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Persons with spinal cord injury (SCI) have secondary medical consequences of paralysis and/or the consequences of extreme
inactivity. The metabolic changes that result from reduced activity include insulin resistance with carbohydrate disorders and
dyslipidemia. A higher prevalence of coronary artery calcification was found in persons with SCI than that in matched able-
bodied controls. A depression in anabolic hormones, circulating testosterone and growth hormone, has been described. Adverse
soft fissue body composition changes of increased adiposity and reduced skeletal muscle are appreciated. Immobilization is
the cause for sublesional disuse osteoporosis with an associated increased risk of fragility fracture. Bowel dysmotility affects all
segments of the gastrointestinal tract, with an interest in better defining and addressing gastroesophageal reflux disease and
difficulty with evacuation. Developing and testing more effective approaches to cleanse the bowel for elective colonoscopy are
being evaluated. The extent of respiratory dysfunction depends on the level and completeness of SCI. Individuals with higher
spinal lesions have both restrictive and obstructive airway disease. Pharmacological approaches and expiratory muscle training
are being studied as inferventions to improve pulmonary function and cough strength with the objective of reducing pulmonary
complications. Persons with spinal lesions above the 6th thoracic level lack both cardiac and peripheral vascular mechanisms to
maintain blood pressure, and they are frequently hypotensive, with even worse hypotension with upright posture. Persistent and/
or orthostatic hypotension may predispose those with SCI to cognitive impairments. The safety and efficacy of anti-hypotensive
agents to normalize blood pressure in persons with higher level cord lesions is being investigated. Key words: airway disease,

anabolic hormones, cardiovascular risk, constipation, hypotension, insulin resistance, osteoporosis

Introduction

Individuals with spinal cord injury (SCI) have
an increased prevalence of abnormalities in
carbohydrate and lipid metabolism because of
immobilization, muscle atrophy, and increased
adiposity. In those with SCI, an inverse relationship
has been reported between serum high-density
lipoprotein (HDL) cholesterol values and
abdominal circumference and a direct relationship
between serum triglycerides levels and abdominal
circumference. Persons with SCI have lower serum
HDL cholesterol levels than able-bodied controls.
A higher prevalence of insulin resistance and
diabetes mellitus, as well as an earlier occurrence of
coronary heart disease (CHD), has been reported
in persons with SCI than in the general population.
Recently, a higher prevalence and greater degree
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of coronary artery calcification by electron beam
computerized tomography has been demonstrated
in persons with SCI, even when matched with the
able-bodied population for age, gender, ethnicity,
and conventional risk factors for CHD. Knowledge
of relative risk of CHD in persons with SCI is
important for appropriate intervention strategies.

A significant number of individuals with
chronic SCI have gastrointestinal (GI) symptoms
due to bowel dysfunction, a medical complication
that adversely affects health and lifestyle. In
persons with chronic SCI, there is delayed transit
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through the left colon, which may be the result
of decreased colonic parasympathetic tone.
Adequate bowel care is an important part of
their clinical management. An adequate bowel
regimen depends on many factors that require
an individualized approach for each patient.
The goals are to achieve effective evacuation and
prevent complications, such as impaction and
incontinence. It is important for rehabilitation
specialists to understand the pathophysiology of
bowel problems after SCI to correctly approach
the clinical management of this condition.
Preparing an individual with SCI for elective
colonoscopy may be a challenging undertaking.
It is well appreciated that screening colonoscopy
can reduce the incidence of colonic cancer and
its consequences. Novel cleansing approaches to
achieve high quality colon preparation have been
recently employed with associated higher polyp
detection rates.

The extent of respiratory dysfunction depends
on the level and completeness of SCI. Higher,
more complete cord lesions result in loss of
function of the major muscles of respiration,
leading to ineffective cough and retention
of pulmonary secretions. These factors may
predispose individuals to atelectasis, pneumonia,
and respiratory failure. A high prevalence of
persons with SCI report respiratory symptoms,
with the frequency directly related to the level of
lesion. Our previous work identified the presence
of baseline bronchoconstriction, which was
unmasked by bronchodilator responsiveness to
a beta-2 adrenergic agonist or an anticholinergic
agent in persons with cervical SCI. In addition to
baseline bronchoconstriction and bronchodilator
responsiveness, individuals with tetraplegia
have nonspecific airway hyperreactivity (AHR).
AHR might result from reductions in baseline
airway caliber in persons with tetraplegia due to
overriding cholinergic airway tone. An alternative
or contributing explanation for reduction in
airway caliber in persons with tetraplegia is chronic
airway inflammation. In general, scant literature
exists in those with chronic SCI which address the
relationship between therapeutic interventions
with patient outcomes. Electrical stimulation of
the diaphragm in high cord lesions and resistive

Secondary Medical Consequences of SCI 355

respiratory muscle training to improve expiratory
muscle function and cough effectiveness has
been demonstrated to be beneficial. In addition,
preliminary evidence has suggested that beta-2
adrenergic agonists improve respiratory muscle
strength in SCI. A pharmacological approach in
conjunction with expiratory muscle training may
lead to greater beneficial effects on pulmonary
function and cough strength than that of either
intervention alone, which would be expected to
reduce pulmonary complications.

SCI above the 6th thoracic level interrupts
supraspinal control of sympathetic efferent
innervation to the heart, the upper and lower
extremity and splanchnic bed vasculatures. Thus,
individuals with higher cord lesions have restricted
chronotropic and inotropic cardiac function,
which limits the ability of the heart to respond to
metabolic demand, except by vagal withdrawal, and
attenuates the heart rate response to orthostasis
and exercise. Cord lesions T7 and below affect
the lower extremity and splanchnic vasculature
but spare the upper extremity vasculature and the
heart. Decentralized sympathetic control of the
peripheral vasculature results in compromised
centrally mediated vasoconstriction, which is
directly related to the level and completeness of
lesion. Hypotension is associated with cognitive
deficits in healthy able-bodied persons, and
it would be envisioned that persistent and/or
orthostatic hypotension may predispose those
with SCI to similar cognitive impairments. The
safety and efficacy of anti-hypotensive agents to
normalize blood pressure in persons with high
level cord lesions is actively being investigated.

Metabolic and Endocrine Disorders

Immobilization and paralysis from SCI result in
loss of muscle and a relative gain in adiposity. SCI
predisposes the individual to medical complications
such as lipid abnormalities, carbohydrate
intolerance, and an atherogenic pattern that
predisposes to CHD. One likely etiology for these
secondary metabolic conditions is that they are
the result of adverse body composition changes in
conjunction with inactivity, which are progressive
with advancing age. Another possible consideration
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is a global reduction in endogenous anabolic
hormones that would be anticipated to worsen body
compositional changes in those with SCI.

