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ABSTRACT: Diseases of the aorta and surgery of the aorta can produce spinal cord damage. There are major 
variations in blood supply to the spinal cord between individuals. The spinal cord may be tamponaded by increased 
spinal fluid pressure subsequent to clamping the aorta. Both of these factors may contribute to spinal cord infarction. 
The available methods and procedures to protect the spinal cord during surgery are discussed. 

RESUME: Infarctus de la moelle epiniere lors des maladies et de la chirurgie de l'aorte Les maladies de l'aorte ainsi 
que la chirurgie de ce vaisseau peuvent causer des lesions de la moelle 6piniere. II existe de fortes variations dans 
1'irrigation sanguine de la moelle entre les divers individus. Apres clampage de l'aorte, il est possible d'observer une 
tamponnade de la moelle consecutive a l'augmentation de la pression du liquide cephalorachidien. Ces deux facteurs 
peuvent done contribuer a l'infarctus de la moelle. Nous decrivons les m6thodes et procedures de prevention de ces 
complications pendant la chirurgie. 

Can. J. Neurol. Sci. 1985: 12:289-295 

The incidence of spinal cord infarction accompanying dis
ease or trauma of the aorta, or following surgery of the aorta is 
unpredictable and may be at an irreducible minimum. Perma
nent paraplegia can occur, is a devastating complication, and if 
it follows surgery the medical-legal implications are obvious. 

This is a brief review of the blood supply of the spinal cord 
and its more common variations. Diseases, trauma, and sur
gery of the aorta are discussed in relationship to transient or 
permanent spinal cord damage. The possible mechanisms of 
cord infarction subsequent to clamping of the aorta and various 
protective methods are reviewed. Mention is also made of 
neural axis compliance to increased volume and pressure. This 
may significantly contribute to the integrity of the spinal cord 
when the aorta is clamped. 

SPINAL CORD BLOOD SUPPLY 

A spinal cord infarct from a diseased aorta or during surgery 
of the aorta may depend more on the individual variation in 
spinal cord blood supply than any other single factor. The blood 
supply of the cord can be considered in three divisions: proximal, 
radicular, and terminal.'2'3 The proximal division consists of 
the spinal branches of the thyrocervical trunk, vertebral, 
costocervical, intercostal, and lumbar arteries. The anterior 
and posterior radicular arteries arise from the spinal branches 

and enter the spinal canal along the ventral and dorsal nerve 
roots. These vessels contribute to the formation of long 
anastamotic channels of the cord. There are significant differ
ences between the anterior and posterior cord circulations. 

The anterior radicular arteries are usually small and most of 
them end in the ventral nerve roots or in the pial circumferential 
plexus of the cord. A small variable number (4 to 9) lower 
cervical, lower thoracic and upper lumbar are larger and reach 
the anterior median sulcus of the cord. They then divide into 
ascending and descending branches to form a single or paired 
vessel of uneven calibre along the anterior median sulcus.4 

The upper end of the anterior spinal artery is a direct branch 
from the two (or sometimes one) vertebral arteries. It is not a 
functionally continuous, uninterrupted vessel from the cervical 
region to the lumbar area.2 It either terminates or becomes 
substantially reduced in size between C3 and C4. 

The posterior spinal arteries arise from the vertebral or poste
rior inferior cerebellar artery and descend as two branches, one 
anterior, the other posterior to the dorsal nerve root. Effectively, 
there are four posterior spinal arteries. They are segmentally 
reinforced by posterior radicular collaterals from the vertebral, 
cervical, and posterior intercostal arteries. Although variable 
in size and number, these are more numerous than the anterior 
radicular arteries. The vertical continuity of the posterior spi
nal arteries is better than the anterior spinal artery and they are 
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less vulnerable to interruption of a radicular branch. Finally, 
the posterior spinal arteries receive an important contributing 
loop from the anterior spinal artery at the conus medullaris. 
The radicular artery of Adamkiewicz contributes a branch to 
both the anterior spinal artery and to the division of the poste
rior spinal artery lying anterior to the posterior nerve root. 

