. 

Correct routine responses which are 
frequently robot-like. Appears oriented to 
setting. Carty-over for new learning but 
at a decreased rate. Impaired judgment. 

Able to recall and integrate past and 
recent events. Aware of and responsive 
to environment. Continued impairment 
of language, abstract reasoning, tolerance 
for stress and judgement in emergencies. 

Adapted from: Hagen C (1984) Language disorders in head trauma. In: 
Holland A (Ed.) Language Disorders in Adults. San Diego: College 
Hill. 
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APPENDIX D. Detailed subject characteristics 

Control Group 

Subject Age Education 

CFl 23 College 

CM2 24 College 

CF3 22 College 

CM4 21 College 

CM5 16 High School 

CF6 39 College 

CM7 42 College 

CF8 36 College 

CF9 36 College 

CM10 54 College 

Mean 31.3 



DOB 
SSAM 
EDR 
Admit 
GCS 
SAH 
SDH 

. ICP 
trach 
g-tube 
j-tube 
CT 
MRI 
EP 
GOS 
CNS 

date of birth 
Sensory Stimulation Assessment Measure 
electrodennal response protocol 
on admission to hospital/rehabilitation centre 
Glasgow Coma Score 
sub-arachnoid haemorrhage 
sub-dural haemorrhage 
intracranial pressure 
tracheostomy valve 
gastrostomy feeding tube 
jejunostomy feeding tube 
computerized tomographic scan 
magnetic resonance imaging scan 
evoked potential testing 
Glasgow Outcome Scale 
central nervous system 

Acute Group 

Subject: 
Injury: 
DOB: 
Testing: 

AFI 
10-4-92 
10-1-48 
1-27-93 (SSAM 1) 
2-2/3/4-93 (EDR) 

Education: Some college. 

124 

Pre-morbid: Healthy. easygoing. extroverted. independent: travel agent. 
Etiology: Fell off horse: immediately unresponsive. paramedics 

couldn't intubate. 

Acute course: 
- Admit. GCS 4 (eyes 1 verbal 1 motor 2) . 
- pupils nonreactive: noxious stimulation = left leg and bilateral arm 

extension (decerebrate); toes upgoing bilaterally 
- right occipital cephalhematoma 
- immediate craniotomy and left temporal tip lobectomy + shunt + 

barbiturate coma 
- GCS Day 13-14 = 7 
- Admit. CT: ?multiple haemorrhagic contusions (subarachnoid. 

subdural and intraparenchymal haemorrhage) bilaterally + deeper in 
basal gangUa bilaterally; marked left-to-right shift. evidence of uncal 
herniation 
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Post-acute course: 
- 12-10-92: no real change; GCS eyes 4 verbal 1 motor 4 = 9; 

angiography: diffuse vascular narrowing; alert, eyes open, glasses on, 
pupils 3.5-4 and reactive + irregular right> left; blink startle 
consistent, roving eye movements when eyes forcibly opened; reduced 
range of motion upper extremities -- ? contractures 

- 11-6-92: repeat CT shows bilateral infrafrontal + left temporal lobe 
haemorrhagic contusions + contusions left basal ganglia, right 
caudate nucleus and surrounding infarct + left frontal lobe vasogenic 
edema and vasospasm 

- 11-17-92: bone flap replacement 
- 1-27-93: GCS eyes 4 verbal 1 motor 4 = 9, heart within normal limits, 

skin warm/dry, colour good, no edema, pupils 3+3+, right arm4leg4 
left arm4leg4, respiration regular, on 21% aerosol, eyeblink to visual 
threat and auditory stimulation, no meaningful interaction with 
caregivers 

Medications at time of testing: 
- Zantac, AscorbiC acid, Colace, Theragran, Sulfacetamide, Dilantin, 

Septra 

SSAM1 (corrected for no gustatory testing): eyes 8 motor 5.3 verbal 4 = 
17.33/72 Rancho los Amigos Level II 

SSAM2 (corrected for no gustatory testing): eyes 12 motor 5 verbal 4 = 
21/72 Rancho los Amigos Level II 

- change in SSAM by Test 2 is < 1 sd 

SubJect: 
Injury: 
DOB: 
Testing: 

AM2 
10-30-92 
6-20-41 
1-27-93 (SSAM 1) 
2-1/3/4-93 (EDR) 

Education: 2 years college. 
Premorbid: Owned trucking business; politically high proille; no 

problems with reading/writing, easygoing, "fun", very involved with 
business; emphysema - heavy smoker; reading glasses. 

Etiology: Ejected from truck after collision with another vehicle that 
ran stop sign. 

