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Abstract

OBJECTIVE—To systematically review the evidence for the management of orthostatic
hypotension (OH) in individuals with spinal cord injuries (SCI).

DATA SOURCES—A key word literature search was conducted of original and review articles,
as well as practice guidelines using Medline, CINAHL, EMBASE and PsyclInfo, and manual
searches of retrieved articles from 1950 to July 2008, so as to identify literature evaluating the
effectiveness of currently used treatments for OH.

STUDY SELECTION—Included randomized controlled trials (RCTS), prospective cohort
studies, case-control studies, pre-post studies and case reports that assessed pharmacological and
non-pharmacological intervention for the management of OH in individuals with SCI.

DATA EXTRACTION—Two independent reviewers evaluated the quality of each study, using the
PEDro score for randomized controlled trials (RCTs) and the Downs and Black scale for all other
studies. Study results were tabulated and levels of evidence assigned.

DATA SYNTHESIS—A total of 8 pharmacological and 21 non-pharmacological studies were
identified which met the criteria. Of these 26 studies (some include both pharmacological and non-
pharmacological interventions), only one pharmacological RCT was identified (low quality RCT
producing Level 2 evidence), in which midodrine was found to be effective in the management of
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OH following SCI. Functional electrical stimulation (FES) was one of the only non-
pharmacological interventions with some evidence (Level 2) to support its utility.

CONCLUSIONS—AIthough a wide array of physical and pharmacological measures are
recommended for the management of OH in the general population, very few have been evaluated
for use in SCI. Further research needs to quantify the efficacy of treatment for OH in individuals
with SCI, especially of the many other pharmacological interventions which have been shown to
be effective in non-SCI population.
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Introduction

The definition of orthostatic hypotension (OH) is typically accepted as a decrease in systolic
blood pressure of 20mmHg or more, or a reduction in diastolic blood pressure of 10mmHg
or more, upon changing body position from a supine position to an upright posture,
regardless of the presence of symptoms. Numerous studies have documented the presence of
OH following spinal cord injury (SCI).—, OH is more common in tetraplegia than paraplegia
with prevalence rates as high as 82% for tetraplegia versus 50% for those with paraplegia
immediately post-SCI. Not only is this condition evident in the acute period post-injury, it
has persisted in a significant number of individuals for many years.— Standard mobilization
during physiotherapy (e.g., sitting or standing) is reported to induce blood pressure
decreases that are diagnostic of OH in 74% of SCI patients, and which are accompanied by
OH symptoms (like light-headedness or dizziness, Table 1) in 59% of SCI individuals. This,
in turn, may have a negative impact upon the ability of SCI individuals to participate in
rehabilitation. Current management approaches for the treatment of OH consists of
pharmacological and non-pharmacological interventions.

The low level of efferent sympathetic nervous activity and the loss of reflex vasoconstriction
following SCI are among the major causes of OH. The decrease in arterial blood pressure
following a change to an upright position in individuals with SCI appears to be related to
excessive pooling of blood in the abdominal viscera and lower extremities., , The excessive
venous pooling in the lower extremities, and the reduced blood volume in the intra-thoracic
veins, ultimately lead to a decrease in end-diastolic volume, and thus a decrease in left
ventricular stroke volume. A subsequent reduction in cardiac output and arterial pressure
may lead to tachycardia; however, this reflex tachycardia is often insufficient to compensate
for the lowered output and pressure. Consequently, the pooling of blood in the lower
extremities and the decrease in blood pressure may result in a reduction in cerebral flow,
which presents as the signs and symptoms of OH (Table 1).

In addition to central causes of OH following SCI, there also is some evidence suggesting
that changes in the periphery, such as up-regulation of the potent vasodilator, nitric oxide
(NO), might contribute to orthostatic intolerance in this population. In experimental animals,
it has been demonstrated that NO synthase expression is dysregulated following SCI.
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Furthermore, Wecht and co-investigators found that intravenous infusion of NO synthase
inhibitors facilitates the normalization of blood pressure in individuals with SCI.

