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Orthostatic hypotension in the first month following acute spinal
cord injury

EV Sidorov'?, AF Townson'®, MF Dvorak!#, BK Kwon'*, J Steeves! and A Krassioukov'>°

'ICORD, University of British Columbia, Vancouver, British Columbia, Canada; *Department of Healthcare and Epidemiology,
University of British Columbia, Vancouver, British Columbia, Canada; 3Division of Physical Medicine and Rehabilitation,
Department of Medicine, University of British Columbia, Vancouver, British Columbia, Canada; *Division of Spine, Department of
Orthopaedics, University of British Columbia, Vancouver, British Columbia, Canada and *School of Rehabilitation, Department of
Medicine, University of British Columbia, Vancouver, British Columbia, Canada

Study Design: Retrospective data analysis.

Obijectives: To determine prevalence of orthostatic hypotension (OH) in patients with spinal cord
injury (SCI) during the acute rehabilitation period.

Setting: Quaternary care spinal unit, Vancouver General Hospital, British Columbia, Canada
Methods: Eighty-nine patients with acute SCI stratified by neurological level (cervical, 55 (62%);
upper thoracic, 12 (13%); lower thoracic, 22 (25%)), and graded by American Spinal Injury Association
standards. Non-invasive measurement of systolic and diastolic blood pressure and heart rate were made
at baseline and 3 min following an orthostatic challenge test administered during the first month after

SClI.
Results:

Patients with cervical or upper thoracic motor complete SCI more frequently experienced OH

(P<0.01). OH persisted during the first month following SCI in 74% of cervical and only 20% of upper

thoracic motor complete SCI patients.
Conclusion:

Patients with cervical and upper thoracic motor complete SCI are more likely to

experience persistent OH than those with lower level or motor incomplete SCI during the first month of

rehabilitation.
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Introduction

A common consequence of spinal cord injury (SCI) is the loss
of normal cardiovascular regulation, which often requires
immediate medical intervention.' During the initial few
hours after SCI, particularly following a cervical injury,
severe hypotension and persistent bradycardia may be
observed as the hallmarks of neurogenic shock.? As spinal
reflexes reappear and spinal shock subsides, cardiovascular
control may continue to be severely disrupted as a result of
an imbalance between the sympathetic and parasympathetic
nervous systems.® Clinical measurements of baseline cardi-
ovascular parameters often reveal further blood pressure
drops during orthostatic challenge tests, reflecting the
presence of orthostatic hypotension (OH).
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These cardiovascular disturbances may significantly com-
plicate and/or delay the rehabilitation of individuals with
SCL.* In turn, immobility may contribute to complications
such as pressure ulcers, contractures, and pneumonia.
Furthermore, Cariga et al.’> showed that there is a high
prevalence of neck pain in SCI individuals with OH that
significantly delayed their rehabilitation. All these factors
lead to prolonged bed rest, which increases the likelihood of
OH. El Masry® has suggested that OH can even lead to
neurological deterioration in individuals who may otherwise
have a stable SCI. These potential delays in rehabilitation
and the development of a variety of complications provide a
compelling rationale for the early identification and man-
agement of OH in this population.

The purpose of this study was to retrospectively evaluate
the prevalence and severity of OH in a sample of individuals
undergoing inpatient rehabilitation during the first month
following SCI. We also compared changes in baseline
cardiovascular parameters in individuals with varying seve-
rities of SCI.
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Materials and methods

The protocol for this study was approved by the Clinical
Research Ethics Board of the University of British Columbia
and the Vancouver Coastal Health Authority. We conducted
a retrospective chart analysis of all patients with acute
traumatic SCI admitted to the Acute Spinal Cord Injury
Unit at Vancouver General Hospital for a period of 1 year
(1 January to 31 December 2004).

Data collection procedure

The following information was retrieved from the clinical
charts: demographic data (age, gender, cause and date of
injury), clinical data regarding the injury (cause, level and
grade of injury) and medical and surgical management
(surgery, days before mobilization and use of midodrine),
data on grade and level of SCI, and cardiovascular para-
meters (heart rate (HR) and blood pressure) at different times
during the first month of rehabilitation. The level and grade
of SCI were evaluated using the international standards for
neurological classification by American Spinal Injury Asso-
ciation (ASIA) on admission to the hospital and 30 days after
admission.” Data were collected and entered into a pre-
viously designed database.