Acute course: 
- Admit. diagnosis: multiple trauma with multiple rib fractures, 

emphysema, flail chest, dislocated left hip, pneumothorax, 
pneumomediastemum, diffuse axonal injury 
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Post-acute course: 
- CT head 1-26-93 to rule out hydrocephalus: bifrontal and left parietal 

chronic SDH left> right; no midline shift. effacement of sulci or acute 
intracerebral haemorrhage 

- 1-24-93: heart within normallimfts. colour good, no edema. skin 
good. GCS eyes 2 verbal 1 motor 2 = 5. pupils right> left and 
sluggish. arms 3/2 (spastic) legs casted. 30% oxygen via Shiley #8 
trach. g-tube 

Medications at test: 
- Tuss organidin DM. Zantac. Furosemide. KCI. Aminophylline. Com 

starch to axilla. Baclofen. Fortaz-tazidine. Heparin. Betadine 

SSAMI (corrected for not testing gustatory): eyes 8 motor 4 verbal 4 = 
16/72 Rancho los Amigos Level II 

SSAM2 (corrected for not testing gustatory): eyes 9 motor 4 verbal 4 = 
17/72 Rancho los Amigos Level II 

Subject: 
Injury: 
DOB: 
Testing: 

AF3 
9-13-92 
9-22-76 
10-12-92 (Initial behavioural testing) 
10-13/14/15-92 (EDR) 

Education: In High School. 
Premorbid: Reportedly "normal" teenager. healthy. 
Etiology: Single vehicle rollover; father driving; subject ejected from 

vehicle: comatose at scene. intubated within 2 hours. 

Acute course: 
- Admit. GCS: eyes 1 verbal 1 motor 5 = 7. chemically paralysed 
- left pupil reactive. right sluggish; pulse good 
- CT 9-13-92: cerebral edema 
- MRI 9-14-92: focal corpus callossum (body) shearing; no identifiable 

evidence of contusion/ shearing; no extra-axial fluid collections 
- CT 9-29-92: small left frontal subdural hygroma; no mass effect 
- trach and g-tube 9-25-92 

Post-acute course: 
- at 4 weeks: trached; spontaneous eye opening but somnolent. 

Spontaneous movement left arm and leg: ? if patient is "assisting" 
with left upper extremity flexion/extension during range of motion; no 
verbalization: no following commands; no meaningful interaction with 
environment 



- after last EDR recording session: followed 3 proximal limb 
commands. Appeared to attempt to vocalize/verbalize. 
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- at 6 weeks: inconsistently following commands + apparently nodding 
appropriately to questions; no vocalization/verbalization; mild right 
upper extremity weakness and right lower extremity hyperreflexia 

- at 3 months: ambulating independently, impulsive, breaks down with., 
3-step complex directions; word-finding problems ++, poor memory-, 
had been on Ritalin to make her more "interactive" with good success; 
right homonymous hemianopia 

Medications at test: 
- medical records not available 

SSAM 1 - Behavioural assessment - medical records not aVailable 
SSAM2 - Not administered - had exceeded Rancho los Amigos Level V 

Subject: 
InJwy: 
DOB: 
Testing: 

AM4 
1-1-93 
8-11-70 
1-30-93 (SSAM 1) 
2-15/116/17-93 (EDR) 

Education: Senior in college. 
Premorbid: Attention Deficit Hyperactivity Disorder as a chUd but doing 

well in school and member of fraternity; somewhat introverted; 
healthy; many environmental allergies; parents are educators 

Etiology: Rear seat passenger motor vehicle; car struck pole opposite 
side seated. 

Acute course: 
- Admit. GCS 4 with upper extremity 'extension bilaterally 
- CT 1-6-93: subdural hematoma right parieto-temporal-frontal 
- emergency craniotomy 
- in following weeks started opening eyes and withdrawing upper 

extremities; no following commands; high fever developed -- believed 
to be central in origin (sinusitis noted later). No CNS infection by 
lumbar puncture; trach and gastrostomy tube placed 

- discharged to nursing home at 4 weeks - not following commands 
- CT 1-22-93 - resolution of diffuse subarachnOid ~aemorrhage and 

cerebral edema: right temporal lobe tip parenchymal hematoma: 
encephalomalacia now present right temporal lobe with dilation of 
right temporal horn: otherwise no evidence of increased intracranial 
pressure and ventricular size normal 

- normal cervical and thoracic spine 



Post-acute course: 
- daily occupational/physical/speech therapy in nursing home + 

therapy by family daily 
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- family reports gradual increase in function to where patient can follow 
gross commands with time and apparently is improving in physical 
therapy 

Medications at test: 
- at Test 1: Tylenol, Mycostatin, Lacrilube, MDI albuterol 
- at Test 3: Zantac, Ritalin 

SSAMI (corrected for not testing gustatory & olfactory): eyes 10 motor 9 
verbal 7 - 26/90 Rancho los Amigos Level II 

SSAM2: Eyes 10 motor 12 verbal 10 = 32/90 Rancho los Amigos Level 
II-III 

change in SSAM scores Test l:Test 2 = 1.5 sd 

Subject: 
Injury: 
DOB: 
Testing: 

AM5 
4-18-93 
11-19-55 
7 -6-93 (SSAM 1) 
7 -6/7 /8-93 (EDR) 

Education: Unknown. 
Premorbid: Street-person with history of substance abuse. Apparently 

estranged from family and whereabouts unknown for many years. 
Etiology: Assaulted and robbed 4-18-93 by 2 men. At admission 

denied any change in level of consciousness and had been ambulatory 
all day. Complained of being kicked about the face. 4-19-93 evening 
had seizure and deteriorated. 

