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Abstract

We compared the rate of selective shunt and pattern of monitoring change between single and 
dual monitoring in patients undergoing carotid endarterectomy (CEA). A total of 121 patients 
underwent 128 consecutive CEA procedures. Excluding five procedures using internal shunts in 
a premeditated manner, we classified patients according to the monitoring: Group A (n = 72), 
patients with single somatosensory evoked potential (SSEP) monitoring; and Group B (n = 51), 
patients with dual SSEP and motor evoked potential (MEP). Among the 123 CEAs, an internal 
shunt was inserted in 12 procedures (9.8%) due to significant changes in monitoring (Group A 
5.6%, Group B 15.7%, p = 0.07). The rate of shunt use was significantly higher in patients with the 
absence of contralateral proximal anterior cerebral artery (A1) on magnetic resonance angiogra-
phy (MRA) than in patients with other types of MRA (p <0.001). Significant monitor changes were 
seen in 16 (12.5%) in both groups. In four of nine patients in Group B, SSEP and MEP changes 
were synchronized, and in the remaining five patients, a time lag was evident between SSEP and 
MEP changes. In conclusion, the rate of internal shunt use tended to be more frequent in patients 
with dual monitoring than in patients with single SSEP monitoring, but the difference was not 
significant. Contralateral A1 absence may predict the need for a shunt and care should be taken 
to monitor changes throughout the entire CEA procedure. Use of dual monitoring can capture 
ischemic changes due to the complementary relationship, and may reduce the rate of false-nega-
tive monitor changes during CEA.

Keywords: carotid endarterectomy, neuromonitoring, somatosensory evoked potential, motor evoked 
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Introduction

Carotid endarterectomy (CEA) remains an effective 
treatment for symptomatic or asymptomatic carotid 
artery stenosis, both in Japan and around the world.1,2) 
However, the complication rate of CEA should be 
kept low, so the cerebral functional state in patients 
undergoing CEA under general anesthesia is frequently 
monitored.3–5) Electroencephalography (EEG) and single 
somatosensory evoked potential (SSEP) monitoring 
are established modalities that have been used for 

many years to detect cerebral ischemia during carotid 
surgery.6–12) Recently, transcranial motor evoked poten-
tial (MEP) monitoring is also performed under 
CEA.13–16) The main aim of monitoring during CEA is 
to predict cerebral ischemia during internal carotid 
artery (ICA) clamping and/or the entire CEA procedure. 
If a significant monitoring change is encountered, 
surgeons must decide whether to place a shunt or 
proceed without a shunt. To date, no monitoring tech-
nique during CEA has proven clearly superior to any 
other. Moreover, few studies have compared the effi-
cacy of single SSEP and dual SSEP and MEP moni-
toring under CEA. The present study compared rates 
of a selective shunt, monitoring change, perioperative 
stroke, and false-negative findings between single and 
dual monitoring in patients undergoing CEA.
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Methods

A total of 121 patients (mean age, 70.0 ± 6.0 years; 
13 females) underwent 128 consecutive CEA proce-
dures at our institution between April 2009 and 
April 2020. All patients were assessed by conventional 
digital subtraction angiography or three-dimensional 
computed tomography angiography (3D-CTA) to 
diagnose ICA stenosis. Surgical indications for CEA 
in asymptomatic and symptomatic patients have been 
defined as >60% and >50% stenosis, respectively,1,2) 
and for symptomatic patients with vulnerable 
plaque as <50% stenosis after discussion at a stroke 
conference.17)

The baseline conditions of patients were defined 
as follows. Hypertension was defined as systolic 
and/or diastolic blood pressure ≥140 and ≥90 mmHg, 
respectively, before CEA or use of antihypertensive 
agents. Diabetes mellitus was defined as glycosylated 
hemoglobin A1c >6.5% or use of hypoglycemic 
agents. Hyperlipidemia was defined as low-density 
lipoprotein (LDL)-cholesterol >140 mg/dL or use of 
antihyperlipidemic agents. Ischemic heart disease 
was defined as a history of angina pectoris, myocar-
dial infarction, or use of antiplatelet agents for 
coronary artery disease. Rates of carotid stenosis 
were calculated according to the North American 
Symptomatic Carotid Endarterectomy Trial.1)

