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Evaluation of the SEDline to improve the safety and 
efficiency of conscious sedation
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Brain function monitors have improved safety and efficiency in general 

anesthesia; however, they have not been adequately tested for guid-

ing conscious sedation for periodontal surgical procedures. This study 

evaluated the patient state index (PSI) obtained from the SEDline monitor 

(Sedline Inc., San Diego, CA) to determine its capacity to improve the 

safety and efficiency of intravenous conscious sedation during outpa-

tient periodontal surgery. Twenty-one patients at the periodontics clinic 

of Baylor College of Dentistry were admitted to the study in 2009 and 

sedated to a moderate level using midazolam and fentanyl during peri-

odontal surgery. The PSI monitoring was blinded from the clinician, and 

the following data were collected: vital signs, Ramsay sedation scale 

(RSS), medications administered, adverse events, PSI, electroencepha-

lography, and the patients’ perspective through visual analogue scales. 

The data were correlated to evaluate the PSI’s ability to assess the level 

of sedation. Results showed that the RSS and PSI did not correlate (r = 

–0.25) unless high values associated with electromyographical (EMG) 

activity were corrected (r = –0.47). Oxygen desaturation did not correlate 

with the PSI (r = –0.08). Satisfaction (r = –0.57) and amnesia (r = –0.55) 

both increased as the average PSI decreased. In conclusion, within the 

limits of this study, PSI appears to correlate with amnesia, allowing a 

practitioner to titrate medications to that effect. It did not provide advance 

warning of adverse events and had inherent inaccuracies due to EMG 

activity during oral surgery. The PSI has the potential to increase safety 

and efficiency in conscious sedation but requires further development 

to eliminate EMG activity from confounding the score. 

hile morbidity and mortality still exist in sedation 
today, the percentages have decreased dramatically 
with the use of monitoring devices such as the pulse 
oximeter (1). Unfortunately, adverse incidents have 

not been eliminated completely. In an eff ort to control the level of 
sedation and anesthesia more accurately and potentially lower the 
number of adverse incidents, brain function monitors have been 
introduced, particularly in operating rooms (2). Th ese innova-
tions are not common in offi  ce-based practices for monitoring 
sedation levels in patients undergoing surgical procedures, though 
their potential is advocated (3). Th e benefi ts of increased patient 
safety and eff ectiveness of sedation have been well documented 
for general anesthesia (4–6) and may be applicable to conscious 
sedation practices.

Th e primary hurdle for brain function monitoring in a light 
to moderate sedation procedure has been electromyographi-
cal (EMG) interference from the frontalis muscle immediately 
beneath the array electrodes. Th is very high frequency and low 
voltage signal can cause an artifi cially high score on the patient 
state index (PSI). Th ese monitors include fi lters to account for 
this signal. However, during periodontal surgery, frontalis mus-
cle EMG activity may be extremely high and not fi ltered out, 
causing an artifact-induced high PSI. Th e advancement of these 
monitors into the intensive care unit from the operating room 
demonstrates their capabilities in an environment where EMG 
activity may be more prevalent, as the patient is more awake and 
aware (8). Th e fi ltering and algorithms of the SEDline appear 
eff ective in that type of setting to overcome this impediment 
(9). However, while some cerebral function monitors have been 
investigated for light to moderate sedation involving outpatient 
surgery, the SEDline has not yet been investigated (10, 11). 
Th ese sedation techniques are often performed outside of a 
hospital setting, yet the consequences of oversedation still exist, 
increasing the need for better monitoring.

Th e most common adverse events in sedation are overseda-
tion, leading to hypoventilation and oxygen desaturation, or 
inadequate sedation, resulting in an uncomfortable patient (1). 
Th e pulse oximeter is an excellent monitor for detecting oxygen 
desaturation but loses some of its early detection of hypoventila-
tion when supplemental oxygen is administered (12). A brain 
function monitor has the potential to help prevent oversedation 
and hypoventilation with oxygen desaturation. Inadequate se-
dation should also be easily recognized by a high PSI score, al-
lowing practitioners a more objective method for drug titration 
(13). Th is study evaluated the ability of the SEDline monitor in 
providing a reliable indicator, the PSI, of cortex function that 
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may be used to increase the safety and eff ectiveness of light to 
moderate sedation.

METHODS
Study population

Twenty-one patients volunteered to participate at the out-
patient periodontics clinic of Baylor College of Dentistry. Each 
patient’s treatment involved surgical therapy with conscious 
sedation via the intravenous route using midazolam and fen-
tanyl, while monitored by the Ramsay Sedation Scale (RSS). 
Th e PSI was recorded, but the practitioner was blinded to the 
score during the procedure.