Several other factors may predispose spinal cord-injured individuals to OH including: low
plasma volume; hyponatremia; and cardiovascular de-conditioning due to prolonged bed-rest
(Table 2).,, As well, the prevalence of OH is more common in tetraplegia,, , and in
individuals who have sustained a traumatic SCI versus those whose cord damage has been
non-traumatic, as with cervical spine stenosis.

The majority of our understanding of the pathophysiology and management of OH is derived
from the management of this condition in individuals with central autonomic
neurodegenerative disorders (e.g. multiple system atrophy, Parkinson’s disease), and patients
with peripheral autonomic disorders (e.g. autonomic peripheral neuropathies, pure
autonomic failure)., From previous studies in non-SCI individuals, it is well established that
a combination of patient education and the use of pharmacological and non-pharmacological
modalities can lead to the successful management of OH. The therapeutic goal for
management of OH is not to normalize the blood pressure values; rather, it is to ameliorate
symptoms while avoiding side effects. The deleterious effects of low blood pressure such as
a greater risk of developing pressure ulcers as a result of reduced tissue perfusion, and an
increased dependence on the renin-angiotension system, as a result of renal hypoperfusion,
provide reasons to consider normalizing blood pressure independent of OH symptoms,
however, the current general approach in the management of OH is to implement therapeutic
interventions in stages, dependent upon the severity of symptoms. It is well known from
previous studies in non-SCI populations that non-pharmacological measures alone often are
insufficient to render OH asymptomatic. However, given that the mechanisms of OH
development appear to be different in individuals with SCI, it is important to assess the
effectiveness of treatment strategies specific to individuals with SCI. The following
systematic review was conducted to provide health care professionals with the evidence that
supports the efficacy of the various strategies currently used to prevent and manage OH in
the SCI population. In addition, identifying gaps in the evidence can help direct research
efforts to areas of priority. These findings were part of the Spinal Cord Injury Rehabilitation
Evidence project, the details of which are available at www.scireproject.com.

A keyword literature search of original articles, previous practice guidelines and review
articles was conducted to identify literature, published from 1950 to July 2008, evaluating
the effectiveness of any treatment or therapy for OH in the SCI population. The population
key words of spinal cord injury, paraplegia and tetraplegia were individually paired with
orthostatic hypotension, orthostatic intolerance, and blood pressure. Studies which did not
have outcomes evaluating OH - like blood pressure or OH symptoms (e.g., light-headedness,
dizziness) - were excluded.

The quality of each study was scored by two independent reviewers. The 11-item
Physiotherapy Evidence Database (PEDro) was used to score randomized controlled trials.
Note that question 1 (external validity whether eligibility criteria was specified) is not part of
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the final score. The PEDro score comprises questions 2 through 11 which address internal
validity (e.g., blinding of assessors) with higher scores (maximum 10) indicating better
methodological quality (9-10: excellent; 6-8: good; 4-5: fair; <4: poor. A modified version
of the Downs and Black evaluation tool was used to score trials that were not randomized.
Again, higher scores indicate a better quality study; for the modified version, the highest
score that could be assigned to any study was 28.

Sackett’s description of levels of evidence was used to draw conclusions about the level of
evidence for the accumulated studies. Sackett’s Levels of Evidence were collapsed into 5
categories, whereby evidence was rated ‘Level 1’ if derived from ‘good’ to ‘excellent’ RCTs
with PEDro scores = 6; ‘Level 2’ if derived from RCTs with PEDro scores < 5 or from non-
randomized prospective controlled and cohort studies; ‘Level 3" if derived from case-control
studies; ‘Level 4’ if derived from either pre-test/post studies or case-series; and ‘Level 5’ if
gleaned from an observational report or case report involving a single subject or from
clinical consensus. We did not require a minimum sample size, due to the relatively limited
number of publications.

