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Summary
Background. The aim of this paper is to 
provide an overview of the autonomic 
innervation of the cardiovascular sys-
tem and the cardiovascular complica-
tions of spinal cord injury.

Method. A literature search was con-
ducted in the PubMed database using 
the search terms «traumatic spinal 
cord injury»/«traumatic spinal cord 
injuries» combined with the search 
terms «autonomic dysfunction», «auto-
nomic dysreflexia» and «cardiovascu-
lar disease».

Results. The most important cardio-
vascular complications in the acute 
phase are bradyarrhythmia, hypoten-
sion, increased vasovagal reflexes, 
supraventricular/ventricular ectopic 
beats, vasodilation and venous stasis. 
Important in the chronic phase are 
orthostatic hypotension and impaired 
regulation of blood pressure, blood 
volume and body temperature. Tetrap-
legia is frequently accompanied by 
autonomic dysreflexia, reduced trans-
mission of cardiac pain, loss of muscle 
mass in the left ventricle and pseudo-
infarction. Patients with injuries above 
the sixth thoracic vertebra have a pre-
disposition to autonomic dysreflexia. 
This is a condition characterised by 
sudden, uncontrolled sympathetic 
response accompanied by a rise in 
blood pressure. Autonomic dysreflexia 
usually causes headaches and ery-
thema on the upper chest. The condi-
tion may cause cerebral haemorrhage 
and is potentially life-threatening. 
Patients with spinal cord injury have 
an increased risk of atherosclerotic 
disease due to overweight, lipid dis-
orders, metabolic syndrome and dia-
betes. They are predisposed to throm-
boembolism due to venous stasis and 
hypercoagulopathy, especially immedi-
ately after the injury.

Interpretation. Knowledge and assess-
ment of cardiovascular complications 
after spinal cord injury are important 
for correct diagnostics, planning of pre-
ventive measures and optimal therapy.
Traumatic spinal cord injury is defined as an
acute injury of the spinal cord which results
in a varying degree of paralysis and/or sen-
sory disorder (1). Injury to the cauda equina
is included in the definition, but other isola-
ted injuries to nerve roots are excluded (2).

Injuries to the autonomic nervous system
are the cause of many of the cardiovascular
complications following a spinal cord in-
jury. Cardiovascular dysfunction in patients
with cervical and high thoracic spinal cord
injury may be life-threatening and may exa-
cerbate the neurological impairment due to
the spinal cord injury. Patients have higher
morbidity and mortality as a result of the
autonomic dysfunction.

In this overview we provide a brief out-
line of the autonomic innervation of the
cardiovascular system. Various aspects of
cardiovascular dysfunction following spinal
cord injury are then discussed.

Method
A literature search was conducted in the
PubMed database using the search terms
«traumatic spinal cord injury»/«traumatic
spinal cord injuries» combined with the
search terms «autonomic dysfunction»,
«autonomic dysreflexia» and «cardiovascu-
lar disease».

The search was limited to articles pub-
lished before 1 April 2011, but was not limi-
ted backward in time. There was no restric-
tion with respect to language, patient’s age
at the time of the injury or the design of the
studies, but the articles had to be available in
full text via either online or via the Bergen
University Library. Relevant articles were
selected and the data extracted by the first
author (EMH).

The autonomic nervous system – 
anatomy
The parasympathetic preganglionic neurons
are located in the nuclei of the four cranial
nerves n. oculomotorius (III), n. facialis (VII),
n. glossopharyngeus (IX) and n. vagus (X) in
the brain stem. Most of the internal organs of
the body are supplied with parasympathetic
innervation by the n. vagus. The exceptions
are the genitals, bladder, distal intestine and
anus, which are supplied by the parasym-
pathetic sacral nerves S2 – 4 (3). Peripheral
blood vessels have no parasympathetic inner-
vation, with the exception of the vessels that
supply the pelvic organs (3).

The sympathetic preganglionic neurons
are located in the intermediolateral cell
column laterally in the grey matter of the
spinal column at level T1–L2 (3).

