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Abstract Abstract 

Background ::  During thoracoabdominal aortic aneurysm repair, a prolonged interruption of the spinal 

cordd blood supply can result in irreversible spinal cord damage. The aim of this study 

wass to investigate whether selective segmental artery perfusion during aortic clamping 

couldd prevent paraplegia in pigs. 

Methods ::  During the experiments, spinal cord motor neuron function was assessed with 

transcraniall motor evoked potentials (tc-MEPs). In ten pigs, the aortic segment L6-L1 

wass bypassed using an aorto-aortic bypass system and centrifugal pump. The aortic 

segmentt was cross-clamped, and after disappearance of tc-MEPs which indicated 

ischemia,, an aortotomy was performed. In five animals (group A), selective segmental 

arteryy perfusion was performed during 60 minutes with specially designed catheters 

whichh were attached to the extracorporeal bypass system. In five control animals (group 

B)) segmental arteries were blocked only during the cross-damping period. Postoperative 

hindd limb function and spinal cord histopathology were evaluated at the third 

postoperativee day. 

Results ::  In both study groups, tc-MEPs disappeared within 3.0  2.0 min after crossclamping. 

Inn group A animals, tc-MEPs returned in 12.6 1 min following selective segmental 

arteryy perfusion and recovered to a median of 47% (28-75%) of baseline values. Control 

animalss demonstrated no tc-MEP recovery during the 60 minute study period. Total 

bypasss flow was 681  158ml/min, of which 216  107 mi/min was directed to the 

selectivee perfusion catheters in group A animals. The flow in individual catheters was 

. . 

Alll perfused animals demonstrated normal hind limb function, while 4 out of 5 control 

animalss were paraplegic at day 3. (P = .04) In perfused animals, histopathological 

examinationn showed no spinal cord damage, or eosinophilic neurons only, whereas 

infarctionn in large areas of the cord occurred in paraplegic controls (P < .0001). 

Conclusion ::  In pigs, selective segmental artery perfusion can provide sufficient spinal cord blood 

floww to prevent paraplegia, resulting from 60 min of aortic clamping, as shown by 

clinicall outcome and histopathological examination. 
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Introduction Introduction 
Irreversiblee spinal cord damage can occur as a result of aortic cross-damping during the 

repairr of thoracoabdominal aortic aneurysms (TAAA). Reimplantation of the spinal cord 

feedingg arteries into the graft is mandatory to restore the spinal cord blood supply. Failure 

too reimplant these arteries has led to increased rates of neurologic deficit.1-2 Segmental 

aorticc replacement in combination with distal aortic perfusion has demonstrated to offer 

additionall protection during re-attachment of segmental arteries.24 However, a period of 

spinall cord ischemia can not be avoided when feeding arteries of the spinal cord are located 

withinn the excluded aortic segment and collateral circulation is insufficient. Moreover, when 

thee ARM is located within the perfused distal aortic segment and lumbar flow is secured, 

protectionn of the thoracic spinal cord segments is not warranted.5'6 

Selectivee organ perfusion during abdominal aortic clamping in TAAA repairs has 

demonstratedd beneficial results concerning kidney and visceral organ protection in several 

descriptivee studies.7-8 Selective spinal cord perfusion might offer a similar protective effect 

duringg aortic clamping. A recent study reported that selective spinal cord perfusion increases 

cerebrospinall fluid p02 during aortic clamping in dogs.9 In pigs, we recently investigated 

thee influence of selective spinal cord perfusion on spinal cord motor neuron function, assessed 

withh transcranial motor evoked potentials (tc-MEPs). We demonstrated that selective 

segmentall artery perfusion could reverse tc-MEP evidence of spinal cord ischemia and 

maintainn motor neuron conduction during 60 minutes of aortic cross-damping.(chapter 4) 

Inn the present study we investigated whether selective segmental artery perfusion can 

preventt neurologic deficit after 60 minutes of aortic clamping in pigs. 

Methods Methods 
Animall care and all procedures were performed in compliance with The National Guidelines 

forr Care of Laboratory Animals in the Netherlands. The study protocol was approved by the 

Animall Research Committee of the Academic Hospital at the University of Amsterdam, the 

Netherlands.. Ten female domestic pigs, weighing between 40 and 60 kg, were studied. 

Thee aim was to investigate whether selective segmental artery perfusion could prevent 

neurologicc deficit after 60 minutes of abdominal aortic clamping in pigs. Before the 

experiments,, animals were randomized into two groups; group A (n=5): experimental group: 

selectivee segmental artery perfusion, group B <n=5): control group: segmental artery blockade. 

