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General discussion and Future perspectives 

General discussion 

Various adjuncts have been used in an attempt to decrease the incidence of lower limb 

neurological deficits following thoracoabdominal aneurysm (TAAA) surgery. A drawback 

of the clinical studies concerning protective strategies is that they are merely descriptive, 

i.e. they describe "how we do it", or they compare a proposed strategy against historical 

control groups. In these studies there is not always clarity on the distribution of the different 

types of aneurysms, the aortic clamp times, the number and level of reattached segmental 

arteries, and the use of distal perfusion techniques. In addition, the number of patients in 

one center is usually small and therefore most studies lack adequate statistical power to 

detect clinically relevant changes in outcome. Despite these obvious disadvantages, these 

clinical studies have proven to be valuable in our understanding of perioperative ischemic 

spinal cord injury. In conjunction with the increased knowledge and the application of 

various protective strategies, a progressive decrease in permanent neurological deficit in 

patients with a type I or II aneurysm can be observed over the last four decades. 

There are three main principles to prevent neurological deficits. First, spinal cord blood 

f low has to be maintained during aortic replacement. Second, blood supply to the spinal 

cord should be restored. Third, if the spinal cord is likely to become ischemic during the 

surgical procedure, methods should be employed that improve spinal cord neuronal tolerance 

to ischemia. A monitoring technique that allows rapid detection of spinal cord ischemia 

could be a valuable adjunct. 

In this thesis, monitoring spinal cord function with Motor Evoked Potentials (MEPs) is evaluated 

(chapter 3, 4 and 5). The recording of compound muscle action potentials following 

transcranial electrical stimulation reflects anterior horn motor function. This relatively new 

technique has the potential to rapidly detect spinal cord ischemia. Indeed, in a rabbit model 

of transient spinal cord ischemia, MEPs recorded from the muscles of the hind leg (myogenic 

MEPs) were lost within minutes after the onset of ischemia. In 20 patients undergoing 

TAAA surgery, MEPs allowed rapid detection of spinal cord ischemia. The management of 

proximal and distal aortic pressures, in order to maintain adequate spinal cord perfusion, 

could be guided based on MEPs. During the procedure, MEPs were also used to determine 

whether segmental arteries in a clamped aortic segment could be safely ligated or needed 

to be preserved. Ligation of segmental arteries that would have been reattached without 

spinal cord function monitoring, reduces duration of aortic clamping, which is an important 

predictor of neurological deficits. 

However, if "non-critical" segmental arteries that supply the cord are ligated, the spinal 

cord might become vulnerable to occlusion of either the remaining segmental arteries, or 
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the occlusion of preserved segmental arteries, or to low perfusion states. Although most 

attention in the surgical strategy is focused to preserve the arteria radicular^ magna 

(Adamkiewicz artery), the existence of such an artery is questioned in the diseased, 

arteriosclerotic aorta with occlusion of multiple segmental arteries. To elucidate this question, 

the importance of segmental arteries primarily "non-critical" for spinal cord blood supply 

was assessed in a porcine model of spinal cord ischemia (chapter 6). The pig has a spinal 

cord blood supply that is almost identical to the human anatomical situation. A new model 

of porcine spinal cord ischemia was developed. Instead of clamping an aortic segment, the 

complete thoracoabdominal aorta was exposed and the individual segmental arteries were 

clamped. This technique had the advantage that visceral and hind limb perfusion could be 

maintained during transient spinal cord ischemia and that the hemodynamic response 

resulting from aortic clamping did not interfere with the experimental design. In this model, 

spinal cord perfusion pressure was lowered by means of increasing cerebrospinal fluid 

pressure. Other strategies to lower spinal perfusion pressure, like induction of hypovolemia 

(blood-withdrawal) or pharmacologically induced vasodilatation, could have resulted in 

counter-regulatory mechanisms that interfere with outcome. Using this porcine model of 

increased cerebrospinal fluid pressure, we demonstrated that the majority of intercostal arteries 

was not important for spinal cord blood supply when spinal cord perfusion pressure was in 

the normal range. However, when these "non-critical" segmental arteries were clamped and 

perfusion pressure was decreased, spinal cord ischemia developed rapidly. Therefore, it was 

concluded that a decrease in perfusion pressure renders the spinal cord blood supply dependent 

on previously not important segmental vessels. If these results are applicable in man, they 

suggest the wisdom of preserving the majority of patent segmental arteries. 

