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5.1. Introduction

Advances in surgical techniques and anesthetic approaches have enabled
elderly individuals to undergo major elective and emergency surgeries with
increasing levels of safety [1]. However, anesthetic management in this
population is considerably more complex than in younger adults due to reduced
organ reserve, multimorbidity, and altered pharmacokinetic / pharmacodynamic
responses to drugs [1].

Age-related physiological changes affecting the central nervous system, as well
as cardiovascular, respiratory, renal, and hepatic function, increase susceptibility
to intraoperative hemodynamic instability and postoperative complications [1].
In particular, postoperative delirium and postoperative cognitive dysfunction
(POCD) are major determinants of morbidity and mortality in the geriatric
population [1].

In anesthesia practice, the potency of inhalational agents is commonly
expressed as the minimum alveolar concentration (MAC), defined as the alveolar
concentration that prevents movement in response to surgical stimulus in 50%
of a population [2]. Early studies demonstrated that elderly patients have lower
MAC requirements compared with younger adults, leading to the development

of the age-adjusted MAC concept [3].

aaMAC refers to the volatile anesthetic concentration required to prevent
movement in 50% of individuals within a given age group [3]. For example,
while 0.7 MAC may provide an appropriate anesthetic depth for a 40-year-old
individual, the same value may represent a relative overdose for an 80-year-old
patient [3]. Consequently, identical MAC values can result in more pronounced
EEG slowing and an increased tendency toward burst suppression in elderly
patients compared with younger adults.

! Sakarya Training and Research Hospital, Department of Anesthesiology and Reanimation, Sakarya, Tiirkiye

bedirhangunel71@gmail.com

Cite as: Giinel B. Intraoperative use of processed electroencephalography in geriatric patients. In: Kocayigit H, editor. EEG in anesthesia and brain
protection. Sakarya: Sakarya University Press; 2026. p. 45-54. doi:10.59537/saupress.2571.



EEG in Anesthesia and Brain Protection

For these reasons, anesthesia in older adults requires individualized drug
dosing and close neuromonitoring. In recent years, intraoperative processed
EEG (pEEG) has become one of the most valuable tools for this purpose
[4]. Electroencephalography (EEG) is one of the most practical methods for
monitoring brain activity during general anesthesia [4], and its high temporal
resolution allows for noninvasive real-time reflection of dynamic cortical
function [5].

EEG signals are influenced by numerous physiological variables—including
anesthetic drug type, cerebral blood flow, and metabolic state [4]. Processed
EEG (pEEG) monitors extract these signals and generate a single numerical

index of anesthetic depth (e.g., BIS, PSI) [4].

Although these indices are convenient, a “single-number” assessment of
anesthetic depth has clear limitations, particularly in elderly patients, due to
differences in age, brain metabolism, and drug sensitivity [4]. Nevertheless,
several studies have shown that pEEG-guided anesthesia reduces the risk of
postoperative delirium and cognitive dysfunction in older adults [4,6-9].
These findings underscore the growing importance of pPEEG monitoring in the
geriatric population.

5.2. Age-Related EEG Changes

With advancing age, distinct alterations occur in EEG signal characteristics.
The frontal alpha rhythm becomes weakened or may disappear entirely
in elderly individuals [4]. Purdon et al. reported that EEG power decreases
across all frequency bands in patients aged 18-90 years under propofol or
sevoflurane anesthesia, with the most pronounced reduction observed in the
alpha band [10]. The same study demonstrated loss of alpha-band coherence
and an increased incidence of burst-suppression periods in older adults [10].
This finding is clinically relevant because the duration of intraoperative burst
suppression has been shown to correlate with the development of postoperative
delirium in elderly patients [6,11]. These changes are attributed to age-related
reductions in synaptic density and functional alterations in GABA-dependent
thalamocortical circuits [10].

