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Generall introduction 

11 Introduction 
Sincee the beginning of thoracoabdominal aortic aneurysm (TAAA) repair in the early 1950s, 

thee risk for irreversible spinal cord damage was recognized.1 The incidence of this devastating 

complicationn has decreased over the years, as the result of the efforts of surgeons and 

researcherss as they developed more sophisticated techniques for the surgical approach of 

TAAA.. However, the risk of neurological injury still exists and is significant. Fortunately, the 

occurrencee of neurologic deficit no longer reaches 40%,2 as reported on many occasions in 

thee past literature, but a distinct possibility of paraplegia reaching 10% still remains, even 

whenn all available protective strategies are performed by experienced surgeons. Since the 

extentt and localization of TAAA comprise a different incidence of complications, Crawford 

classifiedd TAAA as follows (Fig 1): Type I involves the descending aorta from the left 

II II III IV 

Figuree 1. The Crawford classification of thoracoabdominal aortic aneurysms. 

subclaviann artery to the renal arteries. Type II includes the entire descending thoracic and 

abdominall aorta, and is the most extensive. Type III starts at the level of T6 and extends 

downn to the aortic bifurcation, and type IV involves the entire abdominal aorta.2 In 1509 

patientss who had undergone repair for the treatment of thoracoabdominal aortic disease, 

Svenssonn et al. found that type I, II, III, and IV aneurysms were associated with specific 
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neurologicc deficit rates of 15%, 31%, 7%, and 4%, respectively.3 The incidence of overall 

neurologicc deficits in that series was 16%. Repair of aneurysms confined to the descending 

thoracicc aorta resulted in paraplegia in 6.5% of the patients.4 These results are in shear 

contrastt to elective abdominal aortic aneurysms surgery, where the incidence of lower 

extremityy neurologic deficits only reaches 0.16 - 0.25%.45 Following repair for coarctation 

off the aorta, the incidence of paraplegia was 0.4% to 1.5%.67 It was determined by different 

authorss that aortic clamp time, the presence of rupture or dissection, the extent of aneurysm, 

aa history of smoking, postoperative hypotension and age are most predictive of neurologic 

deficitt of the lower extremities.2'3'910 

Paraplegiaa following TAAA repair is the result of transient or permanent spinal cord ischemia. 

Occlusionn of the aorta results in distal aortic hypotension with a resultant decrease in the 

spinall cord perfusion pressure. It was demonstrated in dogs that prolonged aortic 

crossdampingg decreases the spinal cord blood flow by a factor 10, resulting in paraplegia.11 

Inn pigs, the relation between aortic crossdamping and spinal cord hypoxia was clearly 

established.122 Asa result of this oxygen depletion, mitochondrial oxidative phosphorylation 

stopss after 3-4 minutes resulting in depletion of adenosine triphosphate (ATP), and failure 

off the ATP-dependant membrane pumps, which regulate intracellular calcium homeostasis.13 

Thee intracellular calcium increase activates the release of cytoplasmatic enzymes that damage 

DNAA and structural proteins.14 Moreover, increasing intracellular calcium results in production 

off xanthine oxidase, thereby mediating free radical production duringg the reperfusion phase 

andd the release of the neurotoxic transmitters aspartate and glutamate. With reperfusion, 

xanthinee oxidase converts molecular oxygen to the superoxide radical in the presence of 

NADPH.. Free radicals, such as superoxide damage DNA, membrane structures, as well as 

cellularr components. Additionally, they cause the release of prostaglandins, which result in 

spinall cord vasospasm and microthrombosis. As the anterior horn motor neurons and the 

spinall motoneuronal system have a high metabolic rate, the cord gray matter is especially 

vulnerablee to ischemia.15 

Inn order to prevent this cascade taking place and to decrease the devastating resultant, i.e. 

permanentt neurologic damage, surgeons and researchers have focussed their efforts on 

threee main principles. First, the degree and duration of spinal cord ischemia resulting from 

aorticc cross-damping needs to be minimized. This can be realized by application of techniques 

thatt maintain spinal cord blood flow. Second, the spinal cord blood supply should be 

restored,, which necessitates reattachment of segmental arteries, critical to the spinal cord 

circulation,, into the aortic graft. Third, protective strategies that improve neuronal survival 

followingg transient spinal cord ischemia, such as hypothermia and pharmacological 

neuroprotection,, have to be applied. 

Extensivee research over the past 50 years has contributed to the improvement of neurologic 
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outcomee in TAAA patients, and has raised many questions within this specific area of 

interest.. In this chapter, a discussion of the past literature will first be provided. Topics that 

willl be discussed are: the spinal cord blood supply, maintaining spinal cord perfusion, 

restoringg the spinal cord blood supply, identification of the spinal cord blood supply, spinal 

cordd function monitoring, spinal cord protection and delayed motor neuron deficits. 

22 The spinal cord blood supply 
Thee spinal cord blood supply is formed by an intrinsic and an extrinsic system. The intrinsic 

spinall cord circulation is formed by a single anterior and two posterior spinal arteries. The 

perforatingg central arteries from the anterior spinal artery supply up to 75% of the spinal 

cord,, including the anterior horn gray matter and the corticospinal tracts. The posterior 

spinall arteries supply the dorsal columns and the head of the posterior horns.16 The anterior 

spinall artery originates from both vertebral arteries. It proceeds caudally, and in most 

casess merges to one artery at the level of the foramen magnum. Dependant on the entry 

off the first large arterial feeders, the diameter decreases when it continues downward. 

Thiss decrease in diameter mostly occurs in the middle or lower thoracic region of the spinal 

cord.. In some cases, the anterior spinal artery has been described as anatomically and 

functionallyy discontinuous.1718The diameter of the anterior spinal artery just cephalad to 

thee anastomotic point of the arteria radicularis magna (ARM) is small, whereas caudally it 

iss relatively wide, facilitating cephalocaudal flow.17 

Thee extrinsic spinal cord circulation is formed by 25 to 30 pairs of segmental arteries that 

arisee from the aorta, which can potentially anastomose with the anterior spinal artery. 

