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Summary 

Two groups of patients who developed orthostatic hypotension (OH) after spinal cord 

injury (SCI) were studied. In the first group all patients (4 females and 6 males) were 

asymptomatic, whereas in the second group (1 female and 9 males) all had clinical 

manifestations of hypotension. All but 3 patients were tetraplegic, and these patients were 
paraplegic above the T6 level. For this study blood pressure (BP), heart rate and 
cerebral blood flow (CBF) velocity were measured simultaneously on a tilt table at 0, 30, 
60, and 80 degrees. Cerebral blood flow in the middle cerebral artery was measured 

bilaterally utilising the transcranial Doppler technique. In asymptomatic patients the 

mean baseline (0 degrees) BP (110 ± 16/70 ± 77 mm Hg systolic/diastolic) was not 

significantly different from the BP (106 ± 16/68 ± 11 mm Hg) of symptomatic 

patients. The mean maximal change in BP during tilling in the asymptomatic group 

( -23 ± 10/10 ± 7 mm Hg) was also not significantly different when compared to the 

symptomatic group (-29 ± 13/11 ± 6 mm Hg). CBF in the symptomatic group during 

the hypotensive reaction at 80 degrees was 32.5 ± 5 cm/sec, while at the same body 

position in the asymptomatic group it was 40·9 ± 8 cm/sec (significant at the p < 0·02). 

In addition, CBF decreased in the symptomatic group at 80 degrees to 55·5 ± 9·6% of 
baseline, while in the asymptomatic group the fall was 69·3 ± 7·2% (p < 0·001). Our 

data suggests that autoregulation of CBF rather than systemic BP plays a dominant role 

in the adaptation to OH in patients with SCI. 
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Orthostatic hypotension (OH) is a frequent complication seen in paralysed patients 
after spinal cord injury (SCI). The pathogenesis of OH is complex and involves the 

cardiovascular, the renal, the neurological and the endocrine systems, all of which 
are necessary for the regulation of arterial blood pressure (Guttmann et al., 1963; 
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Johnson et at., 1971; Corbet et at., 1971; Johnson and Park 1973; Vallbona et at., 
1966; Kammelhar et at., 1978; Sommers, 1979; Figoni, 1984). The symptoms 

associated with acute hypotension significantly interfere with the rehabilitation of 
patients with SCI. Furthermore, hypotensive manifestations may be present for 
several months until the patients develop tolerance to the low blood pressure. 

It has been found in different tissues that the chronic adaptation to hypotension 

is a result of slowly developing autoregulation of an optimal tissue blood supply 

(Stainsby, 1973; Johnson, 1984). Nanda et at. (1974) suggested that autoregulation 

of cerebral blood flow occurs in patients with SCI and showed that in these patients 

a significant decrease of systolic and diastolic blood pressure occurs without the 

clinical symptoms of hypotension. These data indicate that patients may be 
asymptomatic despite a drastic fall in systemic blood pressure. 

The goals of the present study were to further evaluate the mechanisms 

responsible for the control of cerebral blood flow (CBF) in spinal cord injured 
patients by: (1) determining the autoregulation of CBF by measuring cerebral 

haemodynamics in patients with SCI and, (2) defming the differences between 

the patients with and those without the clinical manifestations of hypotension. 

Methods 

The investigation was divided into two parts. In the first part we studied the BP 

changes in 33 patients with SCI on a tilt table; 19 patients had complete and 13 
patients had incomplete tetraplegia. Using Frankel's classification (Frankel et at., 
1969) these incomplete patients were Frankel's B (3 patients), C (7 patients), and D 
(3 patients). All patients (7 female and 26 male) had paralysis at the C5-C7 spinal 

level and had suffered SCI injury 3 to 8 months prior to this study. Two patients 

were excluded from the study because of pre-existing arterial hypertension. 

Patients underwent simultaneous measurements of BP and heart rate (HR) on a tilt 
table at 0, 30, 60, and 80 degrees. All patients had volunteered and no patient was 
known to have any constitutional disease or complications which might have 

affected the results. Prior to the study patients fasted for at least 2 hours and rested 

for 15 to 20 minutes in a quiet air-conditioned room. Bladder catheterisation was 
performed 1 to 2 hours before the test. Some patients had slight to moderate 
spasticity, all patients spent the majority of their day in a wheelchair and no 

medication known to interfere with the control of blood pressure was used. 

