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Abstract: In this review, we aim to provide clinical insights into the relationship between 

surgery, general anesthesia (GA), and dementia, particularly Alzheimer’s disease (AD). The 

pathogenesis of AD is complex, involving specific disease-linked proteins (amyloid-beta 

[Aβ] and tau), inflammation, and neurotransmitter dysregulation. Many points in this com-

plex pathogenesis can potentially be influenced by both surgery and anesthetics. It has been 

demonstrated in some in vitro, animal, and human studies that some anesthetics are associated 

with increased aggregation and oligomerization of Aβ peptide and enhanced accumulation and 

hyperphosphorylation of tau protein. Two neurocognitive syndromes that have been studied 

in relation to surgery and anesthesia are postoperative delirium and postoperative cognitive 

dysfunction, both of which occur more commonly in older adults after surgery and anesthesia. 

Neither the route of anesthesia nor the type of anesthetic appears to be significantly associ-

ated with the development of postoperative delirium or postoperative cognitive dysfunction.  

A meta-analysis of case-control studies found no association between prior exposure to surgery 

utilizing GA and incident AD (pooled odds ratio =1.05, P=0.43). The few cohort studies on 

this topic have shown varying associations between surgery, GA, and AD, with one showing 

an increased risk, and another demonstrating a decreased risk. A recent randomized trial has 

shown that patients who received sevoflurane during spinal surgery were more likely to have 

progression of preexisting mild cognitive impairment compared to controls and to patients who 

received propofol or epidural anesthesia. Given the inconsistent evidence on the association 

between surgery, anesthetic type, and AD, well-designed and adequately powered studies with 

longer follow-up periods are required to establish a clear causal association between surgery, 

GA, and AD.

Keywords: surgery, anesthesia, Alzheimer’s disease

Background
With advances in health care and increasing life expectancy, the population of older 

adults is increasing in most countries. It is estimated that the population aged 60 years 

and above will rise from 287 million in 2013 to 417 million in 2050 in the developed 

world, and from 554 million to 1.6 billion in developing countries.1 Advancing age 

is the strongest risk factor for the development of dementia,2 and dementia has been 

identified as a major current health care challenge.3 The worldwide prevalence of 

dementia in 2001 was estimated at 24.3 million, and will double every 20 years to an 

estimated prevalence of 42.3 million in 2020, and 81.1 million in 2040.4 Alzheimer’s 

disease (AD) is the most common form of dementia among older adults, accounting 

for about two-thirds of all cases.5 The burden of dementia on society is substantial: in 

the United States, the estimated annual direct costs associated with AD in 2013 were 

$203 billion.6 AD is also a leading cause for admission to long-term care facilities7  

as well as a risk factor for hospitalization.8 Dementia care is particularly time  intensive, 
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and, in 2012, caregivers provided 17.5 billion hours of care 

to AD patients in the US.6 AD is essentially irreversible, and 

approaches to prevention or treatment have not emerged.

AD is a multifactorial disease, and its risk factors can be 

categorized into non-modifiable and potentially modifiable 

ones. In addition to advancing age, other non-modifiable 

risk factors include female sex9,10 and genetic risk factors for 

both early-onset and late-onset dementia.11 Apolipoprotein E 

(ApoE) is associated with amyloid plaques and neurofibril-

lary tangles in AD, and ApoE4 polymorphisms have been 

associated with sporadic AD.11,12 There are several poten-

tially modifiable risk factors associated with AD. Vascular 

risk factors include diabetes mellitus,13 hypertension, and 

hypercholesterolemia.14 Possible nutritional risk factors 

include low levels of vitamin B12 and folate, as well as hyper-

homocysteinemia.15 Head injuries are another potentially 

preventable risk factor for AD.16 Reducing these modifiable 

risk factors, prior to the onset of cognitive symptoms, could 

significantly lower AD prevalence.17 For example, lifestyle 

changes that could delay the onset of dementia by 2 years 

would translate into a reduction of 36% of dementia cases, 

and could also yield 30-year reduction in total economic 

burden of CAD219 billion in Canada alone.18

As the population ages, surgery is being performed 

more frequently, and in progressively older adults.19 In 

the US, approximately 35% of all surgical procedures are 

performed on adults older than 65 years.20 There has been 

increasing concern and research investigating whether 

cognitive sequelae such as postoperative delirium (POD) 

