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1 MECHANISMS OF NEURONAL 
CELL DEATH AND RECOVERY
IN THE CENTRAL NERVOUS
SYSTEM
Steve Schreiber, MD
Chief, Neurology VA Long Beach Health-
care System, University
of California Irvine, CA

Recent progress has significantly advanced
our understanding of mechanisms leading to
neuronal cell death, or apoptosis, in the central
nervous system (CNS). Evidence for apoptotic
cell death has now been demonstrated in many
neurodegenerative diseases as well as after
ischemic damage, traumatic brain and spinal
cord injury. In many of these disorders, simi-
larities can be demonstrated in the time course
and molecular cascades of apoptotic cell
death. However, despite these advances, trans-
lating this knowledge into effective neuropro-
tective therapies has been far from successful.
This is due, in part, to a lack of understanding
about specific cell death pathways in neurons
and other cell types, as well as recent evidence
suggesting that the CNS may have several
types of cell death that are poorly defined.
Cell death in the CNS can be grouped by vari-
ous intracellular triggering mechanisms that
include mitochondrial dysfunction with for-
mation of reactive oxygen species, aberrant
cell cycle activation and DNA damage, and
abnormalities of the ubiquitin-proteasome
system, all of which lead to the activation of
proapoptotic proteins. These mechanisms will
be discussed with particular focus on spinal
cord injury, following which extensive glial
cell apoptosis also occurs.

2 CORTICAL PLASTICITY
FOLLOWING SPINAL CORD 
INJURY
Jessica Turner, PhD
Research Specialist, University
of California Irvine, CA

Cortical reorganization can occur after loss of
a limb, but the extent of cortical reorganiza-
tion after spinal cord injury (SCI) is unknown.
The timing, extent, and nature of the reorgani-
zation of the sensorimotor pathways play a
crucial role in possible reconnection or neuro-
prosthetic rehabilitation. Functional MRI,
EEG, and other neuroimaging techniques have
been used to examine whether SCI survivors
show a different pattern of cortical activation
for active movement and passive stimulation
than would age-matched controls. There is
evidence that the motor networks controlling
the hand, foot, and tongue are all affected,
regardless of the level of injury. The relation-
ship between cortical reorganization and dys-
aesthetic pain following differentiation is also
a current question. There is some evidence
that the amount and nature of the reorganiza-
tion may be related to the pain, and other evi-
dence arguing that the primary sensory and
motor cortex are not the fundamental sites that
lead to dysaesthetic pain and other sensory
abnormalities. The distinction between reor-
ganization due to central nervous system
injury and reorganization due to peripheral
nervous system injury cannot be overlooked
and limits the generalizability of cortical reor-
ganization theories based on findings in
amputees.
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3 REVIEW OF RECENT REPAIR 
STRATEGIES
Henrich Cheng, MD, PhD
Director, Neural Regeneration
Laboratory Neurological Institute,
Veterans General Hospital of Taipei, 
Taipei, Taiwan

Reestablishing neural function after spinal
cord injury (SCI) requires transplantation
techniques to set up a cellular bridge at the
point of injury to allow damaged axons to
regenerate over the injury gap and reestablish
connection of nerve circuits. After SCI, neu-
rons and pathways located within the injury
site undergo several changes that contribute to
obstacles against regeneration and functional
recovery. Neuronal loss caused by necrosis
and apoptosis also impede regeneration. Func-
tional recovery for a patient with SCI can be
classified into three strategies: rescuing neu-
rons from death, including methods to prevent
local neuron pool loss; reconnection and
recovery of normal function in the neural
pathway involving reactivation of dysfunc-
tional pathways; and replacement of cells after
neuronal death. The major goal of neuropro-
tective therapy is to prevent secondary cell
death from occurring within hours, days, or
even weeks following injury. Neuroprotective
effects can be provided in several ways. The
application of corticosteroids, antioxidative
agents, intracellular signaling manipulators,
and trophic factors are beneficial. Neu-
rotrophic factors may play an increasingly sig-
nificant role in increasing the cell survival rate
after axotomy. The strategy of reconnection
and recovery of pathways is based on reinser-
tion of peripheral nerves into gray matter as
opposed to white matter. Rerouting pathways
from nonpermissive white to permissive gray
matter was chosen as a major strategy to
evade oligodendroglial proteins that inhibit
axon regeneration. The positive effects of
rerouting have been further enhanced by the
addition of trophic factors, primarily acidic
fibroblast growth factor (aFGF) containing
fibrin glue. Additionally, much work has been
done with neural supportive Schwann cells,
including transplants, and olfactory ensheath-
ing glia (OEG) are now being tested in injury
sites to observe regeneration in the central

nervous system (CNS). OEGs could promote
long-distance axonal regeneration after trans-
plantation to partial or complete spinal cord
lesions. Recently, stem cells have been touted
in the media as a panacea for many diseases,
including SCI. Our work has focused on bone
marrow stem cells, which have greater func-
tional plasticity than previously suspected and
may have the potential to differentiate into
functional neuronal cells. Current observa-
tions indicate that bone marrow stem cells can
differentiate into cells that express several
neural proteins, including the neuron precur-
sor marker (nestin), immature neuron markers
(NeuN, TuJ-l), and more mature neuron mark-
ers (NF-H). This holds great promise for
future spinal cord repair strategies.

4 PHARMACOLOGICAL CHANGES 
OF THE SPINAL CORD
ASSOCIATED WITH LEARNING
A MOTOR TASK
V. Reggie Edgerton
Departments of Physiological Science 
and Neurobiology; Brain Research
Institute, UCLA, Los Angeles, CA

Three important properties of the spinal cord
will be discussed that provide the possibility of
using activity-dependent rehabilitative strate-
gies to regain the ability to stand and to step fol-
lowing spinal cord injury (SCI). First, the spinal
cord can receive and interpret the sensory infor-
mation from the lower limbs that is associated
with weight-bearing standing and stepping.
Therefore, when the body is placed in a weight-
bearing posture, the spinal cord will respond by
generating the appropriate activation signals
necessary to execute successful standing and
stepping. In essence, the spinal cord itself is
capable of generating the appropriate activation
patterns for standing and stepping. The second
important property to be discussed will be the
ability to improve the functionality of these spi-
nal circuits by practicing a specific motor task.
Evidence will be presented that demonstrates
the ability of mice, rats, and cats to learn to
stand and to step following a complete mid-
thoracic spinal cord transection. It is clear that
the glycinergic and GABAergic inhibitory sys-
tems within the spinal cord are modulated (both
pharmacologically and by training) by SCI and
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by training. The ability of the complete SCI
subject to regain standing and stepping capabili-
ties is a function of the manner and degree to
which these two systems are modulated. The
third important property is the responsiveness
of the lumbosacral spinal cord to a combination
of administration of a 5 HT agonist in combina-
tion with step training to facilitate learning to
step. These studies in general demonstrate an
extensive capability of the neuromotor circuitry
within the spinal cord to be modulated in a con-
trolled manner so that successful standing and
stepping can be achieved with minimal or no
input from the brain.