Duringg embryologie development, 62 radicular arteries supply the spinal cord, but most of 

thesee degenerate. At birth, 10-23 radicular arteries fuse to form the posterior spinal artery 

andd 6-8 form the anterior spinal artery, which do not communicate.1920 In non-diseased 

patients,, the human spinal cord circulation has a high inter-individual variability (Fig 2). In 

thee cervical and upper thoracic region, the anterior spinal artery is well supplied by branches 

off the vertebral artery and several radicular arteries. The mid-thoracic spinal cord is usually 

providedd by one radicular artery,18-21 and the lower thoracic and lumbar regions are supplied 

byy 3 to 5 radicular arteries.17 The major radicular spinal cord feeding artery in the 

thoracolumbarr spinal cord is the arteria radicularis magna (ARM) which was originally 

describedd by Adamkiewicz in 1882. Several studies reported that in a majority of cases, the 

ARMM arises between T8-12 and only in 10% of cases between L1-L2. However, all segments 

betweenn T5 and L5 can give rise to this artery.18,22 

Thesee anatomical considerations are helpful to perceive the etiology of postoperative spinal 

cordd damage, following extensive TAAA repair. However, in the diseased patient, the 
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Vertebrall artery 

Subclaviann artery 

Anteriorr spinal artery 

Cervicall Medullary Arteries 
C3,, C5, C7 

C ^^ Thoracic Medullary Artery T3 

Arteriaa Radicularis Magna T11 

Figuree 2. Systematic representation of the human anterior spinal artery and feeding segmental 
arteries.. In this example, the largest feeding artery.the Arteria Radicularis Magna originates at the 
lowerr thoraco-lumbar junction (T11-T12). 

anatomyy might have changed considerably. In the atherosclerotic aorta, the ostia of 

segmentall arteries might be occluded, and an extensive collateral circulation might have 

developed.. For example, in chronic type B dissections these anatomical changes are 

supposed,, reflected by a paraplegia rate of only 9% in a large series.23 This is in shear 

contrastt to patients undergoing surgery for acute type B dissections. Here, the rapid 

evolvementt of the disease has prohibited the development of collateral circulation, and a 

significantlyy higher risk for spinal cord ischemic complications occurs (32%).23 Thus, the 

collaterall pathways play an important role in the evolvement of neuronal damage. During 

thee development of chronic aortic disease, the spinal cord can rely on several collateral 

pathwayss to secure the spinal cord blood supply when mural thrombus or dissection occlude 
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thee segmental ostia. Interconnected segmental arteries, through posterior muscular branches 

cann form an alternative route.1824 Similarly, anastomoses between the anterior and posterior 

spinall arteries can account for some additional collateral circulation, but the superficial 

plexuss between the anterior and posterior spinal arteries is insufficient and supplies only 

thee white matter of the anterior spinal cord.18 The third collateral system is dependent on 

branchess of the internal iliac, lateral and median sacral arteries that perfuse the conus 

medullaris.188 Nonetheless, secondary enlargement of the anterior spinal artery might offer 

thee largest contribution to the plasticity of the spinal cord circulation. 

33 Maintaining spinal cord perfusion 
Thee duration of aortic crossclamping is the most important predictor of ischemic spinal 

cordd damage.2'3'2526 Consequently, the duration of aortic crossclamping should be limited. 

Alreadyy in 1910, Alexis Carrel established that the safe aortic clamping time should not 

exceedd 10-15 min.27 Later, the "clamp and sew" or "clamp and go" technique was used to 

minimizee clamp time. The aorta was cross-damped by a single clamp and the aneurysm 

wass rapidly replaced with a graft without the use of spinal cord protective measures: distal 

perfusionn methods or segmental artery reimplantation. Katz et al demonstrated that simple 

aorticc cross-clamping and aneurysm replacement without adjuncts to protect the spinal 

cordd showed a sigmoidal relationship between the duration of thoracic aortic cross-damping 

andd the probability of spinal cord injury. If the duration of aortic crossclamping does not 

exceedd 30 minutes, the risk of postoperative neurologic deficits appears to be low. The 

probabilityy of paraplegia increases linearly between 30 and 60 minutes of ischemia to 

almostt 90 % after one hour of thoracic occlusion.28 In patients with aneurysms confined to 

thee descending thoracic or thoracoabdominal aorta, Scheinin described a 8.5% neurologic 

deficitt rate after average clamp times of 22 minutes,29 while Crawford could confine this 

complicationn to less than 1% after resections of only the thoracic aorta.30 Grabitz et al 

reportedd a neurologic deficit rate of 15% in a large group of patients undergoing TAAA 

repairr with the use of simple aortic damping.31 

Inn the opinion of surgeons and researchers concerned with patients undergoing TAAA 

repairs,, the rate of this devastating complication is still unacceptable and additional strategies 

shouldd therefore be applied in order to maintain spinal cord blood supply during aortic 

cross-damping. . 

Distall aortic perfusion 
Althoughh the single clamp technique has proved to be effective in aortic aneurysm surgery, 
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additionall protective measures are required especially when clamping times are expected 

too exceed 30 minutes. Using distal aortic perfusion in combination with a staged repair, 

thee aortic segment and corresponding segmental arteries that are not situated within the 

crossdampedd segment, can be perfused. This so called retrograde or distal aortic perfusion 

cann be performed either by a passive shunt or by various bypass techniques. 

Passivee aortic shunts were first described by Gott.32 This shunt can be positioned between 

thee ascending and descending aorta in order to bypass the cross-clamped aortic segment. 

Ass a result of the heparin coating, the shunt does not require systemic heparinisation. In a 

seriess of 359 elective repairs of descending thoracic aortic aneurysms, no neurologic deficits 

weree encountered with the use of a Gott shunt.33 However, passive shunting has the 

obviouss disadvantage that flow can not be regulated, and therefore distal aortic pressures 

abovee 60 mmHg can not be ensured. Moreover, the beneficial effect of passive shunting 

hass not yet been established in aneurysms extending over the entire descending aorta. 

Partiall or total cardiopulmonary bypass can both be used to increase the distal aortic 

pressure.. However, both methods require a roller pump and therefore necessitate systemic 

heparinization.. Bleeding complications even resulting in perioperative deaths are described 

inn up to 38% of a selected group of patients34 In 1987, Crawford et al described the use of 

thiss technique in combination with profound hypothermia. Thirty-day mortality was 16% 

andd paraplegia occurred in 11 % of these patients.35 fn both series, pulmonary complications 

weree significant (62% and 48%) and were decisive in the prolonged recovery of the survivors. 

