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C h a p t e rr 4 . 

Chapterr 4 

Delayedd detection of motor pathway dysfunction 

afterr selective reduction of thoracic spinal cord blood flow in pigs 

Abstract t 

Objective:Objective: Clinical monitoring of myogenic motor evoked potentials to transcranial 

stimulationn (tcMEP) provides rapid evaluation of motor pathway function during surgical 

proceduress in which spinal cord ischemia (SCI) can occur. However, a severe reduction of 

spinall  cord blood flow (SCBF) that remains confined to the thoracic spinal cord might render 

ischemicc only the descending axons of the corticospinal pathway. In this situation, lower limb 

tcMEPP could respond relatively late compared to a similar SCBF reduction of the lumbar 

spinall  cord that renders predominantly motoneurons ischemic. 

Methods:Methods: Selective thoracic and lumbar SCI was induced by sequential clamping of 

segmentall  arteries during continuous assessment of Laser Doppler flow (ld_SCBF) at the 

thoracicc and lumbar spinal cord. TcMEP were recorded from the upper and lower limbs. The 

timee to loss of tcMEP signals was compared (n = 11) during reduction of IdSCBF below 

25%% of baseline (ischemic segment), while flow was maintained >75% of baseline in the non-

ischemicc segment, both during thoracic and lumbar SCI. 

Results:Results: Average ld_SCBF in the ischemic segment was similar during thoracic (26  15 % 

(SD))) and lumbar (26  16 %) ischemia, while normal flow was maintained in the non-

ischemicc segment. The time to tcMEP loss was considerably longer after thoracic SCI (15

111 min) than after lumbar SCI (3  2 min, P< 0.005). 

Conclusion:Conclusion: In this experimental model of selective spinal cord ischemia, a severe reduction 

off  lumbar SCBF results in rapid loss of tcMEP, while a similar blood flow reduction in the 

thoracicc spinal cord results in relatively slow loss of tcMEP signals. The effectiveness of 

myogenicc tcMEP to rapidly assess spinal cord integrity might be limited when spinal cord 

ischemiaa is confined to the thoracic segments. 

Introduction n 

Rapidd detection of spinal cord transmission failure can guide interventions aimed at 

maintainingg spinal cord blood flow (SCBF) in surgical procedures that carry a risk of spinal 

cordd ischemia. Either sensory or motor pathways can be monitored. Intraoperative monitoring 

off  the spinal cord dorsal columns with somatosensory evoked potentials only, may result in 

62 2 



D e l a y e dd t c M E P r e d u c t i o n 

false-positivee and delayed detection of SCBF reduction. Myogenic transcranial motor 
33 4 

evokedd potentials (tcMEP) allow assessment of the integrity of motor tract conduction. ' 

Theyy are lost almost instantaneously after cross-clamping of the thoracic aorta, ' probably as 

aa result of synaptic failure in the anterior horn. 

However,, with this technique the signal traverses at least three synapses (motor cortex, 

anteriorr horn and neuromuscular junction), and it is not possible to distinguish between 

ischemiaa of gray matter and white matter. Synaptic conduction block precedes axonal 
77 8 

transmissionn failure during severe reduction of SCBF, or hypoxia, while both structures are 
9-11 1 

vulnerablee to ischemia. Therefore, a critical reduction of SCBF that remains confined to 

thee thoracic spinal cord might render ischemic only the descending axons in the corticospinal 

pathwayy of tcMEP. This could delay the time needed for tcMEP to decrease below the 

ischemicc threshold, as compared to a similar SCBF reduction of the lumbar spinal cord where 

thee anterior horn motoneurons are located. In this situation there is a definite risk of false 

negativee monitoring results. The purpose of this study was to compare lower limb recorded 

tcMEPP response times in a porcine model of selective reduction of lumbar and thoracic 

SCBF. . 

Materiall & Methods 

Animall  care and experimental procedures were performed in compliance with The National 

Guideliness for Care of Laboratory Animals in the Netherlands. The study protocol was 

approvedd by the Animal Research Committee of the Academic Hospital at the University of 

Amsterdam,, the Netherlands. Eleven pigs, weighing 61  5 kg, were included in the study. 

