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Outline 
The role of monitoring for Skull base surgery (SBS) 
Intraoperative neurophysiological monitoring for SBS 
(Physiologic rationale, Pharmacologic and physiologic influences, Outcome effect) 

Other monitoring issues:  
Depth of anesthesia monitoring and Trigemino-cardiac reflex 
Monitoring for the sitting position 

Leonardo da Vinci (1452-1519)  TITIAN FOR VESALIUS BOOK THE FABRICA 1543 

“ Monere ” 



THE CONCEPT  OF  SKULL   BASE  TEAM 

Neuro-anesthesiologist 

Neurosurgeon  Neurophysiologist 

OUTCOME  IMPROVEMENT 

It is important for the anesthesiologist 
to know the primary type of tumor, its location within the skull base,  

the proximity of vital structures, and which skull base approach is to be used 



FLEXMAN, J Neurosurg Anesthesiol 2014 

The primary outcome (reintubation, failure to wean and death at 30days)  
in 3.8% of supratentorial procedures and 6.6% of infratentorial procedures (P=0.02) 

1699 patients (79% supratentorial and 21% infratentorial) 
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AIRWAY 
PATIENT POSITIONING 

BLOOD LOSS 

PERIOPERATIVE NEUROPROTECTION 

INTRAOPERATIVE  MONITORING 
POSTOPERATIVE CARE 

HEMODYNAMIC  CHANGES 



Tumor removal with preservation of neurological function 
 

Perform neurovascular procedures avoiding cerebral ischemia  
 

The purpose of  IONM is to make the surgical team aware of the ongoing changes in neural 
function, permitting modifications in surgical strategies that can avoid neural damage 

 
To detect intraoperative cerebral ischemia early enough to allow corrective intervention 

 
Location of lesion and operative approach determine which structures need to be monitored 

Goal of skull base surgery  
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ESTABLISHED  TOOLS  FOR  MONITORING  
IN  SKULL  BASE  SURGERY 

CARDIAC  

RESPIRATORY 

ANESTHESIA  DEPTH 

COAGULATION 

TEMPERATURE 

IONM 



 
Somatosensory evoked potentials (SSEPs) 

 
Brainstem auditory evoked potentials (BAEPs)  

 
Motor evoked potentials (MEP) 

  

 EVOKED potentials (EPs) are the electrophysiologic responses 
of the nervous system to sensory or motor stimulation. 

  
Stimulating the nervous system initiates the transmission of neural signals that 

may be recorded as EPs from various points along the stimulated pathway. 

INTRAOPERATIVE  NEUROPHYSIOLOGICAL  MONITORING 



EVOKED  POTENTIAL 

  
Amplitude is measured as the waves’peak-to-peak voltage difference.  

Latency is the time from stimulus to the peak of the response.  
Interpeak latency  is the interval between the peaks of interest  

Banoub, Anesthesiology 2003;99:716-37 



SSEPs can assess the sensory system from the peripheral nerves through the spinal cord 
and brainstem to the cerebral cortex. 

 
Median nerve or posterior tibial nerves stimulation 

  
Cortical SSEPs are recorded from scalp overlying the  contralateral primary sensory cortex 

 
 The central conduction time (CCT): time needed for the signal to travel from the 

cervicomedullary junction to the contralateral cerebral cortex (N20 to N14 latency diff) 

Banoub, Anesthesiology 2003;99:716-37 

Perioperative applications of SSEP 





 What constitutes an important SSEP Change? 

increase in latency of > 10% 

Banoub, Anesthesiology 2003 

decrease in amplitude of > 50% 

Loss of integrity of a neural pathway 



Neurophysiological responses is a precursor of ion pump failure 
 

There is a time window after electric failure before ion pump failure sets in 

CORRELATION  BETWEEN  CBF  AND SEP 

CBF 
ml/100g/min 

SSEP 

reversible decrease in the amplitude 

disappear resulting in electric failure 

ion pump failure or infarction occurs  

16-20 
 

12-15 
 

10-12 
 



The rate of depression of EP amplitude was highly 
correlated with the residual flow 

EP is fully sustained only when CBF >16 ml/100g/min 
EP critically dependent on flow in the range 12-16 ml/100g/min 

If CBF < 12ml/100g/min, the EP is abolished  

BRANSTON, Experimental Neurology 1974 



 General anesthesia has an inhibitory effect on neurotransmission and EP 
 
 
The effect of anesthetics is greater on synaptic transmission than on axonal 
conduction 
 
