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Case Report

Intra-operative phrenic nerve monitoring using transcranial electrical stimulation
during cervical spine surgery: a case report

. *
Yoon Tae Jung, Jin Soo Park, Seung Hak Lee
Department of Rehabilitation Medicine, Asan Medical Center, University of Ulsan, College of Medicine, Seoul, Korea

ABSTRACT

To prevent phrenic nerve injuries during surgery, intraoperative monitoring has been used increasingly. Intraoperative monitoring comprises
stimulation of phrenic nerves in the neck and getting compound motor action potential (CMAP) in the diaphragm. However, in high cervical
lesions or in surgeries that need particular positions such as a prone position, the usage could be limited due to a difficulty in stimulating
the phrenic nerve directly. To solve these problems, we tried motor evoked potential (MEP) via transcranial electrical stimulation to a
diaphragm during cervical tumor resection. The monitoring revealed relatively constant MEP graphs of the diaphragm during the monitoring,
and we did not notice any decrement of more than 50% in the amplitude. Sequentially, the patient recovered without any weakness or
remarkable respiration rate changes which could suggest any phrenic nerve injuries. Our case supports that intraoperative MEP monitoring
to diaphragm could be feasible in cases with difficulty in stimulating the phrenic nerve directly.
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Fig. 1. Pre-operative cervical spine magnetic resonance images of a patient who had numbness and weakness on the right arm
due to a tumor in the spinal cord (arrow head). (A) T2 weighted axial view revealed a tumor on the dura at the level of C3 with
a size of 1 cm x 1.9 cm x 1.8 ¢cm on MRI which is shifting the spinal cord onto the left. (B) T2 weighted sagittal view of the
patient.
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Fig. 2. Surface electrode placement and CMAP of the diaphragm
during surgery. Surface electrodes were attached to the xiphoid
process (active, E1) and on the left lower rib borderline

(reference, E2) in the vertical line of the nipple. CMAP:
compound motor action potential.
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Fig. 3. Patient’'s MEP of a diaphragm. Graph morphologies were relatively constant and did not show any decrement in amplitude
more than 50%. (A) A baseline graph with an amplitude of 55.9 millivolt, onset latency of 22.6 milliseconds (arrow head), and a
peak latency of 28.8 milliseconds (arrow); (B) A graph after tumor resection with an amplitude of 72.2 millivolt, onset latency of
23.7 milliseconds (arrow head), and a peak latency of 25.6 milliseconds (arrow). MEP: motor evoked potential.
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Fig. 4. Simple chest x-rays before surgery (A) and after surgery (B). Comparison of chest x-rays did not reveal any significant changes
of the diaphragm level, which was compatible with the result in intraoperative diaphragm monitoring.
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