Anesthesia Anesthesia 

Premedicationn consisted of ketamine 15 mg.kg"' intramuscularly (i.m.). Anesthesia was 

inducedd with inhalation by mask of 2.0% isoflurane in a mixture of 50% O2 in air. Two 

intravenouss catheters (18 G) were placed in an ear vein and normal saline was infused at a 

ratee of 15 mLkg^.h"1. After induction of anesthesia sufentanil 15 ug.kg"1 and clonidine 2 

ug.kg""  was given intravenously (i.v.), isoflurane was discontinued, and anesthesia was 

maintainedd with a continuous infusion of ketamine (15 mg.kg"1.h"1), sufentanil (5 ug.kg"1.^1), 

andd clonidine (1 ug.kg" .h" ). The tracheas were intubated and animals were ventilated using 

Intermittentt Positive Pressure Ventilation. End-tidal C02-concentration was measured by a 
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mainstreamm capnograph (Hewlett-Packard, Boebingen, Germany) and PaCC>2 was maintained 

betweenn 36 and 40 mm Hg. Mean arterial pressure (MAP) was maintained between 50 and 70 

mmm Hg. Adequacy of ventilation was confirmed by blood gas analysis at 37°C. The level of 

neuromuscularr blockade was monitored electromyographically using a Datex Relaxograph 

(Datex-Ohmeda,, Helsinki, Finland), placed at the animal's wrist equivalent after stimulation 

off  the median nerve. A closed loop infusion system with Pancuronium was used to maintain 

40%% relaxation as referenced to the control situation. Arterial blood pressure and central 

venouss pressure were measured from catheters placed in the right femoral artery and the left 

cephalicc vein respectively. Oxygen saturation was continuously assessed by pulse oximetry. 

Nasopharyngeall  temperature was monitored and kept at 36°C by means of a heating lamp. 

Urinaryy output was measured throughout the experiment. Before the induction of ischemia, 

arteriall  pH, PaC>2, PaCC«2, hemoglobin concentration and hematocrit were measured. 

MotorMotor evoked potential recording 

TcMEPP stimuli were applied with a transcranial electrical stimulator (Digitimer D 185 

corticall  stimulator, Welwyn Garden City, UK) through four needle electrodes attached to the 

scalp.. A train of four pulses with an inter-stimulus interval of 2 ms was distributed over the 

motorr cortex via an anode located at the occiput and three interconnected cathodes placed 

behindd the ears and in the soft palate. Compound muscle action potentials (CMAP) were 

recordedd bilaterally from the skin over the upper limb triceps muscles and over the lower limb 

quadricepss muscles using adhesive gel Ag/AgCl electrodes. The signals were amplified 

5,000-20,0000 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, the 

Netherlands).. Stimulus intensity was adjusted to acquire maximal responses and recording 

wass performed 10 % above the level that obtained maximal amplitude. 

Amplitudee of the CMAP was defined as the peak-to-peak distance in uV. A reduction 

off  tcMEP amplitude on the muscle groups monitored to less than 25 % of the baseline value 

wass considered an indication of ischemic spinal cord dysfunction. Baseline tcMEP were 

obtainedd during the surgical procedure by averaging 10 consecutive responses before the start 

off  spinal cord ischemia (SCI) induction. During the ischemic manipulations tcMEP were 

acquiredd every minute. Responses were displayed and stored on a Macintosh Quadra 

computerr (Apple Computer, Cupertino, CA) with 12-bit A/D conversion and acquisition 
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softwaree written in the Lab VIEW programming environment (National Instruments, Austin, 

Texas). . 

OperativeOperative procedure 

Animalss were placed in the right decubitus position. The thoracoabdominal aorta, the 

segmentall  arteries, and the medial sacral artery were exposed by way of a left-sided 

thoracophrenicc laparotomy. The arterial truncus giving rise to the left subclavian and 

vertebrall  artery was exposed. The group of vessels recruited for the induction of SCI 

consistedd of all segmental arteries, the left vertebral artery and the sacral artery. After that, the 

thoraxx and pelvis were rotated for the removal of vertebral bone. At the end of the experiment 

thee interior of the aorta was inspected to determine whether all lumbar and intercostal 

segmentall  arteries had been identified. 

Laser-Dopplerflowmetry Laser-Dopplerflowmetry 

Too assess real time microcirculatory changes in the spinal cord following the clamping of 

segmentall  arteries, the dura over the spinal cord was exposed after drilling two holes ( 2 x2 

cm)) in the ventral aspect of the vertebral bodies ThlO and L5. The tips of two separate fiber 

opticc Laser-Doppler flow (LDF) probes (model 408, Perimed, Stockholm, Sweden) were 

placedd in contact with the intact dura of a spinal cord area devoid of macroscopically visible 

bloodd vessels, and connected to a Laser-Doppler flowmeter (Periflux 4001, Perimed, 

Stockholm,, Sweden). The area surrounding the interface between the probe and the dura was 

cleanedd to optimize signal transduction. Valid flow signals were defined as having arterial 

pulsations.. The probes were fixated in a riding position over the spinal cord while special care 

wass taken to avoid compression of spinal cord tissue. 

