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Abstract 

Although not considered standard of care, depth of anes-

thesia monitors are frequently used in adults to ensure an 

appropriate level of anesthesia and potentially limit the 

incidence of intraoperative awareness. Although, there 

are several depth of anesthesia monitors available, the 

one that has seen the greatest use both in and out of the 

operating room is the bispectral index (BIS) monitor. The 

BIS monitor is a quantitative electroencephalogram de-

vice that provides a numerical value to quantify the depth 

of anesthesia.  To date, its applications outside of the op-

erating room (OR) setting remain limited. We present a  

16-year-old patient in whom the BIS monitor was used to 

monitor sedation during the use of neuromuscular block-

ing agents in the Pediatric ICU during end-of-life care.   

 

The general principles of the BIS monitor are presented, 

its use in the OR reviewed, and its potential role outside 

of the OR including the palliative care setting discussed. 
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Introduction 

Practice standards for end-of-life care emphasize the pro-

vision of adequate sedation and analgesia to mitigate suf-

fering.1 In the specific instances when patients are receiv-

ing mechanical ventilation, in addition to appropriate 

doses of sedative and analgesic agents, neuromuscular 

blocking agents (NMBAs) may be necessary to facilitate 

ventilation and oxygenation.2  However, NMBAs mask a 

patient’s physical exhibition of pain and agitation, 

thereby impeding the clinical assessment of the depth and 
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efficacy of sedation.2,3 Without the ability to assess the 

patient’s pain and agitation due to neuromuscular block-

ade, the measurement of cortical activity can provide in-

sight into sedation level.  

The bispectral index (BIS) uses a proprietary algorithm 

to interpret the processed electroencephalogram (EEG) 

and provide a numerical measure (0 to 100) of the depth 

of sedation.4 To date, its applications outside of the oper-

ating room (OR) setting remain limited. We present a 16-

year-old patient in whom the BIS monitor was used to 

monitor sedation during the use of neuromuscular block-

ing agents in the Pediatric ICU during end-of-life care.  

The general principles of the BIS monitor are presented, 

its use in the OR reviewed, and its potential role outside 

of the OR including the palliative care setting discussed. 

Case report 

Preparation of this case report followed the guidelines of 

the Institutional Review of Nationwide Children’s Hos-

pital (Columbus, Ohio). The patient was a 16-year-old, 

53.2 kilogram adolescent who presented for allogenic 

(haploidentical, from biological mother) bone marrow 

transplant (BMT) with natural killer (NK) cell therapy for 

refractory myelodysplastic syndrome (MDS) and acute 

myeloid leukemia (AML). Prior to BMT, the patient un-

derwent reduced-intensity conditioning with total body 

irradiation (TBI) and NK cell infusion. Post-BMT, the 

patient underwent chemotherapy, immune suppression, 

and additional NK cell infusions. After conclusion of 

BMT-related treatments (hospital day 23), the patient 

was transferred to the Pediatric ICU (PICU) for concern 

of sepsis. Discharge from the PICU occurred the follow-

ing day. On hospital day 28, the patient required in-

creased respiratory support and was again admitted to the 

PICU. The patient remained in the PICU for 93 days until 

his death on hospital day 121. During this time, endotra-

cheal intubation and mechanical ventilation were re-

quired for respiratory failure. Sedation and analgesia 

were provided by dexmedetomidine (1.4 µg/kg/hour), 

ketamine (0.5-2 mg/kg/hour), and midazolam (1-2 

mg/hour) infusions. Neuromuscular blockade with 

vecuronium was necessary to provide effective mechani-

cal ventilation. Further sedation and analgesia was pro-

vided by additional as needed doses of fentanyl and mid-

azolam prior to noxious patient care procedures. Due to 

concerns of inadequate sedation and difficulties with as-

sessing the depth of sedation during neuromuscular 

blockade, a BIS monitor was placed to assess the depth 

of sedation. BIS ratings were maintained at 40-50 by ad-

justment of midazolam and fentanyl infusions and bolus 

doses.  The BIS monitor was used for a total of 7 days 

prior to the patient’s death with measurements ranging 

from 21-48 during that time. No sedation issues or con-

cerns were noted during the use of the BIS monitor. After 

a prolonged hospitalization, the patient expired on hospi-

tal day 121 due to bradycardia and asystole as a result of 

fungal sepsis associated with a blood culture that was 

positive for Candida parapsilosis. 

Discussion 

The key components of general anesthesia include hyp-

nosis (lack of awareness and recall), analgesia (lack of 

nociceptive response), skeletal muscle relaxation, and 

control of the autonomic nervous system response to nox-

ious stimuli.1  The measurement of anesthetic depth tradi-

tionally relies on monitoring end-tidal anesthetic gas con-

centration and an assessment of changes in vital signs in 

response to surgical stimulation.  Although, there are sev-

eral “depth of anesthesia” monitors available, the one that 

has seen the greatest use both in and out of the operating 

room is the first one introduced into clinical practice, the 

BIS monitor. The BIS monitor is a quantitative EEG in-

strument which can be used to monitor the level of hyp-

nosis during the administration of specific anesthetic 

agents (volatile anesthetic agents, benzodiazepines, bar-

biturates, and propofol). Although demonstrated to de-

crease the incidence of intraoperative awareness, the BIS 

monitor’s superiority over other intraoperative monitors 

such as end-tidal gas monitor as a means of limiting 

awareness has not been clearly demonstrated.5-7 

The BIS monitor includes a sensor (placed on the pa-

tient’s forehead), digital signal converter, and monitor 
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display. The sensor receives EEG signals from the pa-