or postoperative cognitive dysfunction (POCD) are related 

to specific surgical and/or anesthetic factors. POD has been 

defined as an acute change in cognitive status characterized 

by fluctuating attention and consciousness, which typically 

occurs soon after surgery,21 while POCD is characterized by 

more persistent cognitive difficulties, including memory and 

attention problems, as well as executive dysfunction, and 

occurs commonly after surgery.22 Cognitive dysfunction is 

relatively common during the postoperative course of older 

adults, and anesthetics have been thought to possibly con-

tribute to this. These cognitive changes can be both short and 

long term. Short-term cognitive dysfunction (days to months) 

encompasses both POD and POCD, while some patients may 

also experience longer-term cognitive changes (eg, greater 

than 6 months) postoperatively.

In this review, we will provide an overview of the rela-

tionship between surgery and anesthesia and subsequent 

cognitive changes including AD and related forms of demen-

tia. We will first review the pathology of human AD, then 

we will discuss possible mechanisms by which surgery and 

anesthesia may produce cognitive changes or dementia, and 

then review biomarker evidence for these mechanisms. This 

review will also outline the epidemiological evidence for AD 

risk after exposure to surgery and general anesthesia (GA). 

We will identify gaps in the current literature and possible 

areas of future research.

Pathophysiology of dementia  
in humans
The diagnostic criteria for dementia published by the 

Alzheimer’s Association define dementia as the develop-

ment of cognitive or neuropsychiatric symptoms that are 

associated with a decline in the individual’s previous level 

of functioning, encompassing multiple cognitive domains, 

and that are not better explained by delirium or another major 

psychiatric disorder.23 Most recently, guidelines have also 

incorporated biomarker evidence within these diagnostic cri-

teria. These biomarker changes can include either decreased 

levels of amyloid-beta (Aβ), together with increased total 

tau or phosphorylated tau in the cerebrospinal fluid (CSF) 

of the individual.24

The molecular neuropathology of AD reveals two 

major hallmarks: extracellular plaques consisting largely 

of Aβ aggregates, and intracellular neurofibrillary tangles 

composed of hyperphosphorylated tau protein. The amyloid 

cascade hypothesis states that some forms of the Aβ peptide 

are neurotoxic and cause abnormal phosphorylation of tau, 

leading to tau forming paired helical filaments which result 

in neurofibrillary tangles. This cascade also results in mito-

chondrial damage, calcium dysregulation, and, ultimately, 

apoptosis and neurodegeneration.25 It has been postulated 

that amyloid changes precede the onset of clinical symptoms 

of dementia by a decade or more.26,27 Results from 128 par-

ticipants enrolled in the Dominantly Inherited Alzheimer 

Network show that changes reflecting AD pathology begin 

25 years before expected symptom onset.28 Aβ peptide levels 

in CSF became abnormal first, and were followed by amyloid 

accumulation and cerebral atrophy and then impaired cerebral 

glucose metabolism.

This hypothesis has been strongly supported by genetic, 

biomarker, and autopsy studies. Autopsy studies have con-

sistently found amyloidopathy and tauopathy in the brains of 

those diagnosed with AD.29,30 Further, biomarker studies show 

that Aβ peptide concentration in CSF is inversely related to 

the degree of AD pathology,31 likely because of sequestration 

in plaque or diminished synaptic activity. Interestingly, both 

amyloid plaque and reduced CSF Aβ have been described in 
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some older adults with no clinical symptoms indicative of 

a cognitive impairment.32 This suggests that amyloidopathy 

alone is insufficient for the development of clinical symp-

toms. The presence of tau in CSF, although not specific for 

AD, indicates neuronal injury. Tau is usually elevated in the 

CSF of individuals with AD33 and other tauopathies such as 

frontotemporal dementia.34 The ratio of total tau to Aβ is 

currently used as a diagnostic adjunct for AD.35

Positron emission tomography (PET) scans have been 

used to quantify the extent of amyloid deposition in vivo. 