5 FUNCTIONAL MAGNETIC
STIMULATION FOR PATIENTS 
WITH SPINAL CORD INJURY/
DISORDERS (SCI/D)
Vernon W. Lin, MD, PhD
Spinal Cord Institution, VA Medical Cen-
ter, Long Beach, CA

This presentation reviews a relatively novel
technology, functional magnetic stimulation
(FMS), and provides experimental findings on
several clinical studies that applied FMS in
animals and in humans, including in patients
with SCI/D. FMS can be defined as a technol-
ogy that applies a time-varying magnetic field
to produce functional movement in paralyzed
muscles. Using a magnetic stimulator and
placing the coil along the lower cervical and
upper thoracic region, significant inspired
volume and pressure can be achieved in ani-
mals with high cord transection. By placing
the coil in the lower thoracic region, signifi-
cant expiratory muscle activation was
achieved. With a 4-week conditioning proto-
col, FMS resulted in significant improvement
in expiratory muscle function in patients with
SCI/D. By placing the coil in the lumbar
region, FMS also demonstrated efficacy in
improving gastric emptying and colonic tran-
sit time in patients with SCI/D. FMS of the
detrusor muscle was also observed by FMS
that facilitated voiding function in several
subjects tested. Furthermore, placing the mag-
netic coil at the popliteal region and activating
the calf muscles demonstrated significant
improvement in fibrinolysis in both normal
subjects and in patients with SCI/D. FMS is

painless and can be applied externally over
clothes and should be considered an emerging
therapeutic tool for patients with SCI/D.

6 BIONs*—HISTORY
AND POTENTIAL
Gerald E. Loeb, MD
Director, Medical Device Development, 
Alfred E. Mann Institute for Biomedical 
Engineering; Professor of Biomedical 
Engineering, University of Southern
California, Los Angeles, CA

The concept of an injectable BIONic Neuron
arose circa 1987 during the development of
similarly injectable RF transponders now in
widespread use to identify animals. The glass-
encapsulated BION1 (2 mm diameter × 16 mm
long) that we have been testing in patients
since 1999 receives power and individually
addresses digital command signals from an
externally worn inductive coil. It generates
precise and reproducible stimulus current
pulses (0 mA–30 mA, 2 µs–512 µs) that acti-
vate the terminal branches of motoneurons,
resulting in synaptic activation of paralyzed or
paretic muscles. This has proven useful in pre-
venting and reversing disuse atrophy in stroke
and osteoarthritis patients. We are working on
BION2 technology, which will include sensors
and back-telemetry of command and feedback
signals required to produce functional reani-
mation of paralyzed limbs.
*BION® is a registered trademark of Advanced
Bionics Corporation (Valencia, CA), covering a
family of implantable neuromuscular micro-
stimulators that are being developed in coopera-
tion with a consortium of academic and affi-
liated research organizations.

7 BION®: FUTURE STUDIES
AND NEXT GENERATION
SELF-POWERED DEVICES
Joe Schulman, PhD; Ross Davis, MD
President, Alfred Mann Foundation; 
Medical Consultant, Alfred Mann
Foundation, Santa Clarita, CA

Injectable BION microstimulators may be
used for a variety of therapeutic and functional
applications that would benefit spinal cord
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injury patients. Examples include treatments to
restore grasp or diaphragm function, allevia-
tion of obstructive sleep apnea, and prevention
of pressure sores. The current generation of RF
BION devices are powered by an external
magnetic field and are programmable through
user-friendly software, allowing the clinician
to efficiently modify stimulation parameters as
patient needs change. Depending on the appli-
cation, BION microstimulators may be
injected during an office visit, allowing the
patient to avoid major surgery and general
anesthesia. Animal studies and biocompatibil-
ity tests have shown that the implants can
remain in situ, without migration and with no
adverse effects, even when stimulation is no
longer required. A battery-powered BION
should be ready for animal studies by the end
of 2004. These “FES BION” devices will con-
tain inductively rechargeable batteries and will
be able to intercommunicate via a Master Con-
trol Unit. Such improvements will eliminate
the need for a coil to be worn during use, mak-
ing the system more clinically acceptable and
tolerable to patients. These new FES BION
devices will be designed with sensing capabili-
ties that will allow measurement of limb
angles, pressure, biopotentials, and other phys-
iological parameters.

8 ADVANCES IN UROLOGICAL 
MANAGEMENT
Inder Perkash, MD
Professor, Urology and PM&R, PVA; 
Professor, Spinal Cord Medicine,
Stanford University School of Medicine; 
Chief, SCI Service, Palo Alto VAHS, 
Palo Alto, CA

Earliest historical review in Edwin Smithe
papyrus of the neuropathic bladder is from the
17th century B.C. when for the first time
attention was given to the patients with spinal
cord trauma. Suprapubic bladder massaging
and credè was reported in l9l6–l7 following
World War I. Foley indwelling catheter was
first available for use in l930. The first I.V.
urography was reported in l929. Critical
objective management started with the under-
standing of bladder physiology through uro-
dynamics by Langworthy, Kolb, and Monro in
l936. Authors’ contributions, including

emphasis on urodynamics, diagnosis of detru-
sor sphincter dyssynergia (DSD), association
of autonomic dysreflexia and DSD, and use of
linear array sonography during urodynamics,
will be presented. First, Laser Transurethral
sphincterotomy (TURS) was reported by the
author in l99l. Follow-up successful results
were reported in 78% patients (for a mean
period of 7 years) on the first 99 patients after
TURS. Clean technique intermittent catheter-
ization, secondary bladder neck obstruction,
and false passages in the urethra are some of
the many publications that have been reported
by this author. They will be reevaluated.and
presented. Critical review on bladder augmen-
tation, bladder substitution, sensory nerve
stimulation, and other therapies including use
of botulinum toxins, capsaicin for neurogenic
bladder rehabilitation will be discussed.

9 SARS UPDATE
Rabih O. Darouiche, MD
Department of Veterans Affairs Medical 
Center and Baylor College of Medicine,
Houston, TX

The newly recognized Severe Acute Respira-
tory Syndrome (SARS) has generated a great
interest among healthcare providers of all types
and in various locations. Although it initially
originated in and was limited to Southeast Asia,
this syndrome has become a transcontinental
problem. Caused by a newly recognized Coro-
navirus that probably originated from close
human contacts with certain animal hosts in
China, SARS can spread by face-to-face con-
tact and possibly via airborne, fomite, and fecal
oral routes. Although the transmission of SARS
has been slowed down by isolation and quaran-
tine measures, relaxed epidemiological inter-
ventions can lead to resurgence, as was recently
observed in Toronto, Canada. At the present
time, a travel advisory (deferral of nonessential
travel) exists for China, Hong Kong, and Tai-
wan, whereas a travel alert (heads-up) exists for
Toronto, Hanoi, and Singapore. Although doz-
ens of probable cases of SARS have been
reported in the United States, particularly in
California, no associated deaths have been doc-
umented. The potential future impact of SARS
in the United States is still unclear and may not
be determined until later this year.
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10 MANAGEMENT OF PULMONARY 
INFECTIONS AND SEPSIS
IN PATIENTS WITH SPINAL
CORD INJURY
Rabih O. Darouiche, MD
Department of Veterans Affairs Medical 
Center and Baylor College of Medicine, 
Houston, TX

Although less than 10% of infections in patients
with spinal cord injury (SCI) affect the respira-
tory tract, the high mortality associated with
pneumonia makes it the leading cause of mor-
tality in this population. Pneumonia is the most
common pulmonary complication in the imme-
diate postinjury period and is particularly prev-
alent during the first few months after cervical
or high thoracic SCI and among quadriplegics
and older persons. In patients with aspirated
gastric contents, infections by gram-negative
bacilli are most common. Staphylococcus
aureus (including MRSA) and gram-negative
bacilli (particularly Pseudomonas aeruginosa)
commonly cause pneumonia or tracheitis in
mechanically ventilated patients and in those
with tracheostomy. In the absence of aspiration
and indwelling respiratory devices, community-
acquired respiratory infections due to typical
bacteria such as Streptococcus pneumonia, hae-
mophilus influenza, and Branhamella catarrha-
lis, or atypical organisms such as Mycoplasma
and Legionella species predominate. In cases
where identification of the infecting organisms
and their antimicrobial susceptibilities are
pending, empirical treatment of pulmonary
infections in patients with SCI should be guided
by the patient-specific predisposing conditions
and the hospital-specific antimicrobial profiles.