tient, which are then transferred to the digital signal con-

verter which uses a proprietary algorithm to provide a nu-

merical readout ranging from 0-100. Complete suppres-

sion of cortical activity would register a score of 0, while 

an awake patient would typically register 90-100.  A BIS 

rating less than 60-70 has generally been shown to corre-

late with a low probability of intraoperative awareness.4 

The data conversion algorithm of the monitor was devel-

oped from the analysis of data from approximately 1,500 

anesthetic administrations with nearly 5,000 hours of 

data collection.4,8,9 Conversion of raw EEG data to a sin-

gle numeric output is based on multivariate statistical 

analysis conducted of EEG data collected from patients 

transitioning from awake to fully anesthetized.4 The BIS 

algorithm derivation process involved retrospective anal-

ysis of EEG changes with incrementally increasing doses 

of anesthetic agents that are known to act through the γ-

amino butyric acid (GABA) system, including isoflurane 

and propofol, as the patients transitioned from awake to 

fully anesthetized.10   

The BIS monitor and its EEG algorithm was originally 

developed for use with inhalational anesthetic agents and 

not the myriad of sedative and analgesic agents used for 

sedation in the ICU setting. Therefore, its correlation 

with depth of sedation and prevention of awareness may 

not be as accurate with medications other than those that 

work through the GABA system (inhalational anesthetic 

agents, barbiturates, benzodiazepines, and propofol). Alt-

hough the BIS correlated with the University of Michigan 

Sedation Score when pentobarbital or benzodiazepines 

were used for sedation, it did not correlate with a regimen 

that included chloral hydrate, meperidine, hydroxyzine, 

or ketamine.11 Other studies have demonstrated the inac-

curacy of the BIS monitor with the administration of 

etomidate or agents such as xenon or nitrous oxide which 

act through the N-methyl-D-aspartate (NMDA) sys-

tem.12-14 Dexmedetomidine, a highly selective α2-adre-

nergic receptor agonist, induces sedation that resembles 

non-REM sleep with spindle wave activity in the frontal 

cortex.15  Studies regarding the feasibility of using BIS 

monitoring to judge the depth of sedation with dexme-

detomidine has yielded mixed results.16,17  

Given the similarities in the EEG pattern during deep 

sleep and pharmacologic sedation, the BIS algorithm 

may not differentiate between these states.18 Thus, a pa-

tient in a state of deep sleep, although not be sedated, 

would register a BIS number that might suggest other-

wise. Additionally, the BIS monitor measures sedation 

and not analgesia, so that patients may respond to a nox-

ious stimulus with movement or a change in vital signs 

without being at risk for recall of such events.19-21 Patient 

comorbid conditions or acute changes in cerebral blood 

flow may result in erroneous fluctuations in the BIS num-

ber.  Asystole, as well as other factors that decrease car-

diac output, alters CNS perfusion and EEG pattern, re-

sulting in a decrease in the BIS number.22 Anecdotal ex-

perience has reported similar changes with hypoglyce-

mia.23,24 Other patient-related issues that may impact the 

EEG pattern, and hence the BIS number, include demen-

tia, Alzheimer’s disease, recent electroconvulsive ther-

apy, and a genetically-determined low voltage EEG.22  

Despite these criticisms, the BIS monitor has demon-

strated utility in assessing depth of sedation in the ICU 

setting and during procedural sedation.11,25-29 Although 

the results have been mixed, the majority of reports have 

demonstrated a clinically acceptable correlation between 

the BIS number and commonly used ICU sedation scores 

such as the COMFORT score, Patient-State Index, and 

the Ramsay Score.25-27  Furthermore, in patients receiving 

neuromuscular blocking agents, titration of sedation us-

ing the BIS monitor has been suggested to be effective in 

preventing over-sedation.30 An additional advantage of 

the depth of anesthesia monitor is that it provides a con-

tinuous numeric readout using a simple 0-100 scale that 

is immediately and continuously available at the bedside 

as a guide to judge the depth of sedation. This is unlike 

sedation scoring systems that provide only an intermittent 

assessment and require time to assess and add various pa-

rameters.  Furthermore, sedation scores frequently utilize 
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motor responses to tactile stimuli and therefore cannot be 

used in the presence of neuromuscular blocking agents.  

As such, the bedside clinicians and care givers must rely 

on physiologic parameters including heart rate and blood 

pressure, which may not be an accurate means of as-

sessing sedation, especially in the critically ill patient.   

Given the concerns of assessing the depth of sedation and 

ensuring amnesia during the administration of NMBAs in 

our patient, we chose to use the BIS monitor to assess the 

depth of sedation and ensure a level that would provide 

amnesia. The BIS monitor was used continuously with-

out issue from hospital day 113 to our patient’s death on 

hospital day 121. The monitor functioned effectively 

with limited to no technical issues. Given concerns of 

skin breakdown, the disposable forehead sensor was 

changed every 48-72 hours. To provide sedation and en-

sure amnesia, dexmedetomidine, ketamine, midazolam, 

and fentanyl were administered by continuous infusion, 

with as needed bolus doses of fentanyl and midazolam to 

provide additional comfort prior to noxious stimuli or 

when the BIS increased to greater than 60.  Vecuronium 

was administered to allow for effective mechanical ven-

tilation in our patient with altered respiratory compliance. 

Recorded BIS ratings ranged from 21-48.  Our anecdotal 

experience suggests that BIS monitoring may be useful 

in guiding medication dosing during end-of-life care. 
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