For example, compounds that preferentially bind to amyloid 

fibrils (11-C Pittsburgh compound B, 18F-florbetapir, 18F-

flutemetamol, and 18F-florbetaben) are available, and studies 

to date indicate they sensitively report cerebral amyloidosis 

on PET scans.36,37 Since amyloidopathy reflects an early stage 

in the pathology, PET scanning may allow risk stratification 

well before symptoms begin. Further, PET scans demonstrate 

a decreased uptake of 18F-fluorodeoxyglucose, a marker of 

cerebral glucose metabolism, in patients with AD, likely 

reflecting the decreased neuronal mass secondary to neurode-

generation.27 The early detection of risk is important because 

it may allow patients to modify AD risk factors. However, it 

is now clear that false positives occur with these and other 

biomarkers, which has potential implications when consider-

ing the use of these biomarkers. 

Multiple neurotransmitters have also been studied in the 

context of AD. Cholinergic dysfunction has been implicated 

in the clinical symptoms of dementia,38–40 and postmortem 

studies have identified a significant deficiency in the activity 

of choline acetyltransferase in the brains of individuals with 

dementia.41 AD is also associated with a loss of cholinergic 

neurons, and acetylcholine modulates higher functions of 

the brain such as memory, learning, and attention. The cho-

linergic deficit seen in AD is associated with the degree of 

cognitive dysfunction, providing the rationale for the use of 

acetylcholinesterase inhibitors in AD. Other neurotransmit-

ters, including excitatory amino acids (eg, glutamate), can 

be neurotoxic, and may play a role in the pathophysiology 

of AD.42,43 Changes in neurotransmitter function may also 

provide potential links between exposure to GA, surgery, 

and cognitive changes following surgery. 

Basic science studies of AD 
pathophysiology associated  
with surgery and anesthetic agents
Several mechanisms linking anesthetics to worsening of 

AD pathology from basic science studies have been pro-

posed, providing a potential causal connection between 

anesthesia exposure and development of AD.44 An in vitro 

study showed that the volatile anesthetics halothane and 

isoflurane increase oligomerization and cytotoxicity of 

amyloid peptides.45 Both in vitro and animal studies show 

that sevoflurane and isoflurane can cause neuronal apoptosis 

by activating caspase and Aβ protein aggregation.46,47 Fur-

ther, after exposure to isoflurane, mice displayed behavioral 

impairments and increased mortality.48 Propofol, another 

intravenous anesthetic, also increases tau phosphorylation 

in the mouse hippocampus.49 Overall, information has 

shown potential linkages between surgery and changes in 

AD-related pathology, as well as between anesthesia and 

changes in AD-related pathology.

GA could theoretically also contribute to cognitive 

deficits by altering central cholinergic transmission through 

nicotinic and muscarinic receptors. A decrease in acetyl-

choline neurotransmission facilitates some of the desired 

effects of GA, including analgesia, amnesia, immobility, and 

hypnosis.50 Some anesthetics inhibit N-methyl-D-aspartate 

(NMDA) receptors, leading to decreased glutamate release 

and a subsequent decrease in excitatory activity.51 However, 

prolonged exposure to NMDA antagonists, such as ketamine, 

may upregulate NMDA receptors following sustained block-

ade, which, on removal of drug, leads to excitotoxicity and 

apoptosis via an increase in calcium influx.52

There is a large body of literature from animal studies 

examining the effects of surgery on cognitive function. 

