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Exertional hypotension in thoracic spinal cord injury: case report 

M L King MD, D M Freeman RN, J T Pellicone MD, E R Wanstall RN, L D Bhansali 
MD 

Helen Hayes Hospital, Route 9W, West Haverstraw, New York 10993, USA. 

Exertional hypotension is well described in quadraplegics, but there are few 
descriptions of this hemodynamic response in paraplegics or of treatment 
modalities to correct this condition. We describe a patient with a complete T3-4 
spinal cord lesion who repeatedly demonstrated symptomatic hypotension with 
wheelchair sports and arm ergometry. We used gas exchange analysis and 
exercise echocardiography to delineate the mechanism for hypotension. These 
results enabled us to develop a simple treatment plan consisting of abdominal 
binding and elastic stockings to avoid recurrent symptoms. 
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Introduction 

High level SCI patients may demonstrate a 
fall in blood pressure with exercise, related 
to decreased vasomotor tone and cardiac 
output, 1 but this has not been systematically 
described, particularly for paraplegics. Ex
ercise echo cardiography has been used to 
study exertional hypotension in healthy men 
and those with coronary artery disease.2.3 
Coupled with gas exchange analysis, exer
cise echocardiography is an ideal clinical 
tool to investigate hemodynamic changes 
with exercise in SCI patients but has yet to 
be applied in this clinical setting. In addi
tion, testing can easily be repeated to 
evaluate a variety of therapeutic maneuvers. 
We have used these modalities in a young 
T3-4 SCI patient to delineate the cause of 
his symptomatic exertional hypotension and 
to design an appropriate treatment plan. 

Case history 

We describe a 34 year old male with a 
traumatic complete T3-4 spinal cord injury 
in 1977 who underwent cardiac evaluation 
prior to enrolling in a functional electrical 
stimulation bicycle ergometry program. He 
was taking no vasoactive medications and, 
except for his spinal cord injury, was in good 
health. He had no history of cardiac risk 
factors or symptoms but reported near 

syncope with exercise, primarily with wheel
chair basketball but not with wheelchair 
racing. The symptoms were generally re
lieved with bending over with his head in a 
dependent position and were worse in warm 
weather. Cardiac examination was normal, 
with resting pulse 61 bpm, blood pressure 
110/70, and no murmurs. 

Electrocardiogram revealed normal sinus 
rhythm with no abnormalities and resting 
echocardiography revealed normal valves, 
wall motion and function. Left ventricular 
wall thickness and wall motion were also 
normal and there were no signs of outflow 
tract obstruction. Left ventricular volume 
and function from M mode echocardio
graphy in the supine and seated positions 
are shown in Table 1. 

Methods 

Arm ergometry was performed using a 
Monark cycle ergometer mounted at chest 
level on a table. A continuous protocol was 
used, with 2 minute stages and 12.5 watt 
increments. Pedal speed was held constant 
at 50 rpm, and exercise was terminated by 
the patient for maximal symptoms of arm 
fatigue, dyspnea or presyncope. 

Heart rate, rhythm, and ST segments 
were monitored continuously using Quinton 
Q3000 exercise electrocardiography. 
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Table I Left ventricular volumes and dimensions by M mode echocardiography 

Patient 
position 

Supine 
Seated 

LVDV 
(ml) 

74 
51 

LVSV 
(ml) 

14 
13 

L VDV = left ventricular end diastolic volume 
L VSV = left ventricular end systolic volume 
SV = stroke volume 

Twelve lead EKGs were obtained at one 
minute intervals. Blood pressure was taken 
pre-exercise, during the final 15 to 30 
seconds of each stage, and for 7 minutes 
post exercise. Blood pressures were 
measured with the subject dropping one arm 
and the technician assisting to maintain 
constant pedal speed. This blood pressure 
protocol has been used successfully in the 
cardiology literature4.5 as well as in our 
laboratory. 6 

Gas exchange analysis was monitored 
continuously by the Medical Graphics Sys
tem 2001, using breath-by-breath analysis of 
V02, VC02, oxygen pulse (V02/HR) and 
VE. 

M mode and 2D echocardiography were 
done in the seated position both immedi
ately prior to exercise and within 90 seconds 
post exercise, using the ATL Ultramark 4. 
Measurements of left ventricular dimen
sions and gross analysis of wall motion were 
done by 2 different observers, with good 
interobserver agreement. M mode echo
cardiography measurements of the left ven
tricle have been shown to be accurate and 
reproducible in patients with normal wall 
motion.7,s 

Two baseline arm argometry tests with 
gas exchange analysis were performed to 
demonstrate reproducibility of this patient's 
blood pressure response to exercise. Follow
ing this, testing was repeated with and 
without each of the following variables: no 
abdominal binder or elastic stockings, abdo
minal binder plus elastic stockings, abdo
minal binder alone, and elastic stockings 
alone. 