Soft tissue body composition changes

Longitudinal studies of body composition
after acute SCI are limited, but have shown a
brisk, marked loss of lean tissue mass."? A recent
unpublished observation by our group has shown
an increase in total body fat mass on average of
10 kg over the initial 2 years after acute injury.
Comparing matched reference populations using
cross-sectional designs in individuals with chronic
SCI, investigators have demonstrated marked
lean tissue loss and/or fat tissue gain.>” In a cross-
sectional study, Spungen et al reported significant
decreases in percent of regional and total body lean
tissue in 132 male subjects equally divided with
tetraplegia or paraplegia compared with matched
controls; compared to able-bodied males, who
lost about 1% per decade of total body lean tissue,
persons with SCI lost about 3.2% per decade.*In a
monzygotic twin study, discordant for SCI, a loss
of total body and extremity muscle mass of about 4
kg of total body lean tissue over each 5-year period
of paralysis was observed in the SCI twin.?

In persons with SCI, the usual clinical measures
of total body fat (eg, weight or body mass index
[BMI]) underestimate the degree of adiposity.**
Body fat topography in able-bodied individuals
is clearly an important factor associated with
metabolic disorders, and it probably has a similar
relevance in persons with SCL.”* Related to these
adverse body compositional changes and reduced
levels of activity, individuals with SCI have a
pattern of metabolic alteration that would be
considered to be atherogenic.*'?

Anabolic hormone deficiency

In persons with SCI, growth hormone (GH)
responses to provocative stimulation have been
shown to be blunted; younger individuals with
SCI have depressed plasma IGF-1 levels.'*"® These
deficiencies may reflect a global dysregulation
of the hypothalamic-pituitary axis in men with
SCI, which is also characterized by an increased

prevalence of hypogonadism and elevated levels of
gonadotropins and prolactin, possibly suggestive
of reduced central dopaminergic tone.'*?' Reduced
integrity of pituitary GH secretion would be
anticipated to worsen the losses of lean tissue
mass and bone mineral density (BMD) below the
level of lesion, imparting increased risk of fragility
fractures in persons with SCI.>»* These accelerated
adverse body compositional changes in persons
with SCI could hamper functional independence
and social integration,” which would adversely
affect quality of life and increase health care
dependency and costs.

Cross-sectional and longitudinal studies
have demonstrated that the levels of total
and free testosterone decline with increasing
age in able-bodied men.**?" The etiology of
this progressive fall in serum testosterone is
multi-factorial and, in part, attributable to
various combinations of lifestyle choices, illness,
medications, and inappropriate activity of
the hypothalamic-pituitary-gonadal axis.??*"**
Decreased testosterone levels in the general
population are associated with lowered libido,
fatigue, insomnia, hot flashes, anxiety, depression,
poor memory, irritability, impotence, and
diminished bone and muscle mass, as well as
an increased risk of nonvertebral fractures and
cardiovascular disease.”>** As with able-bodied
persons, individuals with SCI have reduced
serum concentrations of testosterone from any
number of etiologies. In one study, almost half
of the total population of men with SCI had low
testosterone using the same threshold criterion
for the serum total testosterone concentration
as that employed by Harman et al in a general
population-based study.’”*® Men with SCI had
higher percentages of low testosterone for each
decade of life by either the total testosterone
concentration or the free T index than those
reported in the Baltimore Longitudinal Study on
Aging'®?; subjects with SCI were excluded from
participation if they had a known chronic illness
or were prescribed one of several medications
known to affect pituitary or testicular secretory
function. The prevalence of low testosterone in
those with SCI rose strikingly in the third decade
of life, a finding that may be associated with



deleterious physical and psychological effects of
androgen deficiency throughout the remainder
of life. Other investigators have also found the
prevalence of low testosterone concentrations to
be elevated in men with chronic SCI, associated
with higher prolactin levels.*>*

One possible etiology of low testosterone is
dysfunction of the hypothalamic-pituitary-
testicular axis.?’*>* Early reports have been
inconclusive with regard to testicular function,
discrepancies that could be attributed to varying
factors in population selection, including chronic
disease, level of injury, completeness of lesion,
duration of SCI, or, in part, differences in study
methodology.*®** Our group has demonstrated
that persons with SCI tend to have increased
gonadotropin release to standard provocative
stimulation to gonadotropin releasing factor
compared with able-bodied controls, a finding
that confirmed and extended observations of
previous investigators.*’ In a preliminary report,
testicular stimulation with standard doses of
human chorionic gonadotropin (hCG) for 2
days was similar in subjects with SCI and able-
bodied controls (ie, rise above baseline values
with hCG).*

The possibility that an androgenic-deficiency
state may contribute to accelerated muscle loss
in those with SCI, both above and below the level
of lesion should be considered. Muscle wasting
reduces energy expenditure and may be associated
with increased relative adiposity and, potentially,
associated deleterious metabolic consequences.**°
In a relatively young able-bodied population,
producing a hypogonadal state by hormonal
manipulation resulted in a loss of lean body
tissue.*® Reversal of hypogonadism in younger
adults has been shown to improve muscle mass
and strength.”” A recent study has demonstrated
that testosterone replacement therapy for 12
months significantly improved lean body tissue in
persons with SCI.** A decrement in muscle mass
and strength as a consequence of hypogonadism in
persons aging with SCI may, eventually, contribute
to a loss of physical function and independence.
The functional and clinical significance of our
laboratory finding of low serum testosterone
concentrations in the SCI population has yet to
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be elucidated. Studies of hormone replacement
therapy should assist in determining a possible
benefit from reversing low testosterone levels in the
individuals with SCI.

Carbohydrate metabolism in SCI

Impaired glucose tolerance and diabetes mellitus
occur more frequently in persons with SCI than in
the able-bodied population.'">*° In 100 subjects
with SCI, 22% were diabetic by criteria established
by the World Health Organization, whereas only
6% of the 50 control subjects were diabetic;
82% of the controls had normal oral glucose
tolerance, compared with only 38% of those with
quadriplegia and 50% of those with paraplegia.'!
Subjects with complete tetraplegia had significantly
worse carbohydrate tolerance with higher peak
and greater sum plasma insulin concentrations,
and they were more frequently classified with
a disorder in carbohydrate tolerance than the
other neurological deficit subgroups (Figure 1)."
Peripheral resistance of insulin to mediate glucose
uptake may be demonstrated in most individuals
with SCI who have a disorder in oral glucose
tolerance, and this metabolic milieu is recognized
as being atherogenic.”> Worsening of carbohydrate
tolerance will ensue if the compensatory response
of the pancreas is insufficient, as may be expected to
occur with advancing age.

