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Case Report

The usefulness of Density Spectral Array during General Anesthesia
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Abstract
Recently, there has been a growing interest in the use of processed electroencephalography (EEG) 
and spectrogram in clinical settings. There are several obstacles to overcome when interpreting EEG 
due to the limitations of processed EEG monitors, such as time delay and interference caused by 
electrical cauterization. Therefore, it is necessary to look beyond the index produced by the processed 
EEG monitor. However, it is difficult to understand and apply spectrogram. This case report describes 
two useful examples of the use of the density spectral array of the SedLine™ monitor during general 
anesthesia.

Introduction
Monitoring processed electroencephalography (EEG) during general anesthesia is beneficial. Using 
processed EEG to guide target value during general anesthesia can reduce intraoperative awareness,1 
and the amount of anesthetic required,2 and result in fast recovery from general anesthesia.3
The increasing elderly population in recent years has led to increasing interest in anesthesia for elder-
ly patients. The European Society of Anaesthesiology has published that processed EEG can be useful 
for the avoidance of deep anesthesia and postoperative delirium (POD).4 Several studies have report-
ed that use of processed EEG-guided anesthesia reduces the total amount of anesthetics required and 
decreases the risk of POD and postoperative cognitive dysfunction (POCD).2,5
However, owing to the limitations of processed EEG monitors, the index produced is not always 
accurate.6 There are several obstacles to overcome when interpreting EEG signals due to the time 
delay and interference caused by electrical cauterization. Therefore, the Association of Anaesthetists 
of Great Britain and Ireland and World Health Organization-World Federation of Societies of Anaes-
thesiologists indicate that processed EEG is not a standard monitoring modality during anesthesia and 
recovery.7,8 
Recently, several articles have reported that low alpha band power may be related to neurocognitive 
function.9,10 Although there is growing interest in the use of processed EEG and spectrogram in clin-
ical settings6, it is difficult to understand and apply the spectrogram in reality. Therefore, the aim of 
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this report was to describe two useful examples 
of the use of the density spectral array (DSA) 
of the SedLine™ monitor during general anes-
thesia.

Case Report

Detection of low alpha power
This case was that of a 57-year-old male patient 
(169 cm, 71 kg) scheduled to undergo elective 
spine surgery (posterior lumbar interbody fu-
sion, L5-S1) for low back pain. He had alcohol-
ic liver cirrhosis (Child A score) and a history of 
smoking (18.5 packs per year). The patient did 
not receive any premedication. Upon arriving 
to the operating room, general anesthesia was 
induced by intravenous administration of 40 
mg of 2% lidocaine, 100 mg of propofol, and 
50 mg of rocuronium. General anesthesia was 
maintained with 2-3 vol% sevoflurane using 
a SedLine™ monitor. The Patient state index 

(PSI) of the SedLine™ monitor was maintained 
between 25 and 50 during general anesthesia. 
The duration of anesthesia and surgery was 205 
min and 155 min, respectively. 
A total of 2200 ml of crystalloid and 500 ml of 
colloid were administered to the patient. The 
estimated blood loss was 470 ml and the urine 
output was 1400 ml.
After skin closure, the administration of sevo-
flurane was discontinued. During surgery, the 
DSA of the SedLine™ monitor showed low 
alpha band power (Figure 1). After extubation, 
the occurrence of POD was evaluated using the 
Nursing Delirium Screening Scale (NU-DE-
SC).11 Delirium was defined as scoring a total of 
≥2 points on the NU-DESC. The patient scored 
a total of 2 points (disorientation, 1; inappro-
priate communication, 1). Thirty minutes after 
arriving at the postanesthetic care unit (PACU), 
the patients scored 0 points on the NU-DESC. 
The patient was transferred to the general ward 
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Figure 1. Density spectral array of the SedLine™ monitor. 
Power is color-coded (red = high, blue = low) per the displayed scale, and the x-axis represents time..
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without any complications. He had no POD 
symptoms before discharge from the hospital.

Early detection of low minimum alveolar 
concentration

This case was that of a 58-year-old female pa-
tient (161.4 cm, 52.3 kg) scheduled to undergo 
elective shoulder surgery (acromioplasty and 
repair of rotator cuff tear). Her medical history 
included well-controlled diabetes mellitus. The 
patient did not receive any premedication. Upon 
arriving to the operating room, general anesthe-
sia was induced with intravenous injections of 
40 mg of 2% lidocaine, 80 mg of propofol, and 
40 mg of rocuronium. After endotracheal intu-
bation, 2 vol% sevoflurane was administered. 
Arterial catheterization was performed using a 
20G angio-catheter to monitor blood pressure 
and cerebral perfusion pressure. The DSA pat-
tern observed before the patient was placed in a 
sitting position for surgery was different from 
the usual pattern (Figure 2). At that time, the 
mean PSI value was 49. When setting up, vis-
ible minimum alveolar concentration (MAC), 

inspired sevoflurane, and end-tidal sevoflurane 
concentration displayed on the anesthesia mon-
itor (Philips IntelliVue MP70) were 0.4, 1.15, 
and 0.90, respectively. Administration of sevo-
flurane was then increased by 3 vol%. There-
after, the DSA pattern showed a strong alpha 
power band as expected.