A motor driven tilt table (Activeaid Inc, Redwood Falls, MN) was used. Patients 
were monitored closely for symptoms of hypotension, and the test was discontinued 

if the patient experienced dizziness, nausea or blurred vision. Table I summarises 
the clinical data from the patients. In the group of 18 patients with complete 

Table I Changes of blood pressure and heart rate in patients with spinal cord injury during tilting on 
tilt table 

Hypotensive Blood pressure (mmHg) Heart rate (beats/min) 
Group N symptoms Baseline A Max Baseline A Max 

Complete tetraplegia 26 (- ) 122 ± 16181 ± 12& -41 ± 4 122 ± 6 72 ± 10 +24 10 
n = 19 23 (+) 117 ± 16176 ± 12 -37 ± 4 122 ± 5 71 ± 10 +14 7 

Incomplete tetraplegia 16 (- ) 123 ± 16n9 ± II -27 ± 7 I 9 ± 5 79 ± 18 +16 4 
n = 13 12 (+) 121 ± 12n6 ± 10 -47 ± 6·/21 ± 5·' 76 ± 13 +14 7 

&Systoliddiastolic, mean ± SD; n = number of patients; N = number of tests; Student t-test: *p < 0·01, .*p < 0·05. 
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tetraplegia 49 tests were done, in 13 patients with incomplete tetraplegia 28 tests 

were performed. The results were classified into two categories; asymptomatic and 
symptomatic, based on the presence of the clinical manifestation of hypotension 

(dizziness, nausea, or blurred vision) on the tilt table. 
In the second part of the investigation, in addition to BP, HR and CBF were 

monitored. Nineteen patients were studied, 16 with tetraplegia (14-Frankel's A 
and 2-Frankel's B), and 3 patients with paraplegia (2-Frankel's A and I-Frankel's 

B) above the T6 spinal segment level. All patients underwent testing on a tilt table 
as described above. During the tilting 10 patients were asymptomatic (asympto­

matic group, Table II) and 9 had symptoms of OH (symptomatic group). 

Measurements were performed on the tilt table at 0, 30, 60, and 80 degrees. BP, 

HR and CBF were measured simultaneously. CBF in the middle cerebral artery 
was determined bilaterally using a transcranial Doppler (Medasonic, Mountain 

View, CA) (DeWitt and Wechsler, 1988). BP and HR were determined with a digi­
tal instrument. CBF measurements were done on both middle cerebral arteries 10 
times at each angle on the tilt table. The mean value of the measurements was used 

for statistical analysis. The co-efficient of variation among the measurements in 

individual tests was 8·7 ± 1·5% (mean ± SD). Statistical significance between the 
groups was determined using the Student t-test; the results of CBF in patients 

during tilting were analysed by the paired t-test. 

Results 

The results of the first part of the study are shown on Table I. Nineteen patients 

with complete tetraplegia were tested 49 times on tilt table. In 26 of these 49 tests 

the patients had no symptoms of OH and in 23 tests the patients had symptoms of 
OH. Thirteen patients with incomplete tetraplegia were tested 28 times. In 16 tests 

the patients were asymptomatic while in 12 tests the patients had hypotensive 

Table U Changes of blood pressure, heart rate and cerebral blood flow in patients with 
spinal cord injury during tilting on tilt table 

n 
Age 
Baseline BP (systolic/diastolic) 
� max BP (systolic/diastolic) 
Baseline HR 
� max HR 
CBF* (ern/sec) at 0° 

30° 
60° 
80° 

0° 

Group of patients 

Asymptomatic 

10 
30 ± 17& 

110 ± 16170 ± 7 
-23 ± 10/10 ± 7 

71 ± 10 
+15 ± 9 
59·2 ± 9·2 
52·3 ± 9-1' 
43-7 ± 8-7' 
40-9 ± 8' 
59-I ± 10-6 

Symptomatic 

9 
27 ± 7 

106 ± 16/68 ± 11 
-29 ± 13111 ± 6 

73 ± 10 
+17 ± 7 
58-1 ± 10-8 
51-2 ± 11-2b 
40-3 ± 14' 
32-5 ± 5"c 
57-9±1I-1 

*CBF = cerebral blood flow, &mean ± SD; n = number of patients; a = p < 0-001; 
b = p < 0-01 vs corresponding baseline value (paired t-test); c = p < 0-02 by Student 
t-test symptomatic vs asymptomatic group 
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symptoms. In both groups there was no significant difference in BP or HR in the 

horizontal position. During tilting on the table there was a progressive decrease in 
BP and an increase in the HR in both groups without significant differences 

between them. Only in the group of symptomatic patients with incomplete 

tetraplegia was there a significant decrease in the systolic and diastolic BP (47 ± 6 
and 21 ± 5 mm Hg; systolic/diastolic) when compared to the decrease in the 

asymptomatic group (27 ± 7 and 9 ± 5 mm Hg; Table I). 

Table II shows the results of BP and HR in the horizontal position (0 degrees) 
and the maximal change obtained during tilting in the group of patients studied for 

CBF. In the asymptomatic group the mean baseline BP was 110 ± 16/70 ± 7 mm 

Hg (systolic/diastolic) which was not significantly different from the symptomatic 

group (106 ± 16/68 ± II mm Hg). During tilting there was a non-significant 
difference in BP and HR between these two groups. In addition, the mean decrease 
in BP during tilting in the asymptomatic group (23 ± 10/1 0 ± 7 mm Hg) was not 

significantly different when compared to the symptomatic group (29 ± 13/11 ± 6 
mm Hg). 

