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Delayed response of transcranial myogenic motor-evoked potential 
monitoring to spinal cord ischemia during repair surgery for 
descending thoracic aortic aneurysm

MANABU KAKINOHANA
1, MASANORI ABE

1, YUJI MIYATA
1, MASAKATSU OSHIRO

1, SATOKO SAIKAWA
1, 

KATSUYA ARAKAKI
2, YUKIO KUNIYOSHI

2, and KAZUHIRO SUGAHARA
1

1 Department of Anesthesiology, Faculty of Medicine, University of the Ryukyus, 207 Uehara, Nishihara, Okinawa 903-0215, Japan
2 Second Department of Surgery, Faculty of Medicine, University of the Ryukyus, Okinawa, Japan

the thoracic aorta, probably as a result of synaptic 
failure in the anterior horn. Here, however, we report 
a patient who developed paraparesis after surgery in 
which delayed loss of tc-MEP signals was observed after 
cross-clamping of the descending thoracic aorta.

Case report

A 63-year-old, 83-kg man was hospitalized emergently 
because of the impending rupture of a descending 
thoracic aneurysm. The patient’s medical history was 
notable for hypertension and diabetes mellitus. Com-
puted tomography revealed the presence of an aneu-
rysm, beginning distal to the left subclavial artery and 
extending to the level of the diaphragm.

General anesthesia was induced with 1 mg·kg−1 pro-
pofol, 1 mg·kg−1 ketamine, and 1.5 μg·kg−1 fentanyl, and 
maintained with infusions of propofol and ketamine 
and intermittent injections of fentanyl. The patient was 
intubated using a double-lumen endotracheal tube, fol-
lowing the intravenous infusion of 1 mg·kg−1 suxame-
thonium; then 0.05 mg·kg−1 vecuronium was administered 
after a compound myogenic action potential evoked by 
transcranial electrical stimulation was recorded as the 
control value for tc-MEPs. Anesthesia was initially 
maintained with the propofol infusion at a rate of 
80 μg·kg−1·min−1 and ketamine at a rate of 1 mg·kg−1·h−1. 
The infusion rate of propofol was varied to maintain 
the bispectral index (BIS) value between 50 and 60 [5]. 
Transcranial electrical stimulation was performed by 
using a multipulse stimulator (D-185; Digitimer, Welwyn 
Garden City, United Kingdom). Stimulation was per-
formed by train-of-fi ve pulses with an interstimulus 
interval of 2 ms. The outputs were delivered to the scalp 
by a single pair of 14.5-mm silver disk electrodes applied 
to C3 (cathode) and C4 (anode) (International 10–20 
System). The stimulus intensity of the transcranial 
stimulation was determined at the beginning of MEP 
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Introduction

Ischemic spinal cord injury after aortic surgery remains 
a devastating complication, because patients with post-
operative paraplegia and paraparesis have decreased 
survival rates [1]. Consideration of the clinical impor-
tance of spinal ischemia has led to efforts to character-
ize the potency of numerous pharmacological, surgical, 
and physical interventions to reduce spinal neuronal 
degeneration during periods of transient spinal cord 
ischemia. The effi cacy of transcranial myogenic motor-
evoked potential (tc-MEP) monitoring during thoracic 
aortic surgery has been the subject of some reports, 
because tc-MEP monitoring can rapidly refl ect changes 
in spinal cord blood fl ow during thoracic aortic cross-
clamping [2–4]. In general, it is reasonable that tc-MEPs 
are lost almost instantaneously after cross-clamping of 
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monitoring and was set just supramaximal to each stim-
ulus. Compound muscle action potentials were recorded 
from the skin over the left anterior tibial muscle. The 
patient was placed in the right decubitus position with 
the lower half of the body rotated posteriorly to facili-
tate right femoral vessel cannulation, and a contralat-
eral femoral arterial line was used to assess arterial 
pressure.