About two-thirds of the cross sectional area of the cord is 
supplied by the anterior spinal artery. The grey and white 
posterior columns and the periphery of the anterior and lateral 
white columns receive multiple small radial vessels from the 
posterior spinal arteries and from the circumferential pial plexus. 

The variations in this anatomy are considerable. Embryonically, 
every segment of the spinal cord receives paired radicular 
arteries, but many of these segmental branches atrophy or 
disappear.3 The ultimate arrangement, which is important in 
determining cord infarcts, consists of only one or two cervical, 
two or three thoracic, and one or two lumbar radicular arteries 
persisting into adult life. There are less than five radicular 
segmental arteries in 45% of the population.5 The variation in 
number and origin of radicular arteries may prevent the ante
rior spinal artery from functioning as a collateral. Occlusion of 
an intercostal vessel may be harmless to one patient and a 
disaster to another.2 

The middle and lower thoracic regions of the spinal cord 
usually have the poorest segmental vessels. The wide spacing 
of the radicular arteries leaves large segments of the spinal cord 
with a precarious inflow. Interruption of any important radicu
lar branches could have serious ischemic consequences. 

The most important radicular artery is the great radicular 
artery of Adamkiewicz (GRA). When it arises at its common 
level of origin, Tl 1 or T12 on the left, there is usually another 
important radicular artery of lesser size at the LI or L2 level. 
Either of these two major radicular arteries in the thoraco
lumbar region may become dominant.' 

In man, the GRA enters the spinal cord at the level of T5 to T8 
in 12-15% of cases, T9 to T12 in 60%, LI in 14%, L2 in 10%, L3 
in 1.4%, and L4-5 in 0.2%.5 The location of the GRA may be the 
decisive factor in spinal cord damage during aortic clamping. If 
it arises within the area of aortic clamping, spinal cord damage 
will be due to inadequate collateral circulation irrespective of 
shunts and distal perfusion pressure. The cord may survive this 
situation if there is an infrarenal lumbar radicular artery of 
substantial size. If the GRA rises inferior to the clamped area 
and the collateral circulation is adequate, a protective proce
dure is not necessary nor is it necessary if the GRA arises above 
the clamp. 

The effectiveness of the collateral and anastamotic circula
tion will be reduced by hypotension, blood loss, narrowing and 
occlusive disease of anastamotic vessels, and possibly intraspinal 
pressure (see below). 

Another reason (see below) why a shunt may not prevent 
infarction is because its proximal attachment may disrupt a 
major normal source of blood to the spinal cord, i.e. the 
thyrocervical trunk or the internal thoracic artery. Thus, there 
is a net reduction in peripheral blood flow to the cord in spite of 
the shunt. 

In spite of the importance of the arrangement of vessels to the 
spinal cord, pre-operative aortography to demonstrate them is 
not a practical consideration. The information obtained does 
not justify the added delay and risks and cannot negate the 
indications for surgery in what is often a life-threatening situation. 

DISEASE, TRAUMA, AND SURGERY OF THE AORTA 

Occlusion 

This is the least common disease of the aorta. In 3000 patients 
with peripheral vascular disease, DeMedeiros6 found 36 occlu
sions of the aorta and in 1047 consecutive autopsies on patients 
with no neurological symptoms Lueth found one occlusion.7 It 
may present with intermittent, effort-related neurological signs 
and symptoms in the legs. Dejerine8 described this intermittent 
cord ischemia and differentiated it from the claudication described 
by Charcot. Paraplegia lasting 12 hours,9 or several months,10 

or permanent"12 may occur with occlusion of the aorta. 

Aortic Surgery 

The incidence of spinal cord damage depends on the nature 
and location of the aortic lesion, the urgency of the surgery, and 
a host of other factors. 

It is important to put the risks of intra-operative and post
operative cord infarction into perspective and to illustrate the 
inevitability of some morbidity and mortality with diseases of 
the aorta and their treatment. 