Study groups

The patients were divided into three groups according to
level of SCI: cervical (C2-C8), upper thoracic (T1-T6) and
lower thoracic and lumbar, referred to as lower thoracic (T7-
L2). The division of the groups into upper and lower thoracic
was based on previous clinical observations of cardiovascular
disturbances in this population.>'® The patients were
further divided on the basis of SCI grade into two subgroups:
motor complete (ASIA A and B) and motor incomplete (ASIA
C and D). Neurological recovery was defined on the basis of
improvement in ASIA impairment scale.

Cardiovascular parameters and OH criterion
Baseline cardiovascular parameters (systolic and diastolic
blood pressure, and HR) were retrieved from chart records on
admission to Vancouver General Hospital and weekly there-
after for the first month of acute rehabilitation. Parameters
reported only during the morning assessment of vital signs
(supine position) were collected for this part of the study.
The orthostatic challenge test was performed by nurses or
physiotherapists on the unit to determine the presence of
OH. This test consists of an initial assessment of blood
pressure and HR while supine (at rest), and then a repeat
assessment of blood pressure and HR following 3 min of
sitting up in bed or in a wheelchair. OH was defined as a
decrease in systolic blood pressure of 20 mm Hg or greater, or
a decrease in diastolic blood pressure of 10 mm Hg or greater,
in accordance with the criteria established by the American
Autonomic Society and the American Academy of Neurol-
ogy.!! The results of the orthostatic challenge test on day 7
after admission and weekly thereafter for the first month of
acute rehabilitation were recorded for this study. None of the
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individuals in this study received midodrine during the first
month following injury

Statistical analysis

Analysis was performed using Microsoft Excel and Sigma Plot
2001 for Windows. Categorical variables (gender and cause
of injury) were statistically analyzed using a y*> analysis.
Multiple group comparisons were performed for interval
variables (blood pressure and HR) using analysis of variance-
single factor statistics. Further analysis was performed using
a paired or two-sample Student’s t-test. Significance was set
at P<0.05. Range intervals represent s.e.m.

Results

Study group and grade of SCI

A total of 89 individuals (72 (81%) men and 17 (29%)
women) with acute SCI (average age, 43.0+1.98 years old)
admitted to the Acute Spinal Cord Injury Unit within a 1-
year period were included in the study (Table 1). Motor
vehicle accidents were the major causes of SCI in our study
sample (44%), followed by falls (29%) and sport-related
injuries (17%). The majority of patients (62%) sustained
cervical SCI, followed by lower thoracic (25%) and thoracic
(13%) injuries. The most common cord injury was at the C5
level, seen in 20 (22%) cases. The average age of patients in
the cervical, upper thoracic and lower thoracic groups was
46+2.44, 43+6.32, and 35+3.45 years, respectively
(P=0.06). Time between SCI and admission to our center
varied from 1 to 7 days.

On admission, 46 (52%) subjects presented with ASIA A, 14
(16%) with ASIA B, 11 (12%) with ASIA C and 18 (20%) with
ASIA D SCI. Ninety-four percent of the patients underwent
surgical decompression with stabilization. At the end of the
first month following SCI injury, partial recovery occurred in
9% of the individuals.

Baseline cardiovascular parameters

On admission, there were no statistically significant differ-
ences in the baseline systolic (P=0.08) and diastolic
(P=0.12) blood pressure values in individuals with cervical,
upper and lower thoracic SCI. The trend, however, persisted
up to the end of the first month following SCI.

Further comparison of baseline cardiovascular parameters
was conducted on the basis of grade of injury in patients
with motor complete and incomplete SCI. For patients with
motor complete SCI, systolic blood pressure on admission

Table 1 Distribution of SCI by age and development of OH

Developed OH (%)

Age groups (years) No. of individuals (%) P-value=0.46
15-24 20 (22) 11 (55)
25-44 25 (28) 15 (60)
45-64 31 (35) 20 (64)
65+ 13 (15) 7 (54)

Abbreviations: OH, orthostatic hypotension; SCI, spinal cord injury.



was significantly lower in the cervical SCI group
(107+2.3mm Hg), than in the upper thoracic (125+
6.6mm Hg; P=0.02) and lower thoracic SCI (119+2.8 mm
Hg; P<0.01) groups. This trend persisted up to the end of the
first month of rehabilitation (Figure 1). However, for patients
with motor incomplete SCI, there was no difference in
systolic blood pressure on admission (P=0.48) and at the
end of the first month of rehabilitation (P=0.25) among the
three groups (Figure 1).