Ketaminee (15 mg/kg) was used as premedication. Anesthesia was induced with 2.0% 

isofluranee by mask in a mixture of 50% 02 in N20. The animals received sufentanil 15 mg/ 

kgg and donidine 2 mg/kg. Isoflurane and N20 were discontinued and anesthesia was 

maintainedd with an infusion of ketamine 15 mg/kg/hr, sufentanil 5 mg/kg/h, donidine 1 
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mg/kg/h.. This anesthetic regimen is similar to that used in TAAA patients in our clinic and 

hass no major effect on tc-MEP responses.10'11 Animals were intubated and ventilated using 

intermittentt positive pressure ventilation. Ventilation was adjusted to maintain end-tidal 

C022 within 4.8 to 5.3 kPa (36-40 mmHg) throughout the experiment. Adequacy of 

ventilationn was confirmed with blood gas analysis at 37 . After induction, one intravenous 

linee (18 G) was introduced in an ear vein. Proximal mean arterial blood pressure was 

measuredd with a carotid line and distal mean arterial pressure with a line, introduced in a 

peripherall hind limb artery. Central venous pressure (CVP) was measured by means of a 

catheterr placed into the right jugular vein and advanced into the superior caval vein. 

Electrocardiogram,, CVP, proximal and distal pressures, end-tidal C02and nasopharyngeal 

temperaturee were monitored continuously. Before initiation of selective segmental artery 

perfusionn and at 60 minutes, hemoglobin concentration and arterial blood gas analysis 

weree determined. Peri-operative blood loss was collected, processed in a cell saver device 

(Haemonetics,, Soest, the Netherlands) and re-infused during the procedure. 

Tc-MEPss were evoked using a transcranial electrical stimulator (Digitimer D185 cortical 

nscraniall Cortical Stimulator 

Myogeni cc Tc -MEPs 

Latencyy Amplitude 

r^LL :: 

Figuree 1. Schematic representation of tc-MEP recordings in the experimental animal (ventral view). 

stimulator,, Welwyn Garden City, UK). The stimuli were applied to the scalp with four needle 

electrodes.. The stimulus consisted of a train of 5 pulses, with an interstimulus interval of 2.0 

ms.. The anode was placed at the occiput and the cathode consisted of three interconnected 

cathodess placed behind the ears, in the mastoid bone, and in the soft palate. Compound 

musclee action potentials were recorded from the skin over the quadriceps muscle and foreleg 
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muscless using adhesive gel Ag/AgCI electrodes.(Fig. 1) The signals were amplified 5.000 to 

20.0000 times (adjusted to obtain maximum vertical resolution), and filtered between 30 

andd 1500 Hz using a 3T PS-800 biologic amplifier (Twente Technology Transfer, Twente, 

Thee Netherlands). Data acquisition, processing and analysis were performed on computer 

withh a AD-converter and software written in the LabVIEW programming environment (National 

Instruments,, Austin, Texas). The supramaximal stimulus (typically 400-500 V) was assessed 

andd tc-MEPs were recorded at a stimulus intensity of 10% above the level that produced 

maximall tc-MEP-amplitude. Baseline tc-MEP-amplitude was assessed during laparotomy by 

averagingg five consecutive responses before the first ischemia inducing intervention. A 25% 

intra-animall variation of tc-MEP-amplitude was accepted as normal. Ischemic spinal cord 

dysfunctionn was defined as a tc-MEP-amplitude decrease below 25% of baseline values. This 

criterionn is based on the assumption that an amplitude decrease below 3 times the standard 

deviationn should provide optimal detection of ischemia while limiting false positive rate, and 

ourr previous observation of a 26% within-patient variability of the tc-MEP.10 

Re-establishmentt of spinal cord perfusion was defined as a recognizable, reproducible tc-

MEP-signall with an increasing tc-MEP-amplitude exceeding 200 mV. However, reperfusion 

wass considered successful when tc-MEP amplitudes increased above 25% of baseline values. 

Tc-MEP-responsess of forelegs were used to recognize possible systemic or technical causes 

off tc-MEP-decrease. 