11 SURVEY OF PREVALENCE OF 
DYSLIPIDEMIA IN PATIENTS 
WITH SPINAL CORD INJURY
Shaista Malik, MD, MPH;
Moti L Kashyap, MD
Staff Physician, Geriatrics and Extended 
Care HCG, LBVAHS, University of
California at Irvine, Long Beach, CA

Background: Premature coronary heart dis-
ease (CHD) is the leading cause of morbidity
and mortality in persons with chronic spinal

cord injury (SCI). We examined the preva-
lence of risk factors, specifically dyslipi-
demia, in a large cohort of SCI patients and
assessed the degree of undertreatment. Meth-
ods: A cohort of SCI patients from the Long
Beach Department of Veterans Affairs Medi-
cal Center were selected, and the following
risk factors were obtained from a retrospec-
tive chart review: lipid profile, hypertension,
diabetes, prior CHD, and proportion on cho-
lesterol-lowering medications. Results: In an
interim analysis of 50 patients with SCI, low
HDL-C was the major CHD risk factor identi-
fied, with over 50% of the patients with this
abnormality. In addition, 34% of the SCI
patients had hypertension, 22% had diabetes,
and 10% had preexisting CHD. Additional
data from ongoing analyses will be presented.
Conclusions: SCI patients, due to their immo-
bility, have a disportionate risk of CHD due to
a higher prevalence of low HDL-C, hyperten-
sion, and diabetes. Efforts to reduce known
risk factors would improve morbidity and
mortality from CHD in this population.

12 CARDIOVASCULAR
DYSFUNCTION IN SPINAL
CORD DISORDERS
Sunil Sabharwal, MD
SCI Director, Veterans Integrated
Service Network 1 (VISN 1)

Cardiovascular dysfunction occurs in all phases
of spinal cord injury (SCI) and is an important
cause of morbidity and mortality. Autonomic
pathways are impaired as a result of the spinal
cord lesion, especially in cervical and high tho-
racic injuries. There is loss of supraspinal regu-
latory control of the sympathetic nervous
system resulting in reduced overall sympathetic
activity below the level of injury. Morphologi-
cal changes associated with peripheral alpha-
adrenergic hyper-responsiveness may occur
distal to the injury. In addition to autonomic
abnormalities, there are indirect effects of
immobility and other SCI related conditions on
cardiovascular function. Cardiovascular con-
cerns in the acute phase of SCI include brady-
cardia, cardiac arrest, and hypotension. In the
first few months after injury, there is a propen-
sity for venous thromboembolism and orthos-
tatic hypotension. Ongoing cardiovascular
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issues include autonomic dysreflexia, low base-
line blood pressure, reduced cardiovascular fit-
ness and exercise capacity, and drug-related
cardiovascular side effects. With aging of indi-
viduals with SCI, comorbidities such as coro-
nary artery disease and peripheral vascular
disease are encountered, often with atypical
presentations and special diagnostic and thera-
peutic considerations. This presentation sum-
marizes the pathophysiology, clinical mani-
festations, and management of cardiovascular
dysfunction encountered throughout the contin-
uum of SCI care.

13 RECENT ADVANCES
IN THE MANAGEMENT
OF MULTIPLE SCLEROSIS
Michael J. Olek, MD
Assistant Professor in Neurology
and Director, MS Clinic, UC Irvine, CA

Multiple sclerosis (MS) is an autoimmune
demyelinating disease of the central nervous
system, affecting young adults with a female
predilection. The disease is characterized by
inflammation that leads to myelin destruction
causing sensory, motor, and cognitive dysfunc-
tion. Recent advances include the establishment
of new diagnostic criteria (McDonald), updated
from the 1983 Poser criteria, which places
greater emphasis on MRI and includes clini-
cally isolated syndromes. A newer measure of
clinical function has also been introduced for
use in clinical trials named the MSFC (Multiple
Sclerosis Functional Composite) scale, which
includes the 9-hole peg test, timed 25-foot walk,
and the paced auditory serial addition test
(PASAT). In addition to routine MRI measures,
new techniques such as brain atrophy and 3D/
4D computerized models have enhanced diag-
nosis and drug monitoring. A better understand-
ing of the immunologic mechanisms involved
in MS has produced more targeted therapeutics.
Currently, there are 48 compounds involved in
individual trials and several compounds in com-
bination. Current treatments are only partially
effective and their efficacy can be reduced with
the development of neutralizing antibodies.
Results of a few of the combination trials will
be presented.

14 THE IMMUNE SYSTEM
AND INFLAMMATORY RESPONSE 
IN PERSONS WITH SPINAL CORD 
INJURY
Frederick S. Frost, MD
Cleveland Clinic Foundation,
Cleveland, OH

Mortality from sepsis accounts for the highest
ratio of actual to expected deaths after spinal
cord injury (SCI). Multiple alterations in the
immune system have been documented after
SCI, which may interrupt the response to tissue
invasion by foreign pathogens. In addition, vir-
tually all of the deleterious systemic phenomena
known to be associated with chronic inflamma-
tion (e.g., cachexia, anemia, hormone distur-
bances) are seen in persons with longstanding
SCI. Laboratory assays now provide the ability
to easily identify the presence of an inflamma-
tory response and are leading to the develop-
ment of a number of promising therapeutic
agents. For one to assess the immune deficits in
persons with SCI, the key elements of the nor-
mal immunologic response to invasion by for-
eign antigens are identified for laboratory study.
Several studies published in the literature
describe the components of the inflammatory
and immunologic response that can be mea-
sured in SCI. Many of these studies have
detailed laboratory abnormalities present in
SCI, but the clinical significance of these find-
ings is still undetermined. Multiple new thera-
pies that manipulate cytokine and acute phase
protein physiology have become available for
clinical use. Employing these agents in persons
with SCI must be done with an acknowledg-
ment of the unique characteristics of the
immune response in this group of patients.

15 BASIC NEURAL MECHANISMS 
FOR CONTROL OF BREATHING
Jack L. Feldman, PhD
Professor, Department of Neurobiology, 
David Geffen School of Medicine,
University of California, Los Angeles, CA

Breathing is relentless, reliable, and robust, yet
labile to behavioral and physiological demands,
like exercise, hypoxia, speech, or sleep. The
site(s) and mechanisms of respiratory rhythm
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generation in mammals are being revealed at
levels from molecules to cells to networks.
Site(s): Approximately 600 neurons expressing
the neurokinin 1 receptor—which essentially
define the pre-Bötzinger Complex in the rostro-
ventrolateral medulla—are essential for genera-
tion of breathing rhythm. Destruction of >75%
of these neurons permanently disrupts normal
breathing in adult rats. Preinspiratory neurons,
located rostral to the pre-Bötzinger Complex
also appear to play a role in generation of respi-
ratory pattern. The interaction of the pre-Bötz-
inger Complex and preinspiratory neurons is
revealed by “quantal,” i.e., discontinuous,
slowing of breathing under pharmacological
conditions that weaken coupling between these
rhythmogenic sites. We hypothesize that there
are two distinct oscillators that have distinct
evolutionary origins, with the pre-Bötzinger
Complex critical for generation of diaphrag-
matic inspiratory activity. Mechanisms: Volt-
age-dependent pacemaker neurons are hypo-
thesized to be the kernel for respiratory rhythm.
Yet, respiratory-related rhythm persists in slices
in the absence of apparent voltage-dependent
pacemaker neuron activity. Since postsynaptic
inhibition also does not appear to be essential to
respiratory rhythm generation, we are investi-
gating mechanisms that require neither voltage-
dependent pacemaker activity nor postsynaptic
inhibition.