A total of 26 studies that met the criteria were identified and evaluated using either the
PEDro evaluation tool, for RCTs, or the modified Downs and Black tool, for all other
studies. Eight studies , — addressed the pharmacological management and 21 studies
examined the non-pharmacological management of OH (fluid and salt: n=3, , ; pressure
devices: n=6—; functional electrical stimulation (FES) n=9, —; and exercise, n=3-) (note,
some studies address multiple treatments). One descriptive review on the non-
pharmacological management of orthostic hypotension after spinal cord injury was also
found.

Pharmacological Management of OH in SCI (Table 3)

With the exception of one study (n=231) , the sample size for each of the studies was small
(n=1to 7). -

Midodrine is a selective alpha-adrenergic agonist, which exerts its actions via the activation
of the alpha-adrenergic receptors of the arteriolar and venous vasculature, producing an
increase in vascular tone and an elevation in blood pressure. The peak effect of midodrine is
25-30 min with half-life of about 3 to 4 hours. Usual doses are 2.5mg twice daily (at
breakfast and lunch) or three times daily. Doses are increased quickly until a response occurs
or a dose of 30 mg/day is attained. Midodrine does not cross the blood-brain barrier and is,
therefore, not associated with CNS effects. The principal adverse effect of the peripherally
acting alpha-1 agonists is vasoconstriction. Other adverse effects include uterine
contractions, mydriasis, arterial hypertension especially in the lying position, palpitations,
tachycardia and headaches. The benefits of midodrine however, in the management of OH in
individuals with SCI have been reported in a single Level 2 RCT , two Level 4 studies, , and
one Level 5 study.
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Even though the only controlled trial consisted of just 4 subjects, the study was a rigorous,
double-blinded, placebo-controlled, randomized, cross-over trial which included within-
subjects design. Not only was systolic blood pressure increased during peak exercise (3/4
subjects), but exercise performance also was enhanced.

Fludrocortisone (Florinef) is a mineralocorticoid which stimulates the release of salt into
the bloodstream. It increases blood volume and may enhance the sensitivity of blood vessels
to circulating catecholamines., The starting dose is 0.1 mg daily. Blood pressure rises
gradually over several days, with a peak effect at 1-2 weeks. Doses should be adjusted at
weekly or biweekly intervals. Hypokalemia (low potassium) occurs in 50% of individuals,
and hypomagnesemia in 5%. These may need to be corrected with supplements.
Fludrocortisone should not be used in persons with congestive heart failure, because of its
marked effect on sodium retention. One Level 4 case series, one Level 5 case report (n=1),
and one Level 5 observational study described its use in the treatment of OH within the SCI
population.

Barber et al. found no effect of fludrocortisone on OH in two patients with SCI, while
Groomes et al. found an improvement in one patient within 10 days of treatment. The other
study, conducted by Frisbie and Steele, combined fludrocortisone with other
pharmacological and physical agents in three patients; however, outcomes specific to this
group were not described, so that the specific effects of fludrocortisone cannot be discerned.

Dihydroergotamine and ergotamine both are ergot alkaloids which interact with alpha
adrenergic receptors and have selective vasoconstrictive effects on peripheral and cranial
blood vessels. Peak plasma levels are reached about 2 hours after ingestion. In a single case
report, ergotamine was combined with fludrocortisone to successfully prevent symptomatic
OH in one individual with SCI.

Ephedrine is a non-selective, alpha and beta receptor agonist, with both central and
peripheral action. The dose is 12.5 to 25 mg orally 3 times per day. Side effects may include
tachycardia, tremor and supine hypertension. Ephedrine raises blood pressure, both by
increasing cardiac output and inducing peripheral vasoconstriction, and it has a plasma half-
life ranging from 3 to 6 hours. Evidence from two Level 5 studies (retrospective chart
reviews ,) were found. Frisbie reported that daily urinary output of salt and water was
inversely related to the prescribed ephedrine dose in 4 patients with OH. These results
suggest that ephedrine can help to correct hyponatremia; however, renal conservation of
water still exceeded that of sodium in 3 of the 4 patients. In their observational study, Frisbie
and Steele reviewed 30 cases of subjects taking ephedrine and stated “Although a single
does of ephedrine in the morning was usually sufficient, it was observed that some patients
failed to recognize the need for a repeated dose of this medication later in the day.”