Outputt signals were collected continuously throughout the experiment and averaged 

everyy 0.5 s. Two periods of 15 minutes were taken for stabilization and measurement of 

baselinee LDF values respectively, after which induction of SCI was started immediately. 

Movementt artifacts caused by transcranial stimulation were filtered out during off-line 

analysis,, and the signals were corrected for their biological offset values (as collected after 

euthanizingg the animals). 

65 5 



C h a p t e rr  4 

ExperimentalExperimental design 

Figuree 1 shows the experimental setup. Fifteen minutes before the induction of spinal cord 

ischemiaa baseline values for tcMEP and SCBF were obtained. Animals were randomized to 

undergoo selective lumbar spinal cord ischemia followed by thoracic SCI (n = 5), or selective 

thoracicc SCI followed by lumbar SCI (n = 6). To produce selective thoracic SCI, segmental 

arteriess were clamped in a cranial-to-caudal direction. To produce selective lumbar SCI, 

segmentall  arteries were clamped in a caudal-to-cranial direction. The total number of clamped 

arteriess was dependent on the SCBF reduction attained in each of the two spinal cord 

sections. . 

Previouss studies that measured SCBF after occlusion of the thoracic aorta using 
133 14 

microspheress or LDF showed that a 75% reduction in SCBF abolished evoked potentials. 

Inn the present study the SCBF levels in the respective spinal cord sections were adjusted by 

clampingg and declamping of segmental arteries until SCBF levels obtained were below 25% 

off  baseline for the ischemic spinal cord section, while SCBF remained above 75% of baseline 

inn the non-ischemic spinal cord section. Since it is not always possible to produce such a clear 

bloodd flow contrast between adjacent segments, priority was given to maintaining normal 

floww in the non-ischemic segment, even when the target in the ischemic segment (<25% of 

baselinee value) was not reached. Therefore, in some animals the SCBF level of the ischemic 

segmentt was allowed to remain above 25% of the baseline value. After loss of the lower limb 

tcMEPP signal (tcMEP amplitude below 25% of baseline) all clamps were released. Before the 

startt of the alternative ischemic episode a stabilization period of 15 minutes was taken. 

StatisticalStatistical analysis 

Hemodynamicc data, blood gases, weight and temperatures are expressed as means  SD, after 

groupingg according to the primary ischemic event (lumbar or thoracic). TcMEP are expressed 

ass medians and 10th to 90th percentiles. The physiologic variables were analyzed with one-

wayy analysis of variance and when significant differences were identified, student's t tests for 

intergroupp comparisons with appropriate correction for multiple comparisons were carried 

out.. The interval between induction of selective SCI and loss of lumbar tcMEP was compared 

usingg an unpaired t-test. A P value of less than 0.05 was considered significant. 
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Figuree 1: 

Schematicc representation of tcMEP and Laser Doppler Flow recording. 

Results s 

Pre-ischemicc physiologic parameters including pH, Pa02, hematocrit, hemoglobin, and 

esophageall  temperature were similar for animals that underwent thoracic SCI first compared 

too animals that underwent lumbar SCI first (see Table 1). The medial sacral artery, five to six 

lumbarr segmental arteries (SAs), seven to nine intercostal SAs, and the left vertebral artery 

couldd be identified in all animals. To obtain a selective reduction of lumbar SCBF, a mean 

numberr of 9  3 (SD) arteries had to be clamped in a caudal-to-cranial direction (starting from 

thee medial sacral artery). It was necessary to clamp 1 2 +1 arteries in a cranial-to-caudal 

directionn (starting from the left vertebral artery) to provide selective reduction of thoracic 

SCBF.. Figure 2 shows representative tcMEP and IdSCBF recordings in one experiment. 
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Tablee 1. Physiologic parameters 

Firstt pH 
Episode e 

Lumbarr SCI (n = 5) 7.44  0.06 

Thoracicc SCI (n = 4) 7.47 1 

paco2, , 
mmm Hg 

37.44 + 5.6 

37.22 4 

Pa02, , 
mmHg g 

191.22 2 

253.99 + 57.6 

Ht, , 
% % 

33.33 6 

30.88 0 

Hb, , 
g/dl l 

10.88  1.2 

10.00  1.7 

Temp, , 
°C C 

35.77  1.7 

35.66 0 

Al ll  values are means  SD. SCI = spinal cord ischemia. First episode, lumbar SCI = lumbar SCI was performed 
first,first, followed by thoracic SCI; First episode, thoracic SCI = thoracic SCI was performed first, followed by 
lumbarr SCI. Ht = hematocrit; Hb = Hemoglobin; Temp = esophageal temperature. 

