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A CLINICAL REVIEW OF THE CONSEQUENCES 
OF ANESTHESIA AND SURGERY IN THE ELDERLY 
BRAIN: “THE DARK SIDE OF THE MOON”

YAŞLI BEYİNDE ANESTEZİ VE CERRAHİNİN 
SONUÇLARI ÜZERİNE BİR KLİNİK İNCELEME: 
“AYIN KARANLIK YÜZÜ”

It has been a concern since the 1950s that elderly patients undergoing surgery and 
anesthesia may suffer from postoperative cognitive changes. Because postoperative cognitive 
deterioration in the elderly may lead to serious medical and social consequences and is 
associated with increased morbidity, mortality, and high health care costs, the issue should 
be precisely addressed, and preventive strategies should be developed. An emerging body 
of evidence suggests that anesthesia and surgery have an undesirable effect on long-term 
cognitive function in the elderly; however, there are no convincing human data to support this 
correlation. Thus, the effects of anesthesia and surgery on cognition and on the natural course 
of underlying neurodegenerative diseases are not clear. This review presents a systemic and 
comprehensive clinical view of cognitive decline following anesthesia and surgery. It aims to 
emphasize the pathophysiological processes and risk factors of aging and potential anesthesia- 
and surgery-related neurodegeneration, since defining high-risk patients and preventing the 
problem can provide benefits for patients with neurodegenerative disease.

Keywords: Cognitive Dysfunction; Aging; Anesthesia; General Surgery; Alzheimer Disease; 
Dementia

1950’lerden beri cerrahi ve anestezi uygulanan yaşlı hastalarda postoperatif bilişsel 
değişiklikler yaşanması endişe kaynağı olmuştur. Yaşlılarda postoperatif bilişsel bozulma, ciddi 
tıbbi ve sosyal sonuçlara neden olabilir ve morbidite, mortalite ve yüksek sağlık masrafları ile 
ilişkili olduğundan, konu tam olarak ele alınmalı ve önleyici stratejiler geliştirilmelidir. Ortaya 
konan kanıtlar, anestezinin ve ameliyatın yaşlılarda uzun süreli bilişsel işlev üzerinde istenmeyen 
bir etkiye sahip olduğunu göstermektedir. Bununla birlikte, bu korelasyonu desteklemek 
için inandırıcı insan verileri mevcut değildir. Bu nedenle, anestezi ve cerrahinin kognisyon 
ve nörodejeneratif hastalıkların doğal seyri üzerindeki etkileri açık değildir. Bu derlemede, 
anestezi ve ameliyat sonrasında bilişsel bozulmanın sistemik ve kapsamlı bir klinik görünümü 
sunulmaktadır. Derleme, yaşlılık, potansiyel anestezi ve cerrahi ile ilişkili nörodejenerasyonun 
patofizyolojik süreçlerini ve risk faktörlerini vurgulamayı amaçlıyor, çünkü yüksek riskli hastaları 
tanımlamak ve sorunun engellenmesi nörodejeneratif hastalığı olan hastalar için fayda 
sağlayabilir.

Anahtar sözcükler: Bilişsel Bozulma; Yaşlılık; Anestezi; Genel Cerrahi; Alzheimer Hastalığı; 
Demans
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INTRODUCTION

The global population is aging. As life expectancy 
rises, the proportion of the population aged60 or 
above rapidly rises. The number of people aged 60 
or above worldwide is projected to double by 2050 
and triple by 2100.The increase in the aging popu-
lation will result in an increase in the surgery work-
force, and greater longevity will pose challenges for 
clinicians who are likely to encounter more geriatric 
patients undergoing surgery (1). Despite improve-
ments in medicine, elderly patients are proportion-
ately more prone to peri operative complications 
because of physiologic changes due to aging, ac-
companying comorbidities, and the increased inci-
dence of pre-existing illness and polypharmacy. As 
we are living longer, the incidence of age-related 
diseases, including neurodegenerative diseases, in 
particular Alzheimer’s disease, is also increasing (2).

Among the many postoperative complications, 
postoperative cognitive dysfunction (POCD) is a vi-
tal concern that may result in increased morbidity, 
mortality, and health care costs (3). Cognitive dys-
function is common following anesthesia and sur-
gery, especially in elderly patients. In most cases, 
cognitive function returns to baseline within a few 
months, but in some cases, recovery may be de-
layed or incomplete. Advanced age is the strongest 
known risk factor for the development of POCD (4). 
It is evident that older patients are vulnerable to de-
veloping POCD, and several factors, including pre-
morbid cognitive status, may put them at risk. For 
the elderly, this complication often means a life that 
they can no longer manage by themselves (3).