Of 655 non-traumatic paraplegics admitted to a spinal injury 
unit over 30 years, only five had become paraplegic following 
surgery for coarctation, aneurysm, or traumatic rupture of the 
aorta.13 This does not represent the true incidence of cord 
damage, as from 38 to 70% of post-operative paraplegics die in 
the immediate or early post-operative period and never reach a 
spinal injury unit.' 

Coarctation of the Aorta 

Spinal cord infarction occurs with coarctation unrelated to 
surgery, although rarely.2 

In the 12,532 cases of surgical repair of coarctation collected 
by Brewer et al,2 the incidence of post-operative spinal cord 
damage was 0.41%. The infarct was not always related to the 
sacrifice of intercostal arteries or the duration of the aortic 
clamp time. The critical factor appeared to be the anomalous 
and variable system of radicular arteries contributing to the 
anterior spinal artery. In some patients, the system was so 
tenuous that cross-clamping was not tolerated for even brief 
periods in spite of the use of protective measures, i.e. aortic 
pressure measurements above and below the coarctation before 
and after clamping, and where indicated, the use of hypothermia, 
left heart bypass, or jump grafts. This suggests the cord infarc
tion incidence of 0.41% in coarctation may be irreducible and 
not predictable. 

Aneurysm 

Paraplegia as a presenting complaint in aortic aneurysm is 
uncommon.I41516 It has followed the destruction of the lumbo
sacral spine by the aneurysm.17 Seventy percent of abdominal 
aneurysms are small and symptom-free, and have ah operative 
mortality of less than one percent.'8'920 

There are greater hazards with a ruptured aneurysm. The 
mortality before surgery in all ruptured abdominal aneurysms 
is 35%, during or after emergency surgery is 55% (and 10% 
worse in the presence of shock), while during or after elective 
surgery it is 11%.21 When the operation is an emergency but 
rupture is not found, the mortality is 20-25%.20 The prognosis is 
worse in the presence of pre-operative or intra-operative car
diac arrhythmia, anuria, intraperitoneal rupture,22 and delay in 
diagnosis.23 
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Paraplegia complicating resection of abdominal aortic aneu
rysms is uncommon.20,24'25,26 Keye et al reported a single case 
and found 36 similar patients in the literature up to April 1980.2? 

Szilagyi et al' found spinal cord damage in 0.25% of 3164 
patients following abdominal aortic surgery for a variety of 
lesions. All the spinal cord complications were in patients with 
aneurysm and were 10 times more common in ruptured aneurysm. 
The commonest neurological lesion was a flaccid paraplegia (5 
of 8), of whom three died. Partial recovery occurred in two of 
eight patients, and complete recovery in one. In spite of the 
hazards associated with the treatment of a ruptured or impend
ing ruptured aneurysm, surgery is the only treatment. The risk 
of paraplegia is small compared to the usual outcome of an 
untreated rupture. 

Repair of thoracic aneurysms carries a greater threat to the 
cord. The incidence of paraplegia has been reported as high as 
6%.28,29 Repair of thoracoabdominal aneurysm is even more 
hazardous, the incidence ofcord damage being 10% or higher.21 •30 

This is due to the disruption of important radicular arteries 
including the major radicular artery (Adamkiewicz), which arises 
from the aorta between Tl and LI. 

Dissection of the Aorta 

Neurological signs are common at the onset of this disorder. 
Twenty percent of patients have a reduced level of consciousness, 
probably due to cerebral hypoperfusion. Three to six percent 
present with paraplegia or monoplegia and half this number 
with hemiplegia.3',32 Both proximal and distal dissections may 
cause spinal cord ischemia.32,33,34 Dissection is nearly always 
fatal if not treated surgically35 as only 10% of patients treated by 
medical means were alive three months after onset.36 The patency 
of the carotid, subclavian, and coronary arteries is compro
mised in 50% of ascending aorta dissections.35 The disease 
presents with a combination of chest pain, heart failure, acute 
abdomen, transient or permanent limb ischemia, and neurologi
cal signs. The mortality in the first 24 hours in untreated ascend
ing dissections is 20-40%.31'36 