Lipid metabolism and cardiovascular disease

Elevation in low-density lipoprotein (LDL)
cholesterol and depression of HDL cholesterol are
2 important risk factors for CHD.**** Individuals
with SCI are believed to have premature CHD.
Approximately 10% of the US population have
HDL cholesterol values less than 35 mg/dL, which
is an independent risk factor for CHD, whereas
about 24% to 40% of those with chronic SCI have
levels below this value for HDL cholesterol.'*!*>**
Although the mechanism by which low levels of
HDL cholesterol predispose to CHD is uncertain,
it has been postulated that HDL cholesterol is vital
for reverse cholesterol transport, which mobilizes
cholesterol from the arterial wall, as well as
antioxidant, anti-inflammatory, antiplatelet, and
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Figure 1. Pie charts of the distribution of subjects with SCI (left) and able-bodied controls (right) according to
the diagnostic classification for oral carbohydrate tolerance as designated by the World Health Organization
Committee on Diabetes Mellitus (Second Report, 1980). Normal glucose tolerance is represented by the open
sections; impaired glucose tolerance, by the cross-hatched sections; diabetes mellitus, by the solid dark sections.
The percentage of each diagnostic group is shown next to each section. The figure was drawn from data
presented in Bauman WA, et al. Spinal Cord. 1999;37:765-771.

anticoagulant effects.” In subjects with chronic
SCI and in controls, an inverse correlation has
been demonstrated between serum triglycerides
and HDL cholesterol, a relationship that may
reflect the effects of elevated plasma insulin
levels.””** Maki et al found a significant indirect
correlation between abdominal circumference
and serum HDL cholesterol levels and a direct
correlation with serum triglyceride levels, as well
as for the ratio of total to HDL cholesterol levels.®
Our group found significant correlations between
visceral fat mass and fasting or stimulated insulin
levels and fasting or stimulated serum triglyceride
levels.®® In persons with SCI, a significant direct
relationship was shown between serum HDL
cholesterol levels and insulin sensitivity.!! Subjects
with chronic tetraplegia had lower levels of serum
HDL cholesterol than those with paraplegia
(38£0.7 vs 45+£0.8 mg/dL, respectively; P < .01)."
Subjects with motor complete injury tended
to have lower values of serum HDL cholesterol
than those with motor incomplete within the
subgroups of tetraplegia and paraplegia (Figure

2); a significant inverse relationship was found
for degree of neurological deficit and serum HDL
level.’> Men with SCI had lower HDL cholesterol
level than able-bodied control men, but there
was no significant difference in serum HDL level
between predominantly premenopausal females
with or without SCI."
Atthepresenttime,thereareseveral strategies for
raising serum HDL cholesterol. Increasing level of
activity, smoking cessation, and pharmacological
treatment all have been shown to be effective.
In persons with or without SCI, increased
cardiopulmonary fitness has been demonstrated
to raise the serum HDL cholesterol level.'»!*>%6!-
% 1In a prior report by our group, persons with
paraplegia had significantly higher serum HDL
cholesterol values for relatively modest higher
values of maximum oxygen uptake.'" Moderate-
intensity exercise interventions have been
demonstrated to improve serum HDL cholesterol
levels.”®® In the general population, an increase
of 1.0 unit in the ratio of serum total to HDL
cholesterol has been found to be associated with
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Figure 2. Serum high-density lipoprotein cholesterol levels by neurological deficit. All values are expressed
as mean = SEM. A significant inverse relationship was found for degree of neurological deficit and serum high-
density lipoprotein (HDL) cholesterol level (r=0.19; P < .0001). Redrawn, with permission, from Bauman WA,

et al. Spinal Cord. 1998;36:13-17.

a mean increase of 53% in risk of a coronary
event.® Thus, a modest upper extremity exercise
regimen that improves cardiovascular fitness may
be expected to increase serum HDL cholesterol
and reduce CHD risk, although the latter has not
been specifically studied in persons with SCI.
Inactivity, independent of lipid values or other
risk factors for CHD, may be an independent risk
factor for CHD.® Persons with SCI should be
strongly encouraged to reach and maintain the
highest level of daily activity, compatible with
their neurological level of injury. A Model System
Collaborative study showed that Niaspan 2 g daily
in persons with SCI raised serum HDL cholesterol
from 32+3 to 40+7 mg/dL, an average increase of
25%, associated with a reduction in serum LDL
cholesterol and a significant improvement in
total cholesterol (TC) to HDL ratio from 5.4 to

4.2.% It should be appreciated that recent studies
in the able-bodied population have failed to find
a benefit from raising HDL cholesterol levels by
pharmacological interventions, albeit the levels
were not nearly as profoundly depressed as
those frequently found in persons with SCL.¢ In
addition, a recent report that determined risk of
myocardial infarction in the general population
by Mendelian randomization failed to find a
lower risk of myocardial infarction from genetic
mechanisms that raise HDL cholesterol levels.®®

CHD in persons with SCI

In the able-bodied population, symptoms of
CHD are commonly precipitated by activity,
often strenuous. It should be appreciated that the
risk of a cardiac event is related to the severity of
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CHD, not symptoms of CHD.®*’® The ability of
a person with SCI, especially those with higher,
more complete lesions, to engage in significant
physical activity is often difficult and, if at all
possible, limited. In addition, if an individual
with SCI has an ischemic cardiac event, it may
pass unnoticed because of nervous interruption
of sensory pathways. Thus, the identification of
CHD risk or other macrovascular disease risk
equivalents for CHD (such as peripheral vascular
disease) may be grossly underestimated in those
with SCI, requiring a more aggressive approach to
determine the presence of atherosclerotic occlusive
vascular disease. Although peripheral vascular
disease would be expected to be present, because
of multiple metabolic cardiovascular disease
risk factors and a cigarette smoking prevalence
comparable to that of the able-bodied population,
it may be undiagnosed in a nonambulatory, older
SCI population.

Whiteneck et al reported that cardiovascular
diseases were the most frequent cause of death
among persons with SCI more than 30 years
after injury (46% of all deaths) and among those
more than 60 years of age (35% of all deaths).”
Using nuclear medicine stress testing in a couple
of relatively small cohorts, asymptomatic CHD
was reported, as determined by upper body
exercise stress testing in subjects with paraplegia
and by dipyridamole infusion in subjects with
tetraplegia.”>”* Coronary artery calcification (CAC)
by electron beam computerized tomography
was performed in 91 subjects with SCI who were
matched 3:1 with non-SCI controls for age, gender,
ethnicity, and individual risk factors.” In the group
with SCI, the investigators found that the mean
CAC score was significantly greater (75218 vs
28+104), the prevalence of any CAC was higher
(51% vs 39%), the prevalence of those with high
scores (>100 HU) was greater (16% vs 7%), and
those with tetraplegia had a greater prevalence of
severe CAC scores than did those with paraplegia
(6.8 vs 2.1%, respectively; P < .05); because of
study design, findings suggestive of increased
atherogenesis were not explained by traditional
CHD risk factors.”"”