We did not observe a difference in diastolic blood
pressure among the cervical, upper and lower thoracic SCI
subgroups during the first month of rehabilitation in either
the motor complete or motor incomplete SCI groups
(Figure 2).

The HR on admission was significantly lower in the
cervical (68+1.7beats/min), than in the upper thoracic
(91+4.4beats/min; P<0.01) and the Ilower thoracic
(98 +4.9beats/min; P<0.01) SCI groups, regardless of
whether these patients had motor complete or motor
incomplete SCI. However, these differences disappeared by
the end of the first month of rehabilitation (P=0.08).

OH

Overall, 53 of 89 (60%) patients developed OH during the
first month following SCI. Eleven were women representing
65% of the female cohort, and 42 were men representing
58% of the male cohort. This difference was not significant
(P=0.89). We did not observe a difference in the develop-
ment of OH among the various age groups in our study
(P=0.70) (Table 1). OH was significantly more common in
cervical and upper thoracic patients than it was in lower
thoracic SCI individuals (P<0.01). We found no difference in
prevalence of OH between cervical and upper thoracic
patients (P=0.50) (Table 2).

In this study, OH did improve over time for individuals
with all levels of SCI; however, the pattern of improvement
was different in the different groups. By the end of the first
month, only those cervical and upper thoracic patients with
motor complete SCI had ongoing episodes of OH. Patients
with cervical motor complete SCI experienced OH more
than patients with other levels of injury (Table 2).

Discussion

This study shows that cardiovascular disturbances are
common during the acute and subacute rehabilitation
period following traumatic SCI. We have found that 60%
of individuals with SCI exhibit evidence of OH during early
rehabilitation. Low resting blood pressure and OH were
predominantly observed in patients with cervical and upper
thoracic motor complete SCI. In general, OH improved
during the first month of rehabilitation. In patients with
motor complete cervical or upper thoracic SCI, OH persisted
until the end of the first month of their rehabilitation,
suggesting significant impairment in cardiovascular auto-
nomic control.
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Figure 1 Changes in baseline systolic blood pressure during the
first month following SCI. "Comparison between complete cervical
and upper thoracic SCI P=0.02. ‘Comparison between motor
complete cervical and lower thoracic SCI P<0.01.
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Figure 2 Changes in baseline diastolic blood pressure during the
first month following SCI.

Demographic findings

In general, the demographic characteristics of our patient
population were consistent with previous reports on
acute traumatic SCI. In our study, the majority of SCI
occurred in men (79%), motor vehicle accidents were the
most common cause of SCI, and the majority of injuries
occurred in the cervical spinal cord with C5 being the most
common level.'?
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Table 2 Prevalence of OH during the first month following SCI

Individuals who developed OH at different
time postinjury n (%)
Level and grade of SCI (n=89)

Day 7 Day 14  Day 21  Day 30

Cervical (n=55)

Motor complete (n=34) 30(88) 25(74) 25(74) 25 (74)

Motor incomplete (n=21) 11 (52) 4. (19) 14) 0 (0)

Total cervical 41 (75) 29 (52) 26 (47) 25 (45)
Upper thoracic (n=12)

Motor complete (n=10) 7 (70) 4 (40) 2 (20) 2 (20)

Motor incomplete (n=2) 1 (50) 1(50) 1 (50) 0

Total upper thoracic 8 (66) 5(42) 3 (25) 2(17)
Lower thoracic (n=22)

Motor complete (n=15) 4 (27) 3 (20) 0 0

Motor incomplete (n=7) 0 0 0 0

Total lower thoracic 4 (18) 3(14) 0 0

Abbreviations: OH, orthostatic hypotension; SCI, spinae cord injury.

Cardiovascular parameters in acute rehabilitation following SCI
Initial comparison of baseline (supine) cardiovascular para-
meters did not reveal any differences in the systolic and
diastolic blood pressure for patients with cervical or different
levels of thoracic SCI at the time of admission. However,
substantial differences in baseline cardiovascular parameters
were revealed after we separated patients into motor
complete versus motor incomplete SCI groups. Indeed,
individuals with cervical motor complete SCI showed a
lower baseline systolic blood pressure as well as a higher
prevalence of OH during acute rehabilitation. Previously it
was reported that acute SCI in humans, especially at the
cervical level, results in severe hypotension and persistent
bradycardia that are common components of neurogenic
shock.® Clinical observations strongly suggest that the extent
over which prolonged and severe hypotension occurs,
requiring vasopressor therapy, is associated with the grade
of the SCI, and can last up to 5 weeks after injury."®