Thigh length nylon TED anti embolism 
stockings and/or a Camp model 337 abdo
minal binder were used for the exercise test 
variables listed above. The abdominal 

SV 
(ml) 

60 
38 

HR 
(bpm) 

60 
93 

HR = heart rate 
CO = cardiac output 

CO 
(L/min) 

3.6 
3.5 

LVEF 
(%) 

81 
75 

L VEF = left ventricular ejection fraction 

binder was elastic with velcro closures, 
applied circumferentially just below the 
anterior superior iliac spines and extended 
upward to the inferior aspect of the anterior 
rib cage just below TIO. 

Results 

During his initial arm ergometry test, the 
patient reached a maximum workload 50 
watts, heart rate 193 bpm, V02 15 ml 
02/kg/min, and VE 50.9 L/min. Exercise 
was discontinued when blood pressure pro
gressively dropped from 120/70 during the 
first stage of exercise to 90/50 at termination 
of exercise. There were no ST -T changes or 
arrythymias with exercise and post exercise 
examination revealed no respiratory or car
diac signs. 

The test was repeated approximately 2 
weeks later. During this test, he reached a 
maximum workload 62.5 watts, heart rate 
184 bpm, V02 16 ml 02/kg/min, and VE 
73.1 L/min. Exercise was terminated when 
symptomatic hypotension developed, with 
systolic blood pressure of 50 mmHG and 
presyncopal symptoms. Blood pressure re
turned to baseline by 3 minutes post exer
cise. Again, there were no electrocardio
graphic findings or changes in examination. 

Exercise data during each of the thera
peutic maneuvers is shown in Figures 1-4. 
The increase in oxygen consumption with 
workload is illustrated in Figure 1 and did 
not vary significantly with exercise condi
tion. However, Figures 2, 3, and 4 demon
strate a significant difference in blood pres
sure, heart rate, and oxygen pulse at sub
maximal workloads, when exercise with 
both binder and stockings is compared to 
the other exercise conditions. Systemic 
blood pressure and oxygen pulse increased 
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Figure 1 Increase in VOz with workload with 
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Figure 2 Change in systolic blood pressure with 
workload with each of the exercise conditions. 

significantly above the resting level only 
when the patient wore both the abdominal 
binder and the elastic stockings during 
exercise (Figs 2 and 4). In fact, the patient 
stated that this was the first time that his 
face had felt warm and flushed with exercise 
since his spinal cord injury. 

Left ventricular volumes, stroke volume, 
cardiac output, and ejection fraction 
measured by M mode echocardiography are 
shown in Table II. The heart rate used to 
calculate output was the post exercise heart 
rate at the time the echo cardiography was 
performed. Although cardiac output con
sistently rose with exercise, stroke volume 
and left ventricular ejection fraction rose 
significantly only during the binder plus 
stockings trial. 

Table III shows arterial blood pressure, 
peripheral vascular resistance, end expirat-
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Figure 3 Change in heart rate with workload 
with each of the exercise conditions. 
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Figure 4 Change in Oz pulse with workload 
with each of the exercise conditions. 

ory C02, and VC02 at rest and at peak 
exercise with each of the maneuvers. Peri
pheral vascular resistance decreased during 
all exercise conditions, with the smallest 
percent decrease during the binder plus 
stocking trial. End tidal C02 decreased with 
all conditions except the binder plus stock
ings, despite consistent increases in VC02 
with exercise. 

Discussion 

We have shown how a simple therapeutic 
maneuver such as an abdominal binder and 
elastic stockings can be used to correct 
symptomatic exertional hypotension in a 
paraplegic patient with a high level injury. 
Using exercise echocardiography and gas 
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Table II Left ventricular volumes obtained by M mode echocardiography pre and post exercise 
with different exercise conditions 

Exercise LVDV LVSV SV HR CO LVEF 
condition (ml) (ml) (ml) (bpm) (L/min) (%) 

No binder or stockings 

Rest 62 11 51 73 3. 7 82 
Exercise 51 11 40 186 7.4 78 

Binder plus stockings 

Rest 58 18 40 75 3.0 69 
Exercise 51 6 45 169 7.6 88 

Binder alone 

Rest 66 18 48 77 3. 7 73 
Exercise 41 10 31 150 4.7 76 

Stockings alone 

Rest 66 16 50 73 3. 7 76 
Exercise 51 11 40 150 6.0 78 

L VDV = left ventricular end diastolic volume HR = heart rate 
L VSV = left ventricular end systolic volume CO = cardiac output 
SV = stroke volume L VEF = left ventricular ejection fraction 

Table III Blood pressure, peripheral vascular resistance, and CO2 parameters at rest and at peak 
exercise 

Exercise BP MAP PVR tlPVR PET CO2 VCOz 
condition (mmHg) (mmHg) (pru) (%) (mmHg) (ml/min) 

