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Abstract

Spinal surgery involves a wide spectrum of procedures during which the spinal cord, nerve roots, and key blood vessels
are frequently placed at risk for injury. Neuromonitoring provides an opportunity to assess the functional integrity of
susceptible neural elements during surgery. Multimodality neuromonitoring relies on the strengths of different types of
neurophysiological modalities to maximize the diagnostic efficacy in regard to sensitivity and specificity in the detection
of impending neural injury. Thorough knowledge of the benefits and limitations of each modality helps in optimizing the
diagnostic value of intraoperative monitoring during spinal procedures. This case presentation will demonstrate the
significance of multimodality [ONM.

Keywords: Spine Surgery, Somatosensory evoked potentials, Motor evoked potentials, Spinal cord

Introduction

The development of neurological deficit following spinal surgery is a devastating complication. Some of these
complications are known to occur without any recognizable adverse event during surgery. Recently, multimodality
intraoperative neurophysiological monitoring (IONM), including somatosensory-evoked potentials (SSEPs), motor-
evoked potentials (MEPs), and electromyography (EMG) has been utilized and has been proven effective for preventing
neurological injury during spinal surgery (1-3).

Multimodality Intraoperative Neuromonitoring (IONM) is now routinely used to provide immediate monitoring of spinal
cord function. This combined approach can improve sensitivity and specificity for detecting neurological damage during
spine surgeries (4).

IONM Technique

IONM was performed by a senior clinical physiologist with CNIM certification using a 16 channel Nihon Kohden IOM con-
stant current system. Patients underwent multimodal monitoring, recording of cortical SSEP, FEMG, TcMEP, TOF and
EEG. SSEP were recorded from cortex and responses were evoked by cathodal delivery of 0.2ms duration, square-wave
impulses at range of 4.1-5.1 Hz to bilateral posterior tibial nerves and median nerves using pair of adhesive electrodes.
The stimulation intensity was 45mA to posterior tibial nerve and 20mA to median nerve. Cortical SSEP were recorded
from corkscrew electrodes placed in scalp at CPz-CP3/CP4 (Tibial SEP derivations) and CP3/CP4-CPz (Median SEP deri-
vations).

MEPs were recorded bilaterally as CMAP from tibialis anterior (TA) and abductor hallucis (AH) muscles in lower extrem-
ities and from abductor pollicis brevis (APB) in the upper extremities. Bilateral APB responses were used as control to
differentiate between surgical and non-surgical loss of limb responses. MEPs were elicited periodically by delivering an
anodal pulse train of 4-6 pulses of 0.5ms duration and ISI of 4ms at stimulus intensities of 150-200mA. The stimulating
electrodes were positioned over the motor cortex at M1, M2, M3 and M4.
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Alarm criteria was taken when (1) Cortical SSEP amplitudes drop to >50% with or without corresponding increase in
latency >10% of baseline responses. (2) MEP evoked CMAP responses in any muscle were lost and remained absent. Any
sudden drop in amplitude of MEP >80% of baseline trace was reported and investigated.

First Case Report

70 years old female presented with lower back pain and walking difficulty. MRI revealed L5/S1 spondylolisthesis.
Surgery was planned in two stages, Stagel= Posterior Lumbar Interbody Fusion (PLIF) & Stage2= Anterior Lumbar Inter-
body Fusion (ALIF). PLIF surgery consisted of posterior L4/5 decompression and instrumented fusion with the patient
prone position. After the completion of stage one, the patient was moved to supine position. No complication was noticed
in stage 1 procedure. During stage two, the patient underwent anterior L4-S1 Interbody cage placement.

During the placement of cage in L5/S1, the right leg MEP was completely disappeared while SSEPs remain unchanged.
There was no change in left leg MEPs and bilateral upper limb control monitoring MEPs. Surgeon was alarmed and
surgery was paused immediately. The mean arterial pressure (MAP) was increased to more than 90mmHg as well as
stimulus parameter were changed to utilize MEPs recovery includes increase in pulse train from 4 to 6 ms, Pulse
duration from 0.5sec to 0.7 sec and steroid bolus (Dexamethasone) was given. No improvement in MEP signals was
noticed and surgeon decided to remove the cage, however no displacement of cage was shown in X-ray. Surgeon decided
to pause the surgery until the recovery of MEP signals and then decided to abort the procedure when no MEP recovery
was noticed.

Post Op Neuro examination revealed significant weakness in right foot dorsiflexion and planter flexion, however no sen-
sory deficit was present. Within 24 hours, patient gain full muscle strength in right foot without any neurological deficit.
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Fig 1: Persistent MEP loss. SSEP tracings indicating no change in dorsal column of spinal cord and keeping
intact, while TcMEP showed persistent TcMEP loss, status post L5/51 cage placement.

Second Case Report

23 years old female with idiopathic scoliosis admitted for correction and fusion at T9-L3 levels. Multimodality IONM was
utilized including SSEPs, TcMEPs, FEMG, EEG and TOF monitoring. Baseline were taken prior to incision. During the rod
placement in right, sudden loss of MEP signal was alarmed while no change in SSEP was noticed. Blood pressure was in-
creased to mean>90mmHg and then rod was removed. MEPs were improved significantly and surgeon continued correc-
tion. Post Operative neurological exam did not reveal any neurological deficit.
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Fig 2: Scoliosis surgery. Bilateral leg MEPs deterioration followed rod placement; No SSEP change.
Restoration of MEP after blood pressure elevation and rod removal. Surgery was continued and all potentials
were present at closure.

Discussion

There is a growing body of evidence supporting the effectiveness of IONM in detecting adverse outcomes during spinal
surgery. A thorough appreciation of the strengths and weaknesses of each monitoring modality is critical for the optimal
use of IONM. Preoperative discussion between the surgeon, anesthesiologist, and neurophysiologist is an essential
component of safe IONM usage (1-2)

In this case presentation of patients undergoing deformity corrections, unilateral and bilateral changes in the transcrani-
al MEP occurred. The unilateral changes occurred following direct trauma to the spinal cord, whereas, the bilateral
changes were associated with perfusion deficits to the spinal cord. Restoring the perfusion locally through release of the
traction, release of the rod, or systemically through increasing the blood pressure and/or reversing the anemia through
blood transfusion, successfully addressed these changes in all patients allowing for the safe correction of the deformity
and completion of the cases (3-4)

SVOA Orthopaedics

100


https://sciencevolks.com/orthopaedics/

Multimodality IONM Case Report During Spinal Fusion

Unilateral changes associated with direct trauma to the spinal cord were relieved by reversing the causative agent and
allowing time for recovery. Repeat bilateral loss of MEP signal was the result of inadequately addressing the spinal cord
perfusion deficiencies prior to obtaining the desired correction.

The use of TcMEPs is sensitive and specific to change in neural function (4). TcMEPs may contribute to calling attention
to the need for intraoperative corrections including widening decompressions, improving perfusion, and limiting de-
formity correction so that more severe neural compromise may be prevented.

An overview and update were presented by McDonald et.al (2006) describing spinal cord signal changes with potential
neuronal injury / spinal cord ischemia.

Conclusion

Multimodality IONM is recommended in procedures where there is a risk of neurological injury. The ability of IONM to
detect such complications has improved, predominantly as multimodal monitoring techniques have been introduced.
SSEP record specifically the ascending dorsal tract of the cord and provide no information on the integrity of the de-
scending anterior tracts. However, Combined IONM techniques SSEPs and MEPs have good diagnostic characteristics to
detect neurological injury.
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