Cognitive decline in aged mice following surgery has been 

associated with microgliosis, Aβ production, and tau pro-

tein hyperphosphorylation in the hippocampus.53 The role 

of neuroinflammation as a result of surgery has also been 

extensively studied. In mice, surgery leads to the production 

of tumor necrosis factor α (TNF-α), which subsequently 

disrupts the blood–brain barrier, causing an infiltration of 

inflammatory macrophages in the brain parenchyma, spe-

cifically the hippocampus.53 The levels of the inflammatory 

cytokines IL-1β and IL-6 have also been shown to increase 

in mice that underwent surgery, compared to mice who only 

received anesthesia.54 In this same study, the levels of cytok-

ines in the group that received anesthesia without surgery 

were comparable to anesthesia-naïve control mice.54 This 

work demonstrates that the inflammatory response and 

resultant cognitive deficits may largely be a result of surgery 

rather than due to any specific effects of GA. However, these 

findings only reflect data from animal studies and it is unclear 

to what extent these findings extend to humans. Thus, in the 

future, data from studies investigating the effects of specific 

anesthetics on neurotransmitter function may provide some 
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guidance for the selection of anesthetics to reduce cognitive 

dysfunction in the elderly.

AD biomarkers associated  
with exposure to surgery  
and anesthesia in humans
Longitudinal studies with a prolonged follow-up period would 

be required to causally link surgery and anesthesia with the 

development of clinically diagnosed AD. In the absence of 

these studies, it may be possible to examine the effects of 

GA on more proximal AD CSF or neuroimaging biomark-

ers. Studies have shown that AD biomarkers are altered in 

the CSF of individuals undergoing cardiac and noncardiac 

surgery.55,56 Palotás et al conducted a small study on the 

CSF of 14 patients without dementia undergoing coronary  

artery bypass graft surgery (CABG). CSF samples were 

collected prior to surgery and 1 week and 6 months post-

operatively. Levels of Aβ, tau, and S100beta (a marker of 

nonspecific brain injury) were measured. All three CSF 

markers increased significantly 1 week postoperatively. At 

6 months, the increase in S100beta subsided, and Aβ peptide 

decreased to below baseline, while tau continued to rise.55 The 

6-month values in CSF biomarkers were roughly comparable 

to those generally observed in patients with AD, although 

this particular study did not have an AD control group, and 

the data for AD CSF biomarker levels were cited from other 

studies. Another limitation of this study is the small sample 

size. Further, although the decline in cognitive function was 

statistically significant, it is unclear to what extent the decline 

in cognitive function correlated with biomarker changes 

among individual patients. Shiiya et al reported the findings 

of 28 patients who underwent prosthetic replacement of the 

descending thoracic or thoracoabdominal aorta.57 CSF levels 

of tau and S100beta were measured immediately before and up 

to 72 hours after surgery. The levels of CSF tau and S100beta 

were only increased in individuals with brain infarction or 

transient neurologic dysfunction; no increase in these CSF bio-

markers was found in individuals who did not have neurologic 

complications. Tang et al studied the CSF of eleven patients 

undergoing idiopathic CSF leak correction for biomarkers of 

AD. All patients received GA, with either intravenous propofol 

and remifentanil, or the inhalational anesthetic sevoflurane. 

CSF samples were collected before surgery and up to 48 hours 

postoperatively. Levels of Aβ peptide, total tau and phospho-

rylated tau, S100beta, interleukins 6 and 10, and TNF-α were 

measured. Mean Aβ peptide concentrations were statistically 

unchanged, whereas levels of total tau were significantly 

increased at 6 and 24 hours postoperatively. Phosphorylated 

tau was also increased, although not to the same extent as 

total tau. S100beta, and the interleukins 6 and 10 and TNF-α, 

were increased in the CSF of these individuals as well.56 The 

aforementioned studies indicate biomarker changes that may 

reflect an increase in AD risk after anesthesia and surgery. 

Another study reported the findings of changes in the CSF 

of ten patients who underwent cardiac valve replacement 

surgery with cardiopulmonary bypass. CSF samples were 

collected a day before surgery and 24 hours postoperatively, 

and assessed for levels of total tau, neurofilament light chain 

protein, neuron-specific enolase (indicator of neuronal dam-

age), S100beta, glial fibrillary acidic protein (marker of glial 

cell injury), and the cytokines interleukins 6 and 8.58 Levels 

of S100beta and glial fibrillary acidic protein increased by 

35% postoperatively, while levels of total tau, neurofilament 

light chain protein, and neuron-specific enolase did not change 

significantly. The levels of both interleukin 6 and 8 in the CSF 

increased significantly after anesthesia and surgery as well.