Recently,, Kouchoukos et al presented their 12-year experience with hypothermic 

cardiopulmonaryy bypass.36 The overall mortality was 8%, but specification as to type of 

aneurysmm was not stated. Neurologic deficit was prevented in the 81 most recent procedures, 

andd pulmonary complications could be restricted to 20% of the patients. Bleeding 

complicationss requiring re-intervention, amounted to 6.4% among the survivors. The authors 

statedd that hypothermic cardiopulmonary bypass is a preferable technique for extensive 

operationss of the descending and thoracoabdominal aorta, and offers an acceptable 

mortalityy and paraplegia rate, not exceeding other accepted techniques. Other respected 

authors,, however, propose that this technique is to be reserved for complex reoperations, 

involvementt of the arch, when perioperative resuscitation is required and for cases where 

aorticc crossclamping poses a greater risk than the risk of profound hypothermia.34,37 

Complicationss resulting from systemic heparinization can be partially reduced with the use 

off a centrifugal pump. In a clinical study comprising over 800 patients undergoing repair 

off a descending thoracic aneurysms, the mortality rate associated with distal aortic perfusion 

comparedd to cardiopulmonary bypass was 4% and 11 %, respectively.38 Atrio-femoral bypass 

iss possibly the method of choice, offering the best means for proximal and distal aortic 

pressuree regulation.{Fig 3) Furthermore, selective organ perfusion can be used, and a heat 
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Figuree 3. Distal aortic perfusion with a centrifugal pump during the thoracic part of a staged TAAA 
repair.. Oxygenated blood from the left atrium (LA) is pumped into the right femoral artery. During 
thee repair, segmental arteries, not within the clamped aortic segment, can be perfused. 

exchangerr can be applied.3M2 Possibly the most important beneficial effect of this adjunct 

wass described in several studies which reported a reduced duration of intercostal ischemic 

timee when atrio-femoral bypass was applied.4345 In a prospective non-randomized trial 

investigatingg this technique, it was demonstrated that atrio-femoral bypass improved 

neurologicc outcome in 99 patients, especially when distal aortic perfusion was combined 

withh sequential aortic clamping and segmental repairs.25 Other clinical studies can confirm 

thesee results, however, this evidence can not be withdrawn from prospective randomized 

clinicall trials.2646'47 Nonetheless, recent studies further support the advantageous impact of 

distall aortic perfusion on surgical and neurologic results, resulting in a wide acceptance of 

thiss adjunct.45'48'49 

Despitee these promising results, distal aortic perfusion techniques have not been able to 

preventt neurologic deficit completely. Several explanations have been proposed. Firstly, 

distall aortic perfusion has been associated with increased crossclamp duration.43 Safi 

proposedd that the relation between crossclamp duration and the risk for paraplegia merely 

shiftedd to the right when distal aortic perfusion was employed.26 Consequently, the protective 

effectt might not outweigh the increased risk of neurologic deficits that result from the 

increasedd clamping duration. Secondly, it was suggested that a beneficial effect of this 

adjunctt can only be expected when distal aortic pressure is maintained above a mean of 

60-700 mmHg in order to have a protective effect on the spinal cord.5054 Thirdly, distal aortic 

perfusionn is not able to ensure sufficient spinal cord blood f low when the critical feeding 
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arteriess are located within the excluded aortic segment.55 Moreover, when the ARM is 

locatedd within the perfused distal aortic segment and lumbar flow is secured, protection of 

thee thoracic spinal cord segments is not warranted.56-57 The smaller diameter of the anterior 

spinall artery above the junction with the ARM predicts blood flow to the lumbar spinal 

cord,, because the vascular resistance in the upward direction is approximately 11 times 

greater.17-566 Accordingly, the ARM will preferably perfuse the lumbar spinal cord, while the 

thoracicc spinal cord remains at risk. These specific situations might be the explanation for 

thee fact that permanent motor neuron damage remains a distinct possibility even when 

distall aortic perfusion techniques are applied. 

Inn conclusion, distal aortic perfusion with the use of a centrifugal pump, can decrease the 

incidencee of postoperative neurologic deficit. For optimal spinal cord protection, distal perfusion 

shouldd be combined with sequential aortic clamping and a staged aortic repair. However, 

limitationss of this adjunct dictate the use of additional methods to protect the spinal cord. 

Cerebrospinall fluid drainage 
Spinall cord blood flow is autoregulated between perfusion pressures of 50 and 120 

mmHg.58'599 Spinal cord perfusion pressure is calculated as mean arterial pressure minus 

cerebrospinall fluid pressure (CSF-pressure) or the central venous pressure (CVP), whichever 

off the two outflow pressures is higher. As a result, the spinal cord blood flow will be 

affectedd if a rise in CSF pressure decreases the spinal cord perfusion pressure below 50 

mmHg.. Thus, CSF drainage can theoretically increase compromised spinal cord blood flow 

duringg TAAA surgery, and might offer additional benefit to other protective strategies. 

Alreadyy in 1962, Blaisdell and Cooley demonstrated in porcine experiments that aortic 

crossclampingg can result in an increase in CSF pressure.60 In humans, CSF-pressures up to 

433 mmHg were observed after clamping the aorta.5758 It is believed that central venous 

pressuree (CVP) increases as the result of a volume distribution to the upper half of the body 

followingg thoracic aortic damping.63 Following, increased filling of the venous capacitance 

bedss within the dural space produce the increased CSF pressure during aortic damping.64 

Observationss underscoring these assumptions were made during porcine experiments, 

wheree CSF pressure correlated with increases in CVP.65 

Thee importance of CSF drainage was asserted by observations that a spinal cord perfusion 

pressuree of 20 mmHg was sufficient to preserve spinal cord integrity.66*9 This would imply 

thatt CSF drainage becomes especially important to maintain distal perfusion pressure above 

200 mmHg if atrio-femoral bypass is not used. This observation was further strengthened by 

dee Haan et al who demonstrated in a porcine model of selective segmental artery clamping 

thatt CSF-pressure increases can render the "non-critical" segmental arteries "critical" for 

thee spinal cord blood flow. 
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Inn several experimental studies, the beneficial effect of CSF drainage on neurologic outcome 

wass demonstrated.60-61-71-74 However, other studies in varies species, such as dog, baboon 

andd pig, could not confirm these results.55,65-75 In humans, conclusive research concerning 

thiss protective adjunct is lacking. The only report, describing a methodologically sound 

effort,, was presented by Crawford's group.10 They prospectively investigated whether CSF-

drainagee offered a beneficial effect in 98 patients undergoing TAAA repairs. Disappointingly, 

thee amount of CSF that could be withdrawn was restricted to 50 ml, and only perioperative 

withdrawall was allowed. As a result, no beneficial effect could be determined, possibly 

resultingg from the fact that perioperative CSF-pressures could not be kept under 10 mmHg 

inn more than half of the patients. In addition, delayed neurologic deficits occurred in patients 

whoo suffered from transient periods of postoperative hypotension. Postoperative CSF 

drainagee might have reversed the decrease in spinal cord perfusion pressure.29-76 

Nevertheless,, others have incorporated this adjunct into their surgical protocol. These studies 

offeredd at least circumstantial evidence of a beneficial effect.26-47-48-61-76"78 CSF-drainage alone 

orr in combination with other protective adjuncts was consistently observed to offer spinal 

cordd protection. 