Acute course: 
- Admit. talking, normal vital signs, alert and oriented X3, "very stable," 

normal neurologic/neck/ chest/ cardiovascular/abdomen exam 
- seizure Day 2: confused and conversant, stood and walked 
- CT 4-20-93: right subdural fronto-parIetal haematoma with mass 

effect and midline shift + effacement of right ventricle 
- subject returned from CT with right pupil> left + response to pain 

with upper extremity flexion, lower extremity extension (decorticate) 
- intubated + Mannitol + emergency craniotomy + ventilated to decrease 

intracranial pressure 

Post-acute course: 
- CT 4-26-93: left anterior cerebral artery infarct, left frontal lobe 

medial intraparenchymal haemorrhage, haemorrhage into right 
middle cerebral artery infarct, evacuation of large right subdural 



haematoma with decreased mass effect and no uncal herniation; 
decreased left-to-right shift. no hydrocephalus 
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- EEG 4-26-93: comatose reading. poorly organized basic 5 - 7 Hz 
frequency in all areas. Marked decrease in right hemisphere. Painful 
stimulation produced no change 

- transferred to nursing home at 4 weeks in vegetative state 
- at 6 weeks had one eye open. somewhat agitated. not following 

commands 

Medications at test: 
- Pepcid. Reglan. Dilantin 

SSAMl: Eyes 6 motor 5 verbal 5 = 16/90 Rancho los Amigos Level II 
SSAM2: Eyes 12 motor 8 verbal 4 = 29/90 (corrected for no gustatory) 

Rancho los Amigos Level II-III 

RVS Group 

Subject: RVSMI 
Injury: 8-28-88 
DOB: 9-3-64 
Testing: 3-3/8/10-93 (EDR) 
Education: College degree (pre-morbid). Currently part-time college 

student and volunteering in community. 
Premorbid: Was working at hospital in pathology. Reportedly "wild." 

fonner roommate recently deceased from AIDS reportedly from 
intravenous drug abuse. 

Etiology: Found comatose beSide motorcycle after car-motorcycle 
collision (hit and run); no helmet; reportedly intoxicated. 

Acute course: 
- Admit GCS 3 + multiple trauma to arms 
- dilated and nonreactive right pupil. left pupil nonnal 
- CT on admission: bilateral frontoparietal contusion and intracerebral 

haemorrhage: decerebrate reflex: ICP mOnitor placed 
- facial lacerations repaired: trach and g-tube placed 
- hypertension 

Post-acute course: (Physician notes) 
- gradually awakened and answering questions inconsistently by 8 

weeks post-injury 
- 10-25-88: "practically unresponsive and does not speak at all" 
- 12-1-88: has done "amazinglyweU" re: social communication, 

independent ambulation. Residual impaired jUdgment, memory and 
coordination at discharge from rehabilitation. 
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Medications at test: 
-none 

Rancho los Amigos Level: VIII 

Subject: RVSF2 
Injury: 7 -15-87 
DOB: 11-26-63 
Testing: 3-29/30/31-93 (EDR) 
Education: Nursing student (pre-morbid). Currently part-time college 

student. 
Premorbid: Outgoing, intellectual, verbal, married, healthy. 
Etiology: Crossing street walking with bicycle and hit by car. 

Acute course: 
- on scene: GCS 3, respirations 12/minute and agonized, pupils not 

reactive bilaterally and deviated to right; right upper and right and left 
lower extremity decerebrate response to pain, left upper extremity 
localizing to pain 

- after intubation: GSC eyes 1 motor 3 to 5 verbal 1; decerebrate 
posturing still observed; pupils 2 mm and reactive bilaterally, deviated 
to right; hyperreflexia; continuous clonus both lower extremities; toes 
upgoing bilaterally 

- Admit CT: right frontal contusion and subarachnoid haemorrhage; 
blood in paramesocephalic cicstern and intraventricular; diffuse 
swelling and loss of grey-white interfaces; no midline shift 

- 10 days of intracranial pressure monitoring due to unstable ICP; 
multiple infections, including infection of ICP monitor 

- CT 7-16-87: improved 
- 7-20-87: seizure X 2 minutes 
- CT 8-3-87: small bilateral hygromas with no midline shift 
- other scans: normal cervical, thoracic and lumbar spine 

Post-acute course: 
- localizing pain left arm and leg at 4 weeks; otherwise does not follow 

commands and does not appear to have any other purposeful 
movements; breathing spontaneously through trach; gastrostomy 
tube in place 

- receiving "sensory stimulation therapy" from occupational therapy 
student beginning 3 weeks post-injury. 