16 PULMONARY FUNCTION
TESTING AND EVALUATION
FOR PATIENTS WITH SPINAL 
CORD INJURY/DISORDER
Ann Spungen, EdD;
Miroslov Radulovic, MD;
William A. Bauman, MD;
Marvin Lesser, MD
VA Medical Center, Bronx, NY

Spinal cord injury (SCI) results in varying
degrees of respiratory muscle paralysis and pul-
monary autonomic nervous system dysfunc-
tion. The severity of this effect depends upon
the level and completeness of injury: the higher
and more complete the SCI, the greater the
degree of pulmonary function compromise. Ini-
tial clinical evaluation should identify any res-
piratory symptoms; the most commonly
reported are breathlessness, cough, phlegm, and

wheeze. The presence of symptoms provoked
by airborne irritants should be determined. In
180 subjects with SCI, 68% reported one or
more respiratory symptom with breathlessness
being the most prevalent complaint (Spungen et
al., 1997). Airflow and lung volumes are likely
to be compromised in individuals with SCI rel-
ative to the level of lesion. Airflow is measured
by spirometry. Lung volumes are measured by
nitrogen or helium washout techniques or
whole body plethysmography. Many studies
have been performed describing airflow limita-
tions and lung volume reductions in this popu-
lation. One study using a logistic regression
model demonstrated that breathlessness signifi-
cantly correlated with level of injury, cough
combined with phlegm and/or wheeze
(CPWZ), total lung capacity percent of pre-
dicted, and expiratory reserve volume (Spun-
gen et al., 2001). Significant independent
associations with CPWZ included current
smoking, breathlessness, and forced expired
volume in 1 second (FEV1). Maximal static
inspiratory and expiratory mouth pressures
(MIP and MEP) are surrogate measures of res-
piratory muscle strength. In a double-blind pla-
cebo controlled trial of 1-month duration,
administration of an inhaled agonist, salme-
terol, was associated with significant improve-
ment in MIP and MEP in persons with
tetraplegia (Lesser et al., 2001). Inspiratory
muscle strength may also be measured by sniff
nasal inspiratory pressure (SNIP). Airway
resistance (Raw) is a measure of the opposition
to airflow provided by all the airways between
the atmosphere and the gas exchange units of
the lung (Dubois, 1956). It is measured by a
pressurized whole body plethysmograph in
which the patient sits in an enclosed pressurized
box and performs various breathing and pant-
ing maneuvers. This method is considered to be
the gold standard for Raw. Difficulties with this
method include transferring of patients to the
box and cooperation with panting maneuvers.
Another measurement of airway resistance is
performed by use of a high-frequency impulse
oscillation system (IOS). IOS has been demon-
strated to be sensitive to pre- and postbronchop-
rovocation changes, but may not be as accurate
for baseline assessments as is plethysmography.
IOS technology does have the advantage of
being performed during normal tidal breathing

β2
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with patients in their wheelchair. Airway hyper-
reactivity is a term used to describe an ampli-
fied bronchoconstrictive response of the
airways to a noxious stimulus. Airway hyperre-
activity is measured by bronchoprovocation
testing with agents such as methacholine, hista-
mine, or ultrasonically nebulized distilled
water. Patients with cervical lesions have been
demonstrated to have an increased prevalence
of a positive response to provocation.

17 EPIDEMIOLOGY
OF RESPIRATORY DYSFUNCTION 
IN SPINAL CORD INJURY
Eric Garshik, MD
Associate Chief, Pulmonary and Critical 
Care, Boston VAHS, Boston, MA;
Assistant Professor of Medicine,
Harvard Medical School, Boston, MA

Death in chronic spinal cord injury (SCI) is
commonly due to respiratory diseases, yet the
natural history of respiratory dysfunction fol-
lowing SCI remains ill-defined. Understanding
the causal pathway and the recognition of treat-
able risk factors will be important in improving
survival as persons with SCI age. Since 1994,
476 subjects >1 year after SCI have been
enrolled to assess cross-sectional and longitu-
dinal predictors of pulmonary function, chest
illness, and mortality. Subjects complete a res-
piratory health questionnaire and undergo stan-
dardized pulmonary function testing and
neurological exam In cross-sectional analyses,
subjects with complete cervical injury were
more likely to report wheeze than others with
SCI, but heart disease and cigarette smoking
were greater risk factors. Chest illness resulting
in time off from work, staying indoors, or stay-
ing in bed in the 3 years prior to questionnaire
completion was significantly associated with
wheeze and cervical injury, but heart disease
and cigarette smoking accounted for most of
the risk. Mortality through 2000 was not
related to SCI, but was attributable to age, dia-
betes (RR = 2.8; 95% CI 1.3–6.2), heart dis-
ease (RR = 3.9; 95% CI 1.7–8.6), cigarette
smoking, and reductions in FEV1. These
results suggest that recognition and treatment
of comorbid medical conditions and smoking
cessation in SCI may reduce mortality previ-
ously attributed only to SCI.

18 ASSESSMENT OF AIRWAY 
DYNAMICS AND MECHANISMS 
OF BRONCHOCONSTRICTION
IN TETRAPLEGIA
Marvin Lesser, MD
Chief of Pulmonary and Critical Care, 
Medicine, Bronx VAHS, Bronx, NY