The above studies demonstrate that surgery and anes-

thesia may be associated with markers of neuronal injury, 

although their results should be interpreted with caution 

due to the small size and the unclear correlation between 

biomarker changes and cognitive deficits.

Cognitive changes associated  
with surgery and anesthesia  
in human populations
Surgery and anesthesia may be associated with neurocogni-

tive symptoms in the elderly. The commonly seen syndromes 

are POD and POCD. These early postoperative cognitive 

changes could possibly be linked to development of persistent 

cognitive deficits consistent with AD. 

POD occurs commonly after surgery in older adults, 

and the average incidence of POD has been estimated at 

36.8%,21 although rates as high as 73.5% have also been 

reported.59 Additionally, the depth of anesthesia as measured 

by bispectral index (BIS) has also been investigated in rela-

tion to POD, and there is evidence suggesting that depth of 

anesthesia may be related to the risk of delirium.60 Radtke  

et al showed that incidence of POD in surgical patients 

whose depth of anesthesia was monitored by BIS was 16.7%, 

compared to 21.4% in the control group (P=0.036).61 Another 

study showed similar results, with the rate of POD being 

significantly lower in the BIS group than in the control group 

(15.6% versus 24.1%, P=0.01).62 

 However, results of a recent meta-analysis show that GA 

does not appear to confer higher risk to the development of 

POD as compared to regional anesthesia (RA).63 Further, 
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it has also been demonstrated that individuals who have 

baseline cognitive impairment are not at increased risk 

of developing POD if they receive GA versus regional  

anesthesia.64 It is evident from these studies that older 

adults are vulnerable to developing POD and that there are 

several factors, including premorbid cognitive status, which 

put them at risk. Long-term consequences of POD can be 

substantial, and it has been reported that POD is associated 

with prolonged cognitive impairment in patients who have 

cardiac surgery.65 Additionally, POD was associated with an 

increased risk of developing dementia among older adults 

without dementia undergoing hip fracture surgery at 5-year 

follow-up.66 Another study showed that patients who devel-

oped delirium after hip fracture (pre- and postoperatively) 

had a higher rate of incident dementia at 6-month follow-up 

(adjusted odds ratio =10.5).67 

Long-term consequences of POCD are significant, as 

patients with POCD have higher mortality rates at 3 months 

and 1 year compared to controls.68,69 The reported incidence 

of POCD has varied considerably across studies, partly due 

to changes in how it was measured: there is no uniform 

consensus definition of what degree of cognitive impairment 

qualifies as POCD. Studies on POCD have been criticized 

due to either the presence of a poorly matched control 

group or the complete absence of one.70 In a large prospec-

tive study, cognitive decline at discharge was reported in 

53% of the patients who underwent coronary artery bypass 

surgery.71 The incidence decreased to 36% at 6 weeks and 

24% at 6 months. However, there was no control group in 

this study. In a systematic review, the pooled prevalence 

of POCD was estimated to be 22.6% in the 2 months after 

surgery.72 A large cohort study reported the rates of POCD in 

patients undergoing major noncardiac surgery: the prevalence 

of POCD was 25.8% at 1 week and 9.9% at 3 months post-

operatively in the surgical patients, whereas the prevalence 

of cognitive dysfunction in the nonsurgical control group 

was 3.4% and 2.8% at 1 week and 3 months, respectively 

(P0.0001 and P=0.0037).22 Several studies have reported 

risk factors associated with the development of POCD. The 

etiology of POCD likely includes surgical, anesthetic, and 

patient-related factors. In one study, independent risk fac-

tors for POCD 3 months postoperatively were advancing 

age, history of cerebrovascular accident, lower education 

level, and POCD at discharge.68 The role of anesthesia 

in the development of POCD has also been investigated.  

A meta-analysis by Mason et al investigated whether the type 

of anesthesia affected the development of POCD.63 In contrast 

to the studies of POD mentioned earlier in this review, GA 

was associated with an odds ratio of 1.34 for the develop-

ment of POCD when compared to regional anesthesia.  

