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Abstract Abstract 

Objective:: To compare transcranial motor evoked potentials (tc-MEPs) and somatosensory evoked 

potentialss (SSEPs) as indicators of spinal cord function during thoracoabdominal aortic 

aneurysmm repair. 

Summaryy background data: 
Somatosensoryy evoked potentials reflect conduction in dorsal columns. Tc-MEPs 

representt anterior horn motor neuron function. This is the first study to compare the 

techniquess directly during thoracoabdominal aortic aneurysm repair. 

Methods:: In 38 patients, thoracoabdominal aortic aneurysm repair (type I: n = 10, type II: n= 14, 

typee III: n = 6, type IV: n = 8) was performed using left heart bypass and segmental 

arteryy reimplantation. Tc-MEP-amplitudes < 25% and SSEP-amplitudes < 50% and/or 

latenciess >110% were considered indicators of cord ischemia. The authors compared 

thee response of both methods to interventions and correlated the responses at the 

endd of surgery to neurologic outcome. 

Results:: Ischemic tc-MEP changes occurred in 18/38 patients and could be restored by segmental 

arteryy reperfusion (n = 12) or by increasing blood pressure (n = 6). Significant SSEP-

changess accompanied these tc-MEP events in only 5/18 patients, with a delay of 2 to 

344 min. SSEPs recovered in only two patients. In another 11 patients, SSEP amplitudes 

felll progressively to <50% of control without parallel tc-MEP changes or association 

withh crossclamp events or pressure decreases. At the end of the procedure, tc-MEP 

amplitudess were 84  46% of control. In contrast, SSEP amplitudes were <50% of 

controll in 15 patients (39%). No paraplegia occurred. 

Conclusion:: In all patients, tc-MEP events could be corrected by applying protective strategies. No 

patientt awoke paraplegic. SSEPs showed delayed ischemia detection and a high rate of 

falsee positive results. 
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Introduction Introduction 
Despitee the introduction of various strategies to protect the spinal cord during 

thoracoabdominall aortic aneurysm (TAAA) repair, paraplegia remains a distinct possibility. 

Itt would be advantageous if the adequacy of spinal cord blood flow could be measured 

continuouslyy during these procedures. This could help to assess the efficacy of retrograde 

aorticc perfusion; to identify segmental arteries, which are critical to the spinal cord blood 

supply;; and to confirm successful segmental artery reimplantation. Evoked potential 

monitoringg might offer such information.12 

Numerouss studies described the use of somatosensory evoked potentials (SSEPs) during 

TAAAA repair.3* Although SSEPs were claimed to be beneficial, SSEPs combined with 

retrogradee aortic perfusion did not improve neurologic outcome in a large prospective 

study.77 In addition, false-negative and false-positive results were reported. Indeed, SSEPs 

monitorr only dorsal column function. Myogenic motor evoked potentials to transcranial 

stimulationn (tc-MEPs) can monitor function of the ischemia-sensitive anterior horn motor 

neurons.. In a recent study, tc-MEPs were used to guide retrograde aortic perfusion and 

aggressivee segmental artery reimplantation in 52 patients with type I and II TAAAs, and no 

paraplegiaa occurred.2 

Untill now, a direct comparison between SSEPs and tc-MEPs has never been performed. In 

thiss prospective study, SSEPs and tc-MEPs were recorded simultaneously during TAAA 

surgery;; interventions were guided by tc-MEPs. We assessed the difference in response to 

perioperativee interventions between both modalities. 

PatientsPatients and methods 
Patientss characteristics 

Thee preoperative patient characteristics are shown in Table 1. The Crawford classification 

waswas used to describe the extent of the aneurysm.8 Fourty-two consecutive patients were 

includedd in this study between February 1997 and July 1998. Two patients died during the 

procedure.. In 2 patients, no reproducible SSEPs could be recorded due to technical failure. 

