
Chapter 7: Intraoperative 
Neuromonitoring (IONM)



Introduction

IONM is now an integral part 
of many surgical procedures

Minimize neurological 
damage during surgery

Identification of important 
neural structures







Intraoperative 
Neuromonitoring 
(IOMN)

Patient’s latencies 
preoperatively serve as baseline 

Evoked Responses 

SSEP
MEP
BAEP
VEP

Spontaneous EMG
EEG



Somatosensory 
Potentials 

(SSEP)

• Presynaptic and postsynaptic responses 
recorded over the limbs, spine, and scalp 
following stimulation of peripheral nerves, 
trunks or cutaneous nerves 













• General Principles of SSEP
• Large diameter fibers have highest 

contribution to potentials
• Lesions of the posterior column have 

biggest impact on SSEPs
• Highest amplitude SSEPs are obtained after 

stimulation of ulnar and median nerves



• SSEPs - subject variables
• Age
• Height
• Limb temperature
• Neuropathy 
• Body habitus 
• Depth of anesthesia



• SSEP – limitation and averaging
• SSEP amplitude is low compared to noise of motor activity, 

movement artifact, ECG, EEG, and electromagnetic activity in the 
environment
• Averaging summates activity that is time locked to the stimulus 

trigger while subtracting background noise
• Most artifacts can be eliminated by averages rejecting sweeps 

that contain waveforms exceeding fixed maximal amplitudes 
• FIGURE OF EEG WITH EVOKED POTENTIAL AND NO AVERAGING 

WITH n4 n16 n64 and they can see how the thing emerges



















Motor Evoked 
Potentials 

(MEP)

• MEPs are recorded from muscles following 
direct stimulation of exposed motor cortex, or 
transcranial stimulation of motor cortex, either 
magnetic or electrical 













MEP Variables

Amplitude
Measured peak-to-peak in 

microvolts 
Neural transmission altered by low 

temp, nerve compression, injury
Decreased amplitude can indicate 

evolving injury

Presence/Absence
Myogenic MEP amplitudes vary, 

concern is whether or not MEP is 
present at all

50% decrease in amplitude in 
baseline is considered significant, 

alert surgeon

Threshold 
Minimum voltage necessary to 

trigger a CMAP with amplitude > 0 
microvolts 

If significant increases in voltage 
are required to generate MEPs 

(100V) this can indicate evolving 
injury 



Brainstem 
Auditory 

Evoked 
Potentials 

(BAEP)

• BAEPs are elicited by auditory stimulation and 
represent activity generated by CN VIII and 
brainstem

• Useful for posterior fossa surgeries: 
• Vestibular schwannoma 
• Vertebrobasilar aneurysms
• Vascular malformation repairs
• Microvascular cranial nerve decompressions
• Skull based, CPA tumor resections

• Intra-operative BAEP loss or post-operative deafness 
is due to interruption of blood supply or traumatic 
transection to the auditory nerve or cochlea 



• Latency increases 
of 1– 1.5 ms or 
amplitude 
decrement of 
50% require 
notification of the 
surgeon





Visual Evoked 
Potentials 

(VEP)

• Record of gross electrical signal generated at 
the occipital cortex in response to visual 
stimulation
• VEP is the only objective technique available to 

assess the functional state of the visual system 
beyond the retinal ganglion cells
• Used in transphenoidal surgery, aneurysm 

clipping of posterior circulation, and removal of 
tumors near optic radiation 









EEG
• Records electrical activity from the scalp
• First adapted for IONM in 1960’s for CEA, still 

widely used for assessing degree of cerebral 
perfusion during vascular surgery and for 
monitoring depth of anesthesia 



EMG

• Enables recording of electrical activity produced by 
skeletal muscles
• Free-running EMG
• Stimulated EMG

• Free-running EMG detects mechanical and/or metabolic 
irritation fo the nerve 
• Tonic Discharge – repetitive and steady episodes of 

activity from grouped motor units, observed in 
ischemia due to traction, heat, or saline irrigation

• Phasic Discharge – short, synchronous burst of motor 
unit potentials, associated with blunt mechanical 
trauma 

• Stimulated EMG – electrical stimulation of nerves and 
recording muscle action potentials in innervated muscle, 
used for nerve conduction assessment









Questions



Question 1

• SSEPs test the integrity of: 
A. Corticospinal tract
B. Spinothalamic tract
C. Posterior columns
D. Spinocerebellar tract



Question 2

• The N11-13 complex corresponds to: 
A. Brachial plexus
B. Cauda equina
C. Cervicomedullary junction 
D. Thalamus



Question 3

• The first sign of ischemia on EEG during IOM
A. Decrease in amplitude
B. Loss of high frequency waveforms
C. Loss of occipital rhythm
D. All of the above



Question 4

• The chemical transmitter that mediates between sympathetic 
postganglionic fibers and the end organ is:
• a. norepinephrine
• b. acetylcholine
• c. adrenaline
• d. epinephrine



Question 5

• There is a greater amount of somatotopical representation in the 
motor cortex for the:
• a. arm
• b. legs
• c. erector spinae
• d. fingers



Question 6

•
Which of the following is most closely associated with language 
comprehension?
• a. agnosia
• b. Broca’s area
• c. Wernicke’s area
• d. arcuate fasciculus



Question 7

• What is the typical threshold for the recurrent laryngeal nerve on 
stimulation, and what is the typical max response stimulated at?
• a. 1.0mA, 3.0mA
• b. 0.05mA, 0.1mA
• c. 6mA, 10mA
• d. 0.4mA, 0.8mA



Question 8

• What is the frequency of EMG activity that is a cause for concern?
• a. <20 Hz
• b. >20 Hz
• c. >60 Hz
• d. >120 Hz



Question 9

• What does cerebral oximetry measure?
• a. oxygenation of venous blood in the brain.
• b oxygenation of arterial blood in the brain.
• c. blood flow velocity
• d. blood flow volume



Question 10

• In BAERs, conductive losses affect all the following except:
• a. amplitudes
• b. interpeak latencies
• c. amplitudes and interpeak latencies
• d. none of the above



Question 11

•
What are significant changes in VEP?
• a. all-or-none amplitude loss
• b. 50% change in amplitude
• c. latency shift of 40-50 msec
• d. both b and c