- according to husband's daily journal: eyes opened to pain at 1.5 
weeks post-injury; no visual tracking at 3 weeks; localizing to sounds 
at 6 weeks; first followed a command at 10 weeks; consistent yes/no 
response at 14 weeks. 

Medications at test: 
- none 

Rancho los Amigos Level VIII 
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Subject: RVSF3 
Injury: 10-27-90 
DOB: 3-1-68 
Testing: 4-6/7/8-93 (EDR) 
Education: Senior in University (pre-morbid). Currently living half-time 

nursing home, half-time at home with parents. Unemployed. 
Premorbid: Outgoing sorority sister, popular, steady boyfriend. 
Etiology: Motor vehicle accident, single driver. Details unknown. 

?intoxication. 

Acute course: 
- Admitted to hospital with severe traumatic brain injury + multiple 

trauma; right hemisphere sudural haematoma, haemorrhage in 
spleen, liver lacerations, multiple fractures, extremely rocky course 
with prolonged coma 

- multiple surgical procedures including: evacuation of subdural 
haematoma, splenectomy, liver repair, right ventriculoscopy, rotation 
and internal fixation of fractures, trach and g-tube 

Post-acute course: 
- 12-20-90: shunt revision and bone flap replacement + repair of 

cranial defects 
- multiple phenol nerve blocks right upper extremity to relieve spasticity 
- 7-15-91: became more responsive over previous 6 weeks; extubated; 

discontinued gastrostomy feeding; conSistently following commands. 
Dense left hemiplegia + spasticity right upper and lower extremltiy; 
alert and oriented X2; apraxic: following simple commands: 
distractible: reduced attention to task. 

Medications at test: 
- Senexon, Casanthrol, Tegretol, Baclofen 

Rancho los Amigos Level VI - VII 

Subject: RVSM4 
Injury: 5-25-81 
DOB: 4-13-54 
Testing: 6-21/22/23-93 (EDR) 
Education: 3 years business administration at college (pre-morbid); 

currently counselor for the disabled 
Premorbid: Healthy,? alcohol abuse, smokes, self-described "rock In 

roller" 
Etiology: Motorcycle accident (with helmet). Rear-ended car that 

made illegal tum in front of him. 



Acute course: 
- reportedly had haematoma evacuated and jaw fracture repaired 
- acute medical records not aVailable 

Post-acute course: 
- transferred to sub-acute at 4 weeks: observed to nod head but not 

meaningfully; not following commands; no yes/no; no meaningful 
interaction with the environment 

- currently verbose. ?judgment on social concerns. memory is 
functional for activities of daily living. very personable and helpful 

Medications at test: 
- "coffin nails" (cigarettes) only 

Rancho los Amigos Level VII 

Subject: 
Injury: 
DOB: 
Testing: 

RVSF5 
7-3-91 
7-21-69 
6-7/8/10-93 (EDR) 
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Education: 
Premorbid: 

Nursing degree (pre-morbidly). Currently living with parents. 
Social. outgoing. popular. good student. 

Etiology: Motor vehicle accident: hit by another vehicle. 

Acute course: (medical records not available) 

Post-acute course: (medical records not aVailable) 

Medications at test: 
- DUantin 

Rancho los Amigos Level VII - VIII 
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PVS Group 

Subject: PVSl\t1l 
Injury: 7 -90 
DOB: 3-12-62 
Testing: 4-8/9/10-93 (EDR) 
Education: College associates degree (pre-morbid). 
Premorbid: Healthy, "unusual" young man (per parents) -- would work 

for a while then "take off' and tour the country; active. 
Etiology: Motorcycle accident, struck by car. 

Acute course: 
- not available 

Post-acute course: 
- has never had formal rehabilitation but extensive support from 

parents 
- 1-31-93 (primary care physician's note): "Non-ambulatory, no 

selective extremity control, no purposeful motor activity; meaningful 
eye contact or verbal communication. Apparently only mother and 
father feel patient sometimes communicates with eye blinks but 
nurses/ caretaker have not witnessed convincing behaviour of such 
nature." 

- gastrostomy tube in place; humidified air, occasional oxygen support 
- alert, eyes open to voice, blink to startle 

Medications at test: 
- Baclofen, Atenolol, Phenobarbitol, Dantrolene sodium 

Rancho los Amigos Level II 

Subject: 
Injury: 
DOB: 
Testing: 
Education: 
Premorbid: 
Etiology: 

PVSF2 
7-23-83 
2-6-40 
5-10/11/12-93 (EDR) 
1i"ansient. Background unknown. 
As above. 
Found severely beaten next to church. 