The conventional risk factors for CHD, as
defined by the Third Report of the National

Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults [Adult Treatment Panel III
(ATP III)], were evaluated in veterans with SCI
in order to assign risk and determine target LDL
cholesterol levels for therapeutic intervention; as
in the general population, those with intermediate
CHD risk comprised the predominant proportion
of the SCI population.” Persons with SCI should
receive at least comparable care to reduce CHD
risk as the able-bodied population. Thus, the
conventional risk factors for CHD should be
identified and appropriately treated in individuals
with SCI, according to current standards of
care. However, limitations of ATP III guidelines
when applied to individuals with SCI should be
appreciated.”’

Bone loss after acute and chronic SCI

Loss of bone is an important secondary
consequence of acute SCI and is due to a state of
heightened skeletal resorption, which is restricted
to the sublesional skeleton.”®”” Bone loss after
neurologically more complete forms of SCI is
unique for its rate, distribution, and resistance
to currently available treatments. In individuals
with neurologically motor complete SCI, bone loss
may occur at rates approaching 1% of BMD per
week for the first 6 to 12 months after injury.”s*
The rate of bone loss after SCI is substantially
greater than that observed with microgravity
(0.25% per week),?! bed rest (0.1% per week),*
or in postmenopausal women who are not
taking antiresorptive medications (3%-5% per
year).® The increased rate of bone loss appears
to continue beyond the first 12 months of injury
and continues at least over the next 3 to 7 years,
albeit at a slower rate than occurring initially.
This dramatic phenomenon may be related to any
number of factors including, but not limited to,
the loss of endogenous anabolic hormones (ie,
circulating testosterone and/or growth hormone);
factors in the local bone milieu; the presence
of catabolic factors, such as the administration
of methylprednisolone at extremely high doses
within hours of the acute event; the production of
inflammatory mediators/cytokines locally; and/or



the loss of positive central and peripheral neural
influences on bone.* There is evidence from a
study of monozygotic twins discordant for SCI to
indicate that the difference in sublesional BMD
between the twins increased with time after SCI for
several decades, suggesting that loss of bone may
continue at an accelerated rate in those with SCI
for an extended period of time.®

The areas of greatest bone loss are the distal
femur and proximal tibia, and fractures are most
common in these locations. In a cross-sectional
study of 8 SCI patients, a change of 35.3% in
BMD of the tibial trabecular bone was noted
within the first 2 years after SCI, whereas there was
only a 12.9% reduction in tibial cortical bone.*
In a cross-sectional study of 31 patients with
chronic SCI (21 year), Dauty et al demonstrated
a demineralization of minus 52% for the distal
femur and minus 70% for the proximal tibia,*
in agreement with the findings of several other
investigators.®*! In a cross-sectional report
that used peripheral quantitative computed
tomography in men with complete SCI to describe
trabecular and cortical bone compartments until
steady state levels were achieved (3-8 years after
acute SCI), bone loss in the epiphysis, which is
predominantly trabecular bone, was exponential
with time; on average, loss of ephiphyseal bone
was 50% in the femur and 60% in the tibia; in the
diaphyses, which is predominantly cortical bone,
losses were 35% in the femur and 25% in the tibia
and involved erosion of the thickness of cortical
bone by 0.25 mm/year over the initial 5 to 7 years
after SCL." When bone loss appeared to plateau,
the femoral and tibial epiphyses (trabecular bone)
were decreased by 50% and 60%, respectively,
and the femoral and tibial shafts (cortical bone)
decreased by 35% and 25%, respectively.” This
level of depletion places the bones, particularly at
the knee, below clinically accepted thresholds for
fracture.

Persons with severe chronic conditions,
including disability, have long been recognized to
be at high risk for the development of vitamin D
deficiency because of reduced sunlight exposure
due to lifestyle changes, institutionalization, and/
or medications.”®” Several of the drugs prescribed
in persons with SCI, especially anticonvulsants and
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psychotropic agents, may accelerate hydroxylation
of vitamin D and increase renal clearance.”
Persons with SCI often have a lower calcium intake
than the general population, including vitamin
D-fortified milk, which is the major dietary
source of vitamin D, excluding supplements.*
Vitamin D deficiency has been reported to be
extremely prevalent in the SCI population, as well
as in those with other disabilities.”*” Our group
demonstrated that approximately one-third of a
veteran SCI population had an absolute deficiency
of vitamin D.” Other investigators have confirmed
this finding in persons with chronic SCI.* In
an effort to restore serum vitamin D levels to a
concentration that would serve to optimize GI
absorption of calcium,” cholecalciferol, or vitamin
D,, 2000 IU/day was administered to persons
with SCI in conjunction with daily oral calcium
supplementation of 1.3 g elemental calcium
daily. In vitamin D-deficient subjects, vitamin D
supplementation for 3 months raised the level
of vitamin D into the normal range in 85% of
subjects, and the mean serum level of vitamin D
for the total group was well above the lower limit
of the normal range (25 hydroxyvitamin D >30
ng/mL).”

Bisphosphonates have a strong affinity for
bone and inhibit osteoclast bone resorption. This
class of agents has been used in an attempt to
prevent or reduce bone resorption associated with
acute SCI. However, our experience has raised
questions concerning the efficacy of this class
of medications in persons with complete motor
SCI who are non-weight bearing,'” and others
have concluded that “data were insufficient to
recommend routine use of bisphosphonates for
fracture prevention in these patients.”'*'®*'> The
possibility of using a combined mechanical and
pharmacological approach to reduce or prevent
bone loss after acute SCI may be considered.
Because of the obvious difficulty of instituting
a mechanical intervention immediately after
acute SCI, it may be necessary to begin therapy
early after injury with drug intervention(s). It
is conceivable that coincident with acute injury
a pharmacological approach to target and
potently inhibit receptor activator of nuclear
factor-xB ligand (RANKL) in an effort to suppress



362 Toprics IN SPINAL CORD INJURY REHABILITATION/FALL 2012

rampant osteoclastosis may prove efficacious,
as well as practical.'® Another consideration
is that patients who are acutely or subacutely
paralyzed frequently have low testosterone
levels,'™ a hormonal state that may worsen
bone loss during acute immobilization. Because
high-dose methylprednisolone is frequently
prescribed at time of acute paralysis'® and recent
animal studies support the role of androgens
to antagonize the effects of glucocorticoids on
muscle and bone, testosterone replacement
therapy may be an appropriate therapeutic
option.'”!” When the patient is sufficiently
stabilized after acute SCI, a combination approach
with mechanical intervention and at least one
pharmacological therapy may be envisioned.
Albeit purely conjecture at this time, it may be
postulated that the sooner a physical intervention
can be integrated into the care plan in the form of
practical and cost-effective mechanical stimulation
to restore forces that had been suddenly removed
from the skeleton at time of injury, the greater the
likelihood of preserving bone mass. The efficacy
of the initiation of a mechanical approach may
be reinforced by innovative, and temporally
appropriate, pharmacological prescription to
stimulate depressed function of the osteoblast.