A double-blind, randomized controlled trial of 80 patients 

aged 65–75 years conducted by Rörtgen et al investigated 

whether the choice of inhalational anesthetic (desflurane ver-

sus sevoflurane) affected the rate of development of POCD 

in patients undergoing elective surgery.73 This study did not 

find any significant difference in the incidence of POCD 

between the two groups.

 Studies have investigated whether an association exists 

between the depth of anesthesia and development of POCD. 

Ballard et al conducted a 52-week prospective cohort study 

with a nested randomized controlled trial wherein they 

studied the effects of optimization of anesthesia and cere-

bral oxygen saturation.74 The patient population included 

192 adults 60 years old undergoing elective orthopedic or 

abdominal surgery and 138 matched controls. At 52 weeks, 

mild and moderate POCD were significantly lower in the 

intervention group compared to the nonintervention surgi-

cal group (84% versus 56%, P=0.015). Severe POCD was 

also lower in the intervention group (3.7% versus 12.5%, 

P=0.36). One of the tests used to measure cognitive function 

was the Mini-Mental® State Examination (MMSE), which 

may not be sensitive to milder cognitive changes and is also 

prone to potential learning effects.75 Therefore, these results 

should be interpreted with caution. Radtke et al showed that 

there was no statistically significant difference in the rate of 

POCD in patients whose depth of anesthesia was monitored 

by BIS versus the control group utilizing routine anesthetic  

monitoring.61 However, another group of investigators 

showed that, although there was no statistically significant 

difference in the rate of POCD at 7 days between patients 

who had BIS monitoring and those in the control group, rates 

of POCD in the intervention group were lower at 3 months 

compared to the control group (10.2% versus 14.7%, adjusted 

odds ratio =0.67, P=0.025).62 

There are methodological limitations in the existing stud-

ies of POCD related to the measures used to define POCD. 

These limitations include: potential learning effects; floor 

and ceiling effects; test sensitivity; timing of postoperative 

testing; and lack of diagnostic criteria for POCD.76 Therefore, 

it is essential that diagnostic criteria for POCD be standard-

ized, as well as recommendations be made for the use of 

standardized neuropsychological tests.

There are certain similarities between POCD and AD, 

including advanced age being the strongest risk factor for 

both. Additionally, the clinical presentations described in the 

literature for POCD can encompass dysfunction in multiple 
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cognitive domains similar to AD, for example, memory 

impairment, attention and concentration difficulties, and 

executive dysfunction. However, the association between 

POCD and development of dementia is unclear at this time. 

The International Study of Postoperative Cognitive Dysfunc-

tion (ISPOCD) group recently published a cohort follow-up 

study, presenting the results of 686 patients from the original 

ISPOCD1 and ISPOCD2 studies22,77–80 who had been fol-

lowed for a median of 11.1 years. The outcome was the first 

occurrence of dementia in patients who had been diagnosed 

with POCD at 1 week and 3 months after surgery. The hazard 

ratio for the development of dementia was 1.16 for patients 

who had POCD at 1 week, and 1.50 for patients with POCD 

at 3 weeks. Even though this increase may appear to be clini-

cally significant, due to the limited power of this study, the 

authors concluded that there was no statistically significant 

association between incident dementia and POCD at 1 week 

(P=0.74) and 3 months (P=0.47) as compared to patients who 

did not have POCD.81 Further well-designed and adequately 

powered studies with a long follow-up period are needed 

to establish whether there is an association between POCD 

and dementia.

Retrospective observational 
studies on the association between 
exposure to surgery or anesthesia 
and risk of dementia
It is challenging to separately examine the independent 

effects of surgery and anesthesia on postoperative cogni-

tion and development of dementia. Surgery leads to a larger 

stress response in older adults and in those who have preex-

isting AD compared to younger patients and those without 

AD.82 Surgery could influence cognition by altering cerebral 

perfusion and autoregulation. Lower cerebral perfusion pres-

sure can lead to ischemia, and higher pressures can cause 

cerebral edema.83 Observational studies have demonstrated 

that certain types of surgeries, such as cardiovascular, 

genitourinary, abdominal, musculoskeletal, dermatological, 

and eye surgeries, may confer a higher risk of developing 

dementia,84,85 although it is unclear whether these specific sur-

gery types are associated with greater alterations in cerebral 

perfusion and/or autoregulation, or whether the indication 

for surgery itself represents the direct risk factor.