Thee catheters used in this experiment were designed and manufactured by our department 

andd the department of Medical Technical Development (Academic Medical Center, University 

off Amsterdam, the Netherlands). The device consisted of a configuration of six perfusion 

catheters,, with a one-to-six connector. The 15 French perfusion catheters consisted of 60 cm 

doublee lumen tubing with 3 mm internal diameter. The 2 cm tapered tip had a 2 mm external 

andd 1 mm internal diameter. An inflatable latex balloon at the tip assured fixation in the ostia 

off the segmental arteries. The large lumen was used for perfusion and the small lumen for 

balloonn inflation. The configuration was connected to the bypass system as a side-arm, using 

aa 3/8* x 3 connector. In this way, oxygenated blood from the proximal aorta could be directed 

intoo the iliac arteries, as well as to the segmental arteries. Each perfusion catheter was 

connectedd to a Transonic flowmeter (Transonic Systems, Ithaca, NY, USA). 

Thee animals were placed in the right decubitus position. A laparotomy was performed 

throughh a midline incision and the viscera were placed to the right. The left kidney was 

mobilizedd and placed to the right. The abdominal aorta was carefully exposed. Thereafter, 

thee aortic bifurcation and the sacral artery were dissected. 

Thee aorta was then canulated at L1 with a Sams 6.5 High Flow Canula for inflow of the 

bypasss pump. In order to maintain lower limb perfusion for tc-MEP recording, the aortic 

bifurcationn was canulated with a Medtronic 12 F High Flow Venous Return canule 
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(Medtronicc DLP, Grand Rapids, Ml, USA). The canula were connected to the bypass system, 

resultingg in an aorto-aortic bypass. The bypass system consisted of 3/8th heparin coated 

tubingss (Baxter, Uden, the Netherlands), a Sams Delphin centrifugal pump, a Biotherm 

heatt exchanger (A. B. Medical, Roermond, the Netherlands) which was connected to a heat 

exchangerr pump (Hyp 10, Gambro, Sweden). 

Afterr the pump was started, the proximal clamp was placed distally from the proximal 

aorticc canule and distal clamps were placed on the distal aorta and on the sacral artery. In 

thiss way, the aortic segment that was crossclamped and bypassed was standardized in 

bothh groups, and consisted of the abdominal aorta between L1 and the bifurcation. 

Furthermore,, to produce ischemia of sufficient magnitude to result in spinal cord neuronal 

damagee when only the abdominal aortic segment was excluded, it was necessary to 

decreasee arterial pressure to reduce collateral flow to the cord. To accomplish this, arterial 

hypotensionn to 50 mmHg using propranolol and labetalol i.v, and titrating sodium 

nitroprussidee as necessary was induced during the study period. 

Whenn the aorto-aortic bypass was started and proximal and distal pressures were decreased 

too values between 45 and 55 mmHg, tc-MEPs were assessed to assure that the spinal cord 

bloodd flow was within normal autoregulatory limits. Aortic clamps were placed and when 

tc-MEPss decreased below 25%, indicating spinal cord ischemia, the aorta was opened with 

aa longitudinal incision. Renal and mesenteric arteries were blocked using 9 F Pruitt catheters 

(Baxter,, Uden, the Netherlands) to minimize blood loss. In group A animals, the tips of the 

perfusionn catheters were then inserted into the orifices of the segmental arteries and the 

balloonss were inflated for fixation.(Fig 2) Flow to the segmental arteries was started by 

unclampingg the catheters and selective perfusion was continued for 60 minutes. An initial 

floww of at least 50 ml/min per catheter was targeted. During this period, tc-MEPs were 

recordedd every minute to verify that selective perfusion was sufficient to maintain motor 

neuronn conduction. Initial bypass-flow was adjusted to maintain distal arterial pressures at 

approximatelyy 50 mmHg, but extracorporeal system pressures above 100 mmHg were 

allowedd to ensure adequate selective spinal cord perfusion pressures. When tc-MEPs 

remainedd absent, despite 10 min of selective perfusion, flow was increased by increasing 

bypasss flow. 

Inn group B, the segmental arteries were blocked with 3 F Pruitt catheters (Baxter, Uden, the 

Netherlands)) after the aortotomy to prevent a steal effect from the spinal cord towards the 

aorta,, and no selective perfusion was performed during the 60 min study period. 