L-threo-3,4-dihydroxyphenylserine (L-DOPS) is an exogenous, neutral amino acid, and a
precursor of noradrenalin. Only one Level 5 study has been published evaluating the effects
of L-DOPS on OH, and this was in a single patient with non-traumatic SCI. In this study,
treatment with salt supplementation, in combination with L-DOPS, resulted in a marked
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reduction of syncopal attacks, decreased drowsiness associated with hypotension, and
increased daily activity.

Pharmacologic Management Conclusions

There is Level 2 evidence that midodrine enhances exercise performance in some individuals
with SCI, similar to other clinical populations with cardiovascular autonomic dysfunction.
Nevertheless, it would be useful to confirm this evidence with a larger trial. There is Level 4
evidence, based upon a single case series involving two patients, that fludrocortisone is not
effective for OH in patients with SCI. There is Level 5 evidence that daily ergotamine,
combined with fludrocortisone, can successfully prevent symptomatic OH; but, this is only
observed in a single individual with SCI. There is Level 5 evidence that ephedrine reduces
the likelihood of a patient experiencing hypotension. There is Level 5 evidence, based upon
the results of a single case study, that L-DOPS, in conjunction with salt supplementation,
may be effective at reducing OH.

Non-pharmacological Management of OH in SCI

Of the non-pharmacological studies, three involved the regulation of fluid and salt intake,
while 18 addressed physical modalities, like abdominal binders, physical activity, and
electrical muscle stimulation.

Fluid and Salt Intake for the Management of OH in SCI (Table 3)

OH is common among persons with tetraplegia and high paraplegia, in whom symptoms are
variable, and abnormal salt and water metabolism often coexist. Increases in fluid intake and
a high salt diet can expand extracellular fluid volume and augment orthostatic responses.

This simple intervention appears to be effective in patients with idiopathic OH without SCI.,
Frisbie and Steele reported that 3 of their 4 subjects taking salt supplementation were able to
become independent of the use of ephedrine. Frisbie further showed that the estimated daily
intake of salt and water was inversely related to the ephedrine requirement in 4 patients with
OH, and suggested that greater salt and water intake may lead to more balanced renal action.

Effect of Pressure Interventions in the Management of OH in SCI (Table 4)

The application of external counter-pressure, by means of devices like abdominal binders or
pressure stockings, is thought to decrease capacitance within the lower extremity and
abdominal vasculature beds, which are major areas of blood pooling during standing. The
studies examining pressure interventions in SCI patients generally have utilized a cross-over
design to test different pressure conditions within the same group of individuals (e.g., with
and without stockings), in either a random, or non-random order., ,

Because the studies did not assess the effects resulting from continued use, long term
outcomes are uncertain as are the outcomes resulting from pressure removal after extended
use. The application of these interventions must therefore be interpreted with caution.
Among 6 paraplegic wheelchair athletes, Kerk et al. found no statistically significant effects
of an abdominal binder used in the sitting position on any cardiovascular or kinematic
variables at either sub-maximal or maximal levels of exercise. Similarly, in his review,
Bhambhani concluded that the use of abdominal binders in SCI patients does not influence
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cardiovascular physiological responses. Huang et al. similarly reported that the use of
assistive compressive devices (inflatable abdominal corset and pneumatic leg splints) do not
improve pulmonary ventilatory parameters during postural change. On the other hand, in a
small group of 9 SCI subjects, stockings and an abdominal binder did decrease heart rate by
5 beats/min and increase stroke volume by 13 ml/beat during sub-maximal upper extremity
exercises, but not during maximal exercises. In their study, Vallbona et al. observed a drop in
systolic and diastolic blood pressure during passive tilt in patients with tetraplegia, and, in
contrast, an increase in diastolic blood pressure among patients with paraplegia.
Krassioukov and Harkema found that using a harness (which applies abdominal pressure)
during locomotor training increased diastolic blood pressure in those with SCI, but not in
able-bodied individuals.