Patients received written and verbal instructions detailing 
the protocol before signing the informed consent document and 
participating in the research. Th e institutional review board at 
the Baylor College of Dentistry, Texas A&M University Health 
Science Center, approved the protocol for the study. Once en-
tered into the program, patients were assigned a random number 
to remove any bias during analysis of the data.

Subjects were required to be at least 18 years of age and 
medically able to proceed with both the surgery and sedation. 
Any patient with an allergy to midazolam, fentanyl, or adhesive 
was excluded from the study. Patients with prior brain injury, 
trauma resulting in facial scars, or neurologic conditions that 
would inhibit their ability to interact during the study were 
also excluded. 

Protocol
All patients underwent outpatient periodontal surgery and 

light to moderate intravenous sedation using midazolam and 
fentanyl. Monitoring occurred at 5-minute intervals from the 
beginning of a given procedure to the time of discharge. Blood 
pressure, pulse, and oxygen saturation were recorded by a Criti-
care monitor as well as the RSS. Medications were recorded as 
administered, and all measurements normally made at 5-minute 
intervals were also recorded during any event requiring interven-
tion by the attending health care team. Th e SEDline electrodes 
were connected to the patient before sedation, and the recording 
was synchronized according to the time of the Criticare moni-
tor and wall clock. Oxygen was administered through a nasal 
cannula at 2 L/min during the course of the sedation.

Prior to local anesthetic injections, the patient was sedated, 
titrating each dose of benzodiazepine and narcotic to the de-
sired target eff ect, defi ned as Verrill’s sign, slurred speech, and 
a feeling of warmth or relaxation. Th is was maintained for each 
patient over the course of the procedure. Th ese signs of sedation 
are widely accepted as a method of managing anesthesia in an 
outpatient dental or medical offi  ce (16).

To evaluate each patient’s level of sedation during the proce-
dure, the RSS was selected due to its clinical design. A moderate 
sedation plane of anesthesia was considered a 2 or 3 on the RSS, 
with a 4 progressing into deep sedation. 

As with most brain function monitors, the PSI was devel-
oped from a proprietary algorithm, and a dimensionless scale 
from 0 to 100 was applied. A score of 0 represents total cortical 
silence, and the number continues upwards in a nonlinear path 

to 100 with increasing cortical activity. Evaluations of the PSI 
and RSS in studies in intensive care units have shown good 
correlation between the two scales (14, 15).

During the course of the sedation, any adverse events were 
recorded and appropriate intervention performed. Hypoxia was 
defi ned as an oxygen saturation of <93%. Th e appropriate re-
sponse involved stimulating the patient to voluntarily breathe 
or to open the airway by a head-tilt chin-lift. No further in-
tervention was required in the study to treat hypoxia. Agita-
tion was defi ned as a patient reaching an RSS of 1 during the 
procedure. Additional sedation was provided for this adverse 
event. All other events were defi ned and treated according to 
protocols accepted by the Periodontics Department, Baylor 
College of Dentistry.

Each patient was provided a self-addressed envelope con-
taining a survey. Both written and oral survey instructions were 
provided. For participation in the study, patients received a 
$50 allowance towards the cost of the sedation at the time of 
the surgery. Th e survey consisted of a modifi ed Iowa Satisfac-
tion with Sedation Survey (ISSS) and visual analogue scales 
for pain, amnesia, and satisfaction. Th e ISSS was modifi ed 
only by removing components relating specifi cally to general 
anesthesia.

Data analysis
Participants were evaluated based on the three sources of 

data obtained during the study: clinical, PSI/electroencephalog-
raphy [EEG], and patient perspective. We compared the RSS 
and PSI to check for consistency and determine which method 
provided a more eff ective means of monitoring a patient’s level 
of sedation. All adverse events were examined to ascertain which 
method of monitoring provided the most advance warning and 
eff ective detection of the problem. Data from the visual ana-
logue scale and survey were compared with the PSI to determine 
if the PSI data correlated with the clinical picture and could 
act as an objective monitor of sedation in patients undergoing 
periodontal surgery. 

Th e data were evaluated using scatter plots and Spearman 
correlations given their nonparametric nature, making use of 
the software package SPSS (IBM, Chicago, IL) and the Poly-
man EEG analysis software (Roessen M, Kemp B). Th e level of 
signifi cance for all statistical tests was set at P < 0.05.