We evaluated the influence of age, gender, level and grade
of injury on the development of OH after SCI, and found
that the level and grade of SCI were the two major
contributing factors. These findings were consistent with
observations in previous studies*'*"'® Illman et al.* reported
that OH was most likely to develop in quadriplegic rather
than in paraplegic individuals regardless of grade of injury.
In our study, patients with upper thoracic SCI did not show
significant decreases in baseline blood pressure, but still did
experience OH, with the majority of OH observed in motor
complete individuals. However, one of the limitations of our
study was that with only two patients having upper thoracic
motor complete injuries, our study is likely underpowered to
make valid comparisons with those upper thoracic patients
who were motor complete injuries. Nevertheless, the
prevalence of OH was higher in upper thoracic motor
complete patients, than in cervical motor incomplete
patients, suggesting that the grade of the SCI has very strong
influence on development of OH.

Determining a single factor which is most contributory to
the development of cardiovascular disturbance in indivi-
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duals with SCI remains difficult.®'® A variety of factors may
predispose SCI individuals to OH including impaired
baroreflex function'®'” smaller plasma volumes, hypona-
tremia'®'® and cardiovascular deconditioning,?® especially
in the early period following SCI, owing to prolonged
periods of bed rest. Any combination of these factors
following SCI is likely to increase the likelihood and severity
of OH. However, insufficient sympathetic control resulting
in lack of reflex vasoconstriction is considered to be among
the major causes of initial hypotension and persistent OH in
individuals with SCL."®!'° Low sympathetic tone following
SCl is a result of interruption of descending axons within the
spinal cord, traveling from the brainstem to the sympathetic
preganglionic neurons localized within the lateral horns of
the thoracic and upper lumbar segments of the spinal cord.
Previous animal experimental data and clinical observation
suggest that the grade of injury to the descending spinal
pathways may influence the severity of cardiovascular
dysfunction following SCI.?%?? Supraspinal control of at
least one-quarter of spinal sympathetic neurons can preserve
blood pressure regulation and prevent development of OH in
patients with cervical SCI.?* Our present findings show that
in contrast to patients with cervical complete SCI, patients
with cervical incomplete SCI had a significantly lower
prevalence of OH, which resolved by the end of the acute
rehabilitation period (1 month after injury). Similar results
were reported by Frisbie?* where patients with complete
cervical injuries showed greater instability of cutaneous
microcirculation than patients with incomplete cervical
injuries.

Other important mechanisms of OH in SCI individuals are
the lack of skeletal muscle pumping and impaired pulmon-
ary pump. Individuals with SCI lack the continuous
reciprocal activation of postural skeletal muscles that
provides compression on veins and maintains venous return
to the heart when in upright position.>>*® Furthermore,
Miller and co-investigators®’ suggested that the skeletal
muscle pump is relatively ineffective at competing with the
respiratory muscle pump with respect to femoral venous
return. Not surprisingly, in our study, the individuals with
cervical and high thoracic SCI showed the most severe and
prolonged OH. The majority of these individuals have
compromised pulmonary function and a significant propor-
tion of their total body skeletal muscle mass has no
voluntary control. Patients with lower or incomplete SCI
have a better functioning pulmonary pump or some (even
spastic) movement in their lower extremities, which im-
proves the return of the blood to the heart and prevents
them from developing OH later in rehabilitation. Similar
observations were recently reported by Frisbie.?®

Limitations of the study

We would like to acknowledge some shortcomings of this
study. The retrospective collection of data with possible
inaccuracies in charting and the small number of patients
within the thoracic subgroups of the study were limitations.
Other factors contributing to OH including medications
and medical complications and comorbidities may not have



been captured by our study. As such, 22 patients with
complete cervical SCI were managed initially with dopa-
mine, but it was not used beyond day 5 after SCI. Some other
factors were outlined in our discussion. We would also refer
readers to a recent review on OH following SCI.!

Conclusions

Cardiovascular disturbances are common in the acute
rehabilitation period after SCI. Changes in baseline cardio-
vascular parameters are characterized by a low baseline
systolic blood pressure and the presence of OH. OH is
observed most frequently in patients with complete cervical
SCI. OH generally improves over the first month following
injury, but in cases of motor complete cervical and upper
thoracic SCI, it may persist beyond the first month of
rehabilitation, suggesting level and completeness of injury
are the strongest predictors of OH.
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