All patients underwent preoperative magnetic 
resonance angiography (MRA) performed with a 
1.5-T imaging unit (General Electric, Milwaukee, 
WI, USA). Two authors (HT and NO) assessed the 
3D time-of-flight pulse sequences. Absence of prox-
imal segment of the anterior cerebral artery (A1), 
posterior communicating artery (PComA), and 
precommunicating segment of the posterior cerebral 
artery (P1) were evaluated retrospectively.18) We 
classified A1 pattern on MRA according to whether 

the A1 on both sides was patent (Type 1; Fig. 1A), 
absent ipsilaterally (Type 2; Fig. 1B), or absent 
contralaterally (Type 3; Fig. 1C).

Monitoring of CEA
SSEP and MEP monitoring were performed by 

medical technologists trained in the assessment of 
intraoperative neurophysiologic monitoring. Real-
time monitoring of SSEP was performed using an 
intraoperative monitoring device (Neuropack X1, 
MEB-2306; Nihon Kohden, Tokyo, Japan). The 
contralateral median nerve was stimulated at the 
wrist. Stimuli were repeated 100 times, every 500 
ms, at amplitudes of 50 mA (0.2-ms square pulse) 
for SSEP. SSEP was recorded from the lateral (C3′/
C4′-Fpz) and medial parietal regions. Baseline 
waveforms were recorded following induction of 
general anesthesia and before and after ICA clamping. 
We defined a reduction in SSEP amplitude >50% 
as a significant change.9,19)

For transcranial MEP, corkscrew electrodes were 
placed bilaterally over the primary motor cortex 
(1–2 cm anterior to the C3 and C4 locations, Inter-
national 10-20 System). A disposable silver–silver 
chloride electrode (adhesive sticker type) or steril-
ized subdermal needles were placed in a muscle–
tendon manner into bilateral abductor pollicis 
muscles. The lowest stimulation intensity to elicit 
a contralateral muscle response was chosen for 
intraoperative stimulation. Multipulse stimulation 
(train of 5 stimuli; single-pulse duration, 0.05 ms; 
interstimulus interval, 2 ms; stimulation intensity, 
50–250 V) was applied. Neuropack S1 was used for 
stimulation and MEP recording. The MEP was 
recorded every minute during carotid clamping. 
MEP amplitudes were quantified between the two 
opposite largest peaks during carotid clamping. 
Total loss of MEP amplitude was defined as a 

Fig. 1 MRA pattern for the proximal segment of the anterior cerebral artery (A1). This figure shows the results 
of MRA at the time of left CEA. A (Type 1): A1 is patent bilaterally. B (Type 2): A1 is absent ipsilaterally. C (Type 3): 
A1 is absent contralaterally. CEA: carotid endarterectomy, MRA: magnetic resonance angiography. 
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significant change.20) In patients with dual SSEP 
and MEP monitoring, if one of monitors demon-
strated the significant change as defined above, we 
considered that monitor change as significant.

Anesthesia regimen
CEA was performed under general anesthesia in 

all patients, using target-controlled infusion of 
propofol (target concentration, 2.5–4 µg/mL) and 
remifentanil (0.2–0.5 µg/kg/min) for total intravenous 
anesthesia. Rocuronium (0.6 mg/kg) was administered 
only once to provide neuromuscular blockade for 
endotracheal intubation. Neuromuscular monitoring 
was commenced using a train-of-four (TOF) device. 
If a deep neuromuscular block was observed prior 
to starting MEP monitoring, sugammadex (2–4 mg/kg) 
can rapidly reverse rocuronium-induced neuromus-
cular block. We controlled the target concentration 
of propofol using bispectral index (BIS) monitoring. 
BIS values between 40 and 60 were achieved by 
increasing or decreasing the rate of propofol. In 
cases of significant changes in at least one monitor, 
therapeutic action was taken as an increase in systolic 
arterial blood pressure (ABP) up to 20–30% of the 
preoperative ABP. If monitor changes did not recover 
immediately after the ABP increase, internal shunt 
insertion was immediately performed.