Discussion

This manuscript describes two useful examples 
of the use of DSA during general anesthesia. 
The author obtained consents from both patients 
discussed. Density spectral array is a two-di-
mensional plot of the spectrogram. Time is dis-
played along the x-axis and frequency along the 
y-axis, whereas power is indicated by the color 
in the spectrogram. The warmer the color, the 
greater the power.12 The power at a given fre-
quency in the spectrogram is defined in decibels 
(dB), a logarithmic scale that makes smaller 
features easier to see. Spectral analysis makes 
it easier to visualize frequency components and 
detect subtle changes in frequency structure.13 
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Figure 2
Changes in the density spectral array pattern after tracheal intubation using sevoflurane.

Sevoflurane 2vol% Sevoflurane 3vol%
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The spectrogram, a continuous calculation of 
the spectrum over successive segments of raw 
EEG data, improves the interpretability of EEG 
signals and the ability to track EEG oscillations 
over time 13,14. Kim et al.14 concluded that 
the depth of general anesthesia could be tracked 
by monitoring the unprocessed EEG time series 
and its spectrogram.
In the first patient’s case, DSA aided in the 
detection of low alpha band (8-12 Hz) power 
during general anesthesia. Several studies have 
investigated the usefulness of low alpha band 
power  during anesthesia.9,10,15 A prominent 
feature of EEG under propofol and sevoflurane 
anesthesia is frontal alpha oscillation, which 
is known to significantly decrease with age.15 
Intraoperative low frontal alpha power may be 
used as a physiological marker to identify older 
adults with low cognitive function before sur-
gery, suggesting that it may be used to target 
patients at risk of this condition to help prevent 
POD and POCD.9 Analysis of 32-channel EEG 
recordings of 15 patients showed no correlation 
between frontal alpha band acitivy and preoper-
ative cognitive function in other EEG frequen-
cy bands, such as delta, theta, and beta-bands.9 
Shao et al.10 hypothesized that the alpha oscil-
lation could be a potential biomarker for brain 
vulnerability. 
They found that for each decibel decrease in 
frontal alpha power, the chance of experiencing 
burst suppression increases by 1.33 times. The 
absence of frontal alpha power during general 
anesthesia is closely related to delirium in the 
PACU.10 
Low alpha band power may be an indicator of 
underlying brain vulnerability with intraopera-
tive burst suppression. The definition of “vul-

nerable brain” under anesthesia is a hypothesis 
linking metabolism, brain oscillation, burst sup-
pression, and cognitive decline.
10 Fritz et al.16 found that patients (aged ≥ 18 
years and scheduled for admission into the in-
tensive care unit) who had burst suppression at 
low end-tidal concentrations of volatile anes-
thetics were more likely to have POD (109/309 
[35%]) than other patients (53/309 [17%]). 
Although the patient in the first case was 57 
years old (< 65 years old), he showed low alpha 
band power and delirium after extubation. Spine 
surgery can be a risk factor of POD.17 The eti-
ology of POD is multifactorial, and its predic-
tion and prevention can be difficult.8 PACU de-
lirium is commonly associated with long-term 
POD and adverse events.19 However, if PACU 
delirium is also observed in patients who show 
low alpha power, active treatment can be per-
formed to prevent the occurrence of long-term 
neurocognitive disorders in vulnerable patients.
In the second patient’s case, analysis of the 
DSA in addition to observation, the index of 
the processed EEG monitor was helpful. The 
5th National Audit Project reported that dynam-
ic phases such as induction of and emergence 
from general anesthesia are common periods 
of accidental awareness under general anesthe-
sia.20 Low frequency and high amplitude are 
typical EEG features that are noted as general 
anesthesia deepens.21 Observation of the raw 
EEG beyond the index number is good6; how-
ever, it is difficult for an anesthesiologist to in-
terpret the raw EEG while performing various 
tasks. Although it is important to observe the 
MAC, intuitively glancing at the DSA enables 
faster detection. Since the PSI value was with-
in the targeted level for general anesthesia (25-
50), it would have been difficult to detect light 
anesthesia.
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The alpha band is a significant indicator of 
sevoflurane and propofol anesthesia.15 If this 
typical alpha band power is not displayed on 
the EEG monitor, it should be considered that 
something is wrong.
The SedLine™ monitor or BIS monitor can 
provide the DSA screen. However, understand-
ing the DSA screen requires several challenges 
to us, and articles about its practical usages are 
scarce. More information of alpha power band 
and spectrogram could be more indicative of 
the general anesthesia status. Therefore, anes-
thesiologists need to be trained and to get more 
familiarized with these readings to interpret be-
yond the number of processed EEG monitors.
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