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Abstract

The history of neuromonitoring in the operating room (OR) dates back to
the mid-1970. Neuromonitoring has a threefold purpose: to warm the surgeon
that he has to adjust his strategy, to confirm his decision, and to help improve
subsequent procedures. The pathophysiology of intraoperative events liable
to alter the EEG or evoked potential (EP) is first considered. The usefulness
of neuromonitoring in preventing neurological complication relies on its ability
to detect neurological dysfunction at a reversible stage. This applies
especially to ischemia and compressive damage. The anesthetic influence on
EEG and EPs are then considered. Knowledge of use neurophysiological
parameters to evaluate the depth of anesthesia. Third, the main indications
and limitations of neuromonitoring are considered: prevention of ischemia
brain or spinal cord damage, prevention of the mechanical injuries of the brain,
spinal cord or peripheral nerve, and localization of the motor cortex in cortical

neurosurgery or of cranial nerves in posterior fossa surgery. Finally, the three
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levels of neuromonitoring (neurophysiological pattern recognition, clinical
integration of the neurophysiological feature extraction, neurophysiological
pattern recognition, clinical integration of the neurophysiological patterns) are
discussed together with the rules that should guide the dialogue between the

surgeon, the anesthesiologist, and the neurophysiologist.

<B#>

Intraoperative monitoring looks at the integrity of neural pathways in both
the central nervous system (brain and spinal cord) and the peripheral nervous
system during surgery. It can help the surgeon in two ways: (1) when those
pathways may be at risk of injury during the surgery from some secondary
effect the surgeon can be notified and investigate the cause of injury and then
reverse that injury before it does permanent damage; (2) to help guide the
surgeon in the amount of resection being done on the specific area.

F 4 ¥ 4 @& 4 32 % 3 (Intra-Operative Monitoring) ¢ 4 B % B
(elctroencephalogram EEG) - AL & B (electromyogram EMG)#w 3% # & 1
(evoked potentials EP)#v X B§ & & %l #k & A & # M o) 58 & 3R & #7 (cortical
stimulation for brain mapping) % 47 » 47 & 4% 48 4 32 & ) & — 18 B R 4
HE o A= R3Re (1)3RBRER AR AP 48 4 TE 3SR (2)4 48 4 32 5% B 3% o) el
RO RAEMBHLENEREES - EYBRARHEES T EH RGN B4R
Fi8F2 EEG &% EP #/b7IAN&H 3% - X L BRA:

1. uBpMEHMTEBEULIFEE  RERETHEREFE ELERETE
(circulatory impairment) - sh 5+ B 4% 3] i@ E R 2 (over compression from
retraction) ~ F & 4 #%(bony structures) - £ fif ( hematomas) &, % #% M 1¥ 3k
(mechanical stretching) -

2. 3 Bp MR H o MR A(hypoxia) 15 & & (hypotension) 3 se ey & M43 F > B4
I 8] 3k 49 B 1L 4 Sk (vital sign)ec 4 = ATBA IR, - EEG, EP % EMG ke

2



BRAIAHAENYPRETFERLETZ2HHBET - RBRERRELGAER

AREE AT B EEG fv EMG 232 -

3. FHTHEAEEREATHFHEGENRETRBEERZ G AL

R IR AT AR M 0 tR R o R B Y KA

4. sHEARTHEaRLTENHEMENREGEILE -
5. FMTHELRERNESIHBAHRFNERTREE  BERAMERZEYD

RERPEFHBAARELEABRSETRARSYOFHAR -

6. HEMAFFAZLEREBEARBABEZIFHORGTELTHELITHZIAS

o BB RAKFHRIR M ATIE S o

ELAGE R 5%

1. % 8% ¥ #7 (Spdinal Cord Surgery) / i& & # & 3% % & 2 (MEP) 4 12 &
(Motor Evoked Potential (MEP) Physiology) / F45 ¥ & &5 5 Em
(MEP)x E: 3 (Methodology of intraoperative MEP Monitoring)