Acute course: 
- found unconscious; respirator, trach and g-tube placed 
- no neurosurgical procedures 
- 8-31-83: noted to be posturing in response to stimulation; no gag 

reflex 

Post-acute course: 
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- eyes open to voice. random non-purposeful upper and lower extremity 
movements; visual tracking. has been observed to nod head and smile 
but not directly related to stimulus 

- blink startle response to visual and loud auditory stimuli 

Medications at test: 
- vitamins only 

Rancho los Amigos Level II 

Subject: PVSM3 
Injury: 9-2-88 
DOB: 10-16-55 
Testing: 5-12/13/14-93 (EDR) 
Education: High School and professional training as welder: attending 

landscaping school at night premorbidly. 
Premorbid: Unknown (ward of county). 
Etiology: Pedestrian motor vehicle accident -- struck while running. 

Acute course: 
- depressed skull fracture: otherwise unknown 

Post-acute course: 
- unchanged since 5-90: smiles. tracks movement. eyes open to voice; 

no purposeful movement or communication with environment 

Medications at test: 
- Clonidine. Deraftl 

Rancho los Amigos Level II 

Subject: 
Injury: 
DOB: 
Testing: 
Education: 
Premorbid: 
Etiology: 

PVSM4 
4-4-79 
11-25-53 
5-17/18/19-93 (EDR) 
High School. 
Unknown. 
Pedestrian motor vehicle accident. 

Acute course: - details unknown 

Post-acute course: 

Details unknown. 

- post-traumatic seizure disorder; pupils fixed. withdraws from pain. no 
tracking; corneal reflexes present; Babinskis positive; diagnosis of 
quadriplegia; extensor spasms; eyes open to voice; blink startle to 
very loud sound 



Medications at test: 
- Reglan. Zantac 

Rancho los Amigos Level II 

Subject: PVSM5 
Injury: 5-30-91 
DOB: 11-27 -36 
Testlng: 5-19/20/21-93 (EDR) 
Education: Unknown. 
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Premorbid: Divorced and living with girlfriend 10 years; suspected to be 
hiding either from or by organized crime family. 

Etiology: Single car rollover motor vehicle accident. 

Acute course: 
- admitted combative; left subdural haematoma evacuated and brain 

removed 
- hypertension. seizures, pseudomonas. colostomy. jejeunostomy. 

hernia repair. tracheostomy. volume ventilator, ventriculoperitoneal 
shunt in place; many days in surgery ICU 

Post-acute course: 
- transferred to stepdown unit stable at GCS 9 - 10; observed to 

manipulate objects with left hand non-purposefully 
- moves head and eyes to voice; random movements all 4 extremities 

and left more than right; smiles occasionally. no following commands; 
no change in 2 years 

- blink response to auditory and visual startle 

Medications at test: 
- Dilantln, Zantac. Clonidine. Phenobarb. Procardia 

Rancho los Amigos Level II 
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APPENDIX E. Subject consent form 

CONSENT FORM Name: ___ =C=on=tr=ol~S=u=b..,.j.:.:.:ec~t:....-----:. 

Project Title: Autonomic Response to Visual and Auditory Stimuli in 
Severely Brain Injured Adults 

YOU ARE BEING ASKED TO READ THE FOLLOWING MATERIAL TO 
ENSURE THAT YOU ARE INFORMED OF THE NATURE OF THIS 
RESEARCH STUDY AND OF HOW YOU WILL PARTICIPATE IN IT, IF YOU 
CONSENT TO DO SO. SIGNING THIS FORM WILL INDICATE THAT YOU 
HAVE BEEN SO INFORMED AND THAT YOU GIVE YOUR CONSENT. 
FEDERAL REGULATIONS REQUIRE WRITTEN INFORMED CONSENT 
PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT YOU 
KNOW THE NATURE AND THE RISKS OF YOUR PARTICIPATION AND 
CAN DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND 
INFORMED MANNER. 

We would like you to volunteer to take part in the research project 
named above. The purpose of this project is to understand more about 
severe brain injury. 

You are being invited to participate because we need to compare 
our results with measurements from people who have not had a severe 
brain injury. We require that control subjects have no history of 
significant brain or peripheral nerve injury or surgery, and have normal 
or corrected hearing and viSion. 

PROCEDURE 
If you agr~e to participate, you will be asked to do the following: 
We will place one electrode on your hand and two on your forearm. 

We will show you pictures and tell you words, and a machine will record 
a response from the electrodes on your skin. The procedure will take 
approximately 60 minutes, and may be repeated on three separate days 
within one week. A follow-up study may be done several months later. 
These measurements will probably be taken in the laboratory of the 
National Center for Neurogenic Communications Disorders. 

There are no known risks associated with this recording procedure. 
One of the principal investigators will be present during all sessions. 
Approximately twenty (20) brain-injured and twenty (20) non-injured 
control subjects will be included in this project. 

We will answer any questions you might now have. If, during the 
course of your participation in the study, you wish to ask additional 
questions, we will likewise answer those. You are encouraged to contact 

, either Dr. Geoffrey Ahem (626-6568) or Lyn Turkstra (621-1472) at any 
time. 