Depending on the level of the SCI, the
various parts of the sympathetic nervous
system will be disconnected from supraspi-
nal control, which will result in altered sym-
pathetic activity below the level of the injury
(4). Because the parasympathetic pregang-
lionic neurons of the heart extend from the
cranial nerve nuclei in the brain stem, the
parasympathetic innervation of the heart
will be intact in the event of an injury to the
spinal cord. Because the bladder, genitals
and lower portion of the intestine are inner-
vated by the sacral portion of the spinal
column (S2–S4), their parasympathetic inn-

Main points

■ Cardiovascular complications are com-

mon after spinal cord injury and result 

in increased morbidity and mortality

■ The most important complications are 

arrhythmia, hypotension and altered 

vasovagal reflexes

■ Autonomic dysreflexia is a potentially 

life-threatening condition that requires 

immediate treatment

■ Persons with SCI are at increased risk 

of thromboembolism in both the acute 

and the chronic phase
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ervation will be disconnected from supra-
spinal control in the event of injuries at the
level of the conus medullaris (S2–S4) or
above (Fig. 1).

Parasympathetic activity reduces the heart
frequency and contractility, while sympa-
thetic activity has a stimulating effect on the
heart. The distribution of the sympathetic and
parasympathetic activity that controls the
heart is determined by information from the
baroreceptors in the aortic arch, the carotid
sinus and the coronary arteries and chemo-
receptors in the carotid sinus (3).

Effect on the cardiovascular system
Disruptions of cardiovascular control fol-
lowing spinal cord injury are directly related
to the level and degree of the injury.

In the event of a complete cervical injury,
the connection between the upper auto-

nomic centres in the brain and the inter-
mediolateral cell column at level T1–L2 of
the spinal cord will be destroyed. Patients
with cervical injuries have a higher risk of
bradycardia (29  %), sudden unprovoked
cardiac arrest (16  %) and conduction system
disturbances, particularly in the first few
weeks after the injury (5). Sudden death is
not unusual either (6).

Immediately after a spinal cord injury,
there is in almost all patients a sudden loss of
the autonomic effect of the smooth muscle
in the walls of the blood vessels, and as a
result vasodilation occurs. The acute loss of
sympathetic stimulation results in brady-
cardia (7). During the acute phase, the arte-
rial hypotension (neurogenic shock) may be
misinterpreted as loss of volume.

The vagus nerve is hypersensitive immedi-
ately after an injury. This normally lasts for

2 – 3 weeks. Sometimes it lasts longer, and in
some cases implantation of a temporary or
permanent pacemaker is required. During
this period, it is important to avoid activating
the n. vagus to avoid reinforcing the vagal
reflexes. Atropine should be available. Hy-
poxia increases vagal activity, so hypoventi-
lation should be avoided. All forms of tube in
the nose/mouth and throat may cause brady-
cardia and increased vagal reflexes (8). This
can be a life-long problem in patients with
high, complete injuries, whereas in patients
with lower and/or incomplete injuries the
situation may normalise after 4 – 5 weeks (6).
Common cardiovascular complications are
summarised in Box 1 (8).

Autonomic dysreflexia
Autonomic dysreflexia occurs in patients
with an injury at T6 level or above. The con-

Figure 1  The parasympathetic and sympathetic innervation of the heart will respectively reduce and increase the heart rate. Sympathetic neurons in the upper thoracic 
part of the spinal cord innervate the cardiovascular system of the upper thorax. The sinus node receives sympathetic innervation from T3–T4 and parasympathetic inner-
vation from the vagal nerve. Parasympathetic afferent nerves from baroreceptors in the aortic arch and carotid sinus go to the medulla oblongata via the cranial nerves 
n. glossopharyngeus and n. vagus.
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dition is induced by sensory stimulation
below the level of the injury, and is character-
ised by sudden, uncontrolled response in the
sympathetic nervous system. This results in
episodes of paroxysmal hypertension, frequ-
ently accompanied by baroreflex-mediated
bradycardia (9, 10). Systolic blood pressure
of 250 – 300 mm Hg and diastolic blood pres-
sure of 200 – 220 mm Hg have been recorded
with autonomic dysreflexia (11).

Autonomic dysreflexia most frequently
develops during the first 2 – 4 months after
the injury (12) and affects 10  % during the
first year (13). The lifetime frequency
among persons with spinal cord injury is
19 – 70  %. The condition occurs more frequ-
ently in patients with cervical lesions and
complete injuries (14).

In 85  % of the cases, autonomic dysref-
lexia is due to a full urinary bladder as a
result of retention or catheter blockage (14).
Other triggering factors may be distension
of the intestine due to obstipation, anal fis-
sures, urinary tract infection, urological and
endoscopic procedures, cystoliths, pressure
ulcers, ingrown toenails, pregnancy, child-
birth, sexual activity and painful stimuli.