No binder or stockings 

Rest 110/70 97 26 36 260 
Exercise 90/40 73 10 61 28 896 

Binder plus stockings 

Rest 118/80 105 35 35 308 
Exercise 126/40 97 13 34 35 1525 

Binder alone 

Rest 110/70 97 26 30 334 
Exercise 84/50 73 15 42 24 981 

Stockings alone 

Rest 110/74 98 26 35 301 
Exercise 74/44 64 11 58 32 1061 

BP = blood pressure tlPVR = percent decrease in PVR with exercise 
MAP = mean arterial blood pressure PETC02 = end expiratory carbon dioxide 
PVR = peripheral vascular resistance VCOl = carbon dioxide production 

exchange analysis, we have shown that the In able bodied individuals, increased sym-
cause of this patient's exertional hypoten- pathetic discharge with exercise constricts 
sion is decreased vasomotor control related capacitance vessels and increases myocar-
to his spinal cord lesion. dial contractility. These factors allow blood 



pressure to rise with exercise despite a drop 
in peripheral vascular resistance. 

Calculated peripheral vascular resistance 
did fall during all exercise conditions in this 
patient, including during the binder plus 
stocking trial (Table III). However, the 
percent decrease in PVR was the smallest in 
the binder plus stockings trial, possibly 
accounting for the rise in mean arterial 
blood pressure with exercise in only this 
condition. Elastic stockings alone had no 
significant effect on rest or exercise PVR or 
on the percent change in PVR with exercise, 
compared to exercise without external com
pressive garments. The abdominal binder 
alone lowered the percent decrease in PVR 
with exercise but was still associated with 
exertional hypotension. However, adding 
elastic stockings to the abdominal binder 
increased the resting PVR and blood pres
sure, resulting in a lower percent decrease in 
PVR and a higher end exercise blood 
pressure. 

Gas exchange data was analyzed to find a 
hypothesis for the marked drop in peri
pheral vascular resistance with exercise in 
this patient. Despite an increase in VC02, 
end expiratory C02 dropped at peak exer
cise in all conditions except the binder plus 
stocking trial. Although hyperventilation 
may have contributed to a decrease in 
sympathetic tone and therefore a drop in 
peripheral vascular resistance, it is also 
possible that the hyperventilation was se
condary to the drop in blood pressure rather 
than a primary phenomenon. Other reasons 
for a drop in vascular resistance with exerc
ise could include changes in core body 
temperature, changes in circulating catecho
lamine levels, or other yet undefined me
chanisms. 

Stroke volume and oxygen pulse also 
increased to the expected range for paraple
gics9 only with the combination of binder 
and stockings, probably related to changes 
in vasomotor tone, primarily in capacitance 
vessels. This is similar to findings by Coutts 
et al, 10 who reported lower oxygen pulse 
measurements with exercise in high thoracic 
compared with lower level spinal cord le
sions. Other authors have shown decreased 
exercise stroke volume in paraple¥ic com
pared to able bodied individuals, 1.12 and 
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one study has suggested that exercise train
ing can improve exercise stroke volume in 
these patients.13 However, none has ad
dressed systemic blood pressure or thera
peutic maneuvers to correct exertional hy
potension. 

Our findings are similar to those using 
military antishock trouser inflation during 
standing arm exercise in young able bodied 
individuals, with the exception of changes in 
peripheral vascular resistance. 14 These au
thors described significant increases in 
stroke volume, cardiac output, and mean 
arterial blood pressure as well as decreases 
in heart rate during exercise with MAST 
inflation compared to exercise without 
lower body positive pressure. However, in 
these subjects, total peripheral resistance 
did not change. This was attributed to 
mechanical compression offsetting the exer
cise-induced vasodilation in active muscles. 
Although the percent drop in PVR with the 
binder plus stocking trial was less than that 
with other exercise conditions in our pati
ent, the mechanical compression by the 
binder and stockings did not appear to be 
sufficient to prevent exercise induced vaso
dilation in our patient. 

Exercise echocardiography has been used 
to study exertional hypotension in appa
rently healthy males.2 These patients were 
found to have no difference with exercise in 
a supine compared to seated position, indi
cating that venous pooling was not playing a 
significant role. Abnormalities of left ven
tricular compliance were postulated as the 
reason for decreased left ventricular end 
diastolic dimension and ejection fraction 
with exercise in these patients. If this were 
the case in our patient we would not expect 
such a dramatic improvement in blood 
pressure with the simple maneuver of ex
ternal lower body compression. Long term 
follow up of these young able bodied pati
ents with exertional hypotension has unfor
tunately shown an increased rate of devel
opment of overt coronary artery disease, 
compared to controls.3 Although we feel 
that our patient's primary problem is inade
quate vasomotor control due to his spinal 
cord injury, we also intend to follow him 
closely in future to determine if coronary 
artery disease develops. 
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