Researchers have conducted observational studies in 

order to examine the relationship between prior exposure to 

GA and subsequent risk of dementia. Case-control studies 

investigating potential risk factors associated with dementia, 

and specifically AD, have also assessed the risk of having 

anesthesia and surgery. This study design provides a matched 

control group in order to provide a more robust method of 

establishing an association. We published a meta-analysis 

of case-control studies examining the association between 

GA and AD.86 This review defined exposure to GA as any 

history of surgery under GA as compared to no history of 

surgery under GA (ie, the control group could either be 

nonsurgical or a surgical control group receiving regional 

anesthesia). The outcome was defined as a diagnosis of AD 

of any severity. Fifteen studies were included in this meta-

analysis, including a total of 1,752 cases and 5,261 controls. 

Overall, there was no statistically significant association of 

GA with the development of AD (pooled odds ratio =1.05, 

P=0.43). Subgroup analyses compared GA exposure to 

regional anesthesia and the effect of cumulative anesthesia/

surgery exposures over the patient’s lifetime. We found no 

difference in the odds ratio for developing AD after receiv-

ing GA compared to RA. There was also no statistically 

significant association between cumulative exposure to GA 

and development of AD.

Since the publication of that meta-analysis, additional 

studies have been published that have investigated the role 

of GA in the development of AD. Sprung et al conducted 

a retrospective population-based nested case-control study 

using the Rochester Epidemiology Project and the Mayo 

Clinic Alzheimer’s Disease Patient Registry.87 They iden-

tified 877 cases of incident dementia recorded between 

January 1, 1985 and December 31, 1994, and sex- and 

aged-matched individuals who did not have a diagnosis of 

dementia in the incident year made up the control group. 

Exposure to anesthesia in the study group was determined 

by reviewing medical records for each patient after age 

45 years and before the index year. Among cases, 70% of 

individuals had been exposed to GA compared to 72.5% 

of the control group. The authors did not find a significant 

association between exposure to anesthesia after age 45 years 

and the diagnosis of dementia (P=0.27), and also found no 

association between the number of procedures or cumula-

tive exposure to anesthesia and development of dementia 

(P=0.51). A second case-control study with a large sample 

size was recently conducted in Taiwan using the Longi-

tudinal Health Insurance Database. This study identified 

5,345 patients from the insurance claims database who were 

over the age of 50 years and had a new diagnosis of dementia, 

and 21,380 patients without dementia. These groups were 

matched for age, sex, and index year.88 The authors divided 

GA into three categories: endotracheal tube intubation GA 
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(ETGA), intravenous injection GA (IVGA), or intramuscular 

injection GA (IMGA), versus sedation only. The dementia 

group had greater exposure to ETGA, IVGA, and IMGA 

when compared to controls, whereas the rates of use of 

heavy sedation did not differ between the groups. Patients 

exposed to ETGA (odds ratio =1.34) or IVGA/IMGA (odds 

ratio =1.28) were at significantly higher risk of developing 

dementia in a dose–response relationship compared to the 

control group (P0.0001). 

In addition to case-control studies, observational data 

are also available from cohort studies. Lee et al performed 

a retrospective cohort analysis to study the relationship 

between surgery, GA, and AD. The study population 

included individuals aged 55 years old or older without a 

diagnosis of AD prior to surgery. One group received GA 

and underwent regular CABG, while the other group received 

only sedation for percutaneous transluminal coronary angio-

plasty for stent placement. In the 5-year follow-up period, 

patients who had undergone CABG and GA had a 1.7-fold 

increased risk of developing AD compared to those who 

had had sedation and percutaneous transluminal coronary 

angioplasty.85 Vanderweyde et al conducted a retrospective 

cohort study on two groups of surgical patients undergoing 

either prostate or hernia surgery under either GA or regional 

anesthesia. Their results showed that the patients who had 

received GA developed dementia less frequently than those 

who had received regional anaesthesia89 (adjusted hazard  

ratio =0.65 for GA), although the depth or amount of seda-

tion in the regional anesthesia group was not measured. A 

retrospective cohort study was also performed in Taiwan 

using the Longitudinal Health Insurance Database.84 The 

study cohort comprised 24,901 patients 50 years and older 

who, since 1995, were anesthetized for the first time between 

January 1, 2004 and December 31, 2007. The control group 

had 110,972 patients who had not been exposed to anesthesia. 