Inn both groups, the aorta was longitudinally closed using Prolene 5.0 during the 60 min 

studyy period, with the catheters in situ. At exactly 60 min, all catheters were removed and 

closuree of the aorta was rapidly completed. The aortic canula were removed and the left 

kidneyy and viscera were put into place. Administration of arterial hypotension inducing 
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Figuree 2. Aorto-aortic bypass from L1 to the aortic bifurcation. Placement of the proximal aortic clamp 
att the L1 level and distal clamps at the aortic bifurcation and sacral artery. After a longitudinal aortotomy 
andd introduction of the perfusion catheter tips into the segmental arteries, selective segmental artery 
perfusionn is performed through the L2-L6 arteries. L1-L6: lumbar arteries, BP: bypass pressure, BF: total 
bypasss flow, P: centrifugal pump. Only 5 perfusion catheters are shown. 

drugss was discontinued. The abdomen was closed in layers, and tc-MEP measurements 

weree discontinued. 

Postoperativee phase. 
Thee animals remained at the operating table for ventilatory support using intermittent positive 

pressuree ventilation until the next morning. Mean arterial pressures were maintained above 

600 mmHg, with fluid replacement with Ringers lactate and a modified gelatin (Gelofusinea), 

ass required. Then, the animals were extubated and brought to their quarters where food 

andd water was provided. The first, second and third postoperative day, hind limb neurologic 

functionn was evaluated by one investigator, blinded to the group allocation, using the 

Tarlovv score; 0: spastic paraplegia, no movement, 1: spastic paraplegia, slight movement, 

2:: good movement, not able to stand, 3: able to stand, not walk, 4: normal function. 

Afterr assessing the Tarlov score at the third day, the animals were killed with pentobarbital 

i.v.. and the spinal cords were harvested and placed in formaldehyde 4%. Histopathologic 

evaluationn was performed by a neuropathologist, blinded to the experimental set-up, and 
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ischemicc changes were scored. The lumbar spinal cords were divided into 12 equal parts, 

dissectedd and embedded in paraffin. Each of the 12 sections was scored as follows; 0: no 

damage,, 1:1-5 eosiniphilic neurons, 2: 5-10 eosiniphilic neurons, 3: more than 10 eosiniphilic 

neurons,, 4: small infarction (1/3 of the gray matter), 5: moderate infarction (1/3 to V2 of 

thee gray matter), 6: large infarction (more than V2 of the gray area). 

Statisticall analysis 
Alll data are expressed as mean  standard deviation (SD). Unpaired T-tests or Mann Whitney 

UU test were used to identify differences between Group I and II animals in the survival 

experiments. . 

Results Results 
Reproduciblee tc-MEPs could be recorded in all animals. The response amplitude at baseline 

wass 2142  1145 u,V. Hemoglobin concentration during laparotomy and after 60 min aortic 

clampingg were 9.7  1.3 and 7.5  0.9 g/dL, respectively, and did not differ between groups. 

Duringg aortic crossdamping, proximal and distal aortic pressures were decreased to 55  8 

mmHgg and 56  8 mmHg, respectively, and did not differ between groups. (P = .8 and .2, 

respectively)) Exclusion of the abdominal aortic segment resulted in tc-MEP loss within 3.0

2.00 min in all animals. 

Inn group A, aortotomy, establishment of selective perfusion was accomplished within 12.8 

 2.7 min. Tc-MEPs recovered in all experimental animals within 12.6  11.0 minutes after 

initiationn of selective perfusion, and increased above 25% of baseline within 20.0  18.6 

min.. During the 60 min study period, tc-MEP-amplitudes increased progressively in all animals 

too 47% (28-75%) of baseline. 

Bypass-pressuress were 141 0 mmHg and bypass-flows were 681 + 158 ml/min, of 

whichh 216  107 ml/min was directed to the selective perfusion catheters. Catheter flow 

waswas 83  27 ml/min. Due to occasional inflation balloon failure, 3 to 4 perfusion catheters 

weree used for selective perfusion in each animal, only. The remaining segmental artery 

orificess were occluded with 3 F Pruitt catheters in order to minimize backflow. No relation 

betweenn tc-MEP recovery and selective perfusion flow or pressure could be observed. 

Inn group B animals, insertion of Pruitt catheters was accomplished in 5.6  2.3 min. Tc-

MEPss remained absent throughout the experiment in all but one control animal. Tc-MEPs 

recoveredd 24.3 min following cross-clamp removal in this animal. 