Overview of general considerations 

Postoperative cognitive changes were described 
in the previous century. In 1955, Bedford reported 
“the cerebral side effects of anesthesia on old peo-
ple” as the development of confusion after surgery 
(5). He examined 1193 patients over the age of 50 
years who underwent general anesthesia and sug-
gested that POCD developed with an incidence of 
approximately 7% and that the resulting cognitive 
changes might be due to anesthetic agents and 

hypotension. Based on this idea, the results of the 
first international POCD research group (ISPOCD 
1) were published in 1998 (6). Similar to Bedford’s 
findings, an incidence of POCD of 10% was found. 
Older age, duration of anesthesia, low educational 
level, recurrent surgeries, postoperative infection, 
and respiratory complications were reported as risk 
factors for early POCD. Among these risk factors, 
age was the only statistically significant risk factor 
at long-term (3 months) follow-up. The same study 
group then searched long-term outcomes and 
found POCD in 1% of patients after 1 to 2 years of 
surveillance (ISPOCD 2). In these extensive studies, 
only advanced age and the type and duration of 
surgery were identified as possible risk factors. 

Historically, all cognitive changes observed fol-
lowing surgery have been classified as POCD. How-
ever, to understand the underlying mechanisms and 
to develop prevention strategies, it is necessary to 
be aware of the diversity in the cognitive change 
spectrum and to consider interpersonal differences. 

The two most common types of impairment in 
cognitive function are postoperative delirium (POD) 
and POCD. Postoperative delirium manifests with 
acute onset, occurs from days (often within 24 to 72 
hours) to weeks following surgery, is characterized 
by fluctuating levels of cognition and awareness 
with a reduced level of focus and orientation, and is 
accompanied by emotional disorder and decreased 
psychomotor behavior (1). Postoperative delirium 
remains a serious and costly issue threatening pub-
lic health, as it is associated with increased morbid-
ity and mortality, prolonged cognitive impairment, 
and prolonged hospital stay (3). The most common 
tests to assess POD are the Confusion Assessment 
Method and the Delirium Rating Scale, which are 
subjective. The incidence of POD varies between 
10% and 40%, rising to 50% to 65% following ortho-
pedic, cardiac, and emergency surgeries (7,8). 

Postoperative cognitive dysfunction occurs 
weeks or even months after surgery, and it may 
be prolonged (9). Unlike POD, POCD is charac-
terized not by disorientation but by a decrease 
in information perception and knowledge man-
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agement functions. Postoperative cognitive dys-
function does not have a uniform definition. The 
diagnosis requires the patient to undergo neu-
ropsychometric testing to objectively determine 
the reduction in cognition when compared with 
preoperative baseline tests (10). The Mini-Mental 
State Examination (MMSE) was developed as a 
delirium screening test and has also been used 
for POCD because it takes a short time to ad-
minister; however, the questions can be learned 
during repeated tests. The incidence of POCD 
was reported to range from 8.9% to 46.1%, rising 
to 80% following cardiac surgery (8,11).

Dementia is classified as a chronic, irreversible, 
progressive neurocognitive disorder that affects 
both cognitive function and the performance of ev-
eryday activities. Alzheimer’s disease is a neurode-
generative disease that is the most common form 
of dementia among the elderly. By affecting mem-
ory, problem-solving ability, decision-making, judg-
ment, orientation, and other cognitive skills, it alters 
a person’s ability to perform everyday activities (2). 
More than 5 million people in the United States old-
er than 65 years are estimated to have Alzheimer’s 
disease (2). Alzheimer’s disease has three clinical 
stages: preclinical, mild cognitive impairment, and 
dementia. People with preclinical Alzheimer’s dis-
ease are asymptomatic for up to 20 years. Although 
measurable biomarkers of the pathogenesis of Alz-
heimer’s disease accompany preclinical Alzheimer’s 
disease, there is still no formal way to diagnose the 
condition. Mild cognitive impairment due to Alz-
heimer’s disease is defined as mild but measurable 
changes in one or more cognitive domains in com-
parison with the patient’s previous level, greater 
than would be expected for the patient’s age and 
education, without any interference with usual activ-
ities (9). In about 50% of patients, mild cognitive im-
pairment progresses to dementia in about 5 years 
after diagnosis. The MMSE is a well-established 
cognitive screening instrument, but additional as-
sessment of executive functions and visuospatial 
ability is needed for the identification of mild cogni-
tive impairment and dementia (1). 