The investigators recorded the first occurrence of a diagnosis 

of dementia (presenile dementia, senile dementia, or AD). 

In order to distinguish dementia from POCD, the diagnosis 

had to be recorded twice, with first occurrence being at least 

3 months after administration of anesthesia to minimize the 

possibility of misdiagnosing POCD as dementia. In a 3- to 

7-year follow-up period, the risk of dementia in the anesthesia 

group was significantly higher than in the control group (hazard  

ratio =1.99, P0.001). Within the anesthesia group, patients 

who received regional anesthesia were at a higher risk of 

developing dementia as compared to the GA group (P0.001). 

The authors concluded that patients undergoing anesthesia 

and surgery are at higher risk of developing dementia.

Prospective clinical studies on  
the association between exposure 
to surgery or anesthesia and risk  
of dementia
There are very few prospective clinical studies investigating 

the association between GA and AD. Recently, Liu et al con-

ducted a prospective randomized parallel-group study on the 

effects of anesthesia on the progression of amnestic mild cog-

nitive impairment (aMCI) to AD in a Chinese population.90  

The study group consisted of 180 patients who had a diagno-

sis of aMCI, a subtype of mild cognitive impairment in which 

memory problems are the predominant symptom. These 

patients were randomly assigned to receive sevoflurane, 

propofol, or lidocaine epidural anesthesia for lumbar spinal 

surgery. Sixty outpatients with the same cognitive diagnosis 

served as the control group. Neuropsychological tests were 

conducted at baseline before surgery, and CSF samples were 

obtained and levels of Aβ peptide, total tau, and phosphory-

lated tau were measured. At 2-year follow-up, the number of 

patients who had progressed to AD did not differ between the 

two groups. Patients assigned to receive lidocaine epidural 

anesthesia or intravenous propofol anesthesia had the same 

rate of progression of aMCI as the control group, whereas the 

rate of progression to dementia was faster in the sevoflurane 

group (P=0.005), and the number of progressive aMCI cases 

was higher compared to the other groups (P=0.01). The 

authors concluded that sevoflurane anesthesia for lumbar 

spine surgery accelerated cognitive decline, but that further 

studies with a larger sample size and longer follow-up period 

were required to investigate this relationship further.

Conclusion
The prevalence of AD is predicted to rise with the aging 

population. Older adults are requiring the use of surgery and 

GA more frequently, and it is pertinent to examine whether 

surgery and GA are associated with the development of AD. 

In vitro and animal studies suggest that surgery and GA 

can accelerate AD pathology. Cognitive changes, including 

POD and POCD, after surgery and anesthesia are common 

in the elderly. However, it is unclear whether surgery and 

anesthesia increase the risk of longer-term cognitive disorders 

such as dementia and AD. Data from observational studies 

in humans on the relationship between surgery, GA, and 

AD have been inconsistent. A previously published meta-

analysis failed to show an association between surgery, GA, 

and AD in case-control studies. Some studies published more 

recently do suggest a possible association between exposure 
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to surgery and anesthesia and the development of AD. Given 

the gaps identified in the current research literature, there are 

several factors that should be considered in designing future 

studies in this important area. Future study designs should 

include a sufficient sample size; presence of a nonsurgical, 

non-anesthetized control group; assessment of preoperative 

cognition, using standardized neuropsychological testing 

for cases and controls; and possibly the use of biomarkers 

and neuroimaging for determining amyloid load and AD 

pathology. In summary, adequately powered prospective 

trials meeting the aforementioned criteria, and with a longer 

follow-up period, are required to determine whether expo-

sure to surgery and/or GA are causally associated with the 

development of AD.
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