Deletis V, New York, NY (USA), Epstein FJ, New York, NY (USA),
Amassian VE, New York (USA)

2. FBE % 930 RE B SE &4 2 35 4 B 41 & R (MEP Monitoring in Surgery of
Intramedullary Spinal Cord Tumors) / %35 4814 & #8247 (Spinal Cord
Mapping)

Epstein FJ, New York, NY (USA), Kothbauer K, New York, NY (USA),
Krzan M, New York, NY (USA)

BB AR EELZEERSHR Y @B aE Selective Spinal cord
Lesioning for Treatment of Pain and Spasticity / % 2 sF # 47 B %
Pedicle Screw x4 4 4 ¥ B ;n](Mapping and Monitoring in Conus Cauda
Equina Surgery) / £ # Pedicle Screw ¥ #i ¥ sy fe M & #8447 (Mapping
during Pedicle Screw Placement)

Sindou M, Lyon (France), Toleikis RJ, Columbus, GE (USA), Deletis V,
New York, NY (USA)
4. ps#h s % sk 2 sh#HF 4#5(Surgery of Brain Stem Lesions) / A% # 24 f&-

&2 47(Brain Stem Mapping )
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Bricolo A, Verona (ltaly), Morota N, Nagoya (Japan)

5. 3 $y4¥ 48 3% 5 T 4 2 85 AR M % 4 (Clinical Experience with Motor Evoked
Potentials) / & & A& 2F #F 4& 4 12 & ;] (Monitoring of Supratentorial
Procedures )

Abbott RIl, New York, NY (USA), Schramm J, Bonn (Germany), Kothbauer
K, New York, NY (USA)
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2000 ¥+ A T8 > ARREKEAMENE XLERE-XHFT  KAFF 2RI
(BANEHRE—F - AL LEH A E 2 Johns Hopkins & B 83 » 7 2] Baltimore
B AT S 2RARARRMEF  BHA LG EE AT #R
Bt F ARG EARMARCERTRE2RASR R £ fTERHZATR
o F g AR A AT

# ¥ % 49 % Division of Neuroanesthesia and Critical Care Medicine &
Post-Doctoral Fellowship - 32438 #| Director Dr. Mirski &y ## /> £ $3 2| 8% > #4814
$ — A& Z Neruoanesthesia and Neurosurgery i #1184 &k E 426 Staff #FR
FEG AR ERE LR T AR RRH - HFBTHIPIRE - BX T2 —KBRY

“Postdoctoral Survival Handbook ” - «: 48 Johns Hopkins XA % 5% - &%

# @5 T #2 Johns Hopkins &y &3k £ 100 % 4 ¢y faculties &4 M.D. -M.D.&
PhD, & PhD - i & 2f = F % & Ambulatory, Cardiac, Critical care (SICU,
PICU,RICU), Neurosurgical (NCCU&NVCU), Obstetrical, Pain medicine,
Pediatrics, perioperative, vascular-thoracic f.1@ Divisions - — # faculty F # 2] &)
MREE XA £4 12milions - £ 2002 F L HE R TOBEXFR 25 EHEH -1
Iz % &5 94 % & » A —4u Director ~ f4z Co-directors & — 447 E BHIE & A1 E]
B B @t m it - 2002 £ 5 218 400 B EF R B F 22 EER B - &
7 2k pr 42 89 NCCM 8] A 751 Neuroanesthesia attending anesthesiologists » & &



P8 — A28 2200 Bl @I #H R ] 0 Kb &3 100 )88 & % 8 & 486 1) B e A
#F 45 - 4t Neuroscience Critical Care Unit (NCCU) 8] & %4 Critical Care 4 & #4
Anesthesiologist, Neurologist, (& F e A w & &4 )00 BéF 8 FRBAI10KIEF R
BT m AR 12 KB B AES Neurovascular 5 A - EE BB AT 2225
A # comprehensively managed Neuroscience ICU - £ faculty — 4 % #2i% 10 18
funded grants % 30 % B ey & -