There are certain similarities between POCD, 
POD, and dementia, including risk factors, clinical 
presentation, and pathognomonic features. Recent 
studies have focused on whether POD and POCD are 
prodromal forms of Alzheimer’s disease or whether 
there is an association among POD, POCD, and the 
development of dementia; the evidence remains 
inconclusive (4). A recent study confirmed previous 
findings that elderly patients with baseline cogni-
tive impairment at the time of surgery are at high-
er risk for clinically evident POD, and furthermore, 
elderly patients who are cognitively normal before 
surgery and who develop POD are more likely to 
develop mild cognitive impairment or dementia on 
follow-up than are those who do not develop POD 
(12). Moreover, with normal aging processes of the 
brain, POD, POCD, and even dementia can over-
lap. The course of cognitive impairment following 
anesthesia and surgery is schematized in Figure 1A.

The risk factors for cognitive changes of POD, 
POCD, and dementia are multifactorial and can be 
categorized as patient-related and surgery-related 
or nonmodifiable and potentially modifiable (Table 
1). Some of these are pre-existing factors that are 
linked to previous fragility, while others are factors 
that accelerate the situation, such as stress response 
to trauma. Modifiable lifestyle-related risk factors 
are important, since controlling these factors would 
alter the incidence of POCD, might even reduce 
the incidence of Alzheimer’s disease, and would 
ameliorate or delay the onset of and mild cognitive 
impairment (13). Although minor cognitive chang-
es have been shown in younger patients, age is the 
main risk factor for POCD. The ability to compen-
sate for cognitive deficits decreases with advancing 
age (14). Low educational level, preoperative use of 
narcotics and benzodiazepines, existing cognitive 
impairment, depressive symptoms, attention defi-
cit, previous POD, alcoholism, visual disturbances, 
and electrolyte and fluid abnormalities are among 
the several other risk factors (7,10,14). Preoperative 
poor cognition, physical limitations, and accompa-
nying systemic diseases are associated with worse 
postoperative outcomes. Environmental and genet-
ic (ApoE4) risk factors are among the determinants 
of Alzheimer’s disease (15). 
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Table 1. Predisposing factors, risk factors, perioperative triggers for postoperative cognitive dysfunction in the elderly.

Predisposing 
Factors

Cerebral

Systemic

Social

Structural
Decreased brain volume
Hippocampal changes
Reduced neurogenesis
Damaged blood-brain barrier
Amyloid and/or tau accumulation

Inflammation
Changes in levels of neurotransmitters
Cerebrovascular disease
Pre-operative cognitive impairment
Vulnerability and reduction in cognitive reserve
Advanced age

Vulnerability
Co-morbidities
Increased incidence of pre-existing illness and polypharmacy

Systemic vascular disease

Low educational level

Risk Factors Patient-related

Surgery-related

Non-modifiable

Modifiable 

Advanced age
Pre-operative cognitive impairment
Pre-operative physical impairment, immobility
Pre-operative depression, depressive symptoms, attention deficits, sleep 
disorders
Pre-existing dementia, mild-cognitive dysfunction
Pre-operative use of narcotics or benzodiazepines
Cognitive impairment during hospitalization
History of alcohol abuse, tobacco use
Previous POCD 
History of stroke 
Vision and hearing impairment

Cardiac and/or vascular surgery
Major and invasive surgery
Greater surgical blood loss
Greater intraoperative transfusion
Longer operation duration
Post-operative complications

Advanced age
Female gender
Genetic risk factors (Apolipoprotein E)

Vascular (DM, HT, hypercholesterolemia)
Nutritional (low levels of vitamin B12 and folate, hyperhomocysteinemia)
Head injuries