As a result, EEG signals in older patients tend to show lower amplitude and
reduced coherence, making depth-of-anesthesia assessment more challenging
when using standard monitors [4]. Therefore, in elderly patients, visual inspection
of raw EEG patterns and the density spectral array (DSA) is particularly useful
for avoiding excessive anesthesia [4].
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5.3. Changes Related to Anesthetic Drugs

Anesthetic agents modulate neuronal activity primarily by enhancing
GABAA receptor activation or reducing excitation through NMDA receptor
blockade [4,12]. However, the EEG responses elicited by these mechanisms
differ significantly between elderly patients and younger adults.

Advanced age is associated with decreased GABAergic transmission,
reduced synaptic density, and weakened thalamocortical connectivity [10].
Consequently, the EEG response to propofol or volatile anesthetics exhibits
lower amplitude and reduced coherence in older adults [4,10]. During propofol
anesthesia, the prominent frontal alpha oscillations typically seen in younger
individuals become attenuated or may disappear in the elderly. Similarly, the
coherent alpha and theta patterns observed under sevoflurane appear with lower
power in older patients [10,13].

These age-related neurophysiological changes substantially modify the
effects of anesthetic drugs on the EEG [10,14]. This variability demonstrates
that evaluating anesthetic depth solely through a single numerical index (such
as BIS or PSI) may be misleading in elderly patients. Visual assessment of raw
EEG waveforms and spectral distribution provides a more reliable approach
to minimizing excessive anesthesia and reducing the risk of burst suppression

[6,11,15].

5.4. Anesthetic Depth and Neurocognitive Complications

More than 19 million patients aged 65 years and older undergo surgery
under general anesthesia each year [16]. Age-related changes in EEG patterns
make geriatric patients more vulnerable to neurocognitive complications
associated with excessive anesthetic depth. Therefore, meticulous use of EEG
during anesthesia is not only valuable for determining hypnotic depth but
has become a clinical necessity for preserving brain function. Careful EEG-
guided anesthesia in elderly patients helps reduce the incidence of the following
complications:

5.4.1. Postoperative Delirium

According to the DSM-5 (Diagnostic and Statistical Manual of Mental
Disorders), delirium is an acute neurocognitive disorder characterized by
disturbance in attention and fluctuating levels of consciousness that develops
over a short period of time [17]. As the earliest form of perioperative
neurocognitive disorder, delirium typically occurs within 24-96 hours after
surgery and is marked by reduced attention, cognitive fluctuations, and impaired
environmental awareness [17]. It is a common neurological complication in
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older adults, with an incidence ranging from 10% to 70% depending on the
type of surgery, comorbid disease burden, and quality of perioperative care
[11,18].

Patients who develop delirium exhibit longer ICU stays, increased need
for mechanical ventilation, and significantly prolonged hospital length of
stay, contributing to up to a 31% increase in healthcare costs [11]. Preventing
delirium is therefore essential for shortening hospitalization, reducing post-
discharge complications, and lowering healthcare expenditures [11]. High-
risk groups include patients over the age of 65, those undergoing hip fracture
surgery, individuals with severe systemic illness, and patients who already have
cognitive impairment before surgery [17].

The underlying mechanisms of postoperative delirium (POD) mirror
the physiological, structural, and biochemical changes observed in the aging
brain [19]. Age-related increases in blood—brain barrier permeability, reduced
cerebral blood flow, impaired cerebrospinal fluid dynamics, neurotransmitter
imbalances, and loss of neuronal connectivity all heighten cerebral vulnerability
[19]. In addition, chronic low-grade inflammation—known as inflammaging—
and associated neuroinflammation increase the susceptibility of the brain to
stressors such as surgery [19]. Surgical trauma further amplifies the inflammatory
response, playing a major role in the development of POD [19].

The development of POD is linked to long-term neurocognitive consequences,
including progressive cognitive decline and dementia [19]. Recent research has
focused on understanding the pathophysiology of POD, improving risk stratification,
and developing preventive strategies and therapeutic approaches [19].

