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IONM Considerations for Cerebral Aneurysm 
Clipping 

• 77 yo F who presented with 
headaches 

• Angiogram: 1.2cm x 0.9cm 
complex L MCA aneurysm 

• Craniotomy and clipping is 
scheduled

• IONM is planned
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The left MCA supplies the following structures except

A: primary motor cortex for facial muscles

B: language

C: sensory cortex for foot

D: basal ganglia inlcuding internal capsule

E: arcuate fasciculus
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A thorough understanding of vascular anatomy is 
essential when plannig IONM for cerebral aneurysm 
clipping. 

The middle cerebral artery (MCA) is a branch of the 
internal carotid artery. The first MCA segment (M1) 
courses laterally between the temporal lobe and 
frontal lobe as it enters the Sylvian fissue. It divides 
into a superior and an inferior branch (M2), which 
further divide into smaller cortical branches on the 
lateral convexity of the brain surface (M3 and M4) 
covering the temporal lobe, and the lateral fronto-
parietal regions. The M1 segment gives rise to the 
medial lenticulostriate arteries, which are small in 
diameter and supply subcortical structures such as 
the internal capsule and some of the basal ganglia. 
Cortical areas supplied by the MCA include structures 
responsible for language (e.g. Broca's and Wernicke's 
area), motor (primary motor cortex within the 
precentral gyrus) and sensory functions (primary 
somatosensory cortex within the postcentral gyrus) 
of the upper extremities and face. 

MCA



A reasonable plan of IONM  for MCA aneurysm clipping includes:

A: 4-channel EEG, MEP and SSEP of bilateral LE

B: MEP and SSEP of bilateral upper extremities and bilateral ABRs

C: EEG, MEP and SSEP of bilateral upper extremities and facial nerve 
EMG

D: 16-channel EEG monitoring only

E: 4-channel EEG combined with MEP and SSEP for bilateral upper 
extremities
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Planning IONM for cerebral aneurysms should consider the surgical incision, anatomic location of 
aneurysm and the neuronal structures at risk during surgical manipulation. For MCA aneurysms 
cortical and subcortical structures representing the upper extremities and face are the most at risk. 
EEG can help monitor cortical regions, however surgical incision may prevent placement of leads to 
provide adequate spatial resolution to monitor for smaller areas of ischemia, therefore EEG as  a 
single modality has limited utility. It may supplement other IONM modalities and provide helpful 
information to the anesthesiologist and the neuromonitoring team about anesthetic depth and 
global physiologic changes.  Evoked potentials such as MEPs and SSEPs monitor the entire length of 
the corticospinal tract and the somatosensory pathways of the monitored extremity. Evoked 
potentials therefore can detect both cortical and subcortical malperfusion affecting these 
pathways. Although lower extremity pathways passing through the internal capsule could 
theoretically be also at risk from injury to lateral lenticulostriate arteries, the majority of lower 
extremity fibers in the internal capsule are supplied through perforators of the anterior cerebral 
artery (medial lenticuostriate arteries). Therefore monitoring lower extremities for MCA clipping is 
low yield and not recommended. Finally, evoked potentials monitor important structures, but 
cover only a small territory and therefore can miss ischemia outside of these pathways. 



• Combining high yield monitoring modalities and anatomic locations 
within the constraints of the surgical approach while eliminating 
unnecessary sites and modalities is the mainstay for optimizing IONM 
to provide clinically useful information and guide intraoperative 
decision-making.  

• Auditory brainstem responses monitor the auditory pathways which 
is non-contributary during MCA artery surgery.   

• Facial nerve EMG may be useful for posterior fossa surgeries, where 
facial nerve may be at risk, but is non-contributory during MCA 
clipping. 



SSEP baselines pre-incision MEP baselines pre-incision

Left MN stim Right MN stim Right cortical stim Left cortical stim

SSEP and MEP baselines are obtained prior to incision.



SSEP from right median nerve  is monitored along it's length 
using recording electrode pairs placed at distinct anatomical 
locations including the brachial plexus or Erb's point (EP), 
cervical spinal cord (Cerv) and the cortex (C4'-Cz montage 
for left median nerve and C3'-Cz for right median nerve). 
The recorded signal has the largest amplitude at the cortex, 
because many neurons are activated in synchrony when the 
signal reaches the somatosensory cortex. Usually SSEP 
signals are very small compared to the random electrical 
activity of the CNS (EEG noise) or electrical interference 
from equipment. Therefore repeated stimulation of the 
peripheral nerve and averaging of repeated recordings is 
necessary in order to mitigate the random electrical noise.
In electrically noisy environments or when the SSEP signal is 
weak to begin with (low signal to noise ratio) this signal 
averaging process can take up to several minutes. The 
recordings can be stacked on the display, which allows 
comparison of the current signal with prior ones and 
facilitates the detection of a change. In this example two 
recordings are shown from each recording site of the left 
median nerve (LMN) and right median nerve (RMN) SSEPs 
(highlited in red).   