Perioperative 
Triggers

Acute pain
Use of physical restraints
Malnutrition, dehydration
>3 medications in 24-48 h
Urinary bladder catheter
Anemia, intraoperative 
transfusion
Electrolyte and fluid 
abnormalities
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Major and invasive surgeries (abdominal, tho-
racic, vascular), long duration of operation and 
anesthesia, and excessive blood loss increase the 
risk of POCD. The severity, duration, and type of 
the surgical procedure, particularly cardiac and 
orthopedic surgeries, have been associated with 
cognitive impairment (14). It has been discussed 
whether cardiopulmonary bypass, microembo-
lisms, and cerebral hypoperfusion are responsible 
for POCD following cardiac surgery (1,4). However, 
similar cognitive changes were observed after off-
pump cardiac surgery (1). Coronary bypass surgery 
has been found to cause neuronal damage due to 
inflammatory responses during the normothermic 
rewarming phase. In the cardiopulmonary bypass 
mouse model, limited warm-up and prolonged 
postoperative hypothermia have been shown to 
reduce the incidence of POCD (16). Hovens et al. 
suggested that POCD following cardiac surgery af-
fects more extensive brain regions than does POCD 
following noncardiac surgery (17). Hence, POCD 
following cardiac surgery may be associated with a 
greater affected area of the brain rather than great-
er severity (17).

Pathophysiology and potential mechanisms

Various hypotheses have been proposed for the 
pathophysiology of POCD Neurotransmitters, in-
flammation, psychological stress, metabolic chang-
es, electrolyte imbalance, and genetic factors are 
thought to cause damage to neuronal functioning 
(3). However, the pathophysiology of POCD is not 
yet fully understood. Most of the risk factors are 
up-regulated by aging.

Acetylcholine, melatonin and norepinephrine 
are some mediators that have been shown to cor-
relate with delirium. Neuroinflammation has been 
hypothesized to underlie the mechanism of the 
development of POCD (18,19). Inflammation in the 
periphery due to surgical trauma is transferred to 
the central nervous system and causes glial activa-
tion, exaggerated expression of proinflammatory 
mediators within the central nervous system, and 
neural dysfunction (19). Aging itself creates glial al-

terations, and the cause of the transition from nor-
mal aging glia to pathologic glia remains unclear. It 
is suspected that events during an individual’s early 
life, including infection, stress, and nutrition, can im-
pact immune reactivity within the brain and cause 
subsequent exaggerated glial activation called 
“glial priming” for the remainder of life, thereby 
altering cognition and increasing the risk of neu-
roinflammatory disorders, POCD, and Alzheimer’s 
disease (20). In rats made vulnerable by infection 
early in life, even aging has been shown to impact 
glial reactivity (18,19). Proinflammatory cytokines in-
volved in neuroinflammation are thought to cause 
neuronal damage. In a study that compared the 
occurrence of POD in elderly patients undergoing 
minimally invasive laparoscopic surgery versus open 
colon surgery, significantly higher levels of inflam-
matory markers were found in patients receiving 
open surgery, a result consistent with a higher stress 
response in this group of patients (21). 

Association between anesthesia and surgery

Several studies have tried to clarify the role of 
anesthetics in the pathophysiology of POCD. There 
are still no conclusive human data to support this 
correlation. This hypothesis has been support-
ed only by experimental and in vitro models. The 
mechanism of cognitive impairment after surgery 
is not clear. Since distinguishing the effects of sur-
gery and anesthesia on POCD is not possible, these 
two factors are considered together. Animal studies 
emphasize that surgery creates an inflammatory re-
sponse, which plays a significant role (18). Periph-
eral surgery activates inflammatory cytokines and 
impairs the integrity of the blood–brain barrier, al-
lowing macrophages to easily migrate into the hip-
pocampus and cause memory problems.

The effects of anesthesia on POCD have been 
attributed to potential neurotoxicity of anesthet-
ics that exacerbates age-related neuronal chang-
es such as losses in cerebral reserve and increased 
permeability of the blood–brain barrier. The pivotal 
mechanism causing cognitive decline is abnormal 
deposition of naturally occurring peptides in the 
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brain. Anesthesia-related POCD shares this com-
mon pathological mechanism through amyloid beta 
(Aβ) deposition and tau phosphorylation (22,23). 
Preclinical data suggest that inhalation anesthetics, 
in particular isoflurane and sevoflurane, increase the 
production, precursors, and accumulation of Aβ, 
which results in caspase activation, mitochondrial 
damage, and ultimately apoptosis (24,25). In con-
trast, desflurane and nitrous oxide have not been 
shown to enhance Aβ accumulation invivo or invitro 
(26,27). Additional studies are necessary to deter-
mine the superiority of desflurane over isoflurane or 
sevoflurane in regard to neurotoxicity (28). 