Postoperativee neurologic evaluation 
Onee group A animal died at postoperative day 1 due to respiratory failure, resulting in 
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Figuree 3. Bar graph of the histopathologic results. The lumbar spinal cords are divided into 12 equal 
segmentss and scored for ischemic damage in Group I and Group II animals. 1:1-5 eosiniphilic neurons, 
2:: 5-10 eosiniphilic neurons, 3: more than 10 eosiniphilic neurons, 4: small infarction (1/3 of the gray 
matter),, 5: moderate infarction (1/3 to V2 of the gray matter), 6: large infarction (more than V2 of the 
grayy area). 

severee hypoxia and cardiac failure. However, the Tarlov score at day 1 could be obtained 

andd was 4 in this animal. All group A animals demonstrated normal hind limb function 

(Tarlovv 4), whereas all but one group B animals were neurologically impaired (Tarlov 0). 

(Mannn Whitney U test, P = .04) The one neurologically intact animal had tc-MEP recovery 

followingg reperf usion, and showed improving motor function during the three postoperative 

days,, resulting in normal hind limb function at day 3. 

Histopathologicc evaluation 
Inn the 9 animals that survived until day 3, histopathologic examination of the spinal cords 

wass performed. The results are shown in figure 3. Group A animals demonstrated significantly 

lesss gray matter cell damage than the control group. (Mann Whitney U test, P < .0001) 

Histopathologicall differences between both groups were most pronounced in spinal cord 

levelss L3-L6.(Fig 3) One group A animal showed small infarction in 2 segments of the spinal 

cord,, only.(Fig.4a)The remaining group A animals had no damage or eosinophilic neurons, 

only.(Fig.. 4b) The group B animals demonstrated large infarctions in 3-7 segments of the 

spinall cord.(Fig. 4c) One group B animal had moderate infarction in 2 segments only. This 

wass the animal that showed full hind limb function recovery at day 3. 
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Figuree 4. Light micrographs (H&E) from localized spinal cord sections in three different animals. 
44 A: section of an L4 segment of a perfused animal showing normal appearing neurons and no sign of 
vacuolization.(magnificationn 35x) 
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Figuree 4. Light micrographs (H&E) from localized spinal cord sections in three different animals. 
44 B: L6 segment of a control animal showing large infarction within the entire gray matter area. 
Notee the vacuolization (V) and loss of delineation between gray and white matter structure.(C = central 
canal,, magnification 25x) 
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Figuree 4. Light micrographs (H&E) from localized spinal cord sections in three different animals. 
44 C: section of a L5 segment in the perfused animal that had normal neurologic function, despite the 
localizedd small infarction in the anterior horn gray matter (area within arrows).(magnification 50x) 
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Discussion Discussion 
Inn the present porcine experiment we demonstrated that selective spinal cord perfusion can 

preventt paraplegia after a 60 min period of aortic crossdamping, and the protective effect of 

thiss new method was supported by histopathological evidence. Selective spinal cord perfusion 

hass the potential to reduce the incidence of paraplegia during TAAA surgery, by reversing the 

interruptionn of intercostal and lumbar blood flow, caused by aortic cross-damping. 

Techniquess that aim to optimize spinal cord blood flow during aortic cross-damping have 

beenn successfully applied over the last two decades. Arterio-arterial bypass (left atrium-

femorall artery) offers the best means for proximal and distal aortic pressure regulation. In 

thiss way, sufficient blood flow to the spinal cord can be ensured when crucial segmental 

arteriess originate within the perfused aortic segment.12 Possibly the most important beneficial 

effectt of this adjunct was described in several studies which reported a reduced duration of 

intercostall ischemic time when atrio-femoral bypass was applied.3-'3'14 In a prospective non-

randomizedd trial it was demonstrated that atrio-femoral bypass improved neurologic 

outcomee in 99 patients, especially when combined with sequential aortic damping and 

segmentall repairs.2 However, distal aortic perfusion has not been able to prevent paraplegia 

completely,, resulting from the fact that this technique is not able to guarantee sufficient 

spinall cord blood flow when the critical feeding arteries are located within the excluded 

aorticc segment.15 Moreover, when the arteria radicularis magna, which critically perfuses 

thee lumbar spinal cord, is located within the perfused distal aortic segment and lumbar flow 

iss secured, protection of the thoracic spinal cord segments is not warranted 16, because 

vascularr resistance through the anterior spinal artery is approximately 11 times higher in the 

craniall direction.17 

Whenn distal aortic perfusion is combined with tc-MEP monitoring, these specific situation 

cann be identified, where distal aortic perfusion techniques are shortcoming. Recently, we 

reportedd an approach wherein tc-MEP monitoring was combined with a step-by-step surgical 

approach.. With this technique, no paraplegia occurred in 52 patients with type I and II 

TAAAs.188 Nonetheless, postoperative paraplegia or paraparesis may still result from transient 

ischemiaa during the exclusion of the aortic segment containing 'critical' segmental vessels. 