Previous spirometric studies of subjects with
spinal cord injury demonstrated that between
40% and 50% of subjects with tetraplegia expe-
rienced significant improvement in forced expi-
ratory volume in 1 second (FEV1) following
inhalation of ipratropium bromide (IB), an anti-
cholinergic agent, or metaproterenol sulfate, a
short-acting beta-2 agonist. These findings
introduced the possibility that subjects with tet-
raplegia were also hyperresponsive to bron-
choconstricting agents. Accordingly, studies
were performed using aerosolized methacho-
line, histamine, and ultrasonically nebulized
distilled water, which revealed that most sub-
jects with tetraplegia, but not those with para-
plegia, displayed airway hyperreactivity similar
to that found in mild asthma. Further, among 32
subjects with tetraplegia challenged with hista-
mine, low baseline FEV1 correlated with
greater responsiveness to the agent, suggesting
that low baseline airway caliber may contribute
to hyperresponsiveness among these individu-
als. Reduced airway caliber, with associated
increase in airway resistance, may play a piv-
otal role in airway hyperresponsiveness based
upon the mathematical theorem that resistance
of laminar gas flow is inversely related to the
fourth power of the radius. Therefore, with nar-
row airways, a given degree of further narrow-
ing caused by a bronchoconstricting agent will
be associated with greater measured obstruc-
tion to flow than the same degree of narrowing
occurring at normal patency. To further evalu-
ate baseline airway caliber in tetraplegia, body
plethysmographic measurements of airway
resistance (Raw) and specific airway conduc-
tance (sGaw, L/s/cmH2O/L) were performed
before and after aerosol administration of IB.
Total respiratory resistance at 5 (R5) and 20
(R20) Hz were also measured using an impulse
oscillation system (IOS). R5 is a measure of
total pulmonary resistance, and R20 is more
reflective of large airway resistance. We found
that sGaw was significantly lower in tetraplegia
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(0.14 ± 0.03) compared to high paraplegia
(0.19 ± 0.05), low paraplegia (0.19 ± 0.04), and
able-bodied individuals (0.23 ± 0.06). Baseline
R5 and R20 values did not differ significantly
among the four groups. The sGaw findings
clearly demonstrate that baseline airway caliber
is reduced in tetraplegia. Following IB, sGaw
increased by 77% in tetraplegia compared to
19% in high paraplegia, 13% in low paraplegia,
and 17% in able-bodied individuals. R5
decreased by 31%, 11%, 12%, and 14%,
respectively. R20 decreased by 27%, 7%, 12%,
and 15%, respectively. The changes for all
three measurements were highly significant for
tetraplegia compared to those found for the
other three groups. These dramatic responses to
IB in tetraplegia reveal that baseline airway cal-
iber is reduced in these individuals because of
amplified vagal tone, presumably due to loss of
sympathetic innervation of the lungs and/or
low circulating epinephrine levels. In an addi-
tional study in those with tetraplegia, respon-
siveness to IB was compared with that for
albuterol (ALB), a short-acting beta-2 agonist.
sGaw increased 79% following IB compared to
52% following ALB. R5 decreased 31% fol-
lowing IB compared to 19% for ALB. R20
decreased 26% for IB compared to 9% for
ALB. These findings indicate that IB induced
bronchodilation by acting throughout the bron-
chial system, whereas ALB acted more periph-
erally. Cumulatively, these studies demonstrate
that baseline airway caliber is low in tetraplegia
because of increased vagal tone and suggest
that reduced airway caliber contributes to air-
way hyperreactivity. Studies are currently
underway to determine if administration of an
anticholinergic agent regularly to subjects with
tetraplegia reduces dyspnea and improves qual-
ity of life.

19 ELECTRODIAGNOSTIC
EVALUATION IN THE CRITICAL 
CARE ENVIRONMENT
Shu Huang, MD
Clinical Associate Professor,
Case Western Reserve University,
Cleveland, OH

Electrodiagnosis is an essential tool in assess-
ing patients with difficulty in weaning off res-
pirator and unexplained weakness. Technical

difficulty includes excessive swelling of the
surface area, presence of intravenous lines,
multiple monitor devices, and lack of voli-
tional effort. Better machines, accessories, and
experience can overcome these. The electrodi-
agnostic repertories include sensory and motor
conduction, late responses such as F waves,
H reflexes, study of cranial nerves, blink
reflexes, and repetitive study. The degree of
workup is dictated by the clinical suspicion.
Critical illness axonal polyneuropathy
accounts up to one-third of these patients with
multiple organ failure. It should always be
considered. In patients with neuromuscular
blockage, not only can the use of such block-
age result in myopathy that is often self-limit-
ing, diffuse axonal polyneuropathy with much
worse prognosis still accounts for majority of
such weakness. Small sensory and motor-
evoked responses with mildly slowed veloci-
ties and prolonged late responses are the key
findings with diffuse presence of wallerian
degeneration seen on needling examination.
Other diagnoses to be discussed are acute
axonal or demyelinating Guillian-Barre syn-
drome, myasthenia gravis, myasthenic syn-
drome, myelopathy, encephalopathy, other
drug-induced neuromyopathy, pan fascicular
muscle fiber necrosis, and catabolic myopathy.

20 CRITICAL CARE FOR PATIENTS 
WITH CHRONIC SPINAL CORD 
INJURY
C. Kees Mahutte, MD, PhD
Professor of Medicine, University
of California (Irvine); Chief, Pulmonary 
and Critical Care Section, Long Beach 
VAHCS, CA

The major causes for death in chronic SCI are
due to pulmonary complications. Specifically,
these include acute respiratory failure due to
atelectasis, pneumonia, COPD, lung cancer, and
thromboembolism as well as the acute respira-
tory distress syndrome due to sepsis. Sepsis is
frequently caused by pneumonia, decubitus
ulcers, or urinary tract infections. The SCI com-
promises the muscles used to cough. Conse-
quent inadequate secretion clearance can lead to
atelectasis and pneumonia. Meticulous attention
to bronchial hygiene as well as to prevention of
decubitus ulcers and urinary tract infections
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may decrease ICU admissions for sepsis. Once
sepsis occurs, antibiotic therapy needs to be
directed at the source. Early recognition of sep-
sis is particularly important, since early aggres-
sive goal-directed therapy of severe sepsis will
decrease mortality (from 46% to 30%). Goal-
directed therapy consists of maintenance of ade-
quate central venous pressure, mean arterial
pressure, and venous oxygen saturation with
fluids, vasopressors, and blood transfusions.
Similarly, administration of drotrecogin alpha-
activated (an anti-inflammatory, antithrombotic,
and profibrinolytic drug) decreases mortality in
severe sepsis. Mortality may be further
decreased by tight glycemic control as well as
the administration of low-dose steroids in septic
patients with adrenal dysfunction. Lastly, low
tidal volume ventilation may decrease mortality
in ARDS.

21 CRITICAL CARE NURSING
FOR PATIENTS WITH SPINAL 
CORD INJURY/DISORDER
Patricia Irvin, RN, BSN
Nurse Leader, Surgical Healthcare 
Group, Long Beach VAHCS, Long 
Beach, CA

The intensive care unit (ICU) nursing needs of
the patient with SCI are diverse and complex.
Most traumatic SCIs in the United States
result from motor vehicle crashes (47.7%),
followed by falls and falling objects (20.8%),
acts of violence such as gunshot wounds and
stabbings (14.6%) and sports activities, espe-
cially diving, football, and skiing (14.2%).
Nursing management of SCI requires a com-
prehensive, holistic approach to care. Some of
the most common diagnosis admitted to the
ICU is pneumonia, UTI, ilius, and decubitus
ulcer infections. Critical nursing interventions
include careful surveillance for deterioration
of neurological status or development of
adverse symptoms, indicating physiological
deterioration or complication, administration
and evaluation of medical interventions to
maintain physiological homeostasis and pre-
vent complications, and psychosocial support
and ongoing communication with the patient
and family regarding the treatment regimen.
Additional interventions in the ICU setting
may include NG tube, foley catheter insertion,

NPO status, and SQ heparin to prevent venous
stasis complications. Because of the enormous
number of individual variables and circum-
stances surrounding the SCI, no two cases of
SCI will be exactly the same.