Thee study population comprises 38 patients with complete intraoperative tc-MEP and SSEP 

dataa and evaluable postoperative neurologic function. Data from 20 of these patients were 

analyzedd in a previous report.2 

Tc-MEP-monitoringg technique 
AA transcranial electrical stimulator (Digitimer D 185 cortical stimulator, Welwyn Garden 

City,, UK) was used to evoke tc-MEPs. The stimuli were applied to the scalp with four adhesive 

Ag/Agg gel electrodes. The anode was placed at the vertex, and the cathode consisted of 
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Tablee 1 Patient characteristics 

Agee (median + range) 
Sexx ratio (Male/Female) 

Preoperativee variable 
Hypertension n 
Obstructivee pulmonary disease 
Coronaryy artery disease 
Diabetes s 
Renall impairment 
(creatininee > 100 mmol/L) 

Aneurysmm etiology and extent 
Degenerativee aortic disease 
Marfan'ss disease 
Postt type B dissection 

Typee I 
Typee II 
Typee III 
Typee IV 

62 2 
17/21 1 

No.. of patients 
28 8 
17 7 
8 8 
4 4 
7 7 

29 9 
1 1 
8 8 

10 0 
14 4 
6 6 
8 8 

(27-78) ) 

(%) ) 
(76%) ) 
(45%) ) 
(21%) ) 
(11%) ) 
(18%) ) 

(76%) ) 
(3%) ) 
(21%) ) 

(26%) ) 
(37%) ) 
(16%) ) 
(21%) ) 

threee interconnected cathodes placed behind the ears, over the mastoid bone, and on the 

forehead.. The stimulus consisted of a train of three to five pulses, with a 2.0-ms interstimulus 

interval.. Compound muscle action potentials were recorded from the skin over the anterior 

tibiall muscle and forearm muscles using gel Ag/AgCI electrodes. The signals were amplified 

5.0000 to 20.000 times (adjusted to obtain maximum vertical resolution) and filtered between 

300 and 1.500 Hz using a 3T PS-800 biologic amplifier (Twente Technology Transfer, Twente, 

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

withh a AD-converter and software (LabVIEW, National Instruments, Austin, TX). The 

computerr displayed tc-MEP amplitude, proximal arterial pressure, distal arterial pressure, 

cerebrospinall fluid pressure and neuromuscular blockade level on-line during the procedure, 

allowingg visualization of all factors that might influence evoked potential interpretation. 

Thee supramaximal stimulus was assessed and tc-MEPs were recorded at a stimulus intensity 

off 10% above the level (typically 400 to 500 V) that produced maximal tc-MEP amplitudes. 

AA 25% intrapatient variation of tc-MEP amplitude was accepted as normal. Ischemic spinal 

cordd dysfunction was considered present when tc-MEP amplitude decreased progressively 

beloww approximately 25% of baseline. This criterion is based on the assumption that an 

amplitudee decrease <3 times the standard deviation should provide optimal detection of 

ischemiaa while limiting false positive rate; we previously observed a 26% within-patient 

variabilityy of the tc-MEP.1 

Ann intervention was considered successful (i.e. to have reestablished flow to the affected 
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spinall cord segment) when a recognizable, reproducible tc-MEP signal returned, with an 

amplitudee progressively increasing to values >25%. Tc-MEP responses of hand muscles 

weree used to recognize potential systemic or technical causes of the tc-MEP decrease. 

SSEPP monitoring technique 
Thee system used for tc-MEP monitoring was also used for the acquisition of SSEPs. Subdermal 

needlee electrodes were inserted 2 cm apart at right angles to the axis of the left and right 

posteriorr tibial nerves at the ankle. For each nerve, the motor threshold was determined. 

Thee posterior tibial nerves were stimulated bilaterally with constant current wave pulses of 

200200 msec duration at a frequency of 3.1 Hz {Digistim Neurotechnology, TX). During surgery, 

thee stimulus intensity was two times the motor threshold to ensure a maximal SSEP response 

{122 to 18 mA). Standard adhesive gel Ag/Ag electrodes were used for Fpz recordings, and 

Ag/Agg chloride cups were used for Cz' (2 cm behind Cz) recordings (international 10-20 

system).. A ground electrode was placed behind the right ear, over the mastoid bone. The 

recordedd signals were amplified and filtered between 5 and 250 Hz (-3 dB). The analysis 

timee was 160 ms.. The responses to 300 stimuli were averaged, and a moving average was 

constructedd every 100 sweeps to obtain one tc-MEP and one SSEP waveform every minute. 