The symptoms are an intense, pulsing
headache, blurred vision, anxiety, agitation,
shortness of breath, nasal congestion, hot
flushes, facial flushing, paradoxical swea-
ting above the level of the injury, cold, clam-
my skin, goose pimples and nausea (14). A
rise in systolic pressure of 20 – 40 mm Hg
above the normal level in adults and more
than 15 mm Hg in children may in itself be
a sign of autonomic dysreflexia.

Some patients only develop mild sym-
ptoms, for example if they have a full blad-
der or intestine, as a signal that the intestine
or bladder must be evacuated (15). Some
disabled athletes induce mild dysreflexia
and thereby higher blood pressure in order to
improve their performance (16).

If untreated, autonomic dysreflexia may
potentially be life-threatening by causing
hypertensive cerebral haemorrhage (17). In
one case history, cerebral haemorrhage had
occurred at a blood pressure of 180/90 (18).
When patients undergo surgery (append-
ectomy, Caesarean section etc.) it is import-
ant that they have adequate anaesthesia in
order to avoid autonomic dysreflexia (19).

In cases of autonomic dysreflexia, it is of
primary importance to prevent, identify and
eliminate triggering factors. Patients receive
thorough training in recognising the sym-
ptoms.

If the condition is suspected, tight clot-
hing should be loosened and other possible
external causes checked. The patient’s head
should be raised and his or her legs lowered
to reduce the intracranial pressure and redu-
ce the risk of cerebral haemorrhage. Blood
pressure should be measured and treated, if
necessary medically with anti-hypertensive
drugs which act rapidly and for a short
period of time. The aim of the treatment is to

normalise pulse and blood pressure and
eliminate the patient’s symptoms. Fig. 2
shows our proposed treatment algorithm,
based on treatment algorithms developed in
other countries (8, 20, 21).

Nitroglycerine is the first-choice drug, but
there are no studies of the effectiveness and
safety of using nitrates in patients with SCI.
Nifedipine (calcium channel blocker) can be
useful (19). Preliminary findings indicate
that captopril (ACE inhibitor) is effective
(22). There is limited documentation on the
use of selective α1-antagonists (19, 23).

Common cardiovascular 
complications after the acute phase
The most important complications after the
acute phase (4 – 5 weeks after the injury) are
autonomic dysreflexia, orthostatic hypoten-
sion (also in sitting position), reduced car-
diovascular reflexes (which regulate blood
pressure, blood volume and body tempera-
ture) and the absence of cardiac pain. Sec-
ondary cardiac changes in connection with
tetraplegia are loss of muscle mass in the left
ventricle and pseudoinfarction – a rise in tro-
ponin with or without ECG changes (8, 24).

Reaction to physical stress
Work physiology stress tests of patients with
SCI show that patients with complete tetra-
plegia can seldom raise their heart rate to
more than 125 per minute with maximum
loading (25, 26). Autonomic failure occurs
to a varying extent, also with incomplete
cervical injuries, and may cause patients to
become pale and feel unwell in connection
with physical exertion.

There is also exercise-related vasodila-
tion in working muscles. Patients with SCI
lack compensatory vasoconstriction in other
muscles and organs below the level of in-
jury. This results in an exercise-induced fall
in blood pressure leading to critically low
perfusion pressure in the working muscle
and thereby to physical exhaustion (26).
During physical work, heat accumulates to a
greater extent in these patients than in func-
tionally healthy individuals. Under physical
stress they may therefore develop a parado-
xical fall in blood pressure and rise in body
temperature (27). The heart rate of patients
with a high thoracic injury may increase to
normal maximum frequency and they will
then have fewer problems due to fall in
blood pressure when they are exhausted (15,
26, 28). However, they do not have the same
rise in blood pressure in connection with
physical exertion as functionally healthy
persons. Patients with injuries below T10
have a normal blood pressure response to
physical stress. Figure 3 shows functional
ability in relation to level of injury and auto-
nomic control (8).

Cardiovascular disease
Lack of physical activity, reduced muscle
mass and the development of metabolic syn-

dromes increase the risk of coronary disease
after SCI (29 – 31). Most risk factors for car-
diovascular disease occur more frequently
in this patient group than in others. A higher
prevalence of overweight, lipid disorders,
metabolic syndromes and diabetes has been
found (32).