Tau phosphorylation causes formation of neuro-
fibrillary tangles, the other pathologic hallmark of 
Alzheimer’s disease. Anesthesia-induced hypother-
mia may be a mediator of tau hyperphosphorylation 
(29). However, both volatile anesthetics and propo-
fol also induce tau production and phosphorylation 
under normothermic conditions (23).

Given the significant role of inflammation in the 
pathogenesis of POCD, anesthetic drugs could af-
fect cognitive decline via their effects on inflamma-
tion and the immune system. Studies have found di-
vergent findings for the anti-inflammatory effects of 
volatiles versus propofol (30). Calcium metabolism 
also plays some role in the pathogenesis of Alzhei-
mer’s disease. High levels of volatile anesthetics are 
reported to increase intracellular calcium levels and 
cause excitotoxic neuronal injury in cultured neuro-
nal cells.

Clinical epidemiological studies investigating 
whether anesthesia and surgery increase the risk of 
developing Alzheimer’s disease are limited. Retro-
spective cohort and case-control studies have been 
used to investigate a possible link, and the results 
are conflicting (Table 2). Seitz et al. in a review in-
vestigated the epidemiological evidence for GA as 
a risk factor for Alzheimer’s disease and concluded 
that there was not sufficient evidence to show a re-
lationship (42). On the basis of population-based 
case-control studies, some authors suggest that 
exposure to anesthetics increases the risk of Alzhei-

mer’s disease, whereas other authors suggest that it 
does not (36,40). 

Identifying high-risk patients, prevention, and 
anesthesia management 

A review focusing on preventive factors for Alz-
heimer’s disease suggested that any interventions 
that can delay the onset of the disease will play a 
major role in delaying the onset of clinical Alzhei-
mer’s disease (43). Patients at risk should be identi-
fied preoperatively. Frailty assessment and identifi-
cation of high-risk patients may include the use of 
biomarkers, cognitive tests, imaging, and genome 
studies (15,44). Surgery and anesthesia may be as-
sociated with some biomarkers of neuronal injury, 
such as increases in total and phosphorylated tau 
and decrease in Aβ in cerebrospinal fluid. Imaging 
with computed tomography, magnetic resonance, 
and single-photon emission computed tomogra-
phy is also recommended for screening vulnerable 
surgical patients (9). Nevertheless, the correlations 
between changes in biomarkers and cognitive defi-
cits are unclear, and further studies are warranted to 
interpret their relevance to clinical outcomes. High-
risk patients who may benefit from geriatrics consul-
tation are listed in Table 3.

The multifactorial etiology of POCD neces-
sitates multimodal interventions to reduce its in-
cidence. Preventive measures for POCD may be 
classified as preoperative, perioperative, and post-
operative (Figure 1B). In particular, preoperative 
preventive programs aim at controlling risk factors, 
mainly focusing on hearing and vision problems, 
cognitive problems, sleep disturbances, immobil-
ity and dehydration, and nutrition, and they rec-
ommend fluid support, exercise programs, mind 
exercises, orientation studies, and nonpharmaco-
logical sleep regulators (45). Perioperative mea-
sures include maintaining homeostasis, avoiding 
long-acting benzodiazepines, preferring minimally 
invasive surgeries with short operative duration, 
optimizing anesthetics, early recovery, and optimal 
pain relief (14).    
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Table 2. Clinical studies on the association between exposure to anesthesia and surgery and risk of dementia.

Study Design Number or Type of 
Study Subjects

Type of Surgery/
Anesthesia Findings

Pálotas et al(31) Biomarker studies 30 CABG CSF Aβ decreased
Injury biomarkers (S100B, 
tau) elevated at 6 months

Tang et al(32) Biomarker studies
11

Idiopathic nasal CSF 
leak repair

Total-tau/Aβ
1-42 

ratio in CSF 
increased 
Proinflammatory cytokines, 
IL-6, TNF-α, and IL-10 
elevated postoperatively

Shiiya et al(33) Biomarker studies 28 Prosthetic 
replacement of the 
descending thoracic 
or thoracoabdominal 
aorta

CSF tau and S100beta only 
increased in individuals with 
brain infarction or transient 
neurologic dysfunction

Reinsfelt et al(34) Biomarker studies 10 Cardiac valve 
replacement surgery 
with cardiopulmonary 
bypass

Levels of S100beta and 
glial fibrillary acidic 
protein increased by 35% 
postoperatively
Total tau, neurofilament 
light chain protein, and 
neuron-specific enolase did 
not change significantly
IL-6 and IL-8 in the CSF 
increased significantly after 
anesthesia and surgery 