The aim of medical treatment is reduction of blood pres
sure,37 which may allow an acute situation to become chronic 
with the expectation of better surgical mortality. Medical treat
ment alone resulted in 22% mortality of 90 patients with descend
ing lesions and 83% mortality of 76 patients with ascending 
lesions.38 The overall surgical mortality is between 15% and 
3Q%32.35.39 a n d r a n g e s from 3g% 0f 170 patients with acute 
lesions to 18% of 74 patients with chronic lesions.38 In dissec
tions of the descending aorta, the surgical mortality ranges 
from 5% to 25% in uncomplicated chronic cases38,39 to as high 
as 36% of 121 patients with acute lesions. 

In 527 patients with dissections of all types, seen over a 20 
year period, 21 presented with strokes and 10 with paraplegia. 
Post-operatively there were 19 paraplegic, 18 paraparetic, and 
four patients with neurogenic bladder only. Thus, 41 patients or 
7.7% had post-operative ischemic spinal cord damage.32 

Traumatic Rupture of the Aorta 
Most traumatic ruptures of the aorta follow deceleration 

injuries. The injury can also contuse or lacerate the cord and 
this may account for the paraplegia even though the aorta is 
clearly ruptured. Patients may present with anuria and paraple
gia40 either permanent or transient.41 Kirsh et al had one post
operative paraplegia and reported overall survival of 70% of 43 

patients treated over 10 years.4 They used a bypass without the 
aidofextracorporealcirculation,plusantihypertensive therapy. 

In the treatment of traumatic rupture of the aorta there is a 
relationship between spinal cord damage and the duration of 
the clamp time. The damage is compounded by the absence of a 
shunt or bypass. Although a shunt does not provide complete 
protection, the probability ofcord damage is less in a group of 
shunted patients at all times after about 30-35 minutes of clamping. 
The risk factors are less obvious when the clamp time is less 
than 30 minutes.43 This suggests that most spinal cords can 
survive almost total ischemia for some minutes (710-15); but 
after 30 minutes, shunting plus effective collateral circulation 
are needed. 

Aortography 

Spinal cord damage is fortunately rare after this examination. 
Szilagyi et al reported an incidence of 0.01% (2 of 17,494).' 
After selective angiography to demonstrate spinal cord arterio
venous malformations, Rich6 et al reported no complications in 
38 patients.44 

PROTECTIVE MEASURES 

Clamping the aorta below the subclavian artery produces 
profound physiological changes.45'4647''8-49 There is an abrupt 
and severe rise in blood pressure proximal to the clamp and an 
abrupt drop and hypoperfusion distal to the clamp. Reduced 
systemic perfusion pressure even without cord vascular dis
ease or clamping the aorta can infarct the spinal cord. Silver 
and Buxton described 11 patients with spinal stroke in the 
anterior spinal artery territory at the lower dorsal and upper 
lumbar segments. All were secondary to a drop in systemic 
arterial pressure and reduced cord perfusion.50 

Estimating the length of time the cord may tolerate interrup
tion of blood flow from a clamp placed above the renal arteries 
and below the diaphragm is speculative and may be pointless. 
Because of the variation in the blood supply of the lumbar 
spinal cord, the length of time of aortic occlusion and the 
subsequent development of neurological signs do not correlate 
well, particularly if the occlusion is greater than 30 minutes. 
Complete freedom from neurological damage is the invariable 
rule when the interruption is less than 10 to 15 minutes.' Inter
ruption of the aorta below the diaphragm and above the renal 
vessels for 20 to 25 minutes with no damage has been observed 
in a large number of cases. 

Adams and VanGeertruyden3 and Cunningham et al51 sug
gest that the safe time limit for complete cross-clamping is 
perhaps 18 minutes or less. If the positions of the clamps 
compromise major radicular vessels the safe time is probably 
12 to 18 minutes.2'3,51 Reversible ischemia becomes irrevers
ible infarction after this. Under these anatomical and clamp 
conditions it is unlikely that shunts, bypass, hypothermia, or 
other supportive measures can extend this time. 