The risk of developing cardiovascular
disease is associated with both the level of
the SCI and clinical findings, and increases
with increasing age, increasing rostral level
of injury and the severity of the SCI (com-
plete vs incomplete) (33).

Patients with SCI may additionally have
cardiac diseases that are not related to the
injury (8). In patients with SCI above T4 and
a pacemaker, a lead fracture may result in
autonomic dysreflexia (34).

A clinical study of 47 persons with SCI
and without symptoms of coronary disease
demonstrated that during pharmacological
stress testing 84.6  % of the patients with
complete tetraplegia showed signs of myo-
cardial ischaemia measured with single
photon emission computed tomography
(SPECT). So did 64  % of those with incom-
plete tetraplegia, 55  % of those with comp-
lete paraplegia and 50  % of those with in-
complete paraplegia (35, 36).

Box 1

Common cardiovascular complica-
tions following spinal cord injury in 
both acute and chronic phase, based 
on an article by Phillips et al. (8)

■ Acute phase:
–   Sinus bradycardia
–   Loss of vascular tone
–   Bradyarrhythmia with compensatory 

rhythm
–   Supraventricular/ventricular ecto-

pic beats
–   Arterial hypotension
–   Orthostatic hypotension
–   Enhanced vasovagal reflexes
–   Vasodilation and venous stasis

■ Chronic phase:
–   Orthostatic hypotension
–   Impaired cardiovascular reflexes
–   Autonomic dysreflexia (lesions 

above T6)
–   Impaired transmission of cardiac 

pain (lesions above T4) resulting 
in impaired perception of chest pain

–   Loss of reflex changes in the heart 
(lesions T1–T4)

–   Atrophy of the heart with tetraple-
gia: loss of muscle mass in left ven-
tricle

–   Pseudo-myocardial infarction: rise 
in troponin with or without ECG 
changes without demonstrable car-
diovascular cause
Tidsskr Nor Legeforen nr. 9, 2012; 132   1117
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Temperature regulation
Abnormal temperature control is another
well-known clinical phenomenon after SCI.
This is largely due to reduced sensory input
to thermo-regulating centres and the loss of
sympathetic control of temperature and
sweat regulation below the level of injury
(3). Patients with cervical and high thoracic
injuries are particularly susceptible.

A number of temperature regulation dis-
orders following SCI have been described.
Some patients have poikilothermia – an in-
ability to maintain a constant core tempera-
ture irrespective of the ambient temperature.
Injuries above T8 are often associated with

fluctuating temperature, hypothermia and
hyperthermia (8).

Sweat secretion
The sweat glands are largely sympatheti-
cally innervated in the upper part of the body
from T1–T5 and in the lower part of the
body from T6–L2. Supraspinal control of
sweat excretion is located in regions of the
hypothalamus and amygdala (3).

Changes in sweat secretion often occur after
SCI, and excessive sweating (hyperhidrosis),
absence of sweating (anhidrosis) and dimini-
shed sweating (hypohidrosis) may all occur.

Excessive sweating is a common problem

in persons with SCI (4, 12). In most individ-
uals, episodic hyperhidrosis is usually asso-
ciated with other autonomic dysfunctions
such as autonomic dysreflexia and ortho-
static hypotension, or with post-traumatic
syringomyelia. Profuse sweating above the
level of injury and minimal or no sweating
below the level of injury is the most com-
mon. The cause is a compensatory increase
in sweat secretion above the level of injury
due to the loss of sympathetic stimulation
below the level of injury, which results in
reduced sweat production (37).

Sweating may also occur exclusively be-
low the level of injury. This type of sweat is

Figure 3  Functional ability and autonomic control in relation to level of injury. The figure is modified after that of Phillips et al. (8) and reproduced with the permission 
of Elsevier
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reflex sweating, and is usually a symptom of
a massive autonomic response that occurs
particularly with cervical and high thoracic
injuries (above T8–T10).

Thromboembolism
Patients with SCI have a higher risk of coagu-
lation disorders and venous stasis due to phys-
ical inactivity, altered haemostasis with redu-
ced fibrinolytic activity and increased factor
VIII activity (38). They are therefore predis-
posed to thromboembolism (39, 40). The in-
cidences of deep vein thrombosis and pulmo-
nary embolism are estimated to be 15  % and
5  %, respectively, the first year after SCI, with
a mortality rate of 1  %, largely among patients
with pulmonary embolism (41). Studies have
found a bimodal curve where the incidence is
highest 2 – 3 weeks after the injury, followed
by a small peak three months after the injury
(42). During the chronic phase, the incidence
of clinically significant thromboembolism is
less than 2  % (38).