Seitz et al(35) Retrospective case-
control studies (A 
meta-analysis of 15 
case-control studies)

1.752 cases and 5.261 
controls

GA No statistically significant 
association between GA 
and the development of AD

Sprung et al(36) Retrospective case-
control studies

877
Patients with incident 
dementia recorded 
between 1985-1994

GA A total of 70% of the 
dementia patients had 
been exposed to GA 
compared with 72.5% of the 
control group
No significant association 
between exposure to GA 
>45 years and the diagnosis 
of dementia

Chen et al(37) Retrospective case-
control studies

5.345 patients >50 
years 21.380 controls 
Patients who were 
newly diagnosed 
with dementiaand 
individuals without 
dementia for control 
group from 2005-2009

GA exposure was 
categorized into 
three subtypes: 
endotracheal tube 
intubation GA 
(ETGA), intravenous 
injection GA (IVGA), or 
intramuscular injection

GA (IMGA), versus heavy 
sedation
Individuals exposed to 
surgery under ETGA were 
found to be at significantly 
higher risk of developing 
dementia in a dose-
dependent response
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Lee et al(38) Cohort studies 119 patients 
(CABG=78; PTCA=41) 
>55 years without a 
diagnosis of dementia 
prior to surgery

One group underwent 
CABG under GA
The other group 
received sedation for 
PTCA

5-year follow-up, patients 
who had undergone CABG 
and GA had a 1.7-fold 
increased risk of developing 
AD compared with those 
who only received sedation 
and PTCA 

Vanderweyde et 
al(39)

Cohort studies Subjects undergoing 
hernia operations 
(under GA (N= 2,658) 
or local (N = 1,111) 
anesthesia, as well as 
subjects undergoing 
prostate operations 
under GA (N = 2,820) 
or local (N = 3,691) 
anesthesia

Prostate or hernia 
surgery under either 
GA or RA

Patients who had received 
GA developed dementia 
less frequently than those 
who had received RA

Chen et al(40) Cohort studies 24.901 patients >50 
years who were 
anesthetized for the 
first time from 2004-
2007
Control group 110.972 
patients 

GA or RA Follow-up period of 3-7 
years, risk of dementia in 
the anesthesia group was 
found significantly higher 
than that in the control 
group 
Both exposure to GA and 
to regional anesthesia 
yielded increased risks of 
incident dementia
Patients who undergo 
anesthesia and surgery 
may be at increased risk for 
developing dementia

Liu et al(41) Prospective studies 180 aMCI patients
60 aMCI outpatients 
as the control group

Lumbar spinal surgery 
Sevoflurane, propofol, 
or lidocaine epidural 
anesthesia

2-year follow-up, the 
number of aMCI patients 
who progressed to AD 
did not differ between the 
groups
The number of patients 
who exhibited progression 
of aMCI was greater in the 
sevoflurane group than in 
the control group

AielloBowles et 
al (11)

Prospective studies 3.988 Community-
dwelling members of 
the adult changes in 
thought cohort >65 
age, free of dementia 
at baseline

Participants self-
reported all prior 
surgical procedures 
with GA or neuraxial 
anesthesia at baseline 
and reported new 
proceduresevery 2 
years

High-risk surgery with 
general anesthesiawas not 
associated with greater risk 
of dementia than no history 
of anesthesia
Anesthesia exposure was 
not associatedwith of 
dementia or AD in older 
adults

CSF; Cerebrospinal fluid
CABG; Coronary artery bypass grafting
GA; General anesthesia
PTCA; Percutaneous transluminal coronary angioplasty
RA; Regional anesthesia
aMCI; Amnestic mild cognitive impairment         



A CLINICAL REVIEW OF THE CONSEQUENCES OF ANESTHESIA AND SURGERY IN THE ELDERLY BRAIN: 
“THE DARK SIDE OF THE MOON”

95

Figure  1A.Schema of postoperative cognitive dysfunction with preoperative and peroperative risk factors and postop-
erative contributing factors.  1B. Preoperative evaluation, perioperative management and postoperative interventions as 
preventive measures for postoperative cognitive dysfunction.     
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Table 3. Patient features for pre-operative geriatrics consultation.