Inn conclusion, clinical evidence suggests that CSF-drainage offers additional protection 

whenn a single clamp technique is performed. Nevertheless, CSF-drainage alone has not 

provenn to outweigh the use of distal aortic perfusion techniques and adequate 

revascularization.. Because the CSF-drainage technique can prevent detrimental increases 

inn CSF pressure in the peri- and postoperative phase, and possibly offers additional spinal 

cordd protection to distal aortic perfusion techniques, it is advisory to implement this safe 

andd simple technique into a TAAA protocol. 

44 Restoring the spinal cord blood supply 
Overr the last three decades, one of the main concerns during TAAA surgery was whether 

too reattach segmental arteries and restore the spinal cord blood supply. Not all segmental 

arteriess connect to the anterior spinal artery, and reattachment might increase crossclamp 

durationn without spinal cord revascularization. The most optimal situation would be to 

reattachh the ARM in all patients, thereby ensuring reperfusion of the spinal cord vasculature. 

However,, considerable inter-individual variation exists in the origin of this vessel in non-

diseasedd subjects, and additional anatomic diversity is further created by degenerative 

disease.. Originally important segmental vessels might be occluded, leaving the spinal cord 

dependentt on unusual and diverse collaterals.79 

Whenn prolonged occlusion of the segmental arteries occurs, development of collateral spinal 

cordd circulation can be assumed. This collateral circulation might provide adequate spinal 
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cordd perfusion during aortic crossclamping. This was underscored by Svensson et al. who 

demonstratedd that patients who had no, or limited backbleeding segmental arteries during 

TAAAA repairs, had a significantly decreased risk for neurologic deficit, whereas a deficit rate 

off 63% was reported when all patent arteries were oversewn in this study.25 These results 

weree affirmed in a similar study by Safi et al, who investigated whether reimplantation or 

ligationn of segmental arteries correlated with neurologic outcome. They found that occlusion 

off the segmental arteries in the T11-L1 area reduced the risk for paraplegia, as opposed to 

thee patients who had patent arteries in the thoracolumbar junction. When these patent 

segmentall arteries were oversewn, this resulted in a 50% paraplegia rate.80 

Thee importance of collateral development is further underscored in patients with aortic dissection. 

Patentt intercostal and lumbar arteries were observed in most patients undergoing surgery 

forr acute aortic dissection.2 Reimplantation of these patent segmental arteries is performed 

beforee the development of collateral spinal cord circulation, and the risk for paraplegia is 

thereforee increased. In contrast, in chronic dissection a spinal cord collateral circulation has 

indeedd developed, as suggested by occlusion of most segmental arteries. This assumption is 

furtherr strengthened by observations that surgical repair of chronic dissections resulted in a 

lowerr neurologic deficit rate (9%), versus 32% in acute dissections treated surgically.23 

Interestingly,, some reports in literature contest the need for segmental artery reimplantation.9-78 

Thee rationale for this approach is that segmental artery ligation or blockade in combination 

withh proximal hypertension results in a progressive use of collateral vessels during the 

procedure,, which will prevent irreversible damage to the spinal cord after graft inclusion. 

Grieppp et al found that aortic aneurysms involving a segment larger than 10 intersegmental 

spacess were prone to neurologic deficit, but ligation of less than 10 pairs could be performed 

unpunished.99 This report, however, does not reveal whether the ligated arteries were patent 

orr not. It is likely that aneurysms extending over less than 10 segmental artery segments only 

hadd one or two patent vessels. However, the larger aneurysms possibly involved several 

patentt arteries, explaining the exponentially increased paraplegia rate in this subgroup. It is 

thereforee questionable that this technique will produce an acceptable deficit rate in type I 

andd II aneurysms, and it is believed by many others that re-implantation of either some or all 

segmentall arteries is favourable.2545'49'53'7680 Another concern in the management of 

segmentall arteries is the increased aortic crossclamp time which results from re-anastomosing 

feedingg arteries. Consequently, the protection provided by segmental artery reattachment 

mightt not outweigh the risk associated with longer cross-clamp times. When the clamp 

andd saw technique is used, a beneficial effect of segmental artery reimplantation can not 

bee expected. Moreover, revascularization proved to be a significant predictor of paraplegia 

andd paresis, when this technique was performed.294 However, when distal perfusion 

techniquess are applied, reattachment of patent segmental arteries most likely to give rise 
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too the ARM is associated with a significantly decreased risk of paraplegia or paresis.25,80 A 

plausablee explanation for this observation is the fact that the intercostal and lumbar artery 

ischemiaa duration can be reduced when distal aortic perfusion techniques are applied in 

spitee of the increased total aortic clamping duration.45 

Thus,, the surgical management of segmental arteries during TAAA repairs is liable to 

variationss in aneurysms size and extent, etiology, operation technique and presentation of 

patentt segmental arteries. Profuse backbleeding of patent intercostal and lumbar arteries 

threatenss to drain away blood from the spinal cord, and thereby decreases the spinal cord 

perfusionn pressure. Prevention of this "steal phenomenon" has led to pressure increases in 

thee spinal cord arterial vascular bed in animals.81-82 Reimplantation of these vessels could 

resultt in a decreased rate of irreversible spinal cord damage. In an effort to decrease the 

aorticc crossdamp duration during reimplantation, several reports advise to reimplant at 

leastt the presenting arteries between T9 and L2.25eo Distal aortic perfusion techniques can 

providee additional protection, by decreasing the segmental artery ischemia duration. In 

casess where only several patent arteries are present, failure of adequate reanastomosis 

willl result in a high risk of motor neuron damage, especially in the thoracolumbar region. 

Iff no patent segmental arteries are present, the risk for paraplegia is significantly reduced.25 

55 identification of the spinal cord blood supply 
TAAAA repair should include segmental artery reimplantation, in order to restore blood 

supplyy to the spinal cord. Even in patients who suffer from chronic aortic disease, one can 

nott assume that the developed collateral system will fully take over the function of the 

feedingg arteries. However, as segmental artery reimplantation will increase crossdamping 

time,, pre- or perioperative identification of critical feeding arteries would be advantageous. 

Preoperativee selective angiography of the spinal cord is, in theory, a logical approach to 

assesss an anatomical map of the spinal cord blood supply. However, this procedure has 

nott gained acceptance because manipulation within an atherosclerotic ostium or even 

directt injection of contrast material could by itself result in lower limb neurologic deficits. 