22 ANEMIA AND BLOOD
TRANSFUSION IN CRITICALLY 
ILL
Howard L. Corwin, MD
Dartmouth-Hitchcock Medical Center, 
Lebanon, NH

Critically ill patients receive an extraordinarily
large number of blood transfusions. We have
found that over 50% of all patients admitted to
the ICU receive at least 1 unit of RBCs during
their ICU admission. In the patients with a pro-
longed ICU length of stay (greater than 1 week),
85% receive a transfusion of at least one unit of
RBC. These transfusions are not restricted to
the early ICU course; rather these patients tend
to be transfused at a constant rate of 2 to 3 units
per week. This same phenomenon is seen in
ICUs across the country; over 14% of patients
in critical care units are transfused on any given
day (ranging from 4% in CCUs to 27% in
SICUs). More recent data from both the United
States and Europe confirm that transfusion prac-
tice is little changed over the last decade.
Between 40% and 50% of all patients admitted
to ICUs receive at least 1 RBC unit and average
close to 5 RBC units during their ICU admis-
sion. In these patients, extent of anemia is asso-
ciated with poorer clinical outcomes. However,
RBC transfusion not only does not improve
clinical outcomes but also is associated with
increased mortality. The anemia of critical ill-
ness is a distinct clinical entity characterized by
a blunted EPO production and abnormalities in
iron metabolism identical to what is commonly
referred to as the anemia of chronic disease.
There is little evidence that “routine” transfu-
sion of stored allogeneic RBCs is beneficial to
critically ill patients. It is clear that most criti-
cally ill patients can tolerate hemoglobin levels
as low as 7 mg/dL, and therefore, a more con-
servative approach to RBC transfusion is war-
ranted. Strategies to minimize loss of blood and
increase the production of RBCs are also impor-
tant in the management of all critically ill
patients.
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23 REACTIVE AIRWAY DISEASES
Lily Pien, MD
Cleveland Clinic Foundation,
Cleveland, OH

Asthma affects 10% of the population in the
United States, and its prevalence has contin-
ued to increase over the last 20 years. This
disease encompasses a wide range of clinical
manifestations, presenting from early infancy
through adult life. Predisposition to reactive
airway diseases involves genetic, environ-
mental exposure, and postviral factors. The
pathophysiology of asthma includes smooth
muscle hypertrophy, epithelial cell desquama-
tion, and inflammatory cell infiltration and
mucous hypersecretion. The trigger of symp-
toms may include allergic and nonallergic
stimuli. Diagnosis is based upon a thorough
medical history, supplemented by a number of
objective tests. The National Asthma Educa-
tion and Prevention Program (NAEPP), in its
recent Executive Summary, has outlined clas-
sification of asthma severity. Treatment strate-
gies target the reactive airway response with
bronchodilator medications and preventive
anti-inflammatory therapies. Special con-
cerns in spinal cord injury patients include
bronchial hyperresponsiveness, impaired
mucociliary clearance, and mucous hyperse-
cretion and alterations in respiratory mechan-
ics that make diagnosis and treatment more
difficult.

24 MECHANICAL VENTILATION IN 
SPINAL CORD INJURY/DISORDER
Catherine S. H. Sassoon, MD
Professor of Medicine, UC Irvine, CA

Ventilatory insufficiency and impaired airway
secretion clearance are common complications
of spinal cord injury. These compli-cations can
lead to respiratory failure, which is the leading
cause of death in both acute and chronic
stages. Eighty-four percent of patients with
C1–C4, and sixty percent of patients with C5–
C8 had serious pulmonary complications after
the acute injury. A large percentage of these
patients will require intubation within the first
24 hours after the injury. Mechanical ventila-
tion is aimed at providing adequate gas

exchange and comfort. Positive end-expiratory
airway pressure (PEEP) is usually applied to
improve oxygenation as a result of pneumonia
or atelectasis. The inspiratory flow setting
should be tailored to the patients’ comfort. Too
low or too high inspiratory flow settings result
in discomfort and should be avoided. A large
percentage of patients with cord injury at C4
or below can be successfully weaned,
although it takes more than 2 weeks before
weaning from mechanical ventilation can
begin in more than one-half of the patients.
Although a systematic study on the application
of noninvasive mechanical ventilation in
patients with acute cervical cord injury is
sparse, successful application has been
reported provided that the patient is coopera-
tive and medically stable.

25 DEEP VENOUS THROMBOSIS 
(DVT) AND PULMONARY
EMBOLISM (PE) IN SPINAL
CORD INJURY
Carroll E. Cross, MD
Division of Pulmonary/Critical Care, 
Medicine, UC Davis School of Medicine, 
Sacramento and Davis, CA

Patients with neurologic impairment accom-
panied by extremity paresis or plegia second-
ary to spinal cord injury (SCI) have a very
high incidence of DVT, especially during the
acute-case stage (up to 80% by venography).
It has been recognized for decades that PE
represents a common cause of death following
SCI and that the prevalence of PE is increased
in patients dying with paraplegia or quadriple-
gia. Thromboprophylaxis for a minimum of
3 months and possibly through the rehabilita-
tion phase has become a routine strategy in
management of these patients. Although there
are limited well-controlled comparative stud-
ies of the different strategies for DVT prophy-
laxis following SCI, a number of available
principles should be considered from the small
number of studies available. Management
constructs for the prophylaxis, diagnosis, and
treatment of DVT/PE applicable for this high-
risk group of patients will be discussed.
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26 NEURAL PROSTHESES
IN THE RESPIRATORY SYSTEM
Anthony F. DiMarco, MD
Professor of Medicine and Physiology, 
Case Western Reserve University,
Cleveland, OH

Patients with spinal cord injury often suffer
from respiratory failure due to paralysis of their
inspiratory muscles and an increased incidence
or respiratory tract infections due to paralysis
of their expiratory muscles and lack of an effec-
tive cough mechanism. In patients with bilat-
eral phrenic nerve function, diaphragm pacing
has been used successfully to maintain patients
off mechanical ventilatory support. Diaphragm
pacing affords patients marked improvements
in life quality and offers significant advantages
compared to mechanical ventilation. Unfortu-
nately, many patients cannot be offered this
modality because of injury to the phrenic nerve
or the phrenic motoneurons in the spinal cord.
Preliminary studies in four patients, however,
suggest that in patients with a single function-
ing phrenic nerve, combined intercostal and
diaphragm pacing can also maintain ventilatory
support for prolonged time periods. The inter-
costal muscles can be activated by epidural
stimulation applied at the T2 spinal cord level.
This technique can provide patients with many
of the same benefits as bilateral diaphragm pac-
ing. Preliminary studies in animals indicate that
epidural stimulation applied over the lower tho-
racic spinal cord level results in marked activa-
tion of the expiratory muscles. This technique
holds promise to restore an effective cough
mechanism and potentially reduce the morbid-
ity and mortality of respiratory complications
in patients with spinal cord injury.

27 THE ELECTRODIAGNOSTIC 
EVALUATION OF THE UPPER 
LIMB IN PATIENTS WITH SPINAL 
CORD INJURY/DISORDERS
Asa J. Wilbourn, MD
Cleveland Clinic Foundation,
Cleveland, OH

The basic electrodiagnostic (EDX) examina-
tion the nerve conduction studies (NCS),
motor and sensory, and the needle electrode

examination (NEE) can help in assessing
patients with cervical spinal cord injuries
(SCIs) as follows: (1) Sensory nerve action
potentials (SNAPs) usually are unaffected,
because the cell bodies of the axons being
studied are in the dorsal root ganglia, which
are located in or near the ostium of the inter-
vertebral foramina, rather than in the spinal
cord (SC) itself. (2) Compound muscle action
potentials (CMAPs) are of low amplitude or
unelicitable whenever the SC segments that
supply the recorded muscle are damaged,
because the axons evaluated arise from ante-
rior horn cells (AHCs) located in the SC. Thus,
the ulnar motor NCS amplitudes, recording
hypothenar, are affected with lesions of the C8
SC segment, but not with lesions involving
segments superior or inferior to it. (3) On
NEE, fibrillation potentials are seen in mus-
cles supplied by the injured SC segment, while
two types of motor unit potential (MUP) firing
abnormalities are observed, one in muscles
innervated by the injured segment, the other in
muscles innervated by all segments inferior to
it. Utilizing the above, many aspects of the
focal SC lesion can be documented, including
its (1) exact level, (2) longitudinal extent, and
(3) symmetry or asymmetry from side to side.