Indeed, the management of segmental arteries in our hospital has changed over the past 

years. The meticulous preservation of segmental arteries resulted in the "dedicated intercostal 

care" according to Jacobs and de Mol.: This strategy does not merely imply the reattachment 

of the majority of patent segmental arteries. If necessary, separate grafts are used to 

revascularize segmental arteries, and in some occasions these grafts are perfused during 

aneurysm replacement with the centrifugal bypass pump that is also used for distal aortic 

perfusion. In addition, segmental arteries are technically regardful reattached in order to 

prevent postoperative occlusion. 

What will be the remaining advantage of monitoring MEPs after the implementation of the 

"dedicated intercostal care"? The functional approach of monitoring MEPs and the anatomical 

approach to reattach segmental arteries are probably inseparable for several reasons. 1) 

The technique to liberally reattach segmental arteries prolongs the duration of cross-clamping, 
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which is an important predictor of lower limb neurological deficits. Therefore, when an 

aortic segment is clamped, MEP monitoring is indispensable to guide the timely management 

of proximal and distal pressures in order to maintain spinal cord neurophysiologic function 

and preserve adequate spinal cord perfusion. 2) MEP monitoring can assess whether relevant 

intercostal or lumbar arteries originate from a clamped aortic segment, if evidence of spinal 

cord ischemia is detected while segmental arteries can not be readily found, an endarterectomy 

of the aorta is warranted, with subsequent reattachment of intercostal arteries. 3) The ability 

of revascularized segmental arteries to maintain adequate spinal cord perfusion can be assessed 

with the use of MEPs. Therefore, if a strategy is employed that "aggressively" aims to reduce 

lower limb neurological deficits (distal bypass, CSF drainage, reattachment of segmental arteries), 

monitoring spinal cord function with myogenic motor evoked potentials (MEPs) should be 

added as the fourth main strategy to improve functional outcome. 

Even with this approach transient spinal cord ischemia should be reckoned with. Therefore 

it would be advantageous if strategies were available that increase spinal cord tolerance 

to a period of ischemia. In models of cerebral ischemia, mild hypothermia consistently 

improved neuronal survival. Although mild hypothermia inhibits all detrimental intracellular 

processes following ischemia, neuroprotection by mild hypothermia is thought to be 

mediated mainly by a decrease of excitatory amino acid release (early in the cascade 

leading to neuronal death). 

Free radicals are believed to play a role in ischemia-reperfusion injury, and are involved late in 

the cascade that leads to irreversible damage. The damage inflicted by free radicals is probably 

mediated by membrane lipid peroxidation by reactive oxygen species in the reperfusion 

phase. The 21 -aminosteroids scavenge free radicals and inhibit membrane lipid peroxidation. 

The neuroprotective ability of the 21-aminosteroids was documented in various models of 

cerebral ischemia. In this thesis, protection with mild systemic hypothermia (3 - 4°C temperature 

decrease) was demonstrated in a rabbit model of spinal cord ischemia, whereas the free 

radial scavenger/21-aminosteroid U-74389G was not protective (chapter 7). An additional 

protective effect of the 21-aminosteroid added to mild hypothermia was postulated, because 

mild hypothermia acts early and U-74389G acts late in the ischemic cascade. However, 

additional protection by U-74389G could not be demonstrated because mild hypothermia 

provided near complete neuroprotection. Several likely explanations of the lack of protection 

afforded by U-74389G were discussed. The most likely explanation is that the duration of 

ischemia was too long to show a beneficial effect of the 21 -aminosteroid. Another possibility 

is that the protective ability of free radical scavengers is small because they exert their 

effect when the ischemic cascade has run its course. The neuron is swollen by the influx of 
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sodium, calcium, and osmotically attracted water, and calcium-induced enzyme activation 

has already occurred. A systematic review on pharmacological spinal cord protection against 

transient ischemia revealed that the results of most studies would suggest that numerous 

agents protect the spinal cord (chapter two). However, the majority of studies had 

methodological limitations. Therefore, it remains to be determined whether pharmacological 

agents will be able to provide similar neuroprotection against a clinically relevant period of 

spinal cord ischemia as that provided by mild hypothermia. During TAAA surgery mild 

hypothermia can either be obtained by permissively allowing spontaneous cooling, or with 

the aid of a heat exchanger combined with the distal perfusion technique. If a period of 

spinal cord ischemia is encountered during TAAA surgery, mild hypothermia might be a 

valuable adjunct to improve neuronal survival. 