There are mixed opinions on most of the ancillary devices 
designed to protect the spinal cord during clamping of the aorta. 

Left Heart Bypass and Shunts 

Brewer et al2 found that neither the sacrifice of intercostal 
arteries or the duration of aorta occlusion was related to cord 
damage in all cases of coarctation repair. They believed 
hypothermia, left heart bypass, or jump grafts should be pro-
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vided when the pressure of the aorta distal to the clamp became 
significantly different from the proximal, preclamping aorta 
pressure. Cunningham et al state that shunting or partial bypass 
are necessary if sensory evoked potentials (SEP) are used as a 
monitor of spinal cord integrity. Without the simultaneous use 
of bypass, the SEP changes or attenuates for insignificant rea
sons (i.e. opening the chest) and the signal is then not visible 
when a real threat does occur.5'52 Connolly considers the 
heparinless bypass and preservation of T9-TI2 intercostals 
essential in all cases.53 

Katz found a shunt was not totally protective in the treatment 
of traumatic rupture, but the probability of cord damage increased 
in the unshunted after 30 minutes of clamp time.43 Kirsch et al 
also believe that repair of traumatic rupture of the aorta can 
safely be accomplished by using a bypass shunt without extra
corporeal circulation.42 However, even a blood pressure of 60 
mm of Hg distal to the lower clamp did not prevent spinal cord 
damage of from 3.6%54 to 17.7%.55 Crawford and Rubio56 reported 
an incidence of paraplegia of 7.8% when using a shunt and 2.2% 
without a shunt. 

DeBakey et al reported in 1982 that since 1970 they had 
abandoned hypothermia, shunts, left atrial femoral bypass and 
femorofemoral bypass with no change in the incidence of spinal 
cord ischemia in the 12 year period.32 

Crawford believes that "recommending routine distal perfu
sion or bypass . . . seems to be a step backward since recent 
experience indicates that they are not only unprotective but 
hazardous and associated with a mortality rate comparable to 
the incidence of complications that they would be employed to 
prevent".57 

However, shunts and bypasses have additional benefits in 
ameliorating the aorta cross-clamp and declamp syndromes 
(see below). 

In contrast to the variations of opinion on the usefulness 
of shunts and bypasses, there seems to be unanimity of opinion 
of the importance of intercostal arteries and their reimplanta
tion. 5-30'51'58-59-60-61 However, even reimplantation will not 
save the cord if the perfusion pressure in the segment of aorta 
from which they arise is inadequate (i.e. less than 40-60 mm 
ofHg). 

The Aorta Cross-Clamping Syndrome 
There is an additional source of damage from cross-clamping 

the aorta and another from declamping. 
Clamping the thoracic aorta in healthy dogs for 20 minutes 

produced a 65% increase in coronary blood flow, an 80% increase 
in cardiac work and, important to the survival of the spinal 
cord, a 68% increase in peripheral resistance relative to base
line values.45 There is an abrupt and marked rise in blood 
pressure proximal to the clamp in man and animals.45'46,47'48 

In a group of patients with clamped aorta and no bypass, 
marked muscle acidosis and a decrease in adenylate energy 
charge was found. On declamping, these metabolic changes 
regained their pre-clamp values although energy phosphate 
compound remained reduced. The same hemodynamic changes 
occurred as in the canine study above. There was a marked fall 
in mean arterial blood pressure on declamping. 

In a similar group of patients with clamped aorta and a 
brachial-femoro-femoral bypass, there was no increase in sys
temic vascular resistance, mean arterial blood pressure, or left 
ventricular work during clamping. 

On declamping, there was only a minor drop in mean arterial 
blood pressure. In both groups there was a transient rise in 
pulmonary vascular resistance suggesting pulmonary micro-
emboli. These authors think an extracorporeal bypass is a 
worthwhile adjunct in corrective surgery of the aorta. It offers 
protection to cardiac function, prevents muscle metabolic 
derangement, prevents the marked rise in peripheral vascular 
resistance and proximal hypertension. On declamping, it obvi
ates the serious hypotension.48 Even if a bypass does not always 
prevent ischemic cord damage, these reasons justify its use. 