The Consortium for Spinal Cord Medicine
has prepared guidelines for the prevention of
thromboembolism (38). Compression stock-
ings are recommended as a prophylactic
measure (38). Prophylactic anticoagulation
with low-molecular heparin should be star-
ted within 72 hours of injury, provided that
there is no ongoing haemorrhage or coagulo-
pathy (39). Patients with incomplete injuries
should continue treatment until they are
ambulatory. We recommend prophylactic
treatment with low-molecular heparin for
three months after injury in the case of com-
plete injury. Patients with both complete and
incomplete injuries who are additionally at
risk of thromboembolism should continue
treatment until discharge.

Early mobilisation and training should
start as soon as the patient is medically stable
(38). This should be maintained both at the
hospital and after discharge.

Cardiovascular evaluation
The American Spinal Injury Association
(ASIA) and the International Spinal Cord
Society (ISCoS) recommend that patients be
evaluated systematically with respect to
neurogenic shock, cardiac rhythm disorders,
orthostatic hypotension, autonomic dys-
reflexia, temperature regulation disorders
and hyperhidrosis as part of their rehabilita-
tion (7). Because all patients with SCI are at
increased risk of cardiovascular disorders,
they should all be evaluated.

The recommended evaluation includes
physiological, biochemical and pharmacolo-
gical tests (43). The physiological tests
include recording of blood pressure, pulse,
ECG and respiration in supine, sitting and
standing position, during 60° tilt, isometric
testing (of muscle strength), deep inspiration
and expiration, cold test (cold pressor on the
hand), arithmetic test (calculations), Valsal-
va’s manoeuvre, hyperventilation, 24-hour
blood pressure measurement, meal test and

stress test (ergometer test with arm cycle).
The physiological tests are described in
Table 1 (44 – 54). Biochemical tests include
catecholamines taken in supine and standing
position, while the pharmacological tests
include stimulation with adrenaline, noradre-
naline, clonidine and atropine. The choice of
tests depends on the patient’s symptoms.

All patients should have their blood pres-
sure and pulse measured in supine, sitting
and standing position and have an ECG.
These tests are carried out today at the spinal
units. All patients should also undergo phys-
ical stress tests with simultaneous measure-
ment of pulse, blood pressure and ECG.

Testing of blood pressure, pulse, ECG and
respiration during 60° tilt test, isometric
testing (of muscle strength), cold test (cold
pressor on hand), arithmetic test (calcula-
tions) deep inspiration and expiration, hy-
perventilation, 24-hour blood pressure mea-
surement, meal test and stress test (ergome-
ter test with arm cycle) should preferably be
carried out at a laboratory that focuses on
and has special equipment for autonomic
dysfunctions, and in teamwork involving
several specialists: clinical neurophysiology
and cardiology as well as departments that
treat patients with SCI.

Arrhythmias, orthostatic hypotension and
autonomic dysreflexia can all be treated
medically. Preventive measures should also
be implemented. Detection and prevention
of autonomic disorders will give patients a
better quality of life and an increased life
expectancy (7).

Conclusion
Patients with SCI have a higher risk of cardio-
vascular complications and long-term effects
as well as thromboembolism and autonomic
dysreflexia. The recommended evaluation of
cardiovascular dysfunction includes physio-
logical, biochemical and pharmacological
tests. Knowledge and assessment of cardio-
vascular complications following spinal cord
injury are important for correct diagnosis and
optimal therapy.

Ellen Merete Hagen (born 1962) 

Specialist in Neurology and in Community 

Medicine, currently on leave from her position 

as Junior Registrar at the Section for Clinical 

Neurophysiology, Department of Neurology, 

Haukeland University Hospital. She has a PhD 

in the epidemiology of traumatic spinal cord 

injury from the University of Bergen and is a 

post-doctoral fellow at the same institution.

The author has completed the ICMJE form 

and reports no conflicts of interest.