Gastrointestinal Tract Dysfunction

Gastrointestinal (GI) symptoms due to bowel
dysfunction are quite common in persons with
SCI and may adversely affect health and lifestyle.
Personalizing and providing an appropriate bowel
regimen is an important part of rehabilitative
management, with the goals being effective
evacuation and prevention of bowel complications.
Medical professionals who provide care to patients
with SCI should have an understanding of the
pathophysiology of the GI tract to be able to
provide the optimal guidance for initiating and/or
maintaining effective and safe bowel management
regimens.

Bowel dysfunction in SCI

A significant number of individuals with chronic
SCI have GI symptoms due to bowel dysfunction,'*®

and adequate bowel care is an important part
of their clinical management. It is important
for rehabilitation specialists to understand the
pathophysiology of bowel problems after SCI
to correctly approach the management of these
individuals. Bowel dysfunction has become a
major health and lifestyle issue.'®'"" Normal
colonic function is important for the process of
defecation. It involves muscular activity of the
colon and 2 anal sphincters — the internal anal
sphincter, which is an involuntary sphincter that
is the continuation of the inner circular muscle
layer of the colon, and the external anal sphincter,
which is made up of striated muscle layers that are
under voluntary control and are a major factor in
maintaining fecal continence.'

The colon is supplied with both autonomic
(parasympathetic and sympathetic) and somatic
(ie, sensory and motor) pathways.'” Balance
between these distinct neural pathways is
controlled by higher centers in the brain and
spinal cord. Parasympathetic innervation of the
colon is responsible for colonic contractions and
motility. The right and proximal transverse colon
is innervated through the vagus nerve, whereas
the left colon and rectum receives neural input
from spinal segments S-S, via the pelvic nerve
or nervi erigentes.'” Sympathetic supply comes
through the lumbar splanchnic nerves and is the
major pathway for carrying the sensations to and
from the colon. The neuromuscular innervation
of the colon is coordinated to produce both
nonpropulsive segmental contractions (SC) and
high amplitude propagating contractions (HAPC).
Various neurotransmitters including acetylcholine,
cathecholamines, and serotonin have been shown
to regulate colonic motility, although the principal
autonomic neurotransmitter is acetylcholine.'"*

After SCI, there is prolonged mouth to cecum
transit time in subjects with tetraplegia and delayed
transit through the left colon.""'® In addition,
subjects with SCI show a prominent decrease in
HAPC after arousal from sleep compared to able-
bodied participants.” It is clear that prolonged
colonic transit time and absence of HAPC
contributes to constipation and difficulty with
evaluation after SCI. Because colonic motility



depends on adequate colonic parasympathetic tone,
these findings are consistent with loss of such tone.

Problems with defecation become prominent as
time progresses after the acute injury.'”® The clinical
picture depends on whether the injury is upper
motor neuron (above T10) or lower motor neuron
(below T10).198-11L120 Problems with defecation
occur in both upper and lower cord lesions, which
have a significant impact on the quality of life of
these individuals, especially in terms of the overall
time spent for routine bowel care. In addition,
complications such as fecal impaction and
autonomic dysreflexia can be anticipated. Fecal
impaction is the most common complication, and
it may also present with atypical symptoms, such
as paradoxical diarrhea, abdominal pain, nausea,
vomiting, acute confusion, urinary symptoms,
and rectal bleeding due to pressure ulcerations.'?!
Autonomic dysreflexia is a relatively common
complication in patients with an injury above the
T6 spinal segment, and it may occur in response
to stimuli such as fecal impaction, digital rectal
stimulation, and colonoscopy.'**'*

Approaches to bowel management

Appropriate and effective bowel management
in individuals with SCI is of utmost clinical
importance. An adequate bowel regimen depends
on many factors and will vary from patient to
patient. Regardless of the level of injury, the
goals are to achieve effective evacuation and
prevent complications, such as impaction and
incontinence.'”® Whenever possible, bowel care
initiated for evacuation should be performed in
either the normal position or in the left lateral
position.'? This allows use of gravity and facilitates
fecal expulsion. Digital rectal stimulation is also
useful for promoting bowel evacuation.'?”'*® Diet
plays an important role in these individuals. It is
important for these individuals to be on a high-
fiber regimen and to consume at least 2 to 3 L of
fluids every day.!?® Laxatives are often employed as
an adjunct to routine bowel care. Laxatives such
as docusate, lactulose, and polyethylene glycol are
the most commonly employed preparations and
are used in conjunction with adequate dietary
Water.130_133
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Theseconventionalstrategiesaretimeconsuming,
expensive, and often ineffective. Hence, our
research has attempted to develop more effective
agents by focusing on the basic pathophysiology
after SCI. Such modalities include cisapride (a
prokinetic drug that releases acetylcholine from
neurons in the gut but has been withdrawn from
the market) and neostigmine, an inhibitor of the
enzyme acetylchoinesterase that increases levels
of acetylcholine at nerve endings and has been
employed in patients with acute intestinal pseudo-
obstruction.'">?*¢ In combination with the
anticholingeric agent, glycopyrrolate (to prevent
cholinergic-induced bronchoconstriction and
bradycardia), we have shown that intravenous
neostigmine can be used safely in subjects with
SCI to induce bowel evacuation (Figure 3)."” In
addition to consideration of intravenous infusion
via implantable venous access for routine clinical
use, our research is also studying other routes of
administration, including intranasal.

Colostomy is an option in those with severe and
intractable symptoms, including constipation, fecal
incontinence, and perineal pressure ulcers.!®!%
It is frequently advocated as an adjunct in the
treatment of perineal pressure ulcers. Surgical
posterior rhizotomy and sacral anterior root
stimulation are other surgical options shown to
have therapeutic utility in SCI patients.'* However,
this is an expensive approach and its routine use is
not a practical alternative.