Age > 80 years

Baseline cognitive dysfunction or dementia

Multiple medical comorbidities

Chronic use of psychotropic medications

Dependence on alcohol or other drugs

Poor social support

Hearing or vision impairment

Immobility or history of functional decline

Recurrent hospitalizations within the last year

Urgent or emergent surgery

Prolonged hospital and/or ICU stay
   

Controlling chronic hypoperfusion of the brain 
and triggered neuroinflammation by treating co-
morbid disease conditions (hypertension, diabetes, 
hypoxia, obstructive sleep apnea, obesity, vitamin 
B12–folate deficiency, depression, traumatic brain 
injury) may enhance cognition (46). Because chron-
ic systemic inflammation promotes aging of glia 
through excessive neuroinflammation, it is argued 
that antioxidant nutrients may be beneficial for pre-
venting aging of glia, thereby improving cognitive 
functions (20). Hypothetically, environmental stimu-
li (toxins, drugs of abuse, dietary fatty acids) might 
also trigger neurodegeneration via inflammation in 
long-term outcomes (19). However, based on the 
accumulating data on inflammation and POCD, 
studies seeking anti-inflammatory agents for pre-
vention of POCD have not been successful to date. 

Some studies have proposed that avoiding gen-
eral anesthesia by preferring regional anesthesia 
techniques would promote cognitive functions in 
the elderly (47). Nevertheless, most studies have 
suggested that the occurrence of POCD is irrespec-
tive of the type of anesthetic technique (47-51). Lack 
of evidence for any difference between regional and 

general anesthetic techniques can be explained by 
the use of intravenous sedation during regional an-
esthesia (52). Among general anesthetics, volatile 
anesthetics have been suggested to be associated 
with a higher rate of POCD than propofol by ani-
mal studies. Optimizing anesthesia by monitoring 
the depth of anesthesia and cerebral oxygenation 
has been advocated to reduce the risk of POCD (7). 
For those patients who are more sensitive to anes-
thetics, deep anesthesia has been associated with a 
higher rate of POD (9).

It has been suggested in the literature that be-
cause both patients with mild cognitive impairment 
and those with dementia have increased sensitivity 
to anesthetics, surgery and anesthesia can worsen 
their symptoms (6). The main question will be how 
to provide the best perioperative care for patients 
who are at high-risk or who already have mild cog-
nitive impairment or dementia. A consensus state-
ment from the First International Workshop on 
Anesthetics and Alzheimer’s Disease initially shed 
some light on this possible link and provided some 
recommendations (53). A tailored anesthesia is 
needed for surgical patients of advanced age with 
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underlying neurodegenerative disease: choosing 
total intravenous anesthesia, avoiding inhalation-
al agents and benzodiazepines, monitoring the 
depth of anesthesia and if possible brain oxygen-
ation, monitoring and controlling temperature and 
glycemia, and considering early extubation with a 
multimodal postoperative analgesic plan (23,54,55). 
In the only randomized study, Liu et al. (41) evalu-
ated whether exposure to anesthetics induces pro-
gression of mild cognitive impairment. The authors 
concluded that sevoflurane anesthesia accelerated 
cognitive decline, and they recommended regional 
anesthesia or intravenous anesthesia with propo-
fol rather than volatile anesthetics for patients with 
pre-existing Alzheimer’s disease. This finding is 
consistent with the preclinical data that suggest a 
greater production of Aβ by volatile anesthetics, as 
discussed above.

In conclusion, the extent of cognitive decline 
following surgery and anesthesia has a significant 
impact on patient health and is substantially asso-
ciated with prolonged recovery, greater morbidity, 
and loss of independence in these patients. Recog-
nition of the risk factors will provide us with better 

prevention and management strategies to provide 
the best care for elderly patients who have or are at 
high-risk for POCD. In summary, possible strategies 
for the prevention and treatment of postoperative 
cognitive impairment in elderly patients include the 
use of perioperative cognitive education, geriatric 
consultation for high-risk patients, cooperation with 
family members to promote early rehabilitation, 
preference for minimally invasive surgical tech-
niques, careful use of sedative premedication drugs, 
preference for short-acting anesthetic agents, 
maintenance of fluid, electrolyte, and glycemic ho-
meostasis, and use of electroencephalogram. In the 
elderly patient, especially in the presence of other 
comorbid diseases, the surgical decision should be 
made carefully while considering possible cognitive 
deterioration. A multidisciplinary perioperative ap-
proach, with collaboration between surgery, anes-
thesiology, and geriatrics, is a necessity in caring for 
geriatric patients. 
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