Your participation will help us to understand more about severe 
brain injury in other people. 
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CONSENT continued ... 

Information from this study will be seen by the principal 
investigator and the project staff. The records may also be inspected by 
the Human Subjects COmmittee of the Arizona Health Sciences Center. 
We can release the results, with your written permission, to anyone you 
designate. Recordings may be used for teaching purposes. Your name 
will not be revealed in the final results in any way. A copy of your 
consent form will be kept in the office of the principal investigator. 

There is no cost or remuneration to you for participation in this 
study. The results will be of direct benefit to brain injured adults, their 
caregivers, and rehabilitation personnel. 

AUTHORIZATION 
"IN GIVING MY CONSENT BY SIGNING THIS FORM, I AGREE THAT THE 
METHODS, INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN 
EXPLAINED TOME AND MY QUESTIONS HAVE BEEN ANSWERED. I 
UNDERSTAND THAT I MAY ASK QUESTIONS AT ANY TIME AND THAT I . 
AM FREE TO WITHDRAW FROM THE PROJECT AT ANYTIME WITHOUT 
CAUSING BAD FEELINGS OR AFFECTING MY MEDICAL CARE. MY 
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 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 
INVESTIGATORS, G. AHERN, MD, AND L. TURKSTRA. M.A., OR ANY 
AUTHORIZED REPRESENTATIVE OF THE NEUROLOGY DEPARfMENT 
OF THE UNIVERSI1Y OF ARIZONA. I UNDERSTAND THAT I DO NOT 
GIVE UP ANY OF MY LEGAL RIGHTS BY SIGNING THIS FORM. A COPY 
OF THIS SIGNED CONSENT FORM WILL BE GIVEN TO ME." 

Subject's Signature Date 

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 participation and his/her 
Signature is legally valid. A medical problem or language or educational 
barrier has not precluded this understanding. 

Signature of the Investigator Date 
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Name: Brain-injured Subject. 
CONSENT FORM 

Project Title: Autonomic Response to Visual and Auditory Stimuli in 
Severely Brain Injured Adults . 

YOU ARE BEING ASKED TO READ THE FOLLOWING MATERIAL TO 
ENSURE THAT YOU ARE INFORMED OF THE NATURE OF THIS 
RESEARCH STUDY AND OF HOW YOU WILL PARTICIPATE IN IT, IF YOU 
CONSENT TO DO SO. SIGNING THIS FORM WILL INDICATE THAT YOU 
HAVE BEEN SO INFORMED AND THAT YOU GIVE YOUR CONSENT. 
FEDERAL REGUIATIONS REQUIRE WRITTEN INFORMED CONSENT 
PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT YOU 
KNOW THE NATURE AND THE RISKS OF YOUR PARTICIPATION AND 
CAN DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND 
INFORMED MANNER. 

We would like you to partiCipate voluntarily, or by permission of 
your legal guardian, in the research project named above. The purpose 
of this project is to understand more about severe brain injury. 

You are being invited to participate because you have had a severe 
brain injury. 

PROCEDURE 
If you agree to participate, you will be asked to do the following: 
We will place one electrode on your hand and two on your forearm. 

We will show you pictures and tell you words, and a machine will record 
a response from the electrodes on your skin. The procedure will take 
approximately 60 minutes, and will be repeated for 3 separate days 
within one week. A follow-up study may be done several months later. 
At the time when these follow-up measures are taken, you may be living 
at a facility other than [present location]. By signing this consent, you 
give pennission for us to be informed of your transfer, in order that we 
may attempt to make arrangements with the staff of that facility for your 
your continued participation in the study. 

There are no known risks associated with this recording procedure. 
We will answer any questions your legal guardian might now have. If, 
during the course of your participation in the study. he or she wishes to 
ask additional questions, we will likewise answer those. You are 
encouraged to contact either Dr. Geoffrey Ahem (626-6568) or Lyn 
Turkstra (621-1472) at any time. 

Your participation will help us to understand how much you 
respond to things going on around you. It will also help us understand 
more about severe brain injury in other people. Any significant new 
findings which may influence your willingness to partiCipate will be 
provided to you and your guardian. 
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CONSENT continued ... 

Information from this study will be seen by the principal 
investigator and the project staff. The records may also be inspected by 
the Food and Drug Administration and by the Human Research 
Committee of the University Medical Center. We can release the results, 
with the written permission of your legal guardian, to anyone he or she 
designates. Recordings may be used for teaching purposes. Your name 
will not be revealed in the final results in any way. 

There is no cost to you for participation in this study. The results 
will be of direct benefit to brain injured adults, their caregivers, and the 
rehabilitation team. At your request or the request of your guardian, you 
are free to withdraw from the study at any time and for any reason, . 
without penalty or loss of benefits to which you are otherwise entitled. 
For our records, we request that you inform either of the investigators of 
your decision to withdraw, in writing. A copy of this consent form will be 
kept in the office of the principal investigator and an additional copy will 
be filed in your medical records at [present location] if requested. 