Right MN stimLeft MN stim



These signals remain unchanged during exposure of the aneurysm. 
However after the start of the case the pulse oximeter reading is lost 
and the arterial pressure waveform is altered. Rhythmic twitching 
activity from both hands are observed. No other changes to the vital 
signs are noted. The likely cause is:

A: MEP stimulation 

B: SSEP stimulation

C: seizure activity

D: hypothermia and shivering
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SSEP acquisition requires continuous and repeated stimulation of the 
peripheral nerve and signal averaging. The continuous repeated 
stimulation occurs at a repetition rate of 2-4 Hz, which is likely to also 
activate motor fibers innervating intrinsic hand muscles. The resultant 
continuous hand twitching may interfere with pulsoximetry and radial 
arterial pressure monitoring. In extreme cases it may also interfere with 
the surgeon's view under the microscope. Adjustments may need to be 
made to monitoring equipment and/or a decrease in stimulation 
current may be appropriate. 



Transcranial electrical MEP can cause the following complications 

• A: Excessive movement during surgical manipulation

• B: Seizures

• C: Tongue bite

• D: All of the above
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Transcranial stimulation for MEP causes simultaneous depolarization of 
a relatively large area of the motor cortex, which can result in a forceful 
muscle contractions and movement. This can interfere with the 
conduct of surgery, and may case unintended scalp laceration. Seizures 
are rare complications of MEP monitoring. 



MEPs are obtained by delivering a high energy 
train stimulus to the cortex. This activates a 
large area of the primary motor cortex, the 
signal then propagates along the cortico-spinal 
tract. This in turn elicits forceful muscle 
contractions of the contralateral hemibody. The 
resultant compound muscle action potentials or 
CMAPs are recorded using needle electrode 
pairs placed in peripheral muscles of interest -
in the present case the thenars - and are 
represented by a characteristic polyphasic
waveform on the recording. MEPs can be 
performed by pressing a button on the 
simulator periodically, on demand as needed. 
The train stimulus (train of 7) artifact can be 
observed at the start of the recording before 
the CMAP.  

Left cortical stimRight cortical stim



3 minutes after permanent clip placement on the proximal MCA, the 
MEPs transiently drop out in the right thenar but return similar to 
baseline immediately after increasing the stimulation voltage from 250 
to 350 Volts. SSEPs are unchanged. 



MEPs after permanent clip Increased stimulation to 350 V



Meanwhile SSEPs remained unchanged. 



Meanwhile SSEPs remained unchanged. 



Next best step in management:

A: No need to inform surgeon as false alarms can lead to confusion

B: The surgeon should remove the permanent clip immediately and 
MEPs should be repeated within a few minutes with reduced 
stimulating voltage 

C: Perform wake-up test

D: Proceed to video angiography
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The benefit of multimodality IONM using both SSEPs and MEPs can help detect injuries, that may be 
missed with single modality monitoring. Signal change that occurs soon after surgical manipulation 
indicates a high probability of injury. Signal changes in any modality should be taken seriously even 
when the other modality is unchanged because they cover different anatomical regions. In general, 
MEPs are more sensitive than other modalities to a similar grade of neurological insult and 
therefore in its early stages is likely to be detected with MEPs more readily as compared with SSEPs. 
Although MEP is not a continuous modality, MEPs can be acquired more frequently during critical 
surgical manipulation such as temporary or permanent clip application to detect an impending 
injury quicker. On the other hand, SSEPs can be run continuously but the time for signal averaging, 
which in certain situations can take up to several minutes may cause a delay in detecting a change. 
An important caveat to transcranial electrical MEPs during cerebral aneurysm clipping is that 
increasing electrical currents used for stimulation can penetrate deeper and bypass the surgical site 
where the ischemia is occurring. In other words the corticospinal tract may be activated deeper to 
where the surgeon is manipulating. This can result in maintained MEPs even though the cortical 
regions where the corticospinal tract originates may have suffered an ischemic insult. This is 
illustrated in the following animation:  

































Advantages of direct cortical MEPs compared with transcranial MEPs 
are the following except:

A: more localized current penetration

B: less likely to produce a false negative 

C: less patient movement

D: reduced risk of bleeding
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Direct cortical stimulation using a strip electrode placed over the brain cortex can 
be used to keep motor stimulation very localized and prevent deeper penetration 
of current. This can help reduce the risk of a false negative during cerebral 
aneurysm surgery. Given that less current will suffice, dcMEP is associated with less 
patient movement as compared with tcMEP. However, placing the cortical 
electrode on the surgical field may obstruct the surgeon and cause a subdural 
hematoma. Furthermore it is a unilateral modality, thus no control MEP from the 
opposite side can be obtained, or relied upon during differentiating certain types of 
IONM changes.  Using the lowest current possible for transcranial MEPs, also 
known as near-threshold activation during cerebral aneurysm surgery is of 
paramount importance, because it helps increase the sensitivity of IONM. Near-
threshold current is the lowest current that reliably elicits MEPs and avoids current 
penetration to deeper CNS structures. 



MEP Considerations for Intracranial Surgery

Transcranial MEPs

• Surgical incision interferes with 
standard scalp electrode 
position

• Need higher stimulator output

• Risk of activating deeper 
structures  FN

• More pt movement

• Near threshold stimulation 
reduces FN rate

Direct cortical stimulation

• Lower current more localized 
penetration

• Less likely to produce FN 
recording

• Less movement

• Bleeding risk 

• May interfere with surgery

Szelenyi et al: Clin Neurophys (2007) 37, 391—398



The surgeon was alerted to increased stimulation threshold for MEP 
and the clip was immediately removed. After reapplying the clip no 
further MEP changes were observed. Angiography was normal and the 
patient woke up  without neurological deficits. 