Surgical maneuver for CEA
All CEA procedures were performed by a limited 

number of experienced neurosurgeons (MU, HT, 
and KY). As mentioned above, all patients under-
went CEA under general anesthesia. We have reported 
details of the surgical maneuver for CEA in other 
articles.21,22) In terms of using an internal shunt, if 
SSEP or SSEP+MEP showed a significant change at 
the time of clamping of the distal ICA, we initially 
asked the anesthesiologist to elevate systolic ABP 
up to 20–30% of the preoperative ABP. If the neuro-
monitor remained unimproved despite this increase 
in BP, we inserted the internal shunt immediately.

Perioperative stroke
The perioperative stroke was also evaluated at 72 h 

after CEA. Diffusion-weighted imaging (DWI) was 
performed immediately if patients showed symptoms. 
All patients underwent MRI and MRA or CT/CTA 
at 7–10 days after surgery.

A false-negative result was defined as occurrence 
of an immediate postoperative motor deficit without 
any significant intraoperative change in any monitoring.

The protocol for this retrospective study was 
approved by the ethics committee at our institution, 
and the board waived the requirement for patient 
consent (approval no. 3872).

Statistical analysis
Numerical data and categorical variables are 

expressed as means ± standard deviation and as 
numbers (n) with ratios (%), respectively. Data were 
statistically analyzed using SPSS version 24 software 
(IBM Corp., Tokyo, Japan). Fisher’s exact test, 
Student’s t test, and the Mann–Whitney U test were 
used for statistical analyses. Values of p <0.05 were 
considered statistically significant.

Results

Among the 128 CEA procedures, 17 (13.3%) required 
use of an internal shunt. In 5 of these 17 procedures, 
internal shunt placement had been planned for 
protection against cerebral ischemia due to contra-
lateral ICA occlusion (n = 4) or to prevent hyper-
perfusion syndrome (n = 1). No monitoring change 
occurred in these five CEAs. We therefore, evaluated 
monitoring changes in the remaining 123 CEA as 
selective shunt cases. We used single monitoring 
(SSEP alone) as a monitor during CEA between 
April 2009 and January 2015, and used dual moni-
toring (SSEP and MEP) during CEA between February 
2015 and April 2020. We therefore classified patients 
according to the method of monitoring: Group A, 
patients with single monitoring (SSEP alone); and 
Group B, patients with dual monitoring (SSEP and 
MEP) during CEA. Group A comprised 72 CEAs 
and Group B included 51 CEAs.

Table 1 shows the characteristics of the patients in 
Groups A and B. Male patients were significantly less 
frequent in Group B than in Group A. Patients in 
Group B were significantly older and showed hyper-
tension significantly less frequently than in Group A.

An internal shunt was inserted in 12 CEAs (9.8%) 
due to significant changes in monitoring. In Group A, 
4 of 72 CEA (5.6%) needed the internal shunt due 
to significant changes in SSEP. On the other hand, 
in Group B, 8 of 51 CEAs (15.7%) needed internal 
shunt due to significant changes in SSEP/MEP. The 
rate of internal shunt tended to be higher in Group 
B than in Group A, but the difference was not 
significant (p = 0.07).