AUTHORIZATION 
"IN GMNG MY CONSENT BY SIGNING THIS FORM, I AGREE THAT THE 
METHODS, INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN 
EXPlAINED TO ME AND MY QUESTIONS HAVE BEEN ANSWERED. I 
UNDERSTAND THAT I MAY ASK QUESTIONS AT ANY TIME AND THAT I 
AM FREE TO WITHDRAW FROM THE PROJECT AT ANYTIME WITHOUT 
CAUSING BAD FEELINGS OR AFFECTING MY MEDICAL CARE. MY 
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 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 MY MEDICAL CHART WITH ACCESS RESTRICTED TO THE 
PRINCIPAL INVESTIGATORS, GEOFFREY L. AHERN, M.D., Ph.D., AND 
LYN TURKSTRA. M.A., OR ANY AUTHORIZED REPRESENTATIVE OF 
THE NEUROLOGY DEPARfMENT OF THE UNIVERSI1Y OF ARIZONA. I 
UNDERSTAND THAT I DO NOT GIVE UP ANY OF MY LEGAL RIGHTS BY 
SIGNING THIS FORM. A COPY OF THIS SIGNED CONSENT FORM WILL 
BE GIVEN TO ME." 

Subject's Signature Date 

Parent/Guardian Witness 
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CONSENT continued ... 

INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the subject and/or his or her guardian 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 
participation and his/her Signature is legally valid. A medical problem or 
language or educational barrier has not precluded this understanding. 

Signature of the Investigator Date 
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APPENDIX G. Sample stimuli from the Famous Faces Task 
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APPENDIX H. Sample stimuli from the Written Commands Task 
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APPENDIX I. Results from individual subjects 

Subject Codes 

A = Acute 
P=PVS 
R=RVS 
C = Control 
M=male 
F = female 

KEY TO ABBREVIATIONS 

Day = day of testing 

Measures 

Startle Amp 

Total # >=90 

Total # <90 

BSL# >=90 

BSL# <90 

HAB 

OR 

amplitude of electrodermal startle response in 
microvolts 

total number of criterion-level responses 

total number of sub-criterion responses 

number of criterion-level baseline responses 

number of sub-criterion baseline responses 

presence of habituation on THO task 
Y = present, (Y) = suggested but responses were sub
criterion 

presence of orientation on THO task 
Y = present, (Y) = suggested but responses were sub
criterion 

#FF max to corr number of trials on FF task when maximum response 
occurred to target name 

#WCM >=90 

#WCM<90 

number of criterion-level responses during WCM or 
ACM tasks 

number of sub-criterion responses during WCM or 
ACMtasks 



SUBJECT AGE iMON1H~ STARTLE TOTAL# TOTAL# BSLIf 

ATTEST POST AMPLITUDE >=90 <90 >=90 

(microvolts) 