{8l A4z Director Dr. Mirski &9 %#FF » BsANMEBA AR S AKIIEETHE
B8 e F 45 2 BB 0 348 & Dr. Mirski % # A Johns Hopkins Hospital # 47
g 4 4% o 45 85 0]/ 42 (Intraoperative Neuromonitoring team ) % 8 4ofef £ F 45 ¢
BRI G e BE AT ERARHERS X5 28BH: 23
B EE
® FhEFHTHHUMTERHEARAHNIEAR

1.4 8538 3% B 1) (Monitoring of spinal cord pathway)

o JEFANMEIE B R B A & 354 B 4 & Bl(Noninvasive somatosensory
evoked potential monitoring)

o B BB MR b 3R A 2 5% 98 A B 4 48 3% 55 1 (Scalp recorded
somatosensory evoked potentials after direct spinal cord stimulation)

o 3 A AR R g B A ST AR BB A 48 Fu 3E ) 4 48524 1 (Spine-to-spine
stimulation and recording: mixed sensory-motor potentials)

o B A MM B B e et @G E Ea (NMEP)Spinal
cord stimulation and peripheral nerve recordings: neurogenic motor
evoked potentials)

o 7 &85 b 4o WL A 3244 (Spinal cord stimulation and muscle recordings)

o B F BE R SRR & B E B4 48 B ) E $ 4 48 3% 48 £ (Transcranial

stimulation of the motor cortex for MEP monitoring)

2. 3% B A 48 4R Fo XE $ 4% 48 4R & 8] (Monitoring sensory and motor roots)

» & pedicle screw x g ;#|(Monitoring during pedicle screw placement)

o S2-S4 4% 45 2 By B ¥ 45 v 3E S AF 48 4R 4 2 B 90 o 24 A8 M AR A7 (Monitorng

and mapping of sensory and motor fibers of the pudendal nerve)
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o S2-S4 IE 5 48 45 4 2 3h 4B M 47 (Mapping of pudendal motor fibers)

o 3B 48 2 LR 498 (Bulbocavernosus reflex BCR)

3. ER B F 4T & 4 Fo A3 355 B 2 48 A (Influence of anesthetic

management on the production and interpretation of evoked potentials)

o FR BB B R #3575 B4 2 49 %1 (Anesthetic concentrations and EP

depression)

o AL B 5490 ) 9 38 Ey A 42 3% 5 B 4 2 & 38| (Muscle relaxants and MEP

monitoring)

o PGP LT A 4l TR T34 )ik &2 B (Central nervous system perfusion

and mean arterial pressure)

o AR FH
1. FAEFH
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a. #EEAN2NEE

b. #HHEMMEE

C. WLAAF4E BT 2 & B

d. #FHEREINETMZER

B e F 4
- ERZER
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32 314 b 4 42 4 32 & 8(Intra-Operative Monitoring , IOM)# % ( é,45 &
EATE ARG R B F i R REN AR FHZARER
E-p

©

2. RABRABREREHRARBISEITH LB PSR FH

RAFFE "2 BBAKE o

3. HARXBERARBNEMTR T OO ETHE AN S H 248

ZERIRBERR o

4. HBEUMEPIHEARENERARERREGDIHRHHESY -



wis— & ¥ & K ey 8 & Johns Hopkins &9 24 R A H R IR - &KX
e-mail 254 4 #) Hopkins 9 S #7354 & - 818 A KR €4 2] T 18 A & Science
Calendar - B Z W& T L4 & W& 5 R B 69 B4 - % MR ER
2ECEATH FEANK Bt MY TIOHEREN &K
%o RMEEEREIE SEERALHAR IS ERACERTELE
—RMERRE-FF  LEARRE S iR L -



References

10.