Thoraci cc  SCI Lumba rr  SCI 

1 0 0 - 1 1 

CD D 
uu % 
inin '0 

L5 5 
Th10 0 

20 0 40 0 60 0 100 0 120 0 140 0 

10000 -i 

Q. . 

100 0 120 0 140 0 

Figuree 2: 
Motorr evoked potential (tcMEP) amplitudes and relative Laser-Doppler flow values during thoracic and lumbar 
spinall  cord ischemia in one animal are shown. The downward vertical arrows indicate the time points (22 and 
1099 min respectively) at which flow values reached the desired thresholds (<25% for the ischemic spinal cord 
segment,, >75% for the non-ischemic spinal cord segment) to induce selective thoracic or lumbar spinal cord 
ischemia.. Note the gradual reduction of tcMEP amplitude after thoracic SCI compared to rapid tcMEP loss after 
lumbarr SCI. The upward vertical arrows indicate the time points (42 min 112 min respectively) at which all 
arteriall  clamps were released. SCI = spinal cord ischemia; ld SCBF = Laser Doppler spinal cord blood flow; 
tcMEPP = transcranial motor evoked potentials; L5 = relative flow values at the fifth lumbar vertebral level; ThlO 
== relative flow values at the tenth thoracic vertebral level; min = time in minutes. 
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Laser-DopplerLaser-Doppler Flowmetry 

Physiologicc IdSCBF signals were obtained in all animals. In three animals the LDF probes 

hadd to be repositioned during baseline recordings because of low or very high light output. In 

thee 15 min period preceding ischemic manipulations, average deviation of IdSCBF values 

fromfrom baseline was 7% and 9% for the thoracic and lumbar level respectively before thoracic 

SCI.. Preceding lumbar SCI, the average deviation of IdSCBF values was 9% and 10% for 

thee thoracic and lumbar level respectively. 

Individuall  values of IdSCBF and times until loss of lower limb tcMEP signals are 

shownn in figure 3. The average relative IdSCBF level of the ischemic spinal cord segment 

duringg lumbar SCI (26  16%) and thoracic SCI (26  15%) was the same. In two animals 

duringg lumbar SCI and in one during thoracic SCI, IdSCBF in the ischemic spinal cord 

segmentt could not be reduced to less than 50% of baseline value (figure 3). Spinal cord blood 

floww in the non-ischemic segment was maintained during lumbar (90 + 17%) and thoracic SCI 

(944  16%). No differences in MAP were detected during lumbar SCI (52  7 mm Hg) and 

thoracicc SCI (50  6 mm Hg). The time needed to achieve relevant IdSCBF differences 

betweenn the ischemic and non-ischemic segment during lumbar (5  5 min) or thoracic SCI (7 

++ 6 min) was similar. There were no differences in reductions of SCBF obtained in the 

ischemicc and non-ischemic segment alter grouping the animals according to the first ischemic 

eventt (thoracic or lumbar, see Table 2). 

MotorMotor Evoked Potentials 

Reproduciblee tcMEP were obtained in all animals. The median amplitude of the lower limb 

tcMEPP before ischemic manipulations was 804 (81-3114, 10th to 90th percentile) ^V and 775 

(147-2449)) uV for animals first undergoing lumbar and thoracic SCI, respectively. Complete 

disappearancee of the lower limb tcMEP was observed in all animals both during selective 

thoracicc SCI and selective lumbar SCI. The time to loss of tcMEP signals (amplitude < 25% 

off  baseline value) was much shorter with lumbar SCI (3  2 minutes) than during thoracic 

SCII  (15  11 minutes, P < 0.005). 