Stone’s incision was used as the surgical approach to 
the aneurysm. The entire aneurysm was exposed, with 
tapes applied for both distal and proximal aortic 
clamping. A full dose of heparin (300 IU·kg−1) was 
administered. Adjuncts for aortic clamping consisted 
of normothermic partial femoral vein-femoral artery 
bypass. The cardiopulmonary bypass circuit was an 
open system, and included a reservoir, oxygenator, and 
heat exchanger. Distal aortic perfusion was started 
before the aortic cross-clamping was performed. After 
the start of distal aortic perfusion, the proximal aorta 
was clamped distal to the left subclavian artery and 
anastomosed to the Dacron prosthesis. The aortic cross-
clamps were then moved distally; one was placed distal 
to the anastomosis and another above the diaphragm. 
We then observed changes in tc-MEP amplitudes for 
5 min without any surgical procedures. Although there 
was a maximal decrease in the amplitude of tc-MEPs to 
45.8% of the preclamping value, the decrease was not 
judged as signifi cant. The aneurysm was opened 7 min 
after the aortic cross-clamping. After the opening of the 
aneurysm, the tc-MEP amplitudes varied between 50% 
and 92% of the preclamping value until 20 min after the 
aortic cross-clamping. The amplitude of the tc-MEPs 
started to decrease gradually 20 min after the aortic 
cross-clamping and, in spite of the mean pump fl ow 
being changed (maximum, 3.2 l·min−1) to increase the 
distal blood pressure (maximum mean arterial pressure 
in the femoral artery, 109 mmHg), the waveform 
disappeared completely 25 min after the aortic cross-
clamping (Fig. 1). No additional vecuronium was admin-
istered before the aortic cross-clamping, and the 
amplitude of an action potential recorded from the left 
anterior tibial muscle by percutaneous electrical stimu-
lation of the common peroneal nerve was the same as 
that of the control level. Although two pairs of intercos-
tal arteries (seventh and ninth) were reconstructed, we 
did not observe any tc-MEP waveform until the end of 
the surgery.

In the intensive care unit, the patient awoke, was 
alert, and followed our commands. However, he was 
unable to move his legs the day after surgery. Neuro-
logical fi ndings determined by a neurologist revealed 
spastic paraplegia, indicating ischemic spinal cord injury. 
Spinal magnetic resonance imaging 10 days after the 
surgery showed a signal change in the cord between Th4 
and 6, suggesting ischemic spinal cord injury.

Discussion

In the present patient, tc-MEPs recorded from the ante-
rior tibial muscle were lost, for more than 20 min after 
the clamping of the thoracic aorta, with the result that 
the patient had paraparesis after surgery. According to 
neurological examinations by neurologists, and mag-
netic resonance imaging of the spinal cord, this parapa-
resis appeared to be due to ischemic injury in the upper 
thoracic segment (Th 4–6) of the spinal cord.

According to a previous study [6], sensory evoked 
potential (SEP) monitoring was used to monitor func-
tions in the posterior columns of the spinal cord, while 
tc-MEPs were used to assess functions in the anterior 
and anterolateral columns. With respect to blood supply 
in the spinal cord, the posterior one-third of the spinal 
cord is supplied by a pair of continuous posterior spinal 
arteries, and the anterior two-thirds are supplied by the 
discontinuous anterior spinal artery [7]. The anterior 
spinal artery receives its blood supply from radicular 
branches. The major radicular supply to the anterior 
spinal artery in the thoracic and upper abdominal region 
is from three to fi ve anterior radicular arteries. Because 
these arteries originate from Th9 to L3 in most patients, 
the occlusion of the lower thoracic and/or upper abdom-
inal aorta can induce ischemia of the anterior spinal 
cord motor tracts, resulting in paraplegia. In general, it 
is believed that SEP fails to directly monitor the func-
tion of spinal motor tracts, because these are at the 
anterior of the spinal cord supplied by the anterior 
spinal artery.