The Declamping Syndrome 
After declamping of the infrarenal aorta or common iliac 

arteries marked hypotension occurs.62 This is probably due to 
pooling of blood in the reperfused lower limbs and represents 
another insult to the ischemic spinal cord at a time when it may 
be most vulnerable. Left ventricular systolic pressure, total 
peripheral resistance, and cardiac work decrease 55%, 85%, 
and 80% of baseline levels respectively after declamping.45 The 
distribution of cardiac output to the lower extremities rises 
from 2.5% to 20% at the expense of renal, hepatic, mesenteric, 
and possibly spinal cord perfusion.63 

Central hypovolemia with internal steal is the likely pathogen
esis of declamping shock. This may be circumvented by employ
ing moderate volume loading prior to declamping while closely 
monitoring mean pulmonary artery occlusion pressure.62 

Intracranial Pressure and Spinal Cord Tamponade 
Clamping the aorta is accompanied by increased intracranial 

pressure (ICP).4546'64The mechanisms include a rise in central 
venous pressure,5 a rise in arterial blood pressure,45 and drugs 
used to treat the hypertension particularly sodium nitroprus-
side.6566 Sodium nitroprusside is thought to directly dilate 
intracranial vessels with increased blood volume and cerebral 
blood flow.65,67 Cerebral autoregulation can be overcome by 
the hypertension and the drugs. The rise in intracranial blood 
volume leads to an increase in intracranial pressure.68'69,70 

The volumes of blood and cerebrospinal fluid (CSF) in the 
cranium are reciprocal. As the former rises the latter decreases 
and more CSF is forced into the spinal theca. When the compli
ance of this space is exhausted, minute increases in volume 
have large effects on pressure.71 

Miyamoto et al49 believe the post-operative paraplegia was 
due to increased intracranial pressure during aortic cross-
clamping. They thought the raised CSF pressure could tampon
ade the cord at a time when its arterial perfusion was low. 

Blaisdell and Cooley46 found 100% incidence of paraplegia in 
dogs when the CSF pressure equalled or exceeded the pressure 
in the aorta distal to the clamp. In other animals when the 
CSF pressure was lowered by removal of CSF or urea dehydra
tion, the rate of paraplegia was 8% after clamping of the aorta 
and 50% in the control animals. 

Berendes et al64 measured CSF and femoral artery pressure 
in eight patients before, during, and after clamping in the course 
of surgical correction of aneurysm or coarctation. The only 
patient with CSF pressure exceeding the femoral artery pres
sure during clamping was paraplegic post-operatively. Intracranial 
pressure has also been measured before and after clamping of 
the aorta in a patient with pre-existing raised intracranial pressure. 
The CSF pressure rose more than 70% which indicates the end 
of the intrathecal and intracranial compliance.47 In spite of the 
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clinical evidence of raised intracranial pressure in some patients 
following aortic clamping,47,64 CSF pressure measurements or 
drainage is not a routine measure before or during surgery. 

The capacity of intracranial and intravertebral space varies 
from person to person as studies on spinal stenosis and cervical 
spondylosis have shown.72 Nordqvist found a large range of 
sagittal diameters of the spinal subarachnoid space. At the level 
of the seventh thoracic vertebra, the space has an average 
sagittal diameter of about 13 mm and a range from 8 to 17 mm.73 

A proportional increase in volume will raise the pressure less 
in a large distensible container than in a small one. Thus, the 
individual response to increased intracranial contents will be 
variable and unpredictable. Only one of the eight patients of 
Berendes et al had significantly raised ICP after clamping of the 
aorta.64 If there is to be an improvement in the small and 
apparently irreducible incidence of spinal cord infarcts associ
ated with aortic surgery, the assessment of neural axis compli
ance will have to become routine. When the surgery is elective 
a pressure volume index measurement74 will demonstrate the 
patient who cannot tolerate increased volume. This patient 
must have spinal fluid drainage or dehydration therapy. When 
the urgency of the surgery will not permit the measurement, the 
treatment should be used anyway. 