High-voltagee artifacts weree rejected automatically by the computer, and during diathermy 

SSEPP acquisition was automatically halted. 

Thee computer displayed the SSEP waveforms in a trend plot, calculated SSEP-amplitudes 

andd latencies, and stored the waveforms on hard disc for future analysis. For each waveform, 

thee latency of P1 peaks, as well as the peak-to-peak amplitude for P1 andN1 was determined 

usingg on-screen cursors. Ischemic spinal cord dysfunction was defined as a SSEP-amplitude 

decreasee to <50% and/or latency increase >110% of baseline values.4 Recovery of the 

SSEPP responses was considered complete when a recognizable, reproducible signal returned, 

withh amplitude increasing to >50% and or a latency decrease <110%. 

Ann example of tc-MEP and SSEP responses is shown in Figure 1. 

Anestheticc technique 
Anesthesiaa was induced with etomidate 0.3 mg/kg and sufentanil 5 ng/kg and was 

maintainedd with sufentanil (4 ng/kg/hr) and ketamine (2 mg/kg/hr). Additional ketamine, 

500 mg intravenously, was given at signs of inadequate anesthesia. Muscle relaxation was 

inducedd and maintained with vecuronium, with a closed-loop vecuronium infusion to 

maintainn levels of neuromuscular blockade stable within a narrow range (75% to 90%). 

Thiss minimized the influence of fluctuations in relaxation level on the variability of the 

myogenicc tc-MEP signal.910 
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Somatosensoryy evoked potential Transcranial motor evoked potential 

Amplitudee  J \ I \ Amplitude 

Latencyy Latency 

Figuree 1. Examples of a somatosensory evoked potential (SSEP) and a transcranial motor evoked potential 
(tc-MEP).. SSEP latency (duration in ms from stimulation to the first positive peak (P1), and SSEP peak-to-
peakk amplitude (P1-N1 in uV). Tc-MEP latency (duration in ms from stimulation to the first progressive 
negativee deflection) and tc-MEP amplitude (peak-to-peak amplitude in u.V). 

Surgicall protocol 
Alll patients were operated according to a protocol previously described in detail.2 Patients 

weree placed in the lateral position and a catheter was introduced in the intrathecal space, 

maintainingg a CSF pressure <10 mm Hg by withdrawing cerebrospinal fluid when necessary. 

Retrogradee aortic perfusion was established by canulation of the left atrium or pulmonary 

veinn and the femoral artery. Heparinization was limited (0.5 mg/kg). In eight patients, 

cardiopulmonaryy bypass, with or without deep hypothermia, was used because of 

involvementt of the aortic arch (n = 3), dissection (n = 1), or suspected prolongation of 

spinall cord ischemia (n = 4). Distal aortic perfusion was started before cross-clamping. The 

aimm was to maintain distal aortic pressure at 60 mmHg to ensure adequate perfusion of the 

viscerall organs and legs. Dacron grafts (Sulzer Vascutek, Inchinnan, Scotland) were 

anastomosedd using running Prolene sutures. The aorta was sequentially clamped and 

intercostall arteries reimplanted as described below. 

Inn type II, III and IV aneurysms, graft inclusion in the abdominal aorta was performed while 

thee celiac, superior mesenteric, and renal arteries were selectively perfused." Temperature 

wass allowed to decrease spontaneously, reaching rectal temperatures between C and 

CC during the cross-clamp period. 

Interventionss based on tc-MEP-changes 
Whenn aortic cross-clamping resulted in ischemic tc-MEP changes, attempts were first focused 

onn increasing the distal aortic flow and pressure as well as the proximal arterial pressure. 