In models of cerebral ischemia, preconditioning the brain with a non-lethal period of ischemia 

(insufficient to produce irreversible neuronal damage) induced tolerance to a subsequent, 

otherwise lethal ischemic insult. This potentially exploitable property might be of use especially 

during TAAA surgery, where a period of spinal cord ischemia can be anticipated. This does 

not imply that the aorta must be occluded to actually produce spinal cord ischemia prior to 

aneurysm repair. Instead it should be evaluated if neuronal populations indeed possess an 

inducible endogenous mechanism to increase their tolerance to ischemia, which could then 

be activated prior to TAAA surgery. For example in hippocampal slices, chemical 

preconditioning could improve functional recovery following ischemia.2 In spinal cord ischemia, 

one study showed that ischemic preconditioning could protect against a short duration of 

ischemia (not sufficient to produce complete paraplegia).3 However, following TAAA surgery, 

a mild paraparesis is likely to resolve and most of these patients are able to resume their 

preoperative level of functioning. Instead, paraplegia or severe paraparesis is the most 

challenging problem, because severe deficits result in permanent disablement and are 

associated with both a high incidence of co-morbidity and an increased mortality.4 Therefore, 

the protective ability of ischemic preconditioning was evaluated against a clinically relevant 

duration of ischemia, likely to produce paraplegia or severe paresis (chapter 8). Although 

Heat Shock Protein 72 was produced, ischemic preconditioning could not protect the spinal 

cord against this more severe ischemic insult. 

Future perspectives 

In this thesis motor evoked potentials, "dedicated intercostal care" and mild hypothermia 

were suggested to be beneficial adjuncts in order to decrease the incidence of lower limb 

neurological deficits following TAAA surgery. The last page of this thesis will speculate on 

issues that remain to be resolved and on future protective strategies. 
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Although myogenic MEPs monitor the ischemia sensitive anterior horn motor-neuronal 

system, somatosensory evoked potentials (SEPs) are still widely used to monitor spinal 

cord function during TAAA surgery. As described in the introduction, SEPs have serious 

limitations during TAAA surgery. Therefore, research is required that compares the efficacy 

of SEP and MEP monitoring during TAAA surgery. 

Despite the use of MEP-guided distal aortic perfusion, a period of ischemia can not always 

be avoided. Following the detection of spinal cord ischemia with MEPs, the most logical 

preventive measure would be to reverse the occurrence of ischemia by selective perfusion 

of segmental arteries analogously to selective organ perfusion with the use of a centrifugal 

pump. When the technical difficulties with high blood flows in relation to small catheter 

orifices can be overcome, this technique might preserve spinal cord blood f low during graft 

inclusion. 

In order to enhance neuronal tolerance against a period of spina! cord ischemia, the 

neuroprotective ability of mild hypothermia is well established. Further levels of hypothermia 

might provide superior protection. However, the use of moderate and deep hypothermia is 

limited by their adverse effects. These limitations can be overcome by regional cooling of 

the epidural or subarachnoid space. Before the routine application of these cooling strategies 

can be advocated, the possible deleterious effect of the associated increase in CSF pressure 

should be examined. 

Concluding remarks 

During TAAA surgery, paraplegia and paraparesis are the result of multiple interdependent 

events. A multimodality approach that deals with each of the possible causes of irreversible 

spinal cord damage may be the best strategy to decrease the incidence of lower limb 

neurological deficits. 

Apart from the protective strategies described in this thesis, teamwork, experience and a 

meticulous surgical and anesthetic protocol, in which no concessions are made that 

compromise patient safety, will determine outcome. 

169 



Chapter 9  

References 
1. Jacobs M, Meylaerts SA, de Haan P, de Mol BA, Kalkman CJ: Strategies to prevent neurologie 

deficit based on motor-evoked potentials in type I and II thoracoabdominal aortic aneurysm 

repair. J Vase Surg 29(1 ): 48-59, 1999 

2. Riepe MW, Esclaire F, Kasischke K, Schreiber S, et al: Increased hypoxic tolerance by chemical 

inhibition of oxidative phosphorylation: "chemical preconditioning". J Cereb Blood Flow 

Metab 17(3): 257-64, 1997 

3. Sakurai M, Hayashi T, Abe K, Aoki M, Sadahiro M, Tabayashi K: Enhancement of heat shock 

protein expression after transient ischemia in the preconditioned spinal cord of rabbits. J 

Vase Surg 27(4): 720-5, 1998 

4. Svensson LG, Crawford ES, Hess KR, Coselli JS, Safi HJ: Experience with 1509 patients 

undergoing thoracoabdominal aortic operations. J Vase Surg 17(2): 357-68, 1993 

170 