Associated with difficult bowel care, it is often
challenging to prepare an individual with SCI
for colonoscopy. This has become especially
germane with data indicating that screening
colonoscopy by polyp detection and removal
can reduce the incidence of colonic cancer and
the likelihood of death from this neoplasm.!*!
In ongoing studies, we have reported success in
achieving high-quality colon preparation using
newer approaches including Moviprep and pulse
irrigative enhanced evacuation with and without
adjunctive neostigmine (Figure 4).'*> With
improved bowel cleansing, we have found a trend
toward improved polyp detection.
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Figure 3. Bowel evacuation of barium oatmeal paste after prokinetic agent in subjects with chronic SCI.
Prior to intravenous placebo or drug administration, subjects had instillation of barium oatmeal paste in the
rectum and descending colon. On separate days, subjects received in randomized-blinded design, 1 of 3
intravenous infusates: placebo (normal saline), neostigmine (2 mg), or neostigmine (2 mg) plus glycopyrrolate
(0.4). Evacuation is represented from none (open section of the bar) to complete (darkest section of the bar).
Neostigmine alone or neostigmine plus glycopyrrolate were similarly effective in inducing evacuation of the
barium oatmeal paste from the bowel compared to negligible bowel evacuation after placebo administration.
The figure was drawn from data presented in Korsten MA, et al. Am J Gastroenterol. 2005;100:1560-1565.

Respiratory System Dysfunction

Respiratory complications, excluding pul-
monary embolism, are the principal cause of
death during the first year following SCI and
along with cardiovascular disease a leading
cause thereafter.!*>'** Injury to the cervical and
upper thoracic cord may disrupt innervation to
the diaphragm, intercostal muscles, accessory
respiratory muscles, and abdominal muscles,
resulting in respiratory muscle weakness,
ineffective cough, and retention of pulmonary
secretions. These factors, in turn, predispose to
atelectasis, pneumonia, and potentially respiratory
failure. Due to the relative state of physical
inactivity, individuals with SCI may lack specific
symptoms, such as dyspnea on exertion; however,
respiratory symptoms are still reported in a high

number of persons with chronic SCI, and they
are directly associated with the level of lesion.'*>!%
The extent of respiratory dysfunction depends on
the level and completeness of injury. Respiratory
complications during hospitalization after acute
injury have been reported to be as high as 84%
for C1-C4 levels of injury, 60% for C5-C8 levels of
injury, and 65% for thoracic lesions."” The most
common respiratory complications observed are
pneumonia, atelectasis, and respiratory failure.'*

Pulmonary function after SCI

Paralysis in subjects with cervical and high
thoracic cord injury leads to loss of function
of the major muscles of respiration. Compared
to other neurological disease models such as
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Figure 4. Efficacy of bowel preparation for elective colonic in subjects with SCI. The Ottawa score (0-14)
depicts the adequacy of visualization of the bowel wall with lower scores representing increased bowel wall

visualization.

multiple sclerosis or myasthenia gravis, persons
with tetraplegia show greater preservation of
inspiratory muscle function relative to the
compromise in expiratory muscle function;
this is due to relative sparing of diaphragmatic
function supplied by the phrenic nerve (C3 to C5),
whereas paralysis of intercostal and abdominal
musculature results in weak cough and impaired
pulmonary toilette. Residual expiratory function
has been attributed to the clavicular portion of
the pectoralis major muscle originating from C5
to C7.1%% Immediately following injury, vital
capacity (VC), inspiratory capacity (IC), and total
lung capacity (TLC) are significantly decreased
(VC 30% predicted in C5-C6 injury).”® During
the first year of SCI, lung volumes partially
recover and inspiratory and expiratory flow rates
increase and functional residual capacity (FRC)
decreases; after which time, changes in VC and
FRC are more gradual.””*'>* During the first week
after cervical cord injury, a forced vital capacity
(FVC) less than 25% predicted is, in particular,
associated with the development of respiratory

failure requiring ventilator support.'”’ Initial
improvement has beeen attributed to return of
functional respiratory muscles coincident with
resolution of inflammation and edema above the
level of the lesion,' while later increases have
been attributed to improvement in diaphragm
function,'?"!**1%¢ increased performance of
accessory respiratory muscles,"”>'** and rib cage/
chest wall stability."”>'** Improvement in VC has
been attributed to an increase in IC resulting from
a decrease in FRC."!

In cross-sectional studies of persons with
chronic SCI, the level and completeness of
SCI are shown to correlate with the severity of
pulmonary dysfunction; higher more complete
injuries are associated with significantly reduced
parameters of pulmonary function."'® In
general, however, recovery of pulmonary function
in any individual is variable following acute SCI
and can only be weakly predicted by knowledge
of the initial pulmonary function test values and
the level of lesion." Significant determinants of
longitudinal decline in FVC and forced expiratory
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Figure 5. Specific airway conductance before and affer inhalation of ipratropium bromide in subjects with
tetraplegia. TETRA = tetraplegia; PARA = paraplegia; BL = baseline; IB = ipratropium bromide. A significant
group difference was observed for BL specific airway conductance TETRA vs PARA and controls; *P < .05.
BL vs after IB administration; P < .05. The figure was drawn from data presented in Schilero GJ, et al. Chest

2005;127:149-155.

volume in 1 second (FEV)) include advancing
age, current smoking status, increased BMI,
wheezing, and underlying respiratory muscle
weakness.'*® Spirometric and lung volume studies
in persons with chronic tetraplegia and high-level
paraplegia demonstrate restrictive dysfunction
due to neuromuscular weakness characterized by
reduction in VC, FEV , peak expiratory flow (PEF),
TLC, maximum voluntary ventilation (MVV),
expiratory reserve volume (ERV), and IC, along
with a significant increase in residual volume (RV)
and little or no change in FRC.'*"161167

Airway caliber, reactivity, and inflammation after SCI

Our previous work identified the presence
of baseline bronchoconstriction unmasked
by bronchodilator responsiveness to a beta-2
adrenergic agonist or an anticholinergic agent in
persons with cervical SCL.'*'* In 15 subjects with
chronic tetraplegia, we found that, compared to
individuals with low paraplegia, baseline specific
airway conductance (sGaw) was significantly

reduced; when administered inhaled ipratropium
bromide (anticholinergic agent), a significant
bronchodilator response occurred in all subjects
with tetraplegia (Figure 5).'° This finding suggests
that interruption of sympathetic innervation
to the lungs has physiological significance and
that a reduction in baseline airway caliber due
to heightened cholinergic tone can be reversed
following inhalation of an anticholinergic agent.
In addition to baseline bronchoconstriction
and bronchodilator responsiveness, our group
found nonspecific AHR, identified by exaggerated
bronchoconstriction evoked by inhalation
of nonspecific agents such methacholine or
histamine, regardless of smoking history, in
individuals with tetraplegia and in individuals
with high paraplegia in the presence of decreased
lung volumes.'”” Another study involving
subjects with tetraplegia demonstrated AHR to
histamine with significantly lower values for
spirometric indices of airway size and airway size
relative to lung size."”! AHR might therefore be
explained by preexisting airway narrowing, in
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Figure 6. Exhaled nitric oxide in subjects with tetraplegia compared to asthmatics or able-bodied controls.
Nitric oxide is expressed in parts per billion (ppb). Values are presented as mean + SD. TP < .01, tetraplegia
vs control group; *P < .001, asthma vs control group. Redrawn with permission from Radulovic M, et al. Lung.