Theree were no differences in time to tcMEP loss between animals that first underwent 

reductionn of thoracic SCBF compared to animals mat first underwent reduction of lumbar 

SCBF,, both during lumbar SCI and thoracic SCI (see Table 2). 
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Lumba rr  SCI Thoraci cc  SCI 
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Figuree 3: 
Individuall  values of ld_SCBF and times until loss of lower limb tcMEP during lumbar and thoracic spinal cord 
ischemia.. Animals are ranked according to these times. In the animals indicated by arrows thoracic SCI was 
inducedd first, followed by lumbar SCI. Closed bars, that represent relative ld_SCBF values in the ischemic 
segment,, are superimposed on the open bars that represent relative ld SCBF values in the non-ischemic 
segment.. SCI = spinal cord ischemia; time = time in minutes until loss of the lower limb tcMEP signal (tcMEP 
amplitudee below 25% of baseline); IdSCBF = relative Laser-Doppler flow values. A, B = animals in which 
targett levels in the ischemic segment during lumbar SCI were not reached. 
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Tablee 2. tcMEP responses and SCBF after grouping according to 1* ischemic event 

timee to tcMEP loss (min) during 

timee to tcMEP loss (min) during 

SCBFF (%) during 
lumbarr SCI 

SCBFF (%) during 
thoracicc SCI 

lumbarr SCI 

thoracicc SCI 

L5 5 

ThlO O 

L5 5 

ThlO O 

Thoracicc First 

2.99 8 

13.77 3 

17.55 6 

92.55 4 

85.22 1 

21.S  11.5 

Lumbarr First 

2.44 5 

16.66 7 

32.55  17.5 

94.77 5 

94.00  20.2 

28.99 8 

Al ll  values are means  SD. Thoracic First = thoracic SCI was performed first, followed by lumbar SCI; Lumbar 
Firstt = lumbar SCI was performed first, followed by thoracic SCI. Time to tcMEP loss = time in min between 
onsett of flow reduction and tcMEP amplitude reduction of more than 75%. SCBF = spinal cord blood flow. SCI 
== spinal cord ischemia. L5 = lumbar vertebral level 5. ThlO = thoracic vertebral level 10. 

Discussion n 

Inn the present study we selectively reduced spinal cord blood flow in either the thoracic or 

lumbarr segments, as evidenced with Laser Doppler Flowmetry measurements. After severe 

reductionn of lumbar SCBF lower limb responses to transcranial stimulation were abolished 

withinn 3 min, but a similar SCBF reduction in the thoracic spinal cord required 15 minutes for 

losss of tcMEP. These data suggest that myogenic tcMEP are not a fast detector of SCI that is 

confinedd to the thoracic spinal cord. 

Wee opted to reduce spinal cord blood flow by sequential clamping of segmental 

arteries.. Compared to aortic clamping, this model minimizes the risk of false positive 

responsess due to ischemia of the peripheral nerve and muscles, and avoids major 

cardiovascularr changes during aortic occlusion and the subsequent reperfusion period. The 

spinall  cord blood supply of the pig resembles that of man because it comprises a 
15,16 15,16 

plurisegmentall  segmental artery supply of a continuous anterior spinal artery (ASA). The 

criticall  region of SCBF is located in the lower thoracic region, facilitating flow in the lumbar 

region,, because of a large decrease in diameter of the anterior spinal artery in the cranial 
,, 15,16 

direction,, and the presence of extensive collateral circulation in the lumbar spinal cord. 

Animalss were randomized to undergo reduction of thoracic SCBF or reduction of lumbar 

SCBFF as the primary ischemic event, to avoid the possible confounding effect of the first 

SCBFF reduction on the second SCBF reduction (table 2). We clamped or undamped SAs in 
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orderr to reach and maintain the target SCBF levels in the ischemic and non-ischemic spinal 

cordd segments. The design of this study required a gradient between the ischemic-, and non-

ischemicc segments. In three animals, however, we were unable to decrease SCBF in the 

ischemicc segment without compromising flow in the adjacent (non-ischemic) segment. In 

thesee animals we accepted a flow reduction in the ischemic segment that was less than the 

75%% target. Interestingly, in two animals (animals A and B, fig 3), a moderate reduction of 

lumbarr Id SCBF resulted in a relatively fast loss of tcMEP signals, suggesting that the 

IdSCBFF threshold for transmission block in the lumbar spinal cord might be considerably 

higherr than the SCBF levels commonly associated with ischemic dysfunction. 

Wee measured spinal cord blood flow using Laser-Doppler flow probes placed on the 

ventrall  aspect of the spinal cord. This allowed estimation of SCBF in the spinal cord area 

suppliedd by the ASA. In contrast to other methods of measuring SCBF, the high temporal 

resolutionn of LDF makes it possible to detect rapid changes in SCBF, ' as occur during 

transientt spinal cord ischemia. For our experiment it was crucial to have immediate feedback, 

inn order to achieve the targeted flow reductions. 