Tiina Rekand (born 1960) 

PhD and specialist in Neurology. Senior Con-

sultant for the Spinal Cord Unit at the Depart-

ment of Neurology, Haukeland University Hos-

pital. She is a member of the board of the Nor-

wegian Spinal Cord Injury Registry.

The author has completed the ICMJE form and 

reports no conflicts of interest.

Marit Grønning (born 1955) 

PhD, specialist in and Professor of Neurology. 

She contributed to the establishment of the 

Spinal Unit at Haukeland University Hospital, 

and was medical head of the unit for ten years 

from its inception.

The author has completed the ICMJE form and 

reports no conflicts of interest.

Svein Faerestrand (born 1946) 

Specialist in Cardiology, with arrhythmia, pace-

maker and ICD treatment as fields of speciali-

sation. He is Senior Consultant and head of 

the Section for Pacing, ICD and Heart Failure 

Treatment at the Department of Heart Disease, 

Haukeland University Hospital. He has a PhD 

and is Professor of Cardiology at the Institute 

of Medicine, University of Bergen.

The author has completed the ICMJE form and 

reports no conflicts of interest.

References

1. Kraus JF, Franti CE, Riggins RS et al. Incidence 
of traumatic spinal cord lesions. J Chronic Dis 
1975; 28: 471 – 92.

2. Maynard FM jr, Bracken MB, Creasey G et al. 
International standards for neurological and func-
tional classification of spinal cord injury. Spinal 
Cord 1997; 35: 266 – 74.

3. Alexander MS, Biering-Sorensen F, Bodner D et al. 
International standards to document remaining 
autonomic function after spinal cord injury. Spinal 
Cord 2009; 47: 36 – 43.

4. Wallin BG, Stjernberg L. Sympathetic activity in 
man after spinal cord injury. Outflow to skin below 
the lesion. Brain 1984; 107: 183 – 98.

5. Lehmann KG, Lane JG, Piepmeier JM et al. Car-
diovascular abnormalities accompanying acute 
spinal cord injury in humans: incidence, time 
course and severity. J Am Coll Cardiol 1987; 10: 
46 – 52.

6. Frankel HL, Mathias CJ, Spalding JM. Mechanisms 
of reflex cardiac arrest in tetraplegic patients. 
Lancet 1975; 2: 1183 – 5.

7. Krassioukov AV, Karlsson AK, Wecht JM et al. 
Assessment of autonomic dysfunction following 
spinal cord injury: rationale for additions to Inter-
national Standards for Neurological Assessment. 
J Rehabil Res Dev 2007; 44: 103 – 12.

8. Phillips WT, Kiratli BJ, Sarkarati M et al. Effect of 
spinal cord injury on the heart and cardiovascular 
fitness. Curr Probl Cardiol 1998; 23: 641 – 716.

9. Gao SA, Ambring A, Lambert G et al. Autonomic 
control of the heart and renal vascular bed during 
autonomic dysreflexia in high spinal cord injury. 
Clin Auton Res 2002; 12: 457 – 64.

10. Hjeltnes N, Gjone R. [Autonomic dysreflexia in 
medullary section lesions]. Tidsskr Nor Lægeforen 
1983; 103: 1933 – 6.

11. Karlsson AK. Autonomic dysreflexia. Spinal Cord 
1999; 37: 383 – 91.

12. Karlsson AK. Autonomic dysfunction in spinal cord 
injury: clinical presentation of symptoms and 
signs. Prog Brain Res 2006; 152: 1 – 8.

13. Johnson RL, Gerhart KA, McCray J et al. Second-
ary conditions following spinal cord injury in a 
population-based sample. Spinal Cord 1998; 36: 
45 – 50.

14. Shergill IS, Arya M, Hamid R et al. The importance 
of autonomic dysreflexia to the urologist. BJU Int 
2004; 93: 923 – 6.

15. Teasell RW, Arnold JM, Krassioukov A et al. Car-
diovascular consequences of loss of supraspinal 
control of the sympathetic nervous system after 
spinal cord injury. Arch Phys Med Rehabil 2000; 
81: 506 – 16.

>>>
Tidsskr Nor Legeforen nr. 9, 2012; 132   1119



REVIEW ARTICLE    Topic   Spinal cord injury
16. Bhambhani Y, Mactavish J, Warren S et al. 
Boosting in athletes with high-level spinal cord 
injury: knowledge, incidence and attitudes of 
athletes in paralympic sport. Disabil Rehabil 2010; 
32: 2172 – 90.