 
Effect on SSEP and MEP depends on anesthetics.  
BAEPs (representing brainstem and subcortical activities) are the least 
sensitive to drug effects. Visual evoked potentials (VEPs)(which represent 
cortical activity) are very sensitive to the effects of anesthetics while 
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Banoub, Anesthesiology 2003;99:716-37 

 All volatile anesthetics produce a dose-dependent increase in SSEP latency, 
 an increase in central conduction time and a decrease in amplitude 



Banoub, Anesthesiology 2003;99:716-37 

 Intravenous anesthetics generally affect SSEPs less than inhaled anesthetics 



Dexmedetomidine at dose of 0.6 μg /kg/h as an adjunct to TIVA  
does not seem to impair SSEPs, MEPs, and VEP 

Rozet, Anesthesia Analgesia 2015 

40 patients, spine surgery, total IV anesthesia with propofol and remifentanil  randomly assigned  
To either dexmedetomidine or placebo in a double-blind, placebo-controlled trial 



Brainstem Auditory Evoked Potentials (BAEP) 

Potenziali evocati acustici a breve latenza 
Rappresentano l’attività elettrica lungo la via uditiva, dal nervo acustico 

nel suo tratto più distale al tronco encefalico, in risposta a stimoli acustici. 

Risposte evocate tronco-encefaliche 



To assess the structural integrity of the brainstem  
during certain surgical procedures in the 

posterior cranial fossa, e.g. ,  resection of acoustic 
neuromas and other cerebellopontine tumors,  
as well as microvascular decompression of the 

trigeminal and facial nerves 

Brainstem Auditory Evoked Potentials (BAEP) 



Neurophysiologic Changes in BAEPs 
 
 
Related to systemic factors 
- Hypotension 
- Blood loss  
- Hypothermia  
 
 
Related to injurious surgical maneuvers 
- Early drilling 
- Cerebellar retraction 
-Tumor dissection and removal  
- Vasospasm 
-Dura closure 

Simon, J Clinical Neurophysiology 2011 



Muscle MEP monitoring is consistently successful under total intravenous anesthesia that 
is widely recommended as optimal 
 
Muscle MEP thresholds are higher and success rates lower with inhalational anesthesia 
that is therefore suboptimal 
 
Neuromuscular blockade omitted for muscle MEPs Clinical Neurophysiology 2013 

For cortical and subcortical mapping and for monitoring during surgeries  
risking motor injury in the brain, brainstem, spinal cord or facial nerve 

Motor evoked potential (MEP) 

Amplitude ratio of Final to initial MEPs  

> 50% =  MEPs were considered to be stable 
  

< 50% = deterioration  
10-50% : mild deterioration 
<10% : severe deterioration 

 0% : MEP loss 



A :  2 count response of TOF 
B : 0.5 twitch height of the first evoked 
response of TOF stimulation (T1) 
compared with the control twitch (Tc);  
C: 0.5 twitch height of the second evoked 
response  of TOF stimulation (T2) 
compared with Tc. 
D: NO vecuronium infusion 



Rostral or contralateral control MEPs can help identify some of these factors 
 
 
GENERALIZED 
Gradual MEP reductions: systemic factors such as anesthesia or fade. 
Abrupt  reduction: stimulus failure, drug boluses, abrupt hypotension, NMB or bilateral 
intracranial air during sitting position.  
Cortical SEP and EEG traces can provide clues about systemic changes. 
 
 
FOCAL 
Focal MEP deterioration is the hallmark of surgical neurologic compromise 
Confounding focal muscle MEP deterioration: shoulder malpositioning or limb pressure 
or ischemia. Peripheral SEPs can help to identify these problems.  
Confounding lateralized deterioration: asymmetric intracranial air during sitting 
position; skull X-ray can demonstrate it. 

Clinical Neurophysiology 2013;124:2291-2316  

Confounding factors 



Clinical Neurophysiology 2013 



INTRAOPERATIVE NEUROPHYSIOLOGICAL  
MONITORING 

DURING SKULL BASE SURGERY 
 

Does it affect  
morbidity and mortality? 