Four (3.3%) of the 123 patients suffered periop-
erative stroke after CEA. In Group A, one patient 
developed transient neurological deficit for which 
symptoms improved 24h after CEA. In this patient, 
amplitude of SSEP on monitoring showed a 30% 
reduction within 3 min after ICA clamping, but this 
recovered by elevating systolic ABP up to 20–30% 
of the preclamping ABP. Postoperative DWI did not 
show a new lesion in this patient. Another patient 
from Group A developed ipsilateral quadrantanopia, 
but  SSEP monitoring did not  show any 
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abnormalities during CEA, and DWI after CEA did 
not show any new lesions. In Group B, two patients, 
both of whom demonstrated changes in SSEP and 
MEP monitoring during CEA, developed ipsilateral 
stroke and postoperative DWI in these patients 
showing new lesions. In one patient, amplitudes of 
SSEP and MEP decreased 30–50% during resection 
of the carotid artery and after clamping the ICA, 
but we did not insert an internal shunt. During 
carotid artery closure, amplitude of the SSEP was 
reduced over 50%, but some amplitude was still 
seen on MEP, so we finished the arterial closure 
and quickly declamped the ICA. Postoperatively, 
this patient showed right hemiparesis and a new 
ischemic lesion in the left frontal lobe on DWI. We 
describe another case in detail in the following 
section as an illustrative case.

From these results, 2 of the 71 patients (2.8%) 
in Group A showed false-negative results from 
monitoring, compared to 0% in Group B.

In Group A, new lesions on DWI after CEA were 
seen in 6 of 71 patients (8.5%), but these patients 
did not show new neurological deficits and SSEP 
monitoring during CEA did not show any change. 
All new lesions from these patients were small 
spots lesions. In Group B, a new lesion was seen 
in 2 of 51 cases (3.9%). No significant difference 
in the frequency of new lesions was evident between 
groups (p = 0.469).

In the 94 symptomatic patients, 11 CEAs (11.7%) 
needed an internal shunt. Only one CEA (3.4%) 
needed the shunt among asymptomatic patients, 
but this difference was not significant (p = 0.29).

Correlation of MRA (A1) pattern and monitoring 
change

We evaluated the MRA pattern for A1 as shown 
in Fig. 1. Types 1, 2, and 3 were seen in 94 (76.5%), 
18 (14.6%), and 11 (8.9%) CEA cases, respectively. 
Internal shunt was needed in 5 of 94 CEAs (5.7%) 
for Type 1, and 1 (5.5%) for Type 2. On the other 
hand, 6 of the 11 Type 3 CEAs (54.5%) needed an 
internal shunt due to significant monitor changes 
during CEA (Fig. 2). The rate of an internal shunt 
in patients with Type 3 was significantly higher 
than that in patients with other types (p <0.001).

We also evaluated the absence of the PComA and 
P1. Absence rates of PComA and P1 in patients with 
internal shunt due to significant monitoring change 
were 66.7% and 33.3%, respectively. On the other 
hand, rates in patients without an internal shunt 
were 68.5% and 11.7%, respectively. Again, no 
significant differences were apparent between groups.

Pattern of monitor change
We evaluated patterns of monitor change, classi-

fied into five patterns (Fig. 3A): Pattern 1, monitor 
does not demonstrate any change during CEA; 
Pattern 2, monitor demonstrates significant changes 
after ICA clamping, but change recovered by increasing 
systolic ABP up to 20–30% of preoperative ABP; 
Pattern 3, monitor demonstrates significant change 
≤3 minutes after ICA clamping; Pattern 4, monitor 
demonstrates significant change >3 minutes after 
ICA clamping; or Pattern 5, monitor demonstrates 
significant changes without ICA clamping. The 
monitor did not show any change (Pattern 1) in 

Table 1 Characteristics of patients in Groups A and B

Group A  
(n = 72)

Group B  
(n = 51) p value

Male 68 (94.4%) 42 (82.4%) 0.04

Age (mean ± SD) 68.8 ± 7.2 71.7 ± 6.8% 0.03

Left side 36 (50.0%) 20 (39.2%) 0.27

Symptomatic 57 (78.2%) 37 (72.5% 0.40

Hypertension 62 (86.1%) 32 (62.7%)   0.005

DM 38 (52.8%) 21 (41.2%) 0.27

Hyperlipidemia 45 (62.5%) 23 (45.1%) 0.07

Ischemic heart disease 12 (16.7) 5 (9.8%) 0.45

CKD 4 (5.6%) 3 (5.9%) 1.00

ASO 5 (6.9%) 4 (7.8%) 1.00

Stenosis rate of ICA (median [quartile]) 70% (50%–83%) 68% (40%–78%) 0.58

Contralateral severe ICA stenosis 4 (5.6%) 0 0.14

Patch angioplasty 53 (73.6%) 34 (66.7%) 0.43

ASO: arteriosclerosis obliterans, CKD: chronic kidney disease, DM: diabetes mellitus, ICA: internal carotid artery.
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Fig. 2 Need for internal shunt in each group by MRA pattern. 
MRA: magnetic resonance angiography. 