2010;188(3):259-262.

that further reduction in airway caliber induced
by a bronchoconstrictor agent would lead to
marked increases in airway resistance.'’> Thus,
similar to the mechanism postulated to account
for bronchodilator responsiveness, AHR might
result from reductions in baseline airway caliber
in persons with tetraplegia due to overriding
cholinergic airway tone.

An alternative or contributing explanation
for reduction in airway caliber in persons with
tetraplegia is chronic airway inflammation. An
airway inflammatory response might originate
from recurrent respiratory infections as a result
of ineffective pulmonary clearance and/or
response may be associated with systemic
inflammation as a consequence of the acute
injury.'” Further airway inflammation might be
attributed to chronic microaspiration of stomach
contents due to esophageal dysmotility and/
or gastroesophageal reflux disorder (GERD).
To investigate the potential cause of airway
inflammation, a preliminary investigation was
performed demonstrating that individuals with
tetraplegia had elevated levels of exhaled nitric
oxide (NO) comparable to levels associated with
mild asthma (Figure 6).'7* It is now widely believed
that NO generation in the airways of asthmatic
subjects represents a physiological mechanism

to counteract the bronchoconstriction caused
by various stimuli, in which case NO may serve
as a marker of the inflammatory response.'”” A
similar role of NO in airways of individuals with
SCI has been postulated. We recently presented
evidence that individuals with tetraplegia have
significantly elevated levels of 8-isoprostane,
an inflammatory biomarker, in exhaled breath
condensate (EBC) when compared to mild
asthmatics and able-bodied controls; the pH
value of their EBC, although not significantly
different than the mild asthmatics or controls,
trended toward hyperacidity, suggesting the
presence of airway acidification associated
with airway inflammation.'”® Elevation in
8-isoprostane levels and airway acidification
have both been demonstrated in asthmatic
patients with GERD.'”!”® Moreover, decreased
8-isoprostane levels and normalization of EBC
pH have been shown following treatment with
proton pump inhibitors in persons with GERD-
induced asthma.'”

Assessment and treatment options

Although work has been done to document
the various elements of pulmonary dysfunction
and the effectiveness of various pharmacological
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and mechanical interventions, there is a paucity
of systematic research linking therapeutic inter-
ventions with patient outcomes following SCI. A
therapeutic intervention that has shown promise
includes training of the pectoralis major in persons
with tetraplegia associated with an increase in
ERV and decrease in RV."® Functional electrical
stimulation (FES) to improve expiratory muscle
function and cough effectiveness have also been
shown to be beneficial in improving pulmonary
function.'” Human studies have shown that
beta-2 adrenergic agonists increase skeletal muscle
strength in young men and in patients with
facioscapulohumeral muscular dystrophy.'s>!#
Findings from 2 small studies in persons with SCI
demonstrated an increase in forearm muscle size
and strength and total work output FES.'841%>

The weight of the evidence suggested by these
studies support the notion that beta-2 adrenergic
agonists improve respiratory muscle strength
in SCI. Guided by this consideration, our group
initiated a randomized, prospective, double-blind,
placebo-controlled crossover study in subjects with
tetraplegia to determine whether administration
for 4 weeks of the long-acting beta-2 adrenergic
agonist, salmeterol, improved pulmonary
function.!®® Post treatment with salmeterol, FVC,
FEV,, MIP, and MEP all significantly increased.
Although increases in MIP and MEP suggest
improvement in respiratory muscle strength, it
is possible that bronchodilation may also have
accounted for some of the observed increases in
these parameters because these measurements are
also dependent on lung volume.'*® Regardless of
the cause, significant improvement in pulmonary
function parameters following administration of
salmeterol suggests that long-term use of beta-2
agonists might improve cough effectiveness and
reduce pulmonary complications in persons with
cervical or high thoracic SCI. To further investigate
the anabolic and bronchodilator effects of beta-2
agonists in persons with tetraplegia and high
paraplegia, a randomized, double-blind, placebo-
controlled trial to assess the effects of 12 weeks
of an oral beta-2 agonist, albuterol repetabs, on
spirometric parameters, static mouth pressures,
and cough strength is approaching completion. In
a second arm of the study, individuals received 6

weeks of expiratory muscle training, subsequent to
administration of placebo or study medication, to
assess for additional gains in pulmonary function
and cough effectiveness. We anticipate that the
administration of an oral beta-2 agonist in concert
with expiratory muscle training will lead to
greater beneficial effects on pulmonary function
and cough strength than either intervention
alone, which would be expected to translate to a
reduction in the risk of pulmonary complications
in the SCI population.

Cardiovascular Autonomic Dysregulation

Spinal cord lesions above the 6th thoracic level
interrupt supraspinal control of sympathetic
efferent innervation to the heart, the upper and
lower extremity, and splanchnic bed vasculature,
thus affecting heart rate, cardiac output, blood
volume distribution, and blood pressure. Lower
cord lesions (T7 and below) affect the lower
extremity and splanchnic vasculatures but spare
the vasculatures of upper extremity and the heart;
therefore alterations in cardiovascular function
may differ from those with higher cord lesions.

Cardiac effects

Cervical and high thoracic lesions result
in partial to complete decentralized cardiac
sympathetic control, which restricts chronotropic
and inotropic cardiac functions, limits increases
in heart rate to levels which can be elicited
by vagal withdrawal and diminishing stroke
volume.'®”'¥ As a result, many individuals present
with resting bradycardia (heart rates below 60
bpm) and diminished heart rate responses to
sympathetic provocation such as orthostasis
and exercise.'®!" We recently documented
resting bradycardia in 25% of individuals
with cervical SCI; however, the proportion of
bradycardia in those with high thoracic lesions was
only 1% (unpublished findings). Paradoxically,
individuals with high thoracic lesions were found
to have significantly elevated daytime heart rates
compared to individuals with tetraplegia and non-
SCI controls.””* The disparity in the prevalence
of bradycardia between individuals with cervical
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Figure 7. Mean arterial pressure (MAP) response to head-up tilt. MAP = mean arterial pressure. Open bar =
no drug; cross-hatched bar = midodrine 5 mg; solid bar = midodrine 10 mg. *P < .05, midodrine vs no drug.
Redrawn, with permission, from Wecht JM, et al. Arch Phys Med Rehabil. 2010;91(9):1429-1435.