17. Bycroft J, Shergill IS, Chung EA et al. Autonomic 
dysreflexia: a medical emergency. Postgrad Med 
J 2005; 81: 232 – 5.

18. Eltorai I, Kim R, Vulpe M et al. Fatal cerebral 
hemorrhage due to autonomic dysreflexia in 
a tetraplegic patient: case report and review. 
Paraplegia 1992; 30: 355 – 60.

19. Krassioukov A, Warburton DE, Teasell R et al. 
A systematic review of the management of auto-
nomic dysreflexia after spinal cord injury. Van-
couver : Spinal Cord Injury Rehabilitation Evi-
dence, 2010: 1 – 33. www.scireproject.com/book/
export/html/3.(22.1.12).

20. Middleton J. Treatment of autonomic dysreflexia 
for adults with spinal cord injuries. A medical 
emergency targeting health professionals. Rural 
Spinal Cord Injury Project. www.rah.sa.gov.au/
hampstead/downloads/Auto_Dysreflexia2.pdf 
(17.1.2012).

21. Jackson CR, Acland R. Knowledge of autonomic 
dysreflexia in the emergency department. Emerg 
Med J 2011; 28: 866 – 9.

22. Esmail Z, Shalansky KF, Sunderji R et al. Evalu-
ation of captopril for the management of hyper-
tension in autonomic dysreflexia: a pilot study. 
Arch Phys Med Rehabil 2002; 83: 604 – 8.

23. Krassioukov A, Eng JJ, Warburton DE et al. A sys-
tematic review of the management of orthostatic 
hypotension after spinal cord injury. Arch Phys 
Med Rehabil 2009; 90: 876 – 85.

24. Lehmann KG, Shandling AH, Yusi AU et al. Altered 
ventricular repolarization in central sympathetic 
dysfunction associated with spinal cord injury. 
Am J Cardiol 1989; 63: 1498 – 504.

25. Dallmeijer AJ, Hopman MT, van As HH et al. Phy-
sical capacity and physical strain in persons with 
tetraplegia; the role of sport activity. Spinal Cord 
1996; 34: 729 – 35.

26. Hjeltnes N. Cardiorespiratory capacity in tetra- 
and paraplegia shortly after injury. Scand J Reha-
bil Med 1986; 18: 65 – 70.

27. Sawka MN. Physiology of upper body exercise. 
Exerc Sport Sci Rev 1986; 14: 175 – 211.

28. Nash MS, Bilsker MS, Kearney HM et al. Effects 
of electrically-stimulated exercise and passive 
motion on echocardiographically-derived wall 
motion and cardiodynamic function in tetraplegic 
persons. Paraplegia 1995; 33: 80 – 9.
1120
29. Lee CS, Lu YH, Lee ST et al. Evaluating the preva-
lence of silent coronary artery disease in asympto-
matic patients with spinal cord injury. Int Heart 
J 2006; 47: 325 – 30.

30. Bauman WA, Spungen AM. Coronary heart disease 
in individuals with spinal cord injury: assessment 
of risk factors. Spinal Cord 2008; 46: 466 – 76.

31. Myers J, Lee M, Kiratli J. Cardiovascular disease 
in spinal cord injury: an overview of prevalence, 
risk, evaluation, and management. Am J Phys Med 
Rehabil 2007; 86: 142 – 52.

32. Groah SL, Weitzenkamp D, Sett P et al. The rela-
tionship between neurological level of injury and 
symptomatic cardiovascular disease risk in the 
aging spinal injured. Spinal Cord 2001; 39: 310 – 7.

33. Furlan JC, Fehlings MG. Cardiovascular complica-
tions after acute spinal cord injury: pathophysi-
ology, diagnosis, and management. Neurosurg 
Focus 2008; 25: E13.

34. Garshick E, Kelley A, Cohen SA et al. A prospective 
assessment of mortality in chronic spinal cord 
injury. Spinal Cord 2005; 43: 408 – 16.

35. List CF, Pimenta AD. Sweat secretion in man. VI: 
Spinal reflex sweating. Arch Neurol Psychiatry 
1944; 51: 501 – 7.

36. Silver JR, Randall WC, Guttmann L. Spinal media-
tion of thermally induced sweating. J Neurol Neu-
rosurg Psychiatry 1991; 54: 297 – 304.