Fig. 3 Pattern of intraoperative monitoring change during CEA. (A) 
Five patterns of intraoperative monitoring change during CEA. (B) 
Pattern of monitoring change in each group. CEA: carotid endarterec-
tomy, ICA: internal carotid artery, SABP: systolic arterial blood pressure. 
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107 of 123 CEAs (87.0%). A significant monitor 
change was seen in 16 CEAs (12.5%). We evaluated 
the pattern of monitoring change in Groups A and 
B. In Group A, three patients (4.2%) demonstrated 
Pattern 2 change, in which we did not insert an 
internal shunt. Patterns 3 and 4 were seen in two 
patients each (2.8% each), and a total of seven 
(9.7%) Group A patients demonstrated significant 
monitor changes during CEA. In Group B, four 
(7.8%), three (5.9%) and two (3.9%) patients showed 
Patterns 3, 4, and 5, respectively, and a total of 9 
(17.6%) Group B patients demonstrated significant 
monitor changes (Fig. 3B). Monitor change tended 
to be more frequent in Group B than in Group A, 
but not significantly (p = 0.28).

In nine patients from Group B for whom monitors 
showed significant change, we evaluated the synchro-
nization of SSEP and MEP. In four of nine patients, 
SSEP and MEP changes were synchronized. In another 
four of nine patients, SSEP changes were recognized 
faster than MEP change, and the remaining patient, 
MEP change was recognized faster than SSEP change.

Illustrative cases

Case 1
An 82-year-old man presented with right hemi-

paresis. Angiography demonstrated 50% stenosis of 
the left ICA. MRA demonstrated Type 3. CEA was 
performed under general anesthesia. Just after ICA 
clamping, amplitudes of SSEP and MEP decreased, 
MEP disappeared 3 minutes after ICA clamping, 
and SSEP disappeared 5 minutes after ICA clamping, 
so this monitor change was classed as Pattern 3 
(Figs. 4A and 4B). After an internal shunt was 
inserted, both monitors recovered, but MEP recov-
ered faster than SSEP (Figs. 4A and 4B). The patient 
awoke without any neurological deficits.

Case 2
A 70-year-old man presented with symptomatic 

30% stenosis of the left ICA. MRA type was Type 
3. Seven minutes after ICA clamping, amplitudes 
on MEP increased temporarily and disappeared 13 
min after ICA clamping (Fig. 4C). Amplitudes of 
SSEP decreased 7 min after ICA clamping and 
disappeared 38 min after ICA clamping (Fig. 4D), 
so this monitor change was classified as Pattern 4. 
After the internal shunt was inserted, MEP and 
SSEP monitoring showed no recovery. We checked 
the internal shunt flow because the pressure at the 
internal shunt was only 50% of systolic blood 
pressure. Although pressure at the internal shunt 
gradually increased, MEP and SSEP monitoring 
showed no recovery until 95 min after the first ICA 

clamping. At the end of CEA, MEP gradually appeared 
and recovered to the same amplitude as that seen 
before clamping of the ICA (Fig. 4C). However, the 
amplitude of SSEP remained at an 80% reduction 
compared to that before clamping of the ICA (Fig. 4D). 
The patient woke with mild right hemiparesis 
(3/5MMT) and motor aphasia, and postoperative 
DWI demonstrated new ischemic lesions in the left 
frontal and parietal lobes. Hemiparesis and motor 
aphasia gradually improved and he has achieved 
independence in activities of daily living (modified 
Rankin Scale 1) as of 1 year after CEA.