RESULTS
Nineteen of the 21 enrolled patients completed the full pro-

tocol. Two patients had partial data and were excluded from the 
statistics where they lacked data. One patient chose not to return 
the survey, simply stating dissatisfaction with the sedation due 
to undersedation. A second patient did not have complete data 
from the brain function monitor. In that patient, two diff erent 
electrodes were used, but a clear signal was established for only 
2 minutes. Th e patient had signifi cant amounts of hair, making 
electrode placement diffi  cult and an adequate signal impossible. 
It was discovered during the study that one patient purposely 
falsifi ed her survey. Th is patient’s survey was excluded from the 
results and statistics.
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RSS versus PSI
Th e PSI values corresponding to each RSS taken clinically 

were compared using Spearman’s correlation. Overall, the com-
parison revealed a poor correlation (r = –0.25; P < 0.001) be-
tween the two values due to a wide distribution of PSI values 
within each RSS. Th e PSI values were skewed upwards for each 
RSS, with a small percentage of low values well outside of the 
RSS value assigned. For example, the PSI values for an RSS of 
2 ranged from 45 to 99, exceeding the normal range of 80 to 
95. However, if PSI values that correspond to EMG activity 
≥50% were removed, the Spearman correlation for PSI and RSS 
rose to a signifi cant level (r = –0.49; P < 0.001). Th is serves as 
confi rmation that muscular interference alters PSI values. 

Adverse events
Four types of events were reported that required interven-

tion during the sedations. Seven incidents of oxygen desatura-
tion, a severe pain event, one incident of oversedation requiring 
reversal agents, and six incidents of undersedation were found 
over the course of the study.

An evaluation of the seven events of oxygen desaturation 
below 93% found no correlation with PSI (r = –0.08; P = 
0.064) or RSS (r = 0.11; P = 0.008). Th e PSI ranged from 67 
to 95 at the time of clinical recognition, when the patient had 
desaturated to a point requiring intervention.

One severe pain event resulting in oversedation was de-
tected during the procedures. It involved a 19-year-old woman 
having four third molars extracted. Th e patient seemed overly 
responsive during the extractions, and additional sedation was 
provided. However, the reason for the responsiveness was likely 
inadequate local anesthesia rather than inadequate sedation. In 
Figure 1, the progression of the case is illustrated. At point A, 
the patient was initially sedated using midazolam and fentanyl. 
Between points A and B, the surgeon attempted a local block 
of the right inferior alveolar nerve. At point B, the extraction 
was initiated, and due to signifi cant agitation from the patient, 
additional midazolam was provided at point C. Th is reduced 
the EMG associated with the responsiveness of the patient for 
a short time; however, the pain was substantial enough for the 

EMG to return to near 100 levels. At point D, it was clear that 
the patient was experiencing pain associated with an inadequate 
inferior alveolar nerve block. Additional midazolam and fenta-
nyl were administered and the surgeon also provided additional 
local anesthesia. At point E, the patient was noted to have an 
RSS of 4, which was deemed too deep for conscious sedation. 
Reversal agents, fl umazenil and naloxone, were administered 
until the patient had regained an RSS of 2. Th e procedure was 
completed without additional intervention, although the EMG 
activity was notably high. 

One patient appeared clinically to be undersedated; how-
ever, fi ve additional patients noted less amnesia on their survey 
compared with the other 15 patients and would have preferred 
additional medication. Th e patient who was clinically underse-
dated had an average PSI of 95 despite receiving 7 mg of mida-
zolam and 75 μg of fentanyl over a 12-minute period. Figure 2 
illustrates her lack of sedation. Th e other patients who stated a 
preference for additional medication had an average PSI of 90 
versus 83 for those satisfi ed with the amount they received. In 
these patients, the PSI was an objective confi rmation of their 
light sedation. 

Trends
Each patient fi lled out a visual analogue scale for pain, am-

nesia, and satisfaction based on their experience during the pro-
cedure. Patients’ satisfaction (r = –0.57; P = 0.012) and pain 
(r = –0.73; P = 0.006) appeared to correlate well with amnesia. 

DISCUSSION
Th e PSI generated by the brain function monitor did not 

correlate to the RSS, as previously demonstrated in other studies 
(8, 17, 18). Many of those studies were done in intensive care 
unit settings, when there was no procedure that might stimu-
late the patient and cause contraction of the frontalis muscle 
adjacent to the EEG leads. 

In this study, RSS values of 2 were designated 82% of the 
time and only one RSS of 4, moderate to deep sedation, was 
noted with a corresponding PSI of 64. Interestingly, the distri-
bution of PSI values tended to be skewed upwards for all RSS 

Figure 1. Patient state index (PSI) and electromyographic (EMG) results during 

moderate sedation.