Incidencee of neurologic deficits, including paraplegia, between 0 - 4.6%, were 

reported.21'24'79'83844 Furthermore, the success rate of actually identifying the ARM was only 

55%% to 69% of the cases,2U4'79,84 and no benefit regarding the paraplegia rate could be 

obtained.. However, combined atrio-femoral bypass, preoperative spinal angiography and 

targetedd intercostal preservation did result in only 2.3 % lower limb neurologic deficits.84 

Svenssonn et al. introduced a different method to perioperatively identify the spinal cord 

bloodd supply. Hydrogen Induced Current is a technique where a platinum electrode is 

placedd intrathecal^ alongside the spinal cord, and saline solution saturated with hydrogen 
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iss injected into a clamped aortic segment or a segmental artery ostium. If hydrogen reaches 

thee spinal cord, a hydrogen induced current is generated from the electrode, indicating 

thatt the segmental artery or the aortic section supplies the spinal cord with blood.8W57 In 

pigs,, the spinal cord blood supply could be accurately identified and in humans angiography 

confirmedd the technique's accuracy, but neurologic deficits were not prevented.86-87 

Upp until now, no serious benefit can be expected from methods that identify the spinal 

cordd blood supply. Perhaps, when future technical developments will be able to improve 

techniquess that could identify the critical segmental arteries before TAAA repairs, efficient 

segmentall artery selection can be made to reduce aortic crossclamping duration and thereby 

thee rate of neurologic damage. 

66 Spinal cord function monitoring 
Thee rational of spinal cord function monitoring is that the surgical team is provided with 

on-linee information about the spinal cord functional status during TAAA repair. Neurons in 

thee grey matter of the spinal cord have high metabolic demands, and will cease to function 

immediatelyy after interruption of flow. If the blood flow interruption is prolonged, irreversible 

neuronall damage can occur. Spinal cord function monitoring allows protective strategies 

too be applied or adjusted according to monitoring results before the onset of irreversible 

damage.damage. For example, proximal and distal aortic pressures can be adjusted, and segmental 

arteriess can be either safely ligated or reimplanted during replacement of an aortic segment. 

Possibly,, function monitoring might allow critical segmental artery detection when it is 

combinedd with segmental aortic replacement. For example, exclusion of an aortic segment 

andd deterioration of responses implicates the presence of critical segmental arteries within 

thiss aortic segment. 

Adequacyy of spinal cord blood flow can be assessed electrophysiologically with 

Somatosensoryy Evoked Potentials (SSEP) and Motor Evoked Potentials (MEP). SSEP mainly 

monitorss signal conduction through the dorsal columns, whereas MEP monitors the function 

off the anterior horn grey matter and the corticospinal tracts. Both techniques and there 

characteristicss will be discussed. 

SSEPP monitoring is a non-invasive technique that can be readily applied in the operating 

roomm (Fig 4a). Responses can be evoked electrically by stimulation of lower limb peripheral 

nervess or the lumbar spinal cord with brief pulses. As the signal is transmitted mainly via 

thee dorsal columns and to a lesser extent via the anterolateral tracts, the responses can be 

recordedd from the scalp (cortical SSEP), the high thoracic or cervical cord (spinal cord 

SSEP).88-900 Because SSEPs are of much lesser amplitude than the combined electrical noise 
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fromm the operating room, ECG or EEG, at least 100 stimuli need to be averaged to obtain 

aa reproducible cortical evoked potential. In order to interpret changes in SSEP responses 

whichh reflect spinal cord ischemia, certain criteria have to be met. However, no prospective 

studiess have been performed to assess the validity of criteria used for intervention. It has 

beenn advocated on empirical grounds, that a 10% increase in latency to the first positive 

peakk (P1), or a decrease of more than 50 % in cortical peak to peak amplitude is indicative 

forr ischemia and therefore a reason for intervention.9192 

Upp until now, SSEPs have, at best, demonstrated contradicting results concerning reliability 

inn spinal cord ischemia detection. While SSEP monitoring suggested a contribution to the 

surgicall strategy in several studies,9'31-4450'93 in a prospective study of 198 patients, SEP 

monitoringg in combination with adequate distal aortic perfusion could not improve 

neurologicc outcome. The high incidence of false negative (13%) and false positive responses 

(677 %) prevented an additional benefit of this technique.88 One of the most important 

reasonss for the disappointing results of spinal cord function monitoring with SSEPs is the 

factt that they conduct afferent information in a non-synaptic fashion. As the axonal 

conductionn responsible for SSEP responses is relatively resistant to ischemia, ischemia 

detectionn time will at least take 8-18 min.94 The result of this is a long delay between the 

onsett of ischemia and the moment of ischemia detection. As reported by Cunningham et al., 

SSEPss disappeared 17  8 min after simple crossdamping was performed.50 In another 

study,, the delay between aortic crossdamping and significant SSEP changes was of such 

ann extent (3-54 min) that critical segmental arteries could not be identified and this 

monitoringg technique offered no benefit regarding neurologic outcome.88 Thus, because 

off this relatively long detection interval, rapid application of protective strategies is prevented, 

whichh is possibly the causative factor for the disappointing results with this technique. 

Secondly,, the dorsal columns are supplied by the posterior spinal artery. However, aortic 

crossdampingg will result in an interruption of the anterior spinal artery blood flow. As a 

result,, the ischemia sensitive central gray matter and lateral and ventral fasciculi are often 

primarilyy affected.95-96 In a clinical study investigating the use of SSEP during coarctation 

repairs,, SSEPs returned to normal while irreversible damage of the anterior horn had 

occurred.977 Therefore, SSEPs do not even reflect blood supply of the anterior spinal artery 

feedingg the motor neurons. Indeed false negative monitoring results have been reported 

repeatedly.9-88-98"101 1 

Falsee positive result have also been reported, and are a possible result of a combination of 

causes.. First of all, systemic hypothermia can deteriorate the SSEP responses to a degree 

thatt resembles spinal cord ischemia.102 Then, halogenated anesthetics are known to induce 

thee same result.103 Another important causative factor for SSEP changes is peripheral 

ischemia,, either due to simple crossdamping50-101 or inadequate distal aortic perfusion 

23 3 



Chapterr 1 

Amplifier r 

somatosensoryy cortex 

dorsall columns 

Digitizer r 
Averager r 

Tibiall nerve -

Constantt Current 
stimulator r 

motorr cortex

pyramidall tract 

a-motorr neuron 

Anteriorr tibial muscle 

Cortical l 
stimulator r 

Myogenicc tc-MEP 

Latency y 

Amplitude e 

amplifier r 

Figuree 4. Monitoring spinal cord function during TAAA repair. A) Monitoring somatosensory evoked 
potentials.. After stimulation of the tibial nerves, the signal is conducted through the dorsal columns, 
andd responses are recorded from the somatosensory cortex on the scalp. B) Monitoring myogenic 
motorr evoked potentials after transcranial stimulation. The signal is conducted via the pyramidal 
tractss to the anterior horn motor neurons. A compound muscle action potential is recorded from 
thee anterior tibial muscles. 
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duringg aortic crossdamping88. Using a modality with spinal cord stimulation decreased the 

incidencee of these false positive responses.90'104 In spite of the fact that false positives cases 

couldd be decreased when spinal cord stimulation was performed, the efficacy of critical 

segmentall artery selection still remained inadequate in another clinical study.105 