5.4.2. Postoperative Cognitive Dysfunction (POCD)

Postoperative cognitive dysfunction (POCD) is a perioperative neurocognitive
disorder characterized by significant declines in memory, attention, abstract
thinking, executive function, and social functioning in patients who had no
cognitive impairment before anesthesia [20]. POCD is particularly common
in advanced age, with an incidence ranging between 10% and 62%, creating a
substantial burden for both patients and families [20]. Studies have shown that
in elderly patients, the rate of cognitive decline one week after surgery reaches
25.8%, while POCD rates at three months and one year are reported as 29%
and 22.6%, respectively [20]. Additionally, individuals older than 75 years have
nearly three times the prevalence of POCD compared with those aged 65-75,
demonstrating a clear age-related increase in incidence [20]. Factors contributing
to this rise include age-associated reduction in brain reserve, disturbances in
cerebral microcirculation, and increased sensitivity to anesthetic agents.
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Prolonged exposure and cumulative dosing of anesthetics may also exert potential
neurotoxic effects that contribute to POCD development [20].

Unlike delirium, POCD cannot be recognized through routine clinical
observation; its diagnosis can only be established using neuropsychological testing
[17]. Assessment requires comparing postoperative cognitive performance to
preoperative baseline measurements [17]. The most commonly used screening
tools include the Mini-Mental State Examination (MMSE) and the Montreal
Cognitive Assessment (MoCA) [21].

Multiple risk factors have been identified for the development of POD
and POCD [22]. Non-modifiable risk factors include aging, low educational
level, depression, cerebrovascular diseases (such as lacunar infarcts), and other
chronic neurological conditions associated with reduced cognitive reserve [22].
In contrast, anesthetic depth is a modifiable risk factor that can be influenced
by appropriate intraoperative management and neuromonitoring [22]. This
clearly demonstrates why meticulous adjustment of anesthetic depth is critical
for neurocognitive outcomes in the geriatric population.

5.4.3. Prolonged Emergence

Early recovery after general anesthesia is an important indicator of
perioperative care quality and rapid postoperative discharge [23]. The emergence
period is a critical phase during which cardiovascular and respiratory stability are
restored, consciousness returns, and neurological function is reassessed. Delays
during this phase may negatively impact patient safety as well as postoperative
recovery [23].

Geriatric patients are more prone to excessive anesthetic depth due to
increased sensitivity to anesthetic agents, reduced central nervous system reserve,
and age-related slowing of hepatic and renal elimination [24]. When excessive
hypnotic depth occurs, it frequently results in prolonged emergence. Low BIS
values are an important indicator of excessive anesthetic exposure in elderly
individuals and may contribute to prolonged sedative effects, delayed mental
recovery, and indirectly increased risk of delirium [6]. Large trials investigating
BIS-guided anesthesia have demonstrated clear clinical advantages in the elderly.
In a randomized controlled trial by Chan et al., BIS-guided patients experienced
faster emergence and better early cognitive recovery [7]. A Cochrane meta-
analysis supports these findings, showing that BIS-guided titration shortens
awakening time, reduces anesthetic consumption, and accelerates early
postoperative recovery [25]. Similarly, a meta-analysis by Min-Hsien Chiang
and colleagues reported significant reductions in extubation time, eye-opening
time, and orientation time in BIS-monitored patients [26]. Collectively, these
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findings highlight that maintaining optimal anesthetic depth is critical in elderly
patients, both to prevent prolonged emergence and to support early cognitive
recovery. Therefore, targeted depth monitoring is an essential component of safe
anesthetic practice in geriatric populations.

5.4.4. Burst Suppression

Burst-suppression was first described by Swank and Watson in 1949 and
represents an EEG pattern characterized by alternating high-voltage slow-wave
bursts and low-voltage or isoelectric periods lasting seconds to minutes [27].
This distinct pattern reflects profound anesthetic-induced cortical depression
or pathological cortical inactivity [4]. It may also occur in conditions such as
hypoxia, hypothermia, and metabolic encephalopathy, all of which suppress
cerebral metabolism [4]. Thus, burst suppression is a marker of markedly
reduced cerebral metabolic activity.