28 MANAGEMENT OF UPPER LIMB 
SPASTICITY
Jean-Michel Gracies, MD, PhD
Assistant Professor, Department
of Neurology, Mount Sinai Medical
Center, One Gustave L Levy Place—
Annenberg 2/Box 1052, New York, NY

Three cardinal disabling features affect
patients with spastic paralysis: motor weak-
ness, muscle shortening, and muscle overactiv-
ity. None of these mechanisms of impairment
are evenly distributed throughout the muscles,
and across joints, there is usually imbalance
between less hyperactive and weaker agonists,
and more hyperactive and shorter antagonists.
Therapy targeting overactivity in specific mus-
cles (local treatments) may therefore be prefer-
able to systemic approaches (oral or intrathecal
medications). We review the local treatments
of the three mechanisms of impairment in the
spastic upper limb: stretch programs for the
shorter muscles, training programs for the
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weaker muscles, and injection of blocking
agents for the more hyperactive muscles. For
each patient, it should be determined whether
the priority is to improve comfort and passive
function (activities performed by the caregiver
or by the other arm), or to improve active
function of the paretic upper limb. Injection
treatments are always possible, even in the
more severely affected patients, and are useful
for both passive and active function purposes.
However, stretch and training programs
require patient cooperation and are indispens-
able only to improve active function. Optimal
treatment of the spastic upper limb should
include (1) individualization of injection pro-
tocols (muscle selection, doses, dilution),
(2) injection technique using exploratory stim-
ulation, (3) inclusion of the shoulder muscles
among target muscles, (4) stretch programs in
the injected muscles, (5) training of the antag-
onists when feasible, and (6) electrical stimu-
lation in both injected muscles and their
antagonists. The combination of the latter
three techniques with injections of blocking
agents should improve functional outcome.

29 SHOULDER BIOMECHANICS: 
MUSCLES CONTRIBUTE
TO DISLOCATION AS WELL AS 
JOINT STABILITY
Thay Q. Lee, PhD
Associate Professor of Orthopedic
and Biomedical Engineering, University 
of California, Irvine; VA Long Beach 
Healthcare System, Long Beach, CA

Joint instability is one of the most common
human afflictions, affecting not only the hip,
knee, and shoulder but also all joints of the
body. Surgical repair of these joints are per-
formed approximately 800,000 times a year in
the United States of America. Unfortunately, it
has not been able to consistently restore func-
tion. Pain, recurrence of instability, joint stiff-
ness, muscle injury, and degenerative joint
disease are common sequelae. We have
directed our efforts to improve understanding
of glenohumeral joint instability, since the
shoulder is the most commonly dislocated
joint. This study included not only the static
(anteroinferior capsulolabral) restraints but
also their important interplay with the dynamic

(shoulder muscles) restraints. In this regard,
we not only studied muscles known to stabilize
the joint, but we also sought out those that may
contribute to dislocation. An in vitro, cadav-
eric model that includes relevant shoulder
muscles and a mechanism of dislocation simi-
lar to an in vivo mechanism was developed.
The capsulolabral pathoanatomy that occurred
after dislocation was studied. We hope to aid
understanding of joint dislocation and improve
functional results after both rehabilitation and
surgical repair not only at the shoulder but also
at all other human joints as well.

30 PAINFUL SHOULDERS
Lily Thompson, PT
Physical Therapist, Rancho Los
Amigos National Rehabilitation Center, 
Downey, CA

Shoulder pain in individuals with spinal cord
injury (SCI) has been a common and persistent
problem. Recent research indicates as many as
30%–70% of the SCI population has new or
chronic shoulder pain. The increased risk of
developing shoulder pain with aging likely
results from a combination of factors including
the unusual functional demands on the shoul-
der, altered biomechanics of the joint, and age
associated changes in shoulder structures. The
impact of shoulder pain on functional activi-
ties in persons aging with SCI will be dis-
cussed and rationale for specific therapeutic
interventions will be examined in this presen-
tation. In addition, a randomized clinical trial
currently investigating the effectiveness of a
specific intervention of therapeutic exercise
and movement optimization will be described.

31 SHOULDER IMPINGEMENT
IN THE SPINAL CORD INJURY 
POPULATION
Amy Ladd, MD
Associate Professor Orthopedic Surgery, 
Stanford University, Stanford, CA

Shoulder impingement is endemic in the spinal
cord injury (SCI) patient, both paraplegic and
tetraplegic populations. We review the etiol-
ogy, response to treatment and propose an out-
come measurement based on the experience of
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the Palo Alto Veterans Affairs Spinal Cord
Injury Unit. Between 1990 and 2001, we
examined 207 patients with shoulder problems
(305 shoulders), including 88 tetraplegic and
119 paraplegic patients. We identified 101
patients (49%) with impingement symptoms,
usually with positive imaging studies. Thirty-
one cuff tears were suspected. All patients
underwent home-based rotator cuff and scapu-
lar stabilizing exercises, stretching, and educa-
tion; many were prescribed physical therapy
and anti-inflammatory drug use. Eighty-nine
patients improved or not deemed surgical
decompression candidates. Twelve patients
(15 shoulders) underwent subacromial decom-
pression and glenohumeral debridement; three
also had rotator cuff repairs. One underwent
reoperation after injury. Two surgical and sev-
enteen nonsurgical patients have died. Physi-
cal exam and a modified Constant score using
standard muscle grading are currently used for
assessment. Most patients improve with non-
operative measures, and selected few have
benefited from surgical decompression. We
propose a modified Disabilities of the Hands,
Shoulder and Arm (DASH) outcome measure-
ment specific for the SCI population to provide
better assessment of patients’ function,
response to treatment, and quality of life.

32 SURGICAL MANAGEMENT
OF SHOULDER DYSFUNCTIONS 
IN PATIENTS WITH SPINAL CORD 
INJURY/DISORDER
Jeffery Budoff, MD
Hand and Upper Extremity Institute, 
Assistant Professor, Baylor College
of Medicine, Houston, TX

The paraplegic shoulder is particularly suscep-
tible to overuse injuries of the rotator cuff.
While traditional teaching has stated that rota-
tor cuff injuries are due to subacromial spurs,
recent evidence has shown that the rotator cuff
fails by primary intrinsic tendon degeneration,
or tendinosis. The subacromial spur is reac-
tive, and not a pathology-inducing lesion. As
the majority of rotator cuff tears are asymp-
tomatic and the majority of symptomatic rota-
tor cuff tears are rendered asymptomatic by
strengthening, the rotator cuff tear itself is not
often a source of pain. The pain of rotator cuff

pathology is due to the buildup of degenera-
tive tendinosis tissue. While subacromial
decompression may relieve pressure on a pain-
ful tendon, denervate the coracoacromial arch,
or allow an opportunity for rest and proper
rehabilitation, it fails to address the primary
pathologic tendinosis lesion and is associated
with a significant number of complications,
including recalcitrant pain. Simple arthro-
scopic debridement is a lower morbidity pro-
cedure, with a greater efficacy and fewer
complications. Furthermore, it avoids iatro-
genic injury to the coracoacromial arch, which
is an important secondary static stabilizer of
the humeral head against superior migration.