Inn conclusion, SSEPs can offer information about the spinal cord functional status in the 

perioperativee and postoperative period. However, this monitoring technique has several 

seriouss drawbacks when used during TAAA repairs. The relative resistance of the dorsal 

columnss to spinal cord ischemia prevents rapid application of protective measures before 

thee onset of permanent damage. The anterior horn motor neurons are most likely to be at 

riskk during aortic clamping, but are not specifically evaluated by SSEP. Therefore, SSEP 

monitoringg does not meet the requirements for on-line spinal cord function monitoring 

duringg TAAA surgery. 

MEPss do offer information regarding the ischemia sensitive anterior horn neurons. Several 

techniquess are at hand to elicit MEPs. Stimulation is performed at either the motor cortex 

orr the spinal cord itself. Recording sites are: lower spinal cord, peripheral nerve and muscle. 

Ass the Food and Drug Administration has not yet approved stimulation of the cranium for 

thee purpose of assessing MEPs, many groups monitor spinal evoked motor potentials (SMEP). 

Thee cord is stimulated via an epidural catheter or a needle electrode in the lamina or 

ligamentumm flavum. Spinal cord stimulation has one disadvantage irrespective of the 

recordingg site. It is believed that SMEPs are in fact conducted by pathways, at least in part, 

otherr than the corticospinal tracts.106-107 This mixture of motor and sensory transmission 

couldd possibly interfere with a specific and sensitive signal to spinal cord ischemia. This 

waswas illustrated by the observation that progressive ligation of intercostal arteries in the 

dogg did not result in SMEP deterioration, as opposed to immediate myogenic MEP 

disappearance.108 8 

Myogenicc responses to transcranial stimulation appear to be entirely specific to motor 

tractt conduction.(Fig 4b) This is of great importance if the perioperative monitoring technique 

iss to reflect postoperative neurologic function. Myogenic tc-MEPs appear extremely sensitive 

too spinal cord ischemia. In patients undergoing TAAA repair, de Haan et al demonstrated 

thatt tc-MEPs could detect ischemia within minutes.52 No false positive or negative monitoring 

resultss were observed. 

Becausee tc-MEPs can be helpful in rapidly assessing adequacy of spinal cord blood flow, 

theyy can guide spinal cord protective strategies in a surgical TAAA protocol. When distal 

aorticc perfusion is performed during aortic clamping, sufficient retrograde aortic flow is 

confirmedd by unchanged tc-MEPs.5254 While Cunningham et al proposed distal aortic pressure 

off 60 mmHg to assure adequate spinal cord blood flow, tc-MEP measurements in patients 

revealedd that these pressures were not sufficient in all patients.52 
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Ass already mentioned above, critical segmental arteries can be identified using tc-MEP 

monitoring.. In chapter 6, the use of tc-MEPs during a staged aortic repair and concommitant 

criticall segmental artery identification is discussed. 

Despitee the fact that tc-MEPs demonstrated to be of great value during TAAA repairs, only 

feww centers have applied this monitoring modality. Apart from the FDA disapproval, tc-

MEPP monitoring requires adjustment of the anesthesiologie protocol. Volatile anesthetics 

depresss tc-MEP responses109 and neuromuscular blockers are not compatible with myogenic 

tc-MEPs.. As ketamine, etomidate and opioids hardly effect tc-MEP responses, they offer a 

goodd alternative for these anesthetics.110111 In order to prevent total tc-MEP abolishment 

byy complete neuromuscular blockade, a closed loop infusion system can be used.52'112 This 

way,, the level of neuromuscular blockade can be maintained within a narrow level, offering 

amplee movement reduction and minimizing tc-MEP variations. The high response variability 

iss an other drawback of tc-MEPs, mentioned in initial reports. However, multipulse 

stimulation,, with a 2-3 ms interstimulus interval amplifies the myogenic responses and 

reducess variability.113142 Moreover, the use of a circumferential cathode also improves 

responsee amplitude, as well as stimulus efficiency.114 When these requirements are met, tc-

MEPP monitoring is a reliable and accurate monitoring method for the detection of spinal 

cordd ischemia during TAAA repair. 

Inn conclusion, spinal cord function monitoring can offer valuable information during TAAA 

repair.. When a monitoring modality is effective and reliable in rapidly detecting spinal cord 

ischemia,, and consequently allows application of protective interventions before irreversible 

motorr neuron damage has occurred, neurologic deficits can be prevented. Tc-MEPs seem 

too meet these requirements. 

77 Spinal cord protection 

Thee objective of previously described techniques is to improve the spinal cord blood flow 

duringg aortic crossclamping. However, despite these techniques, transient ischemia of the 

cordd can possibly not be prevented during aortic crossclamping. The deleterious effects of 

transientt ischemia can be decreased with adjuncts that increase the tolerable duration for 

ischemiaa of the spinal cord during the period of oxygen depletion, such as hypothermia 

andd pharmacological agents. 

Hypothermia a 
Hypothermiaa was initially used to protect the brain during cardiac surgery. Consequently, 

aa similar protective effect for the spinal cord could be expected during aneurysm resections. 
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Ass the spinal cord is rendered hypothermic, the tolerance to ischemia is increased as a 

resultt of a decreased metabolic demand. It was demonstrated in rabbits that oxygen 

requirementss in neural tissue are known to decrease 6 - 7 % for each degree decrement in 

cordd temperature.115 Furthermore, the release of neurotoxic transmitters is decreased and 

membranee stabilization increases during hypothermic ischemia of the cord.116 

Whenn systemic hypothermia is exerted, a distinction has to be made between mild 

hypothermiaa , moderate hypothermia ) and deep hypothermia . 