Sensory Evoked Potentials (SEP) 

SEP provides a method of assessing spinal cord ischemia 
during operation. The stimulus is applied to both posterior 
tibial nerves and the latency and amplitude of the response is 
recorded from the scalp. The details of the technique are well 
established.75 The afferent signals which generate the SEP are 
conducted in the posterior columns,76 and normal recordings 
have been obtained from patients with infarcts in the anterior 
spinal artery territory.77 Spinal cord ischemia related to disease 
or surgery of the aorta is generally in the territory of the anterior 
spinal artery and therefore the test may be anatomically 
inappropriate. A further weakness is that a clinically complete 
spinal cord lesion may not be neurophysiologically complete.78 

In animal studies, after 12.4 minutes of aortic occlusion, the 
SEP signal vanished. Where perfusion was immediately re
established there was complete recovery with no clinical or 
histological sequelae. In another group in which the occlusion 
was extended for 15 minutes after the loss of the SEP, two-
thirds sustained spinal cord infarction.79 

Another animal study monitored SEP and measured spinal 
cord blood flow to determine the safe level of distal aorta 
occlusion and critical vessel exclusion. The method appeared 
to be informative and sensitive.60,6' 

SEP have been used as a continuous monitor on patients 
undergoing thoracoabdominal aortic surgery. When ischemic 
changes were detected by SEP, distal circulation was increased 
by a heparinized shunt, femoro-femoral bypass, or reimplanta
tion of intercostal arteries.51 One of the major criticisms of SEP 
monitoring57 is the necessity of using a shunt or bypass in 
conjunction. It is necessary because from the thoracotomy 
alone or after cross-clamping the aorta for eight to nine minutes 
the SEP response will vanish. This is due to ischemia but does 
not indicate infarction; however it prevents further monitoring. 
The object is to maintain sufficient distal perfusion to allow 
persistent baseline SEP recordings. Removal of important inter
costal arteries can then be quickly recognized. 

In addition to the criticisms that SEP are too sensitive or not 
sensitive enough, or monitor the function of the posterior cord 
when the anterior aspect is at risk, the potentials can be attenu
ated by halothane, hypothermia, and hypotension. Furthermore, 
technical problems and operating room noise may invalidate 
the recordings in 20% of patients. There may be inordinate 
requests to halt the surgical procedure to obtain clean record
ings and the time lapse needed for this is unacceptable.53 

Although there are arguments for and against the use of SEP, 
the balance of evidence suggests they are helpful and likely to 
become more so as techniques and equipment improve. Any
thing that can herald the onset of a cord infarct at a time when 
the direction or form of the surgery can be modified and the 
infarct prevented cannot be abandoned. The obligatory shunt 
needed with the SEP has ample justification on its own merits 
as described above. 

CONCLUSIONS 

The number of spinal cord infarcts associated with disease or 
surgery of the aorta may be at an irreducible minimum. However, 
the tragedy of paraplegia is so great that the subject requires 
continuing scrutiny. 

There are two unassessable factors partially determining the 
prognosis. They are both individualistic and unique. The first is 
the number and location as well as the effectiveness of the 
radicular arteries contributing to the anterior and posterior 
spinal arteries. The second is the size of the patient's subarach
noid space and the intraspinal volume/pressure relationships in 
response to brain swelling. 

The efficacy of protective intra-operative devices is debat
able and there is no consensus on sensory evoked potentials. 
The latter have the attraction of being a physiological measure
ment, are applicable in an almost continuous way and may 
anticipate spinal cord infarction. Their intra-operative time 
consumption, hypersensitivity, and the necessity of using a 
shunt at the same time has produced some strong negative 
opinion from some very experienced cardiovascular surgeons.57 
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