Significantt back-bleeding from segmental arteries was managed by introducing 3F balloon 

occludingg catheters to reduce the stealing effect from the anterior spinal artery. 
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Whenn exclusion of an aortic segment resulted in ischemic tc-MEP changes, the intercostal 

orr lumbar arteries in that segment were considered critical to the spinal cord blood supply 

andd were immediately reattached and re-perfused. If the aortic wall was not strong enough, 

separatee Dacron grafts were selectively anastomosed to the segmental arteries, and while 

perfusionn was established by one of the perfusion catheters (side arm of the left heart 

bypass),, the grafts were connected to the tube graft. If tc-MEP changes indicated critical 

ischemiaa and no segmental arteries could be identified, endarterectomy of the aortic wall 

wass performed and selective grafts were anastomosed to patent segmental arteries. If no 

tc-MEPP changes were observed, segmental arteries were also reimplanted, but only when 

thiss was technically simple. SSEP changes with unaltered tc-MEP signals did not prompt 

interventions. . 

Afterr surgery, leg motor function was assessed by the attending intensivist. If a neurologic 

deficitt was suspected, an independent neurologist was consulted. 

Analysiss of tc-MEP and SSEP response patterns 

Baselinee tc-MEP amplitude and latency and SSEP amplitude and latency were assessed by 

averagingg five consecutive responses before the placement of the first cross-clamp. All 

evokedd potential variables were expressed as percentages of this baseline value. Before 

labelingg an evoked potential event as potentially induced by spinal cord ischemia, systemic 

factorss such as systemic hypothermia, inadvertent increases in the level of neuromuscular 

blockade,, and peripheral ischemia of the legs were excluded. 

Thee temporal relation between particular perioperative events, such as placement of aortic 

clampss or sudden pressure decreases, and tc-MEP and SSEP data were analyzed. SSEP or 

tc-MEPP changes were linked to these events only when they occurred within 50 minutes of 

thee onset of the event.7 Finally, the responses of both techniques at the end of the procedure 

weree evaluated for their accuracy in predicting postoperative leg motor function. 

Presentationn off data 
Alll data are expressed as mean  standard error of the mean, except for data that 

demonstratedd skewed distributions, which are shown as medians and range. 

Results Results 
Off the 38 analyzed patients, the in-hospital death rate was 8%. The cause of death in three 

patientss was a systemic inflammatory response syndrome, caused by pulmonary 

complications.. Major postoperative complications included pulmonary insufficiency in 20 
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patientss (53%), myocardial infarction in 1 (3%), dysrythmias in 12 patients (32%), and 

minorr stroke in 2 (5%). Two patients had from renal failure requiring temporary dialysis. 

Earlyy or late paraplegia did not occur in any patient. 

Baselinee tc-MEP amplitudes and latencies were 1447 pV (216 to 3684) and 32 ms (21 to 

39),, respectively. Baseline SSEP amplitudes and latencies were 1.9 u,V (0.4 to 11.2) and 46 

mss (38 to 58), respectively. 

Eighteenn segmental arteries were reimplanted in 6 type I TAAAs, 89 in 14 type II TAAAs, 

199 in 6 type III TAAAs, 13 in 6 type IV TAAAs. In the remaining six patients (four type I and 

twoo type IV aneurysms), no segmental arteries were reimplanted and no tc-MEP changes 

occurred.. Tc-MEP amplitudes were 96  28% of baseline at the end of the procedure in 

thesee six patients. 

Tablee 2. Tc-MEP events and accompanying SSEP changes in 18 patients. 

Pt.. TAA Cause of Detection Ischemia Lowest Intervention Tc-MEP 
typee tc-MEP with duration Amp that caused recovery 

eventt tc-MEPs (min) (%) tc-MEP time (min) 
(min)) return 

1 1 
2 2 

3 3 

4 4 

5 5 

6 6 

7 7 
8 8 
9 9 

10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 

2 2 
4 4 

1 1 

4 4 

3 3 

2 2 

2 2 
4 4 
4 4 
1 1 
1 1 
2 2 
1 1 
4 4 
1 1 
2 2 
1 1 
2 2 

DMAPP < 40 
PMAPP < 40 

AXCC T6-L1 
++ PMAP < 40 
AXCT10-L44 + 
DMAP<< 80 
AXCT11-L44 + 
PMAPP < 60 
AXCC L1-bif 
++ DMAP< 40 

AXCC T7-L1 
AXCC T11-L4 
AXCT11-L4 4 
AXCT6-T12 2 
AXCT6-T12 2 
AXCT12-L4 4 
AXCT6-T12 2 
AXCT11-L4 4 
AXCC T6-L1 
AXCT6-T10 0 
AXCC T8-L1 
AXCC T5 2x 