Effect of Functional Electrical Stimulation (FES) on OH in SCI (Table 5)

The application of FES activates the physiologic muscle pump via intermittent muscle
contractions around both the superficial and deep veins of the legs, thereby facilitating
venous blood return. Several studies have demonstrated that FES-induced contractions of the
leg muscles increases cardiac output and stroke volume, effects that are attributable to
increased venous return., The increases in ventricular filling and left ventricular end-
diastolic volume may generate greater cardiac output and, as such, an increase in arterial
blood pressure. Therefore, FES-induced contraction of the leg muscles may attenuate the
drop in systolic BP that occurs in SCI patients in response to an orthostatic challenge, and
may artificially restore the body’s ability to return blood from below the level of the lesion
back to the heart. In fact, FES may be effective during an orthostatic challenge by
redistributing blood volume from the regions of the body that are below the level of the SCI.
FES of leg muscles was shown to increase cardiac output and stroke volume in 6 men with
paraplegia, while performing arm-crank exercise at maximal effort. These results suggest
that FES of leg muscles may alleviate the lower limb pooling that occurs during an
orthostatic challenge. FES results in a dose-dependent increase in blood pressure,
independent of the stimulation site, so that it may be useful in treating OH.

FES may be an important treatment adjunct to minimize cardiovascular changes during
postural orthostatic stress in individuals with SCI. Three Level 2 RCTs- and six hon-
randomized trials,, — provide support for the use of FES in individuals with SCI. FES may
permit people with tetraplegia to experience smaller hemodynamic changes with changes in
posture, and consequently to stand up more frequently and for longer durations., This effect
may be more beneficial to those subjects with tetraplegia who have a compromised
autonomic nervous system and may not be able to adjust hemodynamically to changes in
position.

Effects of Exercise on OH in SCI (Table 6)

Following exercise, individuals with SCI may exhibit positive changes in the autonomic
regulation of their cardiovascular system. Exercise or even passive movement of the legs has
the potential to stabilize the reduced central blood volume that occurs in individuals with
SCI during an orthostatic challenge. For example, Dela et al. noted a pronounced increase in
blood pressure in individuals with tetraplegia when their legs were passively moved with a
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cycle ergometer. There also is some evidence that exercise training can enhance sympathetic
outflow in individuals with SCI, as shown by an increase in catecholamine response to
maximal arm ergometry exercises. To date, only three studies have attempted to assess the
effects of exercise on OH in SCI patients. Lopes et al. identified no treatment effect of
exercise on orthostatic tolerance, when patients performed upper extremity exercises during
a progressive vertical tilt protocol predominantly in individuals with tetraplegia. In contrast,
Engelke et al. found a bout of maximal arm-crank exercise did reduce the orthostatic
hypotension in individuals with paraplegia during an orthostatic challenge given 24 hours
after the exercise bout. It is likely that the difference in results are in part due to the level of
paralysis. Ditor et al. demonstrated that six months of body weight-support treadmill
training did not improve orthostatic tolerance in a population of persons with sensory
incomplete cervical SCI (C4-C5). Nonetheless, the authors found their results encouraging,
as they suggest that orthostatic tolerance is retained after exercise training.