33 UPPER LIMB EVALUATION
AND THERAPIES FOR PATIENTS 
WITH SPINAL CORD IINJURY/
DISORDER
M. J. Mulcahey, MS, OTR\L
Shriners Hospitals for Children,
Philadelphia, PA

There are many areas of assessment in the area
of tetraplegia. Among the common areas are
assessment of motor and sensory level using the
ASIA classification and the International Clas-
sification for Surgery of the Hand in Tetraplegia
(ICSHT); analysis of equipment including
amount needed, effort, and ability to don and
cosmesis; pain and pain syndromes; effort and
spontaneity of activity and temporal aspects of
activity performance, all of which are under-
studied and underestimated; comorbidities;
spasticity; skin issues; and age. While most
assessments concentrate on evaluation of SCI/D
as a medical condition, the overall assessment
requires the understanding of SCI/D as a cul-
tural, political, social, and personal experience.
Over the past four decades, disablement models
have been proposed as a basis to understand dis-
ability beyond the medical condition. Most
recently, the International Classification of
Functioning, Disability and Health (ICF) has
been presented as a means to understand the
constituents of health. The goal of this lecture is
threefold. First, medical conditions that are not
typically part of the standard assessment in tet-
raplegia will be discussed. Second, case studies
will be presented to illustrate the significance of
nonmedical dimensions of disability. Last, the
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Canadian Occupational Performance Measure
(COPM) will be discussed as a way to assess
performance of and satisfaction with client-
directed activities. All children injured before
skeletal maturity and half of those injured dur-
ing or after adolescents will develop paralytic
spine deformities. While paralytic spine defor-
mities enable compensatory head-to-hand strat-
egies and abilities in perianal care, many
persons with tetraplegia will require surgical
correction of the deformities to prevent pulmo-
nary compromise and skin breakdown; correc-
tion of these deformities in the form of spinal
fusion takes away these compensatory strate-
gies. Assessment requires careful analysis of
function. Proximal deformity, pain, and instabil-
ity play a pivotal role in the success of upper-
extremity (UE) therapies. Evaluation of static
and dynamic sitting posture is another key to the
overall assessment in tetraplegia. The inability
to independently assume a variety of sitting pos-
tures throughout the day is one of the main rea-
sons why persons with SCI\D depend on others
for ADL as opposed to UE capacity. Many per-
sons with SCI\D do not have the postural
requirements for function. Determination of
preinjury and postinjury hand and arm domi-
nance is necessary, and the understanding of the
implication of motor and sensory asymmetry in
the UE completes the evaluation. The cultural,
social, and personal dimensions of disability are
influenced by political and economic factors.
While they are the predominant dimensions
influencing health and quality of life, they also
foster medicalization and often negate the
impact of positive medical results. The
Canadian Occupational Performance Measure
(COPM) is an assessment of patient’s percep-
tion of performance and satisfaction with self-
selected activities. The COPM provides useful
information into abilities but also into the social,
personal, and cultural dimensions of disability.

34 UNIQUE ASPECTS OF
THE PEDIATRIC PATIENT
WITH SPINAL CORD INJURY
AND THE EFFECTS
ON UPPER-LIMB MANAGEMENT
Randal R. Betz, MD; M. J. Mulcahey, MS; 
Brian T. Smith, MS
Shriners Hospital, 3551 North Broad 
Street, Philadelphia, PA

This paper describes some unique aspects of
the pediatric patient (<15 years old) with SCI
and its effect on upper-limb management.
Pediatric patients have a higher prevalence of
upper cervical spine injuries (at the C7 level)
as compared to the C5-6 level in adults. On
prospective MRI scanning in children, 50%
have a spinal cord syrinx, the same as adults.
Scoliosis occurs in almost 100% of patients,
with two-thirds requiring surgery if injured
prior to skeletal maturity. Prophylactic bracing
has been found to be effective in delaying or
preventing a fusion; however, bracing can
inhibit function. Standard spinal fusions with
instrumentation from T2 to the pelvis can have
an adverse effect on compensation strategies
used by children, especially with hand-to-
mouth function in patients with tetraplegia.
Contouring the spinal rods during surgery can
lessen that adverse effect. A therapy consulta-
tion prior to surgery can be extremely helpful
in anticipating adverse effects. Upper-limb
reconstruction surgery should be offered to
most children with tetraplegia, as the outcomes
have been shown to be extremely positive, and
there are no adverse effects seen with growth.
Animal and human investigations have shown
that implanting an FES system in children can
be feasible, safe, and efficacious for applying
the same FES technologies available for adults.

35 UPPER-LIMB ORTHOSES
Michal S. Atkins, MA, OTR
Clinical Specialist, Occupational
Therapy Department SCI Service, 
RLANRC, Downey, CA

The practice of prescribing upper-limb
orthoses and splints for individuals with tetra-
plegia is widely accepted. Upper-limb orthoses
are used to enhance function, prevent joint
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deformities and overstretching of muscles, cre-
ate adaptive shortening, and support the arm,
wrist, and hand. The wide support of splinting
the upper limb in tetraplegia is largely based
on general physiological principles. Published
studies on orthoses are scarce, and they are
mostly based on practice surveys and not on
controlled clinical trials, which examine the
efficacy of one orthosis versus another. With
such lack of data, it is more useful to describe
the general splinting objectives rather than
focus on the superiority of one particular
orthosis. An exception to this paucity of objec-
tive data is the information published about the
functional Wrist Driven Wrist Hand Orthoses
(also called Tenodesis splint, flexor hinge
splint, and the “Rancho” Splint). Innovations
in the neuroprosthetic field far exceed the
improvements in mechanical upper-limb
orthoses. Some innovations in mechanical
orthoses are described. For further information
read: Atkins M, Clark D, Waters R. Upper
limb orthoses. In: Lin VW, editor. Spinal cord
medicine: Principles and practice. New York:
Demos; 2003. p. 663–74.

36 TISSUE ENGINEERING NERVE 
CONDUITS
Gregory R. D. Evans

Approximately 8,000,000 surgical procedures
are performed annually in the United States to
treat tissue and organ deficiencies. These
associated medical costs exceed $400 billion
annually. Tissue engineering has great poten-
tial in extending the quality of life and reduc-
ing the cost of healthcare. In 1997, operating

expenses allocated to tissue engineering
exceeded $450 million and funded the activi-
ties of nearly 2,500 scientists and support per-
sonnel. Peripheral nerve injuries can result
from mechanical, thermal, chemical, congeni-
tal, or pathological etiologies. Failure to
restore these damaged nerves can lead to the
loss of muscle function, impaired sensation,
and painful neuropathies. Current surgical
strategies for repair of critical nerves involve
the transfer of normal donor nerve from an
uninjured body location. Frequently, however,
these “gold standard” methods for tissue res-
toration are limited by tissue availability, risk
of disease spread, secondary deformities, and
potential differences in tissue structure and
size. Our current technology for nerve repair
using autologous nerve grafts is limited by the
availability of donor tissue and its related
morbidity. The utilization of allografts and
immunosuppression as nerve grafts is an
option; however, outcomes in nerve recon-
struction with the use of allografts have not
approached results obtained with autografts.
Further, oncologic and traumatic considera-
tions frequently preclude the use of allografts
with immunosuppression. One possible alter-
native to autogenous tissue replacement is the
development of engineered constructs to
replace those elements necessary for axonal
proliferation and to include a scaffold, support
cells, induction factors, and extracellular
matrices (ECMs). Tissue engineering holds
promise in the treatment of verve defects fol-
lowing surgical ablation and injury by reduc-
ing the current limitations.
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