3 3 
10 0 

5 5 
3 3 

5 5 

12 2 

6 6 
8 8 
7 7 

13 3 
8 8 
5 5 

30 0 
28 8 
26 6 
14 4 
11 1 

2/2 2 

10 0 
7 7 

6 6 
12 2 

5 5 

15 5 

19 9 
53 3 
49 9 
49 9 

8 8 
56 6 
39 9 
38 8 
26 6 
60 0 
32 2 

4/9 9 

8 8 
34 4 

26 6 
27 7 

50 0 

17 7 

5 5 
3 3 
0 0 
0 0 

22 2 
3 3 

17 7 
18 8 
43 3 
32 2 
4 4 

0/0 0 

PMAPP > 60 
PMAPP > 60 

PMAPP > 80 
PMAPP > 110 

PMAPP > 70 

DMAPP > 60 

SAL1 1 
SAT11 1 
SAT11 1 
SAT10 0 
SAT88 + 9 
SAT122 + L3 
SAT77 + 8 
SAT122 + L1 
SAT77 + 10 
SAA T6 + 7 
SAT11 1 
Clampp off 

1 1 
10 0 

1 1 
1 1 

2 2 

12 2 

39 9 
30 0 
18 8 
18 8 
10 0 
28 8 

4 4 
7 7 
2 2 

45 5 
1 1 

15/26 6 

Tablee 2. Tc-MEP events and accompanying SSEP changes in 18 patients. Abbreviations; TAA = 
thoracoabdominall aneurysm, DMAP = distal arterial pressure, PMAP = proximal arterial pressure, AXC 
== aortic crossclamping, SA = segmental artery reattached, T = thoracic level, L »lumbar level. Ischemia 
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Tc-MEPP and accompanying SSEP events 

Nineteenn tc-MEP amplitude decreases occurred in 18 patients (Table 2). Two tc-MEP events 

weree caused by isolated proximal or distal arterial pressure decreases <40 mm Hg (pat 1 

andd 2). After restoring the arterial pressure to >60 mm Hg, tc-MEPs recovered rapidly in 

bothh patients. In only one patient was the tc-MEP event accompanied by a SSEP decrease 

andd recovery, but wi th a delay of 9 minutes. Thereafter, SSEP amplitudes progressively 

decreasedd <50% for the rest of the surgical procedure. 

Anotherr four tc-MEP events (patients 3 through 6) occurred when the arterial pressure 

decreasedd during the exclusion of an aortic segment. In these patients, an arterial pressure 

correctionn was sufficient to restore the tc-MEP responses. The SSEP amplitudes decreased 

too <50% in only one of these patients, but with a delay of 9 minutes. The SSEP responses 

Amp p 
recovery y 

(%) ) 

SSEP--

amp p 
event t 

Delay y 
(min) ) 

Delay y 
recovery y 
(min) ) 

Recovery y 

(%> > 
SSEP--
lat t 
event t 

Delay y 
(min) ) 

Delay y 
Recovery y 
(min) ) 

148 8 
70 0 

91 1 

73 3 
98 8 58 8 

94 4 

42 2 

59 9 
86 6 
77 7 
94 4 
42 2 
59 9 
72 2 
88 8 
96 6 
54 4 
75 5 
84 4 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 1 

0/1 1 
10 0 
2 2 20 0 

11 1 
68 8 

34 4 62 2 

detectionn time, recovery time and the SSEP delay in relation to the tc-MEP detection time is presented in 
minutes.. Tc-MEP and SSEP amplitudes are presented in percentages (%) of baseline values. 
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recoveredd 5 minutes after the tc-MEP recovery, but again decreased <50% later in the 

procedure.. Segmental arteries were reimplanted in all four patients. 