Mildd hypothermia has demonstrated a significant protective effect in animal models of 

transientt spinal cord ischemia.117118 Mild to moderate systemic hypothermia is usually allowed 

too occur during TAAA resections by lowering the temperature in the operating room or by 

activee cooling via the extracorporeal system. Further decline in body temperature would 

furtherr increase the protective effect but would possibly not outweigh the risk for cardiac 

arrhythmia's,, coagulaopathy and the increased rate of infection. In a retrospective study 

byy Hollier etal., a major reduction in neurologic deficit compared to historical controls was 

contributedd to the use of this method.'19 Profound hypothermia and cardiac arrest has 

beenn advocated by several surgeons as the method of choice for spinal cord protection 

duringg TAAA surgery.120-121 The protective effect of deep cooling is not confined to the 

spinall cord, but extends to the heart, kidneys, brain and viscera. The need for proximal 

aorticc clamping is eliminated, a bloodless surgical field facilitates the operation and no 

expeditiouss surgery is required during segmental artery reimplantation. Kouchoukos recently 

reportedd favorable results using this method.36 In type I and II TAAA's, only 3.4% of the 

survivingg patients developed paraplegia. He proposed this technique as particularly useful 

inn type II TAAA's and dissecting aneurysms. Others, such as Svensson advised to limit this 

approachh to patients that presented with distal arch involvement, large diameter aneurysms, 

aneurysmss that imply difficult access to clamping, extensive atheroma, perioperative 

complications,, and expected prolonged spinal cord ischemia time.34-37This reservation results 

fromm the increased risk for cerebral neurologic deficits, massive fluid shifts and extracorporeal 

circulationn related problems such as coagulopathy and haemorrhagic pulmonary 

complications. . 

Regionall cooling of the spinal cord has the potential to achieve similar spinal cord protection 

butt avoids systemic complications. Two techniques involve direct infusion of a cold infusate 

intoo the perispinal space; epidural and subdural spinal cord cooling. 

Epidurall perfusion cooling in rabbits proved to be very efficient in protecting the spinal 

cordd during aortic clamping up to 60 min. Infusion of cold saline ) with passive outflow 

resultedd in deep hypothermia of the gray matter and completely prevented paraplegia.122 

Comparablee results were obtained without the use of passive outflow in both rabbits and 

dogs.12^1255 Cambria was the first to describe the use of epidural cooling in humans.126 
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Infusionn of an average of 1400 ml of iced saline ) during simple aortic crossclamping 

andd segmental artery reimplantation prevented motor neuron damage in all but 2 patients 

inn a series of 70 patients undergoing TAAA repair. 

Subdurall perfusion cooling also exerted a protective effect in several experimental models 

off spinal cord ischemia. In dog and pigs, perfusion cooling resulted in deep spinal cord 

hypothermia.75127'1288 To date, subdural cooling has not been investigated in clinical series. 

Bothh during subdural and epidural infusion cooling, significant rises in CSF-pressure were 

observed,, which are considered an important limitation of regional cooling. In dogs, subdural 

perfusionn cooling resulted in a spinal cord perfusion pressure decrease to 0 mmHg during 

aorticc crossclamping.75 Epidural infusion cooling in rabbits resulted in a lethal increases in 

C5FF pressure in some animals.125 In Cambria's series of 70 patients undergoing epidural 

coolingg during TAAA surgery, one patient developed a cervical cord infarction.126 The 

increasess in CSF pressure, which were more than doubled from baseline values, could very 

welll have been the causative factor for this severe complication. Thus, as regional spinal 

cordd cooling provides an effective means for protection during aortic clamping, the 

concomitantt CSF-pressure increases can be a threat to distant spinal cord segments which 

aree not protected by the localized hypothermia, nor at risk for ischemic damage. This issue 

iss further discussed in Chapter 3. 

Spinall cord hypothermia can also be achieved by infusing cold perfusate into the spinal 

cordd feeding arteries after clamping and opening isolated aortic segments. This technique 

wass successfully performed in several experimental models, and provided protection against 

ischemicc spinal cord injury.115-129'130 Surprisingly, spinal cord temperatures as low as 18 -

CC could be obtained.130 Fehrenbacher et al. described the clinical use of this technique 

inn patients undergoing surgery for high risk TAAAs.131 In 23 patients, the T8-L2 segment 

wass perfused with 400cc crystalloid solution at C which contained heparin, 

methylprednisolonee and mannitol. In that series, only 1 patient awoke paraplegic (4.3%). 

Thee only possible drawback of applied hypothermia is the fact that deep hypothermia, 

resultingg in spinal cord temperatures of , have been described to result in irreversible 

neuronall injury.132 Theoretically, regional cooling with saline of C may result in these 

CSF-temperaturess locally. 

Inn conclusion, hypothermia can exert a high degree of spinal cord protection during transient 

periodss of ischemia, which is irrespective of the method used. It is therefore advisory to 

implementt some form of hypothermia for spinal cord protection into a TAAA protocol. 

Pharmacologicall neuroprotection 
Ass in hypothermia, drugs used for spinal cord protection aim to increase the spinal cord 

tolerancee for ischemia. As described in the introduction, the mechanism of neuronal death 
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followss an intricate cascade of events, possibly comprising all of the following components 

interactingg in a sequential and parallel manner: free radical mediated neuronal death, 

nitricc oxide mediated death, excitotoxicity, intracellular calcium overload and eicasanoid 

formation.. As a result, a wide variety of pharmacological interventions is at hand: free 

radicall scavengers, opiate receptor antagonists, calcium channel blockers, excitatory amino 

acidd receptor blockers, corticosteroids, prostaglandins, adenosine, gamma-aminobutyric 

acidd modulators, protein kinase C modulators, anesthetics, vasodilators, modulators of 

coagulation,, inhibitors of leucocytes and monocytes, inhibitors of apoptosis, regenerative 

agents,, insulin, pH modulators and alternative oxygen carriers. 

Inn a systematic review by de Haan, all experimental studies which investigated the influence 

off neuroprotective agents on spinal cord ischemic injury were reviewed.133 The author 

foundd that 56 out of 70 agents tested provided neuroprotection. Animal models used 

weree rabbit, dog, rat, pig, and baboon. Agents were administered either intravenously or 

regionallyy (via the excluded aortic segment or intrathecal^). Disappointingly, only a minority 

off studies were temperature controlled and an a priori power analysis was performed in 

nonee of these studies. Moreover, a dose response curve was determined in only a minority 

off studies. The author therefore justly concludes that, in spite of the protective effect of 

numerouss studies, not one justifies a large prospective randomized study. 