Figure 2. Patient state index (PSI) and electromyographic (EMG) results of an 

inadequately sedated patient.
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values (Table). Th is positive skew was likely due to excessive 
EMG interference, which was noted in all 20 cases with high 
PSI values and EMG pattern recognition on the cerebral func-
tion monitor screen. Once the values associated with ≥50% 
EMG were excluded, the relation between RSS and PSI became 
signifi cant. In light to moderate sedation, particularly during 
an intense procedure, it is diffi  cult to reduce the EMG impact 
on an EEG monitor (18). While Matsuzaki and Tanaka (2004) 
showed a useable signal for the bispectral index, the fi lters for 
EMG may not be adequate to eliminate frontalis muscle activ-
ity during periodontal surgery and establish a reliable PSI in 
this range of sedation at all times (7). Given that situation, 
PSI values are more reliable when they are lower and cannot 
be implicitly relied on when they are high. For a device to be 
useful in a clinical setting, it should be reliable for all values of 
PSI. Th erefore, it may be more useful to move away from an 
oversimplifi ed approach that summarizes all the data obtained 
in an EEG to a PSI and, instead, use pattern recognition of the 
EEG to discern the patient’s level of sedation.

Th e high EMG noted during a pain event (Figure 1) illus-
trates the diffi  culty in obtaining an accurate PSI value, but also 
indicates that the cerebral function monitor may help by acting 
as a pain or discomfort indicator through the EMG display. It 
is well known that in response to a painful stimulus, the patient 
withdraws from the pain and alters his or her normal facial 
expression (19). However, such activity is unlikely to provide 
an early indicator of pain when the patient’s face is obscured, 
as is typical during dental procedures. 

During light to moderate sedation, three monitors are typi-
cally in place to ensure patient safety: the pulse oximeter, blood 
pressure monitor, and EKG. No other noninvasive devices have 
been found to precisely measure the cardiovascular system and 
provide an easily understood readout or audible alarm for the 
practitioner. Th e brain function monitor has the potential to 
provide advance warning of a patient who is oversedated before 
the vulnerable airway is lost. Unfortunately, PSI values as high as 
95 were found when patients’ oxygen saturation had decreased 
below 93% (Figure 3). Th ese high readings are likely caused 
by high EMG signals masking a much lower PSI. However, 
the PSI values may be accurate and the oxygen desaturation 
may be a result of occlusion of the airway due to positioning. 
While practitioners are careful with the physical manipulation 
of patients, it is common for the mandible to be depressed and 
intruded during a procedure, placing pressure on the airway. A 
third possibility relates to the use of an opioid during sedation. 

Fentanyl does not have a signifi cant eff ect on the PSI, but does 
aff ect the respiratory drive (20).

As the case in Figure 4 illustrates, two incidents of oxygen 
desaturation closely followed the initial administration of 50 μg 
of fentanyl. Th e second 25-μg dose of fentanyl corresponded to 
a decrease in the oxygen saturation to 95%. Th e hypoventilation 
events appeared to be closely related to the administration of 
fentanyl in conjunction with midazolam.

Th e brain function monitors are not capable of providing 
a reliable warning of a hypoventilating patient. Th e oximeter 
is far more eff ective at detecting an apneic patient. Unfortu-
nately, the common practice of administering oxygen during 
sedation delays the responsiveness of an oximeter (12). In this 
circumstance, capnography may be the more eff ective method 
of monitoring a patient. However, it is diffi  cult to measure 
end-tidal carbon dioxide during a procedure involving the head 
and neck (21).

Traditionally, amnesia can be diffi  cult to predict based on clini-
cal evaluation since the data used for evaluation are subjective. From 
this study, it appears that the PSI may be capable of determining the 
point of amnesia. Th is would enable the cerebral function monitor 
to help guide a sedation technique, increasing the overall safety and 
effi  ciency. By taking the percentage of amnesia and comparing it to 
the average PSI of each patient, a signifi cant correlation (r = –0.55; 
P = 0.015) was revealed. Extrapolating from our fi ndings, a PSI 

Table. Patient state index quartiles at respective Ramsay 
sedation scale (RSS) levels

      Patient State Index

RSS Min Quartile 2 Median Quartile 3 Max

1 64.50 90.42 93.88 96.01 98.68

2 45.39 77.69 89.09 94.28 98.75

3 59.33 69.76 84.97 93.15 95.56

Figure 3. Patient state index (PSI) and oxygen saturation.

Figure 4. Medications administered and oxygen saturation.
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value of 85 appears to be the threshold for patients to experience 
at least 90% amnesia over the course of sedation (Figure 5). 

Unfortunately, the ambiguity created by EMG interference 
makes it diffi  cult to use PSI as a guide for sedation, but the 
combination of PSI with EEG interpretation appears to be a 
useful tool. Th e positive skewing of the PSI by EMG when used 
alone without the EEG screen could create the false impression 
of an undersedated patient, thus leading to oversedation. 

Th e brain function monitors using only the algorithm-
generated score do not add signifi cantly to light and moderate 
sedation management for periodontal surgery. However, when 
EMG is identifi ed by direct visualization and the depth of seda-
tion assessed by looking at the EEG signal, then these monitors 
may be useful as a guide for sedation management. In summary, 
the most important monitor of the patient remains the practi-
tioner, who observes the patient directly and understands the 
information provided by the equipment.
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