Perioperative monitoring of myogenic MEPs in 
response to transcranial stimulation of the motor cortex 
provides a method to monitor the functional integrity 
of descending motor pathways. The main descending 
fi ber tract is the corticospinal tract, which arises 
predominantly from the precentral gyrus. The fi bers 
descend to the pyramid of the medulla and terminate, 
directly or by means of inhibitory interneurons, on the 
motor neurons from which axons emerge from the 
spinal cord as the ventral root to the muscles [7–9]. 
Some experimental data have demonstrated rapid dis-
appearance of tc-MEPs after aortic occlusion and their 
reappearance after reperfusion, providing rapid assess-
ment of the adequacy of spinal cord blood fl ow. This 
rapid assessment of spinal cord blood fl ow offers several 
advantages in a surgical approach that includes spinal 
cord protection; e.g., identifi cation of critical segmental 
arteries during aortic cross-clamping and assessment of 
adequate blood supply via the reattachment of segmen-
tal arteries [10]. Therefore, it is believed that tc-MEP 
monitoring can provide useful information to clinicians 
for making decisions with regard to timely interventions 
aimed at correcting ischemic conditions and preserving 
spinal cord blood fl ow.
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Although, in general, the criterion for spinal cord 
ischemia during sensory-evoked potential monitoring is 
a decrease in amplitude to less than 50% of baseline 
[11], the rationale for the criterion of a decrease in 
amplitude to less than 25% of baseline, which is used 
clinically to detect spinal cord ischemia, is based on 
theoretical considerations and has been confi rmed 
empirically [2]. Experimental data using a porcine spinal 
cord ischemia model supported the validity of the 
empirical criterion (tc-MEP amplitude less than 25% of 
baseline) for initiating interventions to maintain spinal 
cord perfusion pressure during surgical procedures 
involving a thoracoabdominal aneurysm [12]. In our 
patient, therefore, we did not judge a decrease of tc-
MEP amplitude to 45.8% of the preclamping value as 
signifi cant.

It is known that the thoracic portion of the anterior 
spinal artery is supplied by the radicular arteries (two 

or three thoracic radicular arteries, and one or two 
lumbar radicular arteries) [13]. Hence, normally, two 
small radicular arteries supply the spinal cord between 
C8 and Th9; the remainder of the spinal cord is supplied 
largely by the artery of Adamkiewicz, with minor 
contribution from an infrarenal radicular artery [14,15]. 
However, it appears that spinal cord perfusion depends 
to a great extent on a collateral circulation, rather than 
being dependent on several segmental arteries [16], and 
this can explain the clinical observation that the more 
extensive the aortic involvement, the higher is the rate 
of paraplegia [17]. In our patient, we speculated that 
a relatively long segmental clamp of the descending 
thoracic aorta had induced the ischemia in the upper 
thoracic level of the spinal cord.

As in the present patient, Meylaerts et al. [2] observed 
a delayed loss of tc-MEP signals after the clamping 
of a thoracic segment in three patients. With tc-MEP 

Fig. 1. Motor-evoked potentials (MEPs) recorded 
from the left anterior tibial muscle. The amplitude 
of the MEPs started to decrease gradually 20 min 
after aortic cross-clamping (AXC) and the wave-
form disappeared completely 25 min after the 
AXC
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monitoring, the signals traverse the corticospinal tract 
arising predominantly from the precentral gyrus, spinal 
motor neurons, and neuromuscular junctions. The cor-
ticospinal tract and spinal motor neurons are connected 
by synapses. It is known that synaptic transmission is 
much more sensitive to ischemia than axonal transmis-
sion [18,19]. In tc-MEPs recorded from the anterior 
tibial muscles, the synapses a located between the L4 
and S1 segments of the spinal cord. In our patient, with 
ischemia in the upper thoracic level of the spinal cord, 
this ischemic insult may have affected the descending 
axons in the corticospinal pathway of the tc-MEPs, but 
not the synaptic connections between the descending 
axons and the spinal motor neurons. Lips et al. [20] 
performed an experiment in pigs, in which spinal cord 
blood fl ow in either the thoracic or lumbar segments 
was reduced selectively, as evidenced by laser-Doppler 
fl owmetry, and myogenic tc-MEPs were recorded from 
the lower limbs. This experiment demonstrated that a 
severe reduction of lumbar spinal cord blood fl ow 
resulted in the rapid loss of myogenic tc-MEPs, whereas 
a similar blood fl ow reduction in the thoracic spinal cord 
resulted in a relatively slow loss of MEPs. According to 
these results, it is likely that tc-MEPs recorded from the 
lower extremities would fail to provide rapid detection 
of ischemia in the upper thoracic level after cross-clamp-
ing of the descending thoracic aorta, consistent with the 
fi ndings in the present patient.

In this article, we presented a case in which delayed 
loss of tc-MEP signals was observed after cross-clamp-
ing of the descending thoracic aorta. We must be aware 
that tc-MEPs recorded from the lower extremities 
can fail to provide rapid detection of ischemia in the 
upper thoracic level of the spinal cord after aortic 
cross-clamping.
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