Thirteenn tc-MEP events (patients 7 through 18) were the result of aortic cross-damping 

causingg exclusion of an aortic segment. In 11 of these 13 events, tc-MEP recovery followed 

reperfusionn of the reattached segmental arteries. The two remaining events occurred in 

onee patient (patient 18). The aorta was cross-clamped twice to revise the proximal 

anastomosis.. Distal aortic perfusion was no longer present, and both brief clamping episodes 

resultedd in immediate tc-MEP loss. The tc-MEPs changes were accompanied by SSEP 

amplitudee decreases to <50% in only two patients (patients 17 and 18). In one, SSEP 

amplitudess decreased to <50%, 10 minutes after tc-MEPs had decreased to <25%, but the 

SSEPP responses did not recover after reperfusion. In the other patient, in whom the proximal 

anastomosiss was revised, SSEP amplitudes decreased to <50% only after the second clamping 

episode,, and 2 min later than the tc-MEP decrease. Recovery of the SSEP responses occurred 

200 minutes later than the tc-MEP recovery. In patient 10, only SSEP latency changes 

accompaniedd the tc-MEP decrease, but with a delay of 34 minutes. Recovery of the tc-MEP 

responsess was followed by the return to normal of SSEP-latency, with a delay of 62 minutes. 

Tc-MEPss decreased to <25% in a median of 8 minutes (range 2 to 30) after the placement 

off the aortic clamps. Reperfusion of the segmental arteries occurred within 38 minutes 

(rangee 4 to 60), after which tc-MEPs recovered to >25% of control within 18 minutes 

(rangee 1 to 45). The duration of tc-MEP recovery showed a trend to inverse correlation 

withh the time to detect ischemia - that is, when an amplitude decrease rapidly followed 

aorticc clamping, recovery was prolonged. In contrast, when the decrease was gradual, 

recoveryy followed immediately (r = - 0.5, CI - 0.8 to 0.05, p = 0.07). 

Ass shown in Table 2, interventions aimed at improving spinal cord perfusion were performed 

inn six patients in whom the tc-MEP decrease did not reach the 25% criterion (patients 

2,3,4,5,15,, and 16). In four of these patients, perioperative interpretation of the raw tc-

MEPP amplitudes suggested a decrease of approximately 25%, but analysis of the tc-MEP 

amplitudess as a percentage of control revealed that amplitudes decreased only to 26% to 

34%.. In the two other patients, in whom the decrease reached 50% and 43%, the 

progressivee decrease was followed by successful corrections of the spinal cord perfusion 

beforee the 25% level was reached. In these six patients, the recovery time was calculated as 

thee time in which, after reperfusion, reproducible and progressively increasing responses 

increasedd to >50% of control. 

Att the end of the procedure, tc-MEP-amplitudes were >25% of control in all patients, with 

amplitudess of 84  46%. In the patients in whom a tc-MEP event occurred, amplitudes 

recoveredd to 91  72%. 

Significantt tc-MEP latency changes occurred as rapidly as tc-MEP amplitude changes (p = 
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0.4).. Tc-MEP latencies were 97 + 5% at the end of the procedure for the entire group and 

977  6% for the group with tc-MEP events. In the four patients in whom SSEP amplitudes 

decreasedd to <50% (patients 1,4,17, and 18), a simultaneous SSEP latency increase to 

>110%% occurred in only one patient. After reperfusion, SSEP latency recovered within 1 

minutee in this patient, but SSEP amplitudes did not exceed 11 % for the remaining time. 