Onlyy two studies have thus far reported the use of selective segmental artery perfusion. 

Svenssonn described selective perfusion of HI CI (hydrogen induced current impu!se)-identified 

criticall segments of the aorta in pigs via a shunt, and evaluated the efficacy by myogenic 

motorr evoked potentials after spinal stimulation (SMEP) and neurologic function.19 

Neurologicc results did not differ from the animals that only underwent preservation of the 

criticall arteries. Furthermore, selective perfusion could not restore SMEP signals during the 

studyy period, indicating sub-marginal spinal cord blood flow. Svensson later stated that the 

resultss were not satisfactory because very high perfusion pressures were needed to allow 
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floww to the segmental arteries, as a result of limitations in catheter diameter.20 A recent 

reportt demonstrated that selective segmental artery perfusion increased cerebrospinal fluid 

p022 during aortic clamping in dogs and restored spinal cord neurophysiologic function, as 

assessedd with evoked spinal potentials (spinal stimulation at L4 and recording at T4).9 

However,, no control group could clarify whether these results were obtained by the beneficial 

effectt of critical segmental artery blockade, only. Furthermore, no histologic or neurologic 

dataa confirmed their effort. Our group recently reported our initial experience with this 

technique.{chapterr 4) We demonstrated that spinal cord neurophysiologic function could 

bee maintained with selective segmental artery perfusion during one hour of aortic cross-

clamping,, as evidenced by tc-MEPs. Tapered catheters allowed sufficient spinal cord blood 

floww at acceptable bypass pressures to obtain these promising results. 

Inn the present experiments, we were able to support these results with neurologic outcome 

data.. Hind limb function could be preserved in all perfused animals, whereas 80% of the 

controll animals suffered from paraplegia. However, complete spinal cord protection could 

nott be obtained in all perfused animals, as evidenced by minor histopathologic damage in 

somee animals. In addition, a full tc-MEP recovery within the 60 min study period was not 

consistentlyy observed. Both the tc-MEP data and histopathologic results suggest that selective 

segmentall artery flow was suboptimal in some animals and could not prevent all neurons 

fromm becoming ischemic. It would be of interest to establish the relation between selective 

perfusionn flow, tc-MEP recovery and histopathology, but the small study groups unfortunately 

preventedd this analysis. 

Ann important difference between our previous experiments (chapter 4) and the present 

studyy was the addition of arterial hypotension in this study. As stated in the Methods section, 

wee aimed to cause irreversible spinal cord damage in a large majority of the control animals 

afterr one hour of aortic crossclamping. This is in contrast to the study described in chapter 

4,, where tc-MEP recovery as a result of selective perfusion was aimed. The spinal cord 

bloodd flow values at which tc-MEPs are lost are possibly higher than those that will result in 

actuall neuronal damage. Whether paraplegia will result from 60 minutes of aortic cross-

clampingg will be determined by factors such as residual spinal cord blood flow and 

temperature.. Moreover, experiments by Wadouh demonstrated that ligation of abdominal 

segmentall arteries for 45 minutes resulted only in a 70% paraplegia rate.21 In order to 

increasee the paraplegia rate in the control animals, we added arterial hypotension to decrease 

residuall spinal cord blood flow. With this model, we demonstrated that selective perfusion 

waswas able to prevent paraplegia in the experimental animals. 

Iff the results of this study can be extrapolated to the human situation, selective spinal cord 

perfusionn has several potential advantages during TAAA repair. First, the duration of spinal 

cordd ischemia can be significantly reduced during reimplantation of critical segmental 
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arteries.. Second, when this technique can provide adequate spinal cord blood flow during 

thee cross-damping period, reimplantation of all presenting segmental arteriescan be pursued. 

Moreover,, when available intercostal arteries are fragile or located in a mushy aorta while 

beingg critical to spinal cord blood flow as assessed with tc-MEPs, a selective graft can be 

anastomosedd around the perfusion catheter, assuring patent reimplantation while 

mainatiningg spinal cord blood flow. 

Inn conclusion, selective segmental artery perfusion with specially designed tapered catheters 

wass effective in preventing paraplegia after 60 minutes of aortic crossdamping in pigs. 

Usingg this new adjunct in combination with tc-MEPs, we demonstrated that spinal cord 

ischemiaa during aortic cross-damping could be reduced to minutes. 
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