Retrospective on 976 pt  -  SSEP monitoring and documented postoperative neurol exam 

Changes in SSEP  2% 
Postop neurol deficits  0.5% 

Positive predictive value: 80%, Negative predictive value: 99.79%  
sensitivity : 88.89%  specificity: 99.58% 

Thirumala, Neurosurgery 2011 

Effect of MAP reduction 



Occurrence of  changes in MEPs and SEPs and association with  neurological outcome 
210 cases: skull base (n = 104), cerebellum (n = 63),  

fourth ventricle (n = 28), brainstem (n = 12), foramen magnum (n = 3) 

Alterations of SEPs and/or MEPs : 18.6% 
 

High correlation between changes in IONM and outcome 
  

KODAMA, J Neurosurg 2014;121:1453-1461 



Hashiguchi, Acta Neurochir 2011; 153:1191-1200 

76 procedures 

Transient or permanent 
deterioration : 26.3% 
 
 
Reversible  9.2%          
Irreversible 17.1% 
 
Irreversible loss (6.6%) 
 = severe hemiparesis  





Fukuda  2012 

Skull base tumors involving the vagus and glossopharyngeal nerves 
Swallowing function evaluated 1 week postop: 0=normal; 1= mild dysfunction; 2= severe 

Intraoperative MEP can be useful for predicting swallowing deterioration 

FUKUDA 2013 



FUKUDA World Neurosurgery 2015 

PhMEP monitoring  to predict  outcomes of swallowing function in the postop recovery period 

PhMEP ratios >50%   = faster recovery outcomes not only immediately after surgery but 
also in the period of recovery from swallowing dysfunction  



Helps in localization of the nerve displaced by tumor distortion, 
detects nerve injury during dissection and provides a means for 

assessing nerve function after dissection is complete  

Intraoperative Facial Nerve Monitoring 



159 PEDIATRIC procedures- EMG, BAEPs,SSEPs  to predict and/or prevent postoperative deficits  

For BAEPS:  Persistent decrease in amplitude >50% of wave V  
And/or persistent absolute latency increase of the peak of wave V >0.5 msec 



Retrospective -  470  intracranial aneurysms (endovascular or microsurgical) 
SSEP, BAEP, EEG 

 
IONM changes 3.8% 

  
 

Reversible in 44%, partly reversible in 22%, irreversible in 33% 
 
 

Sensitivity 90%    Specificity 98.04% 
Negative predictive value 99.78% 

Positive predictive value 50%  
  
 

Sahaya, Journal of Clinical Neurophysiology 2014 

NEUROVASCULAR SURGERY 



Adenosine  
0.3-0.4 mg/Kg IBW 



The onset of bradycardia lower than 60 beats/minute along with hypotension with a drop in  MABP of 
20% or more due to  intra-operative manipulation or traction of the trigeminal nerve 

KOERBEL – Acta Neurochir 2005 



190 cranial and skull base procedures, Propofol and alfentanil anesthesia 
Cerebral state index (CSI) monitor (target values 40-60) 

TCR during surgery 2.1 % 



 
Advantages of sitting position: 
Good surgical exposure, improved ventilation, better access to airways, 
greater confort for the surgeon, possible reduced  blood loss 
 
Disadvantages of sitting position: 
The risk of venous air embolism and pneumocephalus and the potential for 
hemodinamic instability 
 
The main contraindication to sitting position: 
Documented rigth to left intracardiac or pulmonary shunt which would 
facilitate systemic embolization of air 

SITTING  POSITIONING  ISSUES 



SENSITIVITY  OF  MONITORING  TECHNIQUES  
TO  THE  OCCURRENCE  OF  VENOUS  AIR  EMBOLISM 

MIRSKI,  
Anesthesiology 2007 



           Ideal monitor for Venous Air Embolism (VAE) 
 
High level of sensitivity 
Good specificity 
Rapid response 
Quantitative measurement of VAE event 
Indication of the course of recovery of VAE event 

Combination of precordial doppler and etCO2 meets these  criteria 
 
TEE is more sensitive to VAE than precordial doppler and  
offers the advantage of  identifying rigth to left shunting of air 

High probability of 
venous air embolism  

 > 5 mm drop in etCO2 
> 15% increase in heart rate 

 > 20% drop in systolic pressure 
If the 3 signs are sustained for > 5 min 





TAKE HOME MESSAGES 

Intraoperative EP as biomarkers for postoperative neurological status 
 
Complicated skull base surgeries under advanced monitoring should be 
performed in specialized centers 
 
The nerve monitoring system is an adjunct, not a replacement, for surgical 
skill and judgment in the assessment and preservation of neural structures.  
 
Poor nerve monitoring is worse than no monitoring (false sense of security akin 
to walking in a minefield with a dysfunctional minesweeper) 
 
False-positive and false-negative errors can occur with monitoring  
(a knowledgeable surgeon and monitoring team - essential to troubleshoot system errors) 
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