37. Yaggie JA, Niemi TJ, Buono MJ. Adaptive sweat 
gland response after spinal cord injury. Arch Phys 
Med Rehabil 2002; 83: 802 – 5.

38. Consortium for Spinal Cord Medicine. Prevention 
of thromboembolism in spinal cord injury. 2.utg. 
Washington, DC: Paralyzed Veterans of America, 
1999. www.metrohealth.org/documents/
patient%20services/norscis/DVTPrevention.pdf 
(17.1.2012).

39. Ploumis A, Ponnappan RK, Maltenfort MG et al. 
Thromboprophylaxis in patients with acute spinal 
injuries: an evidence-based analysis. J Bone Joint 
Surg Am 2009; 91: 2568 – 76.

40. Waring WP, Karunas RS. Acute spinal cord injuries 
and the incidence of clinically occurring thrombo-
embolic disease. Paraplegia 1991; 29: 8 – 16.

41. Merli GJ, Crabbe S, Paluzzi RG et al. Etiology, inci-
dence, and prevention of deep vein thrombosis in 
acute spinal cord injury. Arch Phys Med Rehabil 
1993; 74: 1199 – 205.

42. Lamb GC, Tomski MA, Kaufman J et al. Is chronic 
spinal cord injury associated with increased risk 
of venous thromboembolism? J Am Paraplegia 
Soc 1993; 16: 153 – 6.

43. Mathias CJ. Diseases of the autonomic nervous 
system. I: Warrell DA, Cox TM, Firth JD, red. 
Oxford Textbook of Medicine. 5. utg. Oxford: Oxford 
University Press, 2010: 5055 – 68.

44. Claydon VE, Steeves JD, Krassioukov A. Orthosta-
tic hypotension following spinal cord injury: under-
standing clinical pathophysiology. Spinal Cord 
2006; 44: 341 – 51.

45. Ogata H, Nakahara M, Sato T et al. Hyperventila-
tion during orthostatic challenge in spinal cord-
injured humans. Clin Auton Res 2009; 19: 327 – 34.

46. Bluvshtein V, Korczyn AD, Akselrod S et al. Hemo-
dynamic responses to head-up tilt after spinal 
cord injury support a role for the mid-thoracic 
spinal cord in cardiovascular regulation. Spinal 
Cord 2011; 49: 251 – 6.

47. Prévinaire JG, Mathias CJ, El Masri W et al. The 
isolated sympathetic spinal cord: Cardiovascular 
and sudomotor assessment in spinal cord injury 
patients: A literature survey. Ann Phys Rehabil 
Med 2010; 53: 520 – 32.

48. Yamamoto M, Tajima F, Okawa H et al. Static exer-
cise-induced increase in blood pressure in individ-
uals with cervical spinal cord injury. Arch Phys 
Med Rehabil 1999; 80: 288 – 93.

49. Coutts KD, Rhodes EC, McKenzie DC. Maximal 
exercise responses of tetraplegics and paraple-
gics. J Appl Physiol 1983; 55: 479 – 82.

50. Catz A, Bluvshtein V, Pinhas I et al. Cold pressor 
test in tetraplegia and paraplegia suggests an 
independent role of the thoracic spinal cord in 
the hemodynamic responses to cold. Spinal Cord 
2008; 46: 33 – 8.

51. Curt A, Nitsche B, Rodic B et al. Assessment of auto-
nomic dysreflexia in patients with spinal cord injury. 
J Neurol Neurosurg Psychiatry 1997; 62: 473 – 7.

52. Krassioukov A. Autonomic function following cer-
vical spinal cord injury. Respir Physiol Neurobiol 
2009; 169: 157 – 64.

53. Catz A, Bluvshtein V, Pinhas I et al. Hemodynamic 
effects of liquid food ingestion in mid-thoracic 
paraplegia: is supine postprandial hypotension 
related to thoracic spinal cord damage? Spinal 
Cord 2007; 45: 96 – 103.

54. Claydon VE, Hol AT, Eng JJ et al. Cardiovascular 
responses and postexercise hypotension after arm 
cycling exercise in subjects with spinal cord injury. 
Arch Phys Med Rehabil 2006; 87: 1106 – 14.

Received 26 November 2011, first revision submit-
ted 29 November 2011, approved 26 January 2012. 
Medical editor Siri Lunde.
Tidsskr Nor Legeforen nr. 9, 2012; 132



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