and those with high thoracic lesions potentially
reflects complete versus incomplete decentralized
sympathetic cardiac innervation and increased
dependence on heart rate to maintain cardiac
output in those with high thoracic lesions.
Although central cardiac sympathetic control
remains intact in individuals with lesions
below T7, alterations in heart rate have been
documented. Individuals with low thoracic
lesions had significantly elevated daytime and
nighttime heart rates compared to individuals
with tetraplegia and non-SCI controls.'! Evidence
is accumulating to support an association
between persistently elevated resting heart
rate and cardiovascular disease (CVD) in
otherwise healthy non-SCI populations.'*!** The
association between increased resting heart rate
and CVD appears to relate to adverse changes
in vasculature morphology that predispose
to accelerated arterial stiffening with age.'”’
Although the association between resting heart
rate and arterial stiffness has not been tested
in the SCI population, 2 reports do suggest
increased arterial stiffness.’®*'®> However, neither
report investigated the association between
increased resting heart rate and changes in arterial
stiffness; given the evidence in non-SCI cohorts,

the possibility of this association being present
should be evaluated in the SCI population.

Vascular effects

Decentralized sympathetic control of the
peripheral vasculature results in compromised
centrally mediated vasoconstriction, which is
influenced by the level of lesion, with higher, more
complete lesions having greater neurovascular
impairments.””®”” In general, individuals with
tetraplegia are prone to hypotension with periods
of even lower blood pressures during orthostasis.
Persistent hypotension was documented over
the course of a 24-hour day in individuals with
tetraplegia, and the nocturnal dip in blood
pressure was diminished compared to individuals
with thoracic lesions (T1 and below) and non-
SCI controls.”" Although many individuals with
tetraplegia are persistently hypotensive, most
remain asymptomatic and, therefore, do not raise
clinical concern. As such, in a recent medical chart
review of all SCI patients seen at a large metropolitan
VAMC, 29% were diagnosed with hypotension
but only 1% were prescribed an antihypotensive
agent. Moreover, although there are over 110 US
Food and Drug Administration (FDA)—-approved
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Table 1. Cognitive f-scores in persons with SCI discordant for hypotension

Hypotensive Normotensive p
Total recall 46.0 £ 10.4 59.7+7.0 .01
Short delay 44.1+£11.8 58.9 + 8.6 .01
Long delay 45.0 £12.6 59.4 £ 9.4 .02
Recognition 43.6 £13.1 56.3+5.2 .02
Attention & processing 342+ 19.6 48.9+8.9 .06

Recreated with permission from Jegede AB, et al. Clin Auton Res. 2010;20(1):3-9.

medications available to treat hypertension, only
the alpha agonist midodrine hydrochloride is
approved for treatment of dizziness upon standing.
Although this FDA indication may not be not
relevant to asymptomatic hypotension in the SCI
population, midodrine has been recommended in
the SCI literature for treatment of hypotension'®;
however, data to support safety and efficacy are
lacking. As such, our unit has begun testing the
safety and efficacy of midodrine (Figure 7), along
with several other antihypotensive agents to
normalize blood pressure in persons with SCI.'*
22Although partially decentralized vascular control
is presumed in individuals with high and low
thoracic lesions, recent work from our laboratory
suggests that individuals with paraplegia remain
in the normotensive range throughout a typical
24-hour day."”" In fact, unpublished data from our
laboratory suggest that the incidence of systolic
hypertension is 19% and 46% in those with high
and low thoracic lesions, respectively, although the
prevalence of diastolic hypertension is less (7%
and 10%, respectively); the increased incidence
of systolic hypertension may relate to arterial
stiffness, but this association has not been studied.

Cognitive effects

A well-described association between hypo-
tension and cognitive deficits is reported in healthy
non-SCI populations.?”*2% Similar to non-SCI
individuals, persistent supine and orthostatic
hypotension may predispose individuals with SCI
to cognitive deficits. Tests of neuropsychological
function have been used to describe cognitive
function in persons with SCI; the results suggest
that between 10% and 60% of the population have

measurable deficits encompassing attention,*’'
concentration,*®?'" memory,?*»2**2!! abstract
reasoning,’'' verballearning,*****?!" andinformation
processing.*'? Despite these staggering findings, few
studies have attempted to clearly define the etiology
of the cognitive deficits and most reports attribute
the deficits to concomitant traumatic brain injury
(TBI) or premorbid conditions in individuals
with chronic SCI.?>7*!h213214 However, a single
report suggests that, although TBI was likely in a
sample of individuals with SCI (spinal injury was
due to motor vehicle accidents), the pattern of the
cognitive deficits suggested multiple etiologies.?®
It is conceivable that, analogous to observations in
non-SCI population, hypotension and orthostatic
hypotension may contribute to the cognitive
deficits observed in persons with SCI. We recently
reported diminished memory and attention and
processing speed in hypotensive individuals with
SCI compared to a normotensive SCI cohort,
matched for self-reported incidence of TBI (Table
1).2¢ Although individuals with paraplegia are
not chronically hypotensive, previously reported
increased resting heart rate?'’*"” and arterial
stiffening'*»'*> may predispose them to cognitive
deficits and accelerated cognitive decline with
aging.”?***! Preliminary evidence of significant
cognitive impairment in individuals with paraplegia
compared to age-matched non-SCI controls was
reported by our group.”¢ Although the cognitive
deficits were not related to blood pressure, both
groups with paraplegia and tetraplegia displayed
a paradoxical decrease in middle cerebral artery
blood flow (CBF) velocity during cognitive testing
compared to a mean increase in CBF in the non-
SCI controls.”> Therefore, the cognitive deficits
reported in individuals with SCI may relate to



adverse alterations in CBF regulation, secondary to
decentralized cardiovascular control, regardless of
the level of injury.

Summary

Individuals with SCI have a myriad of medical
consequences related to denervation with
muscle paralysis and/or autonomic dysfunction,
marked adverse soft tissue and skeletal body
composition changes, and involuntary and
extreme sedentary lifestyles. In this report, some
of the endocrine, metabolic, GI, pulmonary,
autonomic-cardiovascular, and cognitive
secondary manifestations of SCI were discussed.
The specific dysfunctions are generally related to
the level and completeness of SCI: individuals
with higher, more neurologically complete lesions
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tend to manifest the greatest abnormalities.
Advances have been made in improving care, but
ongoing investigations will continue to provide
additional insight into the pathophysiology
of these clinical disorders and test potentially
effective interventions to continue to improve
function and reduce morbidity. Such an approach
would be expected to reduce morbidity, improve
quality of life, and extend longevity of persons
with SCIL
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