Older adults enter burst suppression more readily and remain in this state
longer than younger adults, reflecting age-related reductions in cerebral reserve
and neuronal vulnerability [4]. Prolonged suppression periods negatively
affect postoperative recovery and increase susceptibility to delirium [4]. Fritz
and colleagues, in a prospective study of 727 patients, demonstrated a strong
association between longer intraoperative burst suppression and higher rates of
postoperative delirium [11]. Similarly, studies by Momeni and Pedemonte in
cardiac surgery patients reported significantly higher POD rates in those who
experienced burst suppression, suggesting that intraoperative suppression may
be an important physiological marker of excessive anesthetic depth [5].

However, the data are not entirely consistent. Some studies report no
significant relationship between burst-suppression monitoring and postoperative
cognitive outcomes, and some even propose a potential protective effect. For
example, the ENGAGES trial found no significant difference in POD incidence
between groups, while the ADAPT-2 study reported that reductions in EEG
suppression time did not reduce POD risk [5].

These findings indicate that relying solely on the presence of burst
suppression or on a single numerical index of anesthetic depth is insufficient to
characterize neurocognitive risk in elderly patients. Single-number indices such
as BIS or PSI may not provide adequate sensitivity in this population [28]. In
contrast, multidimensional EEG analyses—including power spectral features,
signal complexity, and inter-regional connectivity—offer a more comprehensive
representation of functional brain integrity [5]. These parameters are gaining
importance for identifying early neurophysiological markers of perioperative
neurocognitive disorders; for example, network disintegration can be detected
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through reduced synchronization between brain regions [29].

The neurocognitive complications described above not only increase
hospital length of stay and healthcare costs but also significantly elevate
mortality and long-term dementia risk [17]. Consequently, there is a growing
need for monitoring tools that can detect early perioperative alterations in
brain function in an objective, reliable, and clinically feasible manner [5].
Processed EEG (pEEG) offers significant advantages in the geriatric population
by helping avoid excessive anesthesia, preventing burst suppression, and
supporting neurocognitive recovery; thus, it has become a critical tool for
preserving perioperative brain health [7,30,31]. Recent clinical studies have
focused specifically on evaluating the impact of pEEG-guided anesthesia on
neurocognitive outcomes in elderly patients.

Several studies have shown that intraoperative EEG-based neuromonitoring
can reduce postoperative cerebral dysfunction in elderly individuals. Radtke
et al. evaluated 1155 older patients in BIS-guided and blinded groups and
reported postoperative delirium rates of 16.7% and 21.4%, respectively [6].
These findings suggest a potential protective effect of pEEG-guided anesthesia
on postoperative cognitive outcomes. Similarly, Chan et al. reported three-
month cognitive decline rates of 10.2% in the BIS-guided group compared
with 14.7% in controls [7]. Both studies emphasized that prolonged BIS values
below 20 were associated with increased burst-suppression activity on raw EEG,
which in turn may serve as a primary trigger for delirium.

Whitlock et al. compared BIS 40-60 targeting with age-adjusted MAC
(0.7-1.3) without BIS monitoring and reported postoperative delirium rates of
18.8% and 28.0%, respectively [9]. In Sieber’s study, the high-BIS target group
had a delirium rate of 19%, whereas the low-BIS group reached rates as high as
40% [32]. A meta-analysis involving thirteen studies demonstrated that pEEG-
guided anesthesia reduced POD incidence [33]. Similarly, Punjasawadwong and
colleagues found that EEG-based depth monitoring improved POD, POCD,
and related outcomes, with moderate-quality evidence [25]. Numerous trials
and meta-analyses consistently show that pEEG-guided anesthesia reduces the
risk of POD and POCD by lowering anesthetic exposure and minimizing EEG

suppression duration [5].

In conclusion, the aim of pEEG monitoring is not merely to track
anesthetic depth but to protect perioperative brain health in elderly patients
by avoiding excessive anesthesia and burst suppression. Incorporating raw
EEG interpretation, multichannel analysis, density spectral array, and routine
pEEG monitoring into anesthetic practice is critical to reducing neurocognitive
complications in this vulnerable patient population.
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