SSEPP events not associated with tc-MEP events. 
Inn 13 patients, 13 SSEP events occurred that were not associated with ischemic tc-MEP 

changes.. Two of these events occurred in patients who also had tc-MEP events (and/or 

SSEPP events), but during different episodes of the procedure. In one patient, a sudden 

distall arterial pressure decrease accounted for the SSEP-amplitude decreases, with a detection 

delayy of 5 minutes. Pressure correction did not result in recovery of the responses, and 

SSEPP amplitude was 31 % at the end of surgery. Another patient showed SSEP changes 13 

minutess after correction of a pressure decrease to <40 mm Hg lasting 7 minutes. SSEPs 

AXCT8-T12 2 T7-T88 reperfused 

n: : 
E E 
E E 

800 100 

Timee (min) 

111 o% 

25% % 

110% % 

50% % 

120 0 140 0 

Figuree 2. Tc-MEP and SSEP recordings during the repair of a type I thoracoabdominal aortic aneurysm. 
Thee significant tc-MEP amplitude and latency changes after thoracic cross-clamping were not accompanied 
byy significant SSEP changes. Thereafter, SSEP-amplitude decreased gradually to values below 50%, whereas 
tc-MEPss recovered to values within the normal range after reperfusion. Arterial pressures were stable 
duringg the procedure and the patient awoke with normal neurologic function. 
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recoveredd completely in this patient. The remaining 11 patients showed SSEP changes that 

couldd not be associated with cross-damp or pressure events, but a progressive SSEP amplitude 

decreasee to <50% was observed during the procedure. SSEP latency changes did not 

accompanyy these amplitude changes. At the end of the procedure, 15 patients 

demonstratedd SSEP amplitudes <50% of control, with an average value of 28  10%. 

Figuree 2 shows tc-MEP and SSEP changes during the procedure in one patient who 

underwentt a repair of a type I TAAA. The significant tc-MEP changes after aortic 

crossclampingg were not accompanied by significant SSEP changes, but a gradual and 

progressivee SSEP amplitude decrease to <50% was observed after the cross-clamping 

episode,, without a temporal relation with aortic cross-clamping or pressure events. 

Evokedd potential events not related to spinal cord ischemia 
Inn 14 patients, 18 transient events occurred in which a significant evoked potential change 

couldd be credited to peripheral ischemia, increases in the level of neuromuscular blockade, 

orr systemic hypothermia. 

Inn the five patients in whom peripheral ischemia occurred, a unilateral tc-MEP amplitude 

decreasee was observed, accompanied by a latency increase to >110%. This resulted in a 

25%% tc-MEP amplitude decrease within 38  5 minutes and a unilateral disappearance 

withinn 62 + 9 minutes after the initiation of extracorporeal circulation. When unilateral tc-

MEPss disappeared as a result of peripheral ischemia, the combined SSEP amplitude showed 

ann average reduction to 45 + 6 %. 

Temporaryy increases in the level of neuromuscular blockade occurred in two patients despite 

thee closed-loop system. In both patients, intravenous magnesium had been administered 

too decrease cardiac hyperexcitation. The levels of neuromuscular blockade increased from 

75%% to 98% and from 75% to 97%, respectively. Bilateral tc-MEP amplitudes decreased 

too 13% and 11% within 25 and 22 minutes, respectively. Tc-MEP latencies did not change 

duringg these events. 

Temporaryy systemic hypothermia caused significant evoked potential changes in nine 

patients.. In three patients, SSEP latencies increased to >110%. In four patients, both tc-

MEPP and SSEP latencies significantly increased, with systemic temperatures varying from 

26  to . In two patients, transient tc-MEP and SSEP disappearance occurred as a 

resultt of transient deep systemic hypothermia (19.5  and C ). 

Predictionn of postoperative neurologic function 
Nonee of the 38 patients had paraplegia after the procedure. In all patients, tc-MEPs exceeded 

thee 25% criterion and predicted leg motor f unction correctly. SSEPs, however, demonstrated 

ischemicc values at the end of the procedure in 15 patients (39%). 
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Discussion Discussion 
Inn this clinical study, tc-MEPs were used to guide the surgical repair of TAAAs, and no 

neurologicc deficit occurred. Intact tc-MEPs were present at the end of the procedure in all 

patients.. SSEPs, however, showed false-positive results in 39% of the patients. In addition, 

significantt tc-MEP changes, caused by either aortic cross-clamping or blood pressure 

decreases,, were accompanied by SSEP changes in only 22% of the patients. 