Nonetheless,, several agents have been tested in a clinical setup. For example, opiate 

antagonistss were used to investigate their protective effect in TAAA patients. A dose of 1 

mg/kg/hh of naloxone was administered in combination with CSF-drainage in 61 patients, 

whichh resulted in a decreased paraplegia rate in comparison to historic controls.77-78 

Prostaglandins,, such as prostaglandin E1, have also been tested in humans because of the 

cytoprotectivee effects and powerful vasodilatory capabilities. Grabitz et al. demonstrated 

inn a non-randomized study that this prostaglandin reduced the neurologic deficit rate from 

25%% to 5% when administered during TAAA resection.89 Strong vasodilatory effects are 

alsoo subscribed to papaverine, which is thought to enhance blood flow in the longitudinal 

arteriess of the cord. When Svensson's group discovered that intrathecal papaverine improved 

lowerr thoracic and lumbar spinal cord blood flow in the baboon55, this promising vasodilator 

wass tested in humans during TAAA surgery. First, in a non-randomized study, the beneficial 

effectt of intrathecal papaverine could not be established.134 In a following prospective 

randomizedd trial they demonstrated that a combination of papaverine with CSF-drainage 

wass effective in high risk TAAA patients.135 Disappointingly, experimental and control groups 

weree not matched thoroughly and the study was terminated prematurely after statistical 

significancee was reached. 

Inn conclusion, a wide variety of agents have been tested extensively in animal models, and 

manyy suggested a protective effect during transient spinal cord ischemia. Even clinically, 
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substancess such as papaverine demonstrated promising results. However, methodological 

limitationss and differences between experimental setups prevent us from justifying any 

agentt to be investigated in a multi<enter prospective randomized trial. 

88 Delayed neurologic deficits 
Inn 1986 Crawford already established that one third of all neurologic deficits after TAAA 

surgeryy develop in the postoperative period.2 In spite of the fact that many additional 

adjunctss have been developed since then in order to reduce immediate paraplegia, recent 

reportss still justify a concern for this phenomenon. Conclusive information regarding the 

etiologyy of this complication lacks, but several plausible explanations can be suggested. 

Firstly,, inadequate restoration of the spinal cord blood supply seems to play an important 

role.. Failure to reimplant all critical feeding arteries or ligation of a substantial number of 

thesee arteries may result in marginal spinal cord perfusion in the postoperative period. 

Furtherr compromise of the spinal cord perfusion pressure, as in transient episodes of 

postoperativee hypotension or increases in CSF-pressure can result in delayed neurologic 

deficits.2766 Another cause for a postoperative decrease in spinal cord perfusion is the 

occlusionn of reattached segmental arteries.5286 Both examples illustrate the occurrence of 

aa decrease in postoperative spinal cord perfusion pressure. In several studies, the use of 

acutee CSF-drainage was effective in reversing the development of postoperative neurologic 

deficit,, possibly by correction of the spinal cord perfusion pressure.9-76-136137 

Secondly,, it is believed that reperfusion injury can account for the development of delayed 

neurologicc deficit. When reperfusion follows transient periods of spinal cord ischemia during 

TAAAA repair further neuronal damage may result from the burst of oxygen free radicals, 

cytotoxicc actions of leukocytes and microglia, microcirculation defects by vasospastic 

prostaglandins,, and vascular smooth muscle contractions.138041 Neurons that sustained the 

initiall ischemic challenge may be irreversibly damaged by this secondary insult. 

99 Conclusion 
Duringg thoracoabdominal aortic aneurysm repair, an interruption of the spinal cord blood 

supplyy caused by aortic crossdamping can result in irreversible spinal cord damage. Most 

decisivee in the development of this dreadful complication are the extent of the aneurysm 

andd the aortic crossdamping time. In order to prevent this complication with a multifactorial 

etiology,, a multimodality approach is required. 

Probablyy the most important intervention to prevent lower limb deficit following TAAA 
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repairr is restoration of the spinal cord blood supply. Consequently, the spinal cord feeding 

arteriess should be re-anastomosed into the graft. Because reimplantation of the spinal cord 

feedingg arteries will increase aortic crossclamp duration, additional strategies should be applied 

too provide additional protection during restoration of the blood supply. Distal aortic perfusion 

techniquess and sequential repair and the maintenance of low CSF pressure all have the 

potentiall to increase the tolerable duration of cross-damping. The routine use of mild to 

moderatee hypothermia will enhance neuronal survival if transient spinal cord ischemia can 

nott be avoided. However, with the application of these spinal cord protective adjuncts, 

permanentt spinal cord damage after TAAA repair still occurs in approximately 10% of the 

patients. . 

1010 Aim of the thesis 
Inn this thesis, an effort is made to further improve protective strategies for the spinal cord 

tnn the context of TAAA surgery. Adequacy of these strategies can be assessed perioperatively 

byy spinal cord function monitoring with a relatively new technique: transcranial myogenic 

motorr evoked potentials (tc-MEPs). Tc-MEPs rapidly detect ischemic motor neuron 

dysfunctionn of the spinal cord. 

Localizedd spinal cord cooling is a powerful adjunct to increase the tolerable duration for 

ischemia.. However, the influence of this technique on tc-MEP responses has never been 

established,, so the reliability of the monitoring modality during regional (or systemic) 

hypothermiaa is undocumented. In a porcine model of transient spinal cord ischemia, the 

influencee of localized spinal cord cooling on the reliability of tc-MEPs is assessed, (chapter 2) 

Inn order to apply localized spinal cord cooling, two techniques are at hand: epidural and 

subdurall cooling. As both methods induce an increase in CSF-pressure, which might impair 

spinall cord perfusion pressure, application of this technique during TAAA repair might 

resultt in spinal cord ischemia. In pigs, epidural and subdural spinal cord cooling are compared 

too assess the cooling properties of both modalities, and to study the adverse affects of 

concomitantt CSF-pressure increases of both techniques on spinal cord motor neuron 

function,, assessed with tc-MEPs. (chapter 3) 

Limitingg the duration of transient ischemia during aortic crossclamping can be achieved by 

variouss bypass techniques that provide distal aortic perfusion. Nonetheless, spinal cord 

perfusionn is hampered if critical segmental arteries are situated within the crossdamped 

aorticc segment. Selective segmental artery perfusion during aortic crossclamping might 

thereforee be beneficial. In chapters 4 and 5, this new technique is evaluated in a porcine 

modell of transient spinal cord ischemia. 

Spinall cord function monitoring can provide on-line information concerning the spinal 
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cord'ss functional status during TAAA procedures. In this way, protective strategies can be 

appliedd and adjusted before the onset of irreversible damage to the cord. In chapter 6, the 

clinicall use of tc-MEPs is described in detail in a group of TAAA patients, at high risk for 

paraplegia,, and a surgical protocol guided by tc-MEPs is discussed. 

Somatosensoryy evoked potentials (SSEPs) is an accepted technique worldwide for the 

detectionn of spinal cord ischemia during TAAA repair. However, SSEPs do not represent 

functionn of the ischemia sensitive anterior horn motor neurons, and false positive and false 

negativee results were frequently reported. Chapter 7 provides a prospective comparison 

betweenn SSEPs and tc-MEPs in a series of patients undergoing TAAA repair. 
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