AFt DAY 1 44 3.5 0 0 6 0 

AFlDAY2 0 2 4 0 

AFlDAY3 91.95 9 1 0 

AM2DAYI 51 3 0 0 0 0 

AM2DAY2 0 0 0 0 

AM2DAY3 0 0 0 0 

AF3 DAY 1 16 1 101.38 5 6 3 

AF3DAY2 189.66 18 2 7 

AF3DAY3 0 0 1 0 

AM4DAYI 22 1 0 1 1 0 

AM4DAY2 0.00 6 2 1 

AM4DAY3 0.00 1 0 0 

AMS DAY 1 37 2.00 153.74 4 3 3 

AMSDAY2 0.00 0 0 0 

AMSDAY3 0.00 2 2 2 

MEANS 34 2.10 35.78 3 2 1 

stdev 15 1.14 64.99 5 2 2 

BSLtI HAB OR 

<90 

1 N (Y) 

0 (Y) N 

0 N Y 

0 N N 

0 N N 

0 N N 

5 N N 

1 Y Y 

1 N N 

0 N N 

2 N N 

0 N N 

0 (Y) N 

0 N N 

1 N N 

1 

1 

tiFF WCMtI 

max to >=90 

correct 

1 0 

0 0 

1 0 

DNT DNT 

DNT O· 

DNT DNT 

DNT 1 

DNT 3· 

DNT O· 

0 O· 

0 o· 
0 O· 

0 0 

0 0 

0 0 

·ACM 

WCMII i 

I 

<90 

i 

0 

2 

0 

DNT 

O· 

DNT 

0 

1· 

~ 

O· 

0 

0 

0 

0 

0 

·ACM 

..... 
~ 
00 



SUBJECf AGE AT AGE AT YEARS STARTLE TOTAL/I TOTALII BSL/I 65L/I HAB OR /IFF WCM/I WCM/I 

TEST INJURY POST AMPLITUDE >=90 <90 >=90 <90 max to >=90 <90 

(microvolts) correct 

PVSMI DAYl 31 28 3 78.85 1 22 0 17 N N 0 0 2 

PVSMI DAY2 64.37 11 11 10 4 N (Y) 2 0 1 

PVSMI DAY3 51.49 2 9 0 7 N N 0 0 0 

PVSF2DAYI 53 40 13 173.85 2 0 0 0 N N 0 0 0 

PVSF2DAY2 10057 13 7 9 5 (Y) N 1 1 1 

PVSF2DAY3 237.93 4 17 1 5 N N 1 0 7 

PVSM3DAYl 37 32 4.75 0 1 20 1 1 (Y) N 3 0 0 

PVSM3DAY2 0 3 1 0 0 N N 0 0 0 

PVSM3DAY3 0 1 5 0 0 N N 0 0 0 

PVSM4DAYI 39 25 14.00 0.00 2 11 1 2 N N 0 0 0 

PVSM4DAY2 0.00 1 6 1 2 N N 1 0 0 

PVSM4DAY3 0.00 0 0 0 0 N N 0 DNT DNT 

PVSM5DAYI 56 54 2.00 0.00 0 0 0 0 N N 0 0- 0-

PVSM4DAY2 0.00 0 0 0 0 N N 0 0 0 

PVSM5DAY3 0.00 0 0 0 0 N N 0 0 0 

MEANS 43.20 35.80 7.35 47.14 2.73 7.27 153 2.87 ·ACM ·ACM 

stdev 10.78 11.63 5.71 77.19 4.10 7.60 3.47 4.75 

~ 

~ 



SUBJECT AGE AT AGE AT YEARS STARTLE TOTAL # TOTAL # 

TEST INJURY POST AMPLITUDE >=90 <90 

(microvolts) 

RVSMIDAYI 2B 23 4.5 262.99 8 9 

RVSMIDAY2 135.84 1 3 

RVSMIDAY3 700.58 16 16 

RVSF2DAYI 29 23 5.5 132.76 1 2 

RVSF2 DAY 2 120.69 2 7 

RVSF2 DAY 3 126.44 1 5 

RVSF3DAYI 25 22 2.5 163.79 4 4 

RVSF3DAY2 190.09 3 1 

RVSF3 DAY 3 136.49 1 3 

RVSM4DAYI 39 27 12.00 287.36 12 10 

RVSM4DAY2 333.33 3 8 

RVSM4DAY3 119.25 4 1 

RVSF5DAYI 23 21 2.00 434.48 8 13 

RVSF5DAY2 93.39 1 7 

RVSF5DAY3 399.43 3 3 

MEAN 28.80 23 5.30 242.46 5 6 

stdev 6.18 2 4.01 169.43 5 5 

BSL# BSL# HAB 

>=90 <90 

3 7 Y 

0 0 (Y) 

4 7 Y 

0 0 N 

1 2 N 

0 0 N 

1 0 Y 

1 0 Y 

0 0 (Y) 

5 2 Y 

2 6 (Y) 

0 0 N 

3 6 Y 

0 5 N 

2 1 (Y) 

1 2 

2 3 

OR IFF 

max to 

correct 

N 1 

N 1 

N 2 

N 0 

N 0 

N 0 

N 0 

N 0 

N 2 

N 0.00 

N 0.00 

N 1.00 

Y 0.00 

(Y) 0.00 

N 1.00 

WCM# 

>:::90 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

WCM# 

<90 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

I 

.... 
c.n o 



SUBJECT AGE STARTLE TOTAL # TOTAL # BSL# 

AMPUTUDE >=90 <90 >=90 

(microvolts) 

CFl 23 809.25 20 3 6 

CM2 24 368.21 35 2 17 

CF3 22 1213.87 54 5 24 

CM4 21 615.52 26 5 12 

CM5 16 454.02 32 10 13 

CF6 39 1422.10 31 8 17 

CM7 42 500.00 44 7 36 

CF8 36 1715.52 16 7 7 

CF9 36 641.38 7 10 1 

CMI0 53 350.57 27 14 12 

MEAN 31 809.04 29 7 15 

stdev 12 477.62 14 4_ 
----

10 

BSL# HAB OR #FF 

<90 max to 

correct 

1 Y Y 2 

0 N Y 4 

1 Y Y 2 

2 Y Y 0 

4 Y Y 3 

7 Y Y 2 

5 Y Y 1 

7 N N 1 

1 Y Y 1 

10 Y N 0 

4 2 

3 .1 

WCM# 

>=90 

4 

1 

2 

0 

2 

1 

2 

1 

2 

2 

1.70 

1.06 

WCM# 

<90 

2 

1 

4 

0 

1 

0 

0 

0 

3 

2 

1.30 

1.42 

I 

I 

I 

I 

I 

.... 
01 .... 
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