Thiss is the first clinical study comparing tc-MEPs with SSEPs for spinal cord function 

monitoringg during TAAA repairs. Since both were recorded concurrently, we had the 

opportunityy to compare evoked potential changes in response to intraoperative events, 

suchh as sequential cross-damping and blood pressure changes. The majority of events that 

producedd spinal cord ischemia, as evidenced by a significant tc-MEP amplitude decrease, 

couldd be detected and successfully corrected before any SSEP abnormality occurred. This 

suggestss that SSEPs offer little additional benefit to tc-MEP monitoring. 

However,, the design of this clinical study has several limitations. Since we did not have an 

independentt measure of spinal cord blood flow and surgical decisions were based on tc-

MEPs,, a possibility exists that several tc-MEP events might have been false-positives. This issue 

cann be resolved only in a controlled experimental setup in which a spinal cord segment is 

madee ischemic. Nonetheless, we suspect that few episodes were indeed false positives, because 

tc-MEPss recovered promptly in all patients after either blood pressure increases or segmental 

arteryy reimplantation. Further, this rapid response is in agreement with other experimental 

reports,, in which tc-MEPs disappeared rapidly after the onset of spinal cord ischemia.1214 

Inn some patients, the tc-MEP amplitude decrease was more gradual. In these patients, 

restorationn of spinal cord blood flow resulted in immediate recovery of the signals. In 

contrast,, those patients in whom tc-MEPs disappeared rapidly, tc-MEP recovery was delayed. 

Onee possible explanation for these observations is that during TAAA repair, some 

manipulationss produce a state of "borderline" spinal cord perfusion, sufficient to decrease 

transmissionn in the motor pathways but compatible with neuronal survival. Conversely, the 

rapidd loss of tc-MEP signals might reflect complete interruption of blood flow, representing 

aa higher risk for neuronal injury. This hypothesis is further supported by the observation that 

tc-MEPP recovery seemed delayed when the signal was lost abruptly. We conclude that the 

tc-MEPP amplitude changes apparently reflected the adequacy of spinal cord blood flow 

accurately.. This is in accordance with an experimental study in which the reduction of spinal 

cordd blood flow correlated with motor evoked potential amplitudes.13 

Inn the present study we could not find a consistent relation between SSEPs and intraoperative 

interventions.. When SSEP changes accompanied tc-MEP changes, they always occurred 

withh a delay. The difference in response time between tc-MEPs and SSEPs to spinal cord 

ischemiaa can be explained physiologically. Axonal conduction of SSEP responses in the 
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dorsall columns is thought to be accomplished in a non-synaptic fashion and requires little 

energyy expenditure. Consequently, this relative resistance to ischemia could explain the 

delayedd 5SEP response.1^17 In addition, aortic clamping results in an interruption of flow in 

thee anterior spinal artery, which could result in selective anterior horn damage. In a large 

prospectivee study, Crawford et al observed ischemia detection times of up to 54 minutes 

withh SSEP and adequate distal aortic perfusion, which precluded timely localization of critical 

segmentall arteries.7 In our study, the majority of tc-MEP events had recovered as a result of 

correctivee interventions before SSEP abnormalities were detected. Although the average 

durationn of aortic cross-clamping or blood pressure decreases was 38 minutes, in 78% of 

thee patients SSEPs were still normal at the end of the ischemic episode. These observations 

suggestt a high false-negative rate of SSEP monitoring during TAAA surgery. 

False-positivee SSEPs were present in 39% of the patients at the end of the procedure. In 

manyy of these patients, a gradual decrease in SSEP amplitude occurred during the surgical 

procedure,, without a temporal relation to pressure or cross-clamping events. This "fade-

outt phenomenon" was previously described by Cunningham et a!.4 They attributed this 

sloww but progressive decrease to inadequate distal aortic perfusion, but this was not the 

casee in our patients. There is no physiologic explanation for this observation, although it 

mightt be the result of physiological adaptation to the repetitive 3.1 Hz stimulation for a 

prolongedd period. 

Inn conclusion, tc-MEPs accurately guided the management of spinal cord protective strategies 

duringg TAAA surgery, and no paraplegia occurred. Concurrent SSEP monitoring did not 

offerr additional benefit due to the delayed responses to ischemia and a high incidence of 

false-positivee results. 
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