Discussion

During CEA, monitoring has been performed for 
decision-making regarding the site of internal shunt 
placement and for prediction of postoperative 
neurological deficit.10,19) Several studies have discussed 
the best monitoring systems for use during CEA,23) 
and have also discussed which a routine or selective 
shunt was best.24) To date, no monitoring technique 
during CEA has proven clearly superior to any other, 
and few studies have compared single monitoring 
of SSEP with dual SSEP + MEP. In this study, 
therefore, we compared rates of selective shunt and 
monitoring change between single and dual SSEP + 
MEP in patients undergoing CEA.

In the present study, the rate of patients needing 
an internal shunt due to significant monitor change 
was 9.8%, compared with 10–50% in other published 
series.6,25–28) In recent reports, the rate of shunts has 
been getting lower.15,29) This may be because we are 
becoming better able to judge the need for internal 
shunt placement by precise monitoring.

At the beginning of 1940, case reports of EEG 
monitoring for carotid ligation started being published.30,31) 
Peter-Borja et al. subsequently reported the utility 
of EEG monitoring for CEA in 1965. Since then, 
many reports have described EEG monitoring for 
CEA.4,5,11,12,32) However, EEG monitors are easily 
affected by the depth of anesthesia, and judgment 
of changes is also difficult. SSEP was introduced at 
the end of the last century for intraoperative moni-
toring of neurophysiological functions to overcome 
demerits in EEG. Nwachuku et al. demonstrated that 
patients with perioperative neurological deficit were 
14 times more likely to have shown changes in SSEP 
during CEA.10) Thiagarajan et al.23) reported that a 
change in either EEG or SSEP was 17 times more 
likely in patients with perioperative stroke. We have 
also reported the utility of SSEP in a previous report.19) 
SSEP detected ischemic conditions of the sensory 
cortex, in the territory of middle cerebral artery 
(MCA) perfusion. In an experimental study, SSEP 
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Fig. 4 Illustrative cases of monitoring change patterns. (A and B) Illustrative case of monitoring change Pattern 
3. (A) MEP amplitudes disappear 3 min after ICA clamping. (B) SSEP disappears 5 min after ICA clamping. After 
internal shunt insertion, MEP recovers 4 min after ICA declamping and SSEP recovers 10 min after ICA declamping 
(A and B). The patient woke without any neurological deficits. (C and D) Illustrative case of monitoring change 
Pattern 4. (C) Seven minutes after ICA clamping, amplitudes of MEP increase temporarily, disappearing 13 min 
after ICA clamping. (D) Amplitudes of SSEP decrease 7 min after ICA clamping and disappear 38 min after ICA 
clamping. Immediately after internal shunt insertion, MEP and SSEP monitors show no recovery. By the end of 
CEA, MEP have gradually appeared and recovered to the same amplitude as at the preclamping of the ICA (C), 
but the amplitude of SSEP remains at 80% reduction compared to that at ICA preclamping (D). CEA: carotid 
endarterectomy, ICA: internal carotid artery, MEP: motor evoked potential, SSEP: somatosensory evoked potential. 
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amplitude did not change if regional cerebral blood 
flow (rCBF) was above 16 mL/100 g/min, but disap-
peared if rCBF was below 12 mL/100 g/min.33) The 
biggest advantage of SSEP monitoring is that it is 
less prone to suppression by anesthetic agents, but 
only a relatively limited region of the brain is covered.

Since the beginning of this century, MEP elicited 
by transcranial electrical stimulation has been used 
to complement SSEP.34) Initially, MEP was used for 
monitoring in aneurysm, spinal cord, and brain 
tumor surgeries. MEP and SSEP monitoring for CEA 
has recently been performed,13–16) but few articles 
have compared single SSEP with dual monitoring 
of SSEP and MEP for CEA. In this study, dual SSEP 
and MEP monitoring showed significant changes at 
various phase of CEA procedure. The rate of shunt 
use tended to be higher in patients with dual MEP 
+ SSEP monitoring than in those with single SSEP 
monitoring, but not significantly (p = 0.07). Dual 
monitoring during CEA may detect ischemic cerebral 
conditions more precisely because dual monitoring 
can evaluate a bigger area.