Rodi Z, Straus |, Denic K, Deletis V, Vodusek DB. Transient paraplegia

revealed by intraoperative neurophysiological monitoring: was it caused by
the epidural anesthetic or an epidural hematoma? Anesth Analg. 2003 Jun;
96(6): 1785-8

Vodusek DB, Fowler CJ, Deletis V, Podnar S. Clinical neurophysiology of

pelvic floor disorders. Suppl Clin Neurophysiol. 2000;53:220-7. Review.
Szelenyi A, Bueno de Camargo A, Deletis V. Neurophysiological evaluation

of the corticospinal tract by D-wave recordings in young children.
Childs Nerv Syst. 2003 Jan;19(1):30-4. Epub 2002 Dec 12.

Deletis V, Bueno De Camargo A. Interventional neurophysiological mapping

during spinal cord procedures. Stereotact Funct Neurosurg.
2001;77(1-4):25-8. Review.

Sala F, Krzan MJ, Deletis V. Intraoperative neurophysiological monitoring in

pediatric neurosurgery: why, when, how?
Childs Nerv Syst. 2002 Jul;18(6-7):264-87. Epub 2002 Jun 13. Review.

Deletis V, Camargo AB. Transcranial electrical motor evoked potential

monitoring for brain tumor resection. Neurosurgery. 2001 Dec;49(6):1488-9.

Deletis V, Sala F. The role of intraoperative neurophysiology in the

protection or documentation of surgically induced injury to the spinal cord.
Ann N Y Acad Sci. 2001 Jun;939:137-44. Review.
Sala F, Niimi Y, Berenstein A, Deletis V. Neuroprotective role of

neurophysiological monitoring during endovascular procedures in the spinal
cord.

Ann N Y Acad Sci. 2001 Jun;939:126-36.

Deletis V. The 'motor' inaccuracy in neurogenic motor evoked potentials.
Clin Neurophysiol. 2001 Aug;112(8):1365-6.

Deletis V, Rodi Z, Amassian VE. Neurophysiological mechanisms

underlying motor evoked potentials in anesthetized humans. Part 2.

Relationship between epidurally and muscle recorded MEPs in man.

9



11.

12.

13.

14.

15.

16.

Clin Neurophysiol. 2001 Mar;112(3):445-52.
Deletis V, Isgum V, Amassian VE. Neurophysiological mechanisms

underlying motor evoked potentials in anesthetized humans. Part 1.
Recovery time of corticospinal tract direct waves elicited by pairs of
transcranial electrical stimuli.

Clin Neurophysiol. 2001 Mar;112(3):438-44.

Sala F, Krzan MJ, Jallo G, Epstein FJ, Deletis V. Prognostic value of motor

evoked potentials elicited by multipulse magnetic stimulation in a surgically
induced transitory lesion of the supplementary motor area: a case report.
J Neurol Neurosurg Psychiatry. 2000 Dec;69(6):828-31.

Liscic RM, Morota N, Deletis V. Intramedullar stimulation of the facial and

hypoglossal nerves: estimation of the stimulated site.
Croat Med J. 2000 Dec;41(4):384-8.
Amassian VE, Deletis V. Relationships between animal and human

corticospinal responses. Electroencephalogr Clin Neurophysiol Suppl.
1999;51:79-92. Review.
Sala F, Niimi Y, Krzan MJ, Berenstein A, Deletis V. Embolization of a spinal

arteriovenous malformation: correlation between motor evoked potentials
and angiographic findings: technical case report. Neurosurgery. 1999
Oct;45(4):932-7; discussion 937-8.

Kofler M, Morota N, Deletis V. Preserved motor evoked potentials fail to

predict functional outcome in quadriplegia because of bilateral lesions of the
supplementary motor areas: a brief report.
Am J Phys Med Rehabil. 1999 Jan-Feb;78(1):66-71.

10