The changes in CBF velocity (em/sec) in the middle cerebral artery as measured 

by the Doppler technique on the tilt table are shown in Table II. CBF velocity in 

both groups was significantly decreased during gradual elevation into the vertical 
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Figure Mean velocity of cerebral blood flow in the middle cerebral artery in tetraplegic patients 
during tilting expressed as percentage change from baseline. The abscissa indicates the angle on the tilt 
table. (e) denotes asymptomatic and ("') symptomatic patients. The bars represent the standard 
deviation (shown only in one direction). The asterisks denotes statistical significance at the p < 0'001 
level. 
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position even at the initial tilting to 30 degrees. The comparison of the 

symptomatic and asymptomatic groups showed that CBF velocity was only 
different at 80 degrees, which was the body position in which all but one patient in 

the symptomatic group experienced symptoms (Table II). This patient became 
symptomatic at 60 degrees. CBF in the symptomatic group during the hypotensive 

reaction on the tilt table at 80 degrees was 32'5 ± 5 cm/sec while in the 

asymptomatic group CBF was 40'9 ± 8 cm/sec (p < 0'02). A normalisation of 

CBF velocity was seen in both groups after resuming the horizontal position (Table 

II). The figure illustrates the per cent decrease in CBF in the asymptomatic and the 

symptomatic groups of patients. A significant difference in CBF was found at 

80 degrees. In the symptomatic group the mean decrease in CBF from the baseline 

was to 55'5 ± 9'6% and in the asymptomatic group it was to 69'3 ± 7'2% 
(p < 0'001). Eight of 9 patients in the symptomatic group had symptoms at CBF 

values lower than 30 cm/sec. In addition, all 9 patients developed symptoms of 

hypotension when the CBF velocity was reduced to 60% of the baseline value. 
Three paraplegic patients in the asymptomatic group had similar changes in BP, 

HR, and CBF as those even in tetraplegic patients. 

Discussion 

OH is a common occurrence following SCI and in some tetraplegic patients this 

may significantly extend their rehabilitation period. The symptoms of hypotension 

are the result of the inadequate perfusion of the central nervous system (CNS) as a 
consequence of the sudden fall in BP caused by positional changes. The 

mechanisms important in the control of BP in patients with SCI have been 
reviewed by Lopes and Figoni 1981 and Figoni, 1984. It has been shown in 

spinal cord injured patients that cardiovascular, renal, neurological and endocrine 

systems are involved in the regulation of blood pressure. Different manoeuvres 

have been recommended for the therapy of OH; however, the results are 

discouraging since they produce only limited improvement of symptoms. The use 
of elastic binders, corsets, inflatable pressure suits (Vallbona et al., 1963; McCluer, 
1968), inhalation of CO2 (Downey et al., 1966), sympathomimetic drugs (Figoni, 

1984), bladder percussion (Corbet et al., 1971b) or high salt diets (Claus-Walker 

and Halstead 1982) can only partially control the symptoms associated with OH. 
The main goal of these procedures is to prevent the drop of the systemic BP 

induced by postural changes. Nanda et al. (1974) found that tetraplegic patients 

adapted to OH, had an unchanged CBF despite a significant decrease in BP in the 

sitting position. They suggested that an autoregulatory mechanism maintained 

optimal CBF in spite of the fall in the systemic BP. Our data confirm these 

observations and also suggest that the tolerance to the symptoms of OH in patients 
with SCI results from the improved autoregulation of CBF. The adaptation to 

hypotension is a consequence of autoregulation, a phenomenon which may control 
blood supply in different organs and tissues (Johnson, 1984). We found a similar 

decrease of systemic BP in two groups of patients with SCI, but the symptoms of 
hypotension were present only in those patients exhibiting a more profound 

reduction in CBF. It still remains to be determined what is the underlying 

mechanism(s) in the autoregulation of CBF flow. Experimental data suggest that 
acute autoregulation of CBF is controlled by different mechanisms from those 
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controlling chronic autoregulation. It has not been determined to what degree 
myogenic, neurogenic, metabolic and other undefined factors are involved in the 

chronic autoregulation of blood supply in different tissues (Stainsby, 1973; 

Johnson, 1984). 

It seems that the chronic adaptation to tissue hypoperfusion is associated with a 
proliferation of arterioles which may be an important compensatory process 

(Stainsby, 1973). Hogan and Hirschmann (1984) demonstrated that in ischaemic 
cremasteric muscle there was an increased number of arterioles. This was possibly, 

the result of stimulated angiogenesis by a substance secreted locally by macrophages 

and lymphocytes (Knighton et al., 1983). Since the adaptation of spinal cord 

injured patients with OH is a long term process (Spencer et al., 1969; Engel and 

Hildebrandt 1976), it is possible that angiogenesis in the CNS may have a role in 
the chronic autoregulation of blood supply. 

In summary, our data suggest that systemic BP is not the predominant factor 

responsible for the symptoms of OH. Cerebral autoregulation of blood flow seems 
to have a crucial function in these patients. Our data suggest that developing new 

therapeutic modalities aimed at improving the autoregulation of CBF may be 
more beneficial than solely focusing on increasing the systemic arterial pressure 

in SCI patients. 
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