Definitions for significant changes in monitoring 
remain controversial. In most studies of SSEP, a 
50% reduction in SSEP amplitude has been taken 
as a significant change,13,16) so we employed this 
definition for SSEP monitoring in the present study. 
In MEP monitoring, total loss of MEP amplitude 
has been taken as a significant change in most spinal 
and aneurysmal surgeries.20) Although medical tech-
nologists usually alert the surgeons when a reduc-
tion of 50% in MEP amplitude is seen, reductions 
in MEP amplitude sometimes recover even if no 
action is taken. This study therefore employed total 
loss of MEP amplitude as a significant change in 
MEP monitoring.

In this study, monitor changes occurred in 16 
CEAs (Group A, 7 CEAs; Group B, 9 CEAs). In 15 
of these 16 CEAs (93.8%), monitors changed after 
ICA clamping, so prediction of shunt after ICA 
clamping is essential. We then evaluated preoper-
ative MRA patterns, and classified the A1 pattern 
on MRA into three types. Patients with absent A1 
on the contralateral side (Type 3) needed internal 
shunts more frequently than those with Types 1 
and 2 (p <0.001). Although patency of the ipsilateral 
PComA and absence of the ipsilateral P1 are 
important, easy prediction is more useful for daily 
clinical practice. Type 3 means that the ipsilateral 
ICA perfuses both ipsilateral MCA and A1 and 
contralateral ACA perfusion areas. Moreover, if the 
ipsilateral ICA is clamped, sufficient collateral flow 
cannot be expected. Therefore, when we operate 
on patients showing Type 3, we must prepare the 
internal shunt and ask the anesthesiologist to elevate 

systolic ABP up to 20%–30% of preoperative ABP 
if monitoring changes occur.

In this study, monitoring changes occurred most 
frequently during ICA clamping (Pattern 3), but 
changes also occurred in the late phase after ICA 
clamping (Pattern 4) or occurred unrelated to ICA 
clamping (Pattern 5), so monitoring must be performed 
throughout the surgery.35) Moreover, among patients 
with MRA Type 3 who show significant monitor 
changes, two patients suffered postoperative ischemic 
stroke. More attention must be paid to the preven-
tion of ischemic conditions during ICA clamping 
in patients with MRA Type 3. We have to plan to 
insert protective internal shunts for patients with 
contralateral ICA occlusion or Type 3 MRA.

In Group B patients showing significant monitor 
change, four of nine patients showed synchronized 
SSEP and MEP changes, whereas four of nine patients 
showed SSEP changes faster, and the remaining one 
patient showed MEP changes faster than SSEP. 
Changes in SSEP seemed to appear faster than 
changes in MEP, but we attributed this phenomenon 
to the definitions for significant changes in MEP. 
Although we have to evaluate the threshold for 
meaningful change in MEP and sensitivity of MEP 
in a larger cohort of CEA patients, SSEP and MEP 
monitoring can capture ischemic changes due to 
their complementary relationship.

Some limitations to this study need to be considered. 
First, this study was a retrospective study and the 
backgrounds of the two groups were different. Second, 
this study included a relatively small number of cases, 
but the experienced surgeons and medical technologists 
performed CEA and monitoring in a standardized 
manner, so we considered the outcomes of CEA and 
evaluation of monitoring of this study as trustworthy.

In conclusion, the rate of internal shunt use in 
patients with dual monitoring was more frequent 
compared to patients with single SSEP monitor. 
Absence of the contralateral A1 may predict the need 
for shunt use and care should thus be taken to examine 
changes in these patients. Use of both SSEP and MEP 
can capture ischemic changes due to their comple-
mentary relationship, so dual monitoring may reduce 
the rate of false-negative monitor changes during CEA.
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