Non-pharmacological Management Conclusions

Level 5 evidence exists, from two observational studies,, to suggest that salt and fluid
regulation, in combination with other pharmacological interventions, may reduce the
symptoms of OH. However, these conclusions should be interpreted with caution, as no
evidence exists on the effect of salt or fluid regulation alone in the management of OH in
SCI patients. Currently, guidelines that suggest appropriate water and salt intake specific to
individuals with SCI do not exist. There is Level 2 evidence from a single lower-quality
RCT that pressure from elastic stockings and abdominal binders may improve
cardiovascular physiological responses during sub-maximal, but not maximal, upper
extremity exercises; but other studies have generated evidence that contradicts this. There is
also Level 2 evidence from small, lower-quality RCTs — that FES is an important treatment
adjunct to minimize cardiovascular changes during postural orthostatic stress in individuals
with SCI. Level 2 evidence exists that simultaneous upper extremity exercises may increase
orthostatic tolerance during a progressive tilt exercise in individuals with paraplegia, but not
tetraplegia; In addition, Level 4 evidence exists that 6 months of body-weight support
treadmill training similarly does not substantially improve orthostatic tolerance during a tilt
test.

Discussion

A systematic review of the literature found 26 articles evaluating pharmacological and non-
pharmacological (fluid salt intake, pressure interventions, functional electrical stimulation
and exercise) interventions (with some studies applying more than one of these
interventions) for the management of orthostatic hypotension in persons with SCI. Overall,
the quality of the literature was poor. The pharmacological interventions included one fair
quality RCT (using midodrine) with a PEDro score of 5 out of a maximum 10. The rest of
the pharmacological studies were of low quality with an average Downs and Black Score of
10 out of a possible 28, and were primarily case series using retrospective data collected
from a chart review. Similarly, the non-pharmacological RCTs had an average PEDro of 5
out of 10 and the non-randomized trials had an average of 14 out of 28.
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Despite the fact that a wide array of physical and pharmacological measures have been
recommended for the general management of OH, very few have been rigorously evaluated
for use in SCI. Of the pharmacological interventions, only for minodrine is there supportive
evidence from a low quality RCT (Level 2 evidence). Furthermore, the studies addressing
the pharmacological management of OH following SCI are few in number and small in
terms of sample size, most involving one to a few subjects. Another problem with the
literature involves combination therapies, as it invariably is difficult to determine the effects
of one medication when it is combined with others. Nonetheless, it is reasonable to state that
if non-pharmacological methods to manage OH fail, midodrine hydrochloride might be
considered in the management protocol of OH in individuals with SCI, given its Level 2
evidence. Clearly, further research is necessary to confirm any beneficial effect midodrine
hydrochloride has, and to assess the potential role of numerous other pharmacological
interventions which have been demonstrated to be efficacious for treatment of OH in other
conditions of orthostatic intolerance.

FES is one of the only non-pharmacological interventions which has some evidence (Level
2) to support its utility. The use of FES has been reported to be beneficial during the acute
phase of SCI in improving orthostatic tolerance during postural training, but retention and
habituation of these effects are unknown. For example, it is unknown if muscle fatigue or
habituation from the stimulation reduces the potential for longer use. Similarly, after
repeated bouts of FES, the potential retention of the vascular benefits are unknown. Future
research to address these gaps would provide valuable insight. More research is also
required to determine the feasibility and practicality of FES to reduce the effects of OH. In a
review of non-pharmacological interventions for OH post-SCI, Gillis et al. stated that “FES
of the legs holds the most promise” with an approximate 8/4 Hg reduction in BP fall during
an orthostatic challenge.

Although a wide array of physical and pharmacological measures are recommended for the
general management of OH, very few have been evaluated for use in SCI. As the
mechanisms of OH are different in SCI from other conditions, further research needs to
quantify the treatments for OH in individuals with SCI, especially of the many other
pharmacological interventions which have been shown to be effective in non-SCI conditions.
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Table 1

Signs and Symptoms of Orthostatic Hypotension

. Light-headedness

. Dizziness

. Fainting

. Blurred vision

. Fatigue

. Muscle weakness

. Syncope (temporary loss of consciousness)
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Table 2

Factors Predisposing to OH following SCI

Multi-factorial

Loss of tonic sympathetic control,
Altered baroreceptor sensitivity,
Lack of skeletal muscle pumps, ,
Cardiovascular de-conditioning,

Altered salt and water balance
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