Severall  drawbacks of the LDF technique have been described. Blood accumulation 

aroundd the probe tip can underestimate the flow signal, and the technique is very sensitive to 

movementt artifacts. We prevented excessive movement due to transcranial stimulation with 

partiall  neuromuscular blockade. In addition, Laser-Doppler flowmetry (LDF) provides only 

relativee values of tissue blood flow. Nonetheless, a strong correlation exists between SCBF 
19 9 

measuredd with radiolabeled microspheres and LDF. To decrease the possibility of traumatic 

neuronall  tissue damage during the tcMEP stimulations, LDF probes were placed on the intact 

dura.. With the application of this technique, SCBF and cerebral blood flow has been reliably 
20,21 1 

assessedd in swine. Placement of the probes on the intact dura has the possible 

disadvantagee that the optical characteristics of the tissue between the probe and the spinal 

cordd might influence the Doppler signal. However, this seems unlikely because the dura is 
222 23 

translucentt and contains very few vessels. Furthermore, LDF measures up to 1 mm depth, 
24 4 

andd the thickness of the porcine dura is not more than 0.1 mm. In a recent study, signals 

derivedd from intracerebral and epidural LDF probes showed similar values in a porcine model 
25 5 

forr hemorrhagic hypotension. Thus, in the present study the relative IdSCBF values 

providedd real time evaluation of blood flow in the ventral portion of the spinal cord that 

containss the corticospinal motor pathways. 
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Losss of tcMEP responses was defined as a reduction of tcMEP amplitude to less than 

25%% of the baseline value. In general, the criterion for spinal cord ischemia during 

somatosensoryy evoked potentials monitoring is a decrease of amplitude to less than 50% of 
26 6 

baselinee or a 10% latency increase. The more restrictive criterion for spinal cord 

dysfunctionn during tcMEP monitoring was based on the larger amplitude variability of tcMEP 
27 7 

signalss compared to somatosensory evoked potentials. In the present study a closed loop 

infusionn system provided partial neuromuscular blockade, which may have contributed to the 

observedd amplitude variability of the tcMEP signals. Partial muscle relaxation balances the 

surgicall  considerations of patient immobility and movements after transcranial stimulation 
288 29 

andd the minimal requirements for myogenic evoked potentials recording. 
Thee present results are consistent with studies reporting that (poly)synaptic 

30,31 1 

transmissionn is more sensitive to ischemia than axonal transmission. In general, the 

sensitivityy of synaptic versus axonal transmission to ischemia correlates with the vulnerability 

off  these structures to irreversible ischemic damage. Local differences in pC>2 profiles and 

spinall  cord blood flow (SCBF) are thought to render motoneurons less resistant to ischemia 
32 2 

thann white matter, and histological evaluation of spinal cord structures after transient 
33 3 

ischemiaa showed a relative sparing of white matter. However, SCI induced by clamping of 

thee thoracic aorta can result in axonal damage confined to the pyramidal tracts.'"* 

Furthermore,, the similarities between myelinated axons and neurons with respect to ischemic 
11,34 4 

injuryy processes indicate that white matter is vulnerable to ischemic injury. Thus, the 

axonall  conductive properties appear to be relatively more resistant to ischemia, which may 

hamperr early detection of impending white matter injury. 

Thesee observations in the pig model may have clinical relevance for surgical 

procedures,, such as repair of thoracoabdominal aneurysms, during which evoked potentials 

aree applied for detection of spinal cord ischemia. Ideally, these techniques should detect the 

onsett of ischemia, before irreversible neuronal damage has occurred. In a recent study, we 
2 2 

observedd delayed loss of tcMEP after clamping of a thoracic segment in three patients. If 

applicablee to the human condition, the present data emphasise that thoracic spinal cord 

ischemiaa might occur even when the tcMEP signal remains present for 10 - 15 min in these 

procedures. . 
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Conclusion n 

Thee results of this study indicate that in pigs a large blood flow reduction that is limited to the 

lumbarr spinal cord invariably results in rapid loss of tcMEP due to synaptic failure. In 

contrast,, lower limb tcMEP respond relatively late to blood flow reduction that is confined to 

thee thoracic spinal cord. This finding might have implications for the interpretation of tcMEP 

duringg procedures in which the spinal cord is at risk for ischemia. 
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