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ABSTRACT 

Cognitive changes after surgery, including postoperative delirium and 
postoperative neurocognitive dysfunction, are common in older adults. 
These observations have raised concerns that anesthetic exposure may 
interact with biological pathways associated with Alzheimer’s disease (AD). 
This review summarizes in vitro, preclinical, and clinical studies 
examining the relationship between anesthetic exposure, amyloid-beta, 
tau-related measures, and postoperative cognitive outcomes. 
Experimental studies suggest that selected volatile anesthetics can 
influence amyloid-beta aggregation, tau phosphorylation, phosphatase 
activity, and neuronal signaling. However, these effects vary according to 
the anesthetic agent, exposure conditions, temperature, animal model, 
and underlying susceptibility. Human studies have yielded conflicting 
results. Some report short-term changes in cerebrospinal fluid or blood 
biomarkers, whereas others find no sustained changes in AD-related 
biomarkers or no association between postoperative biomarker 
trajectories and cognitive decline. Interpretation is further complicated 
because amyloid-beta and phosphorylated tau are not specific to AD and 
may also reflect other neurodegenerative diseases, neuronal injury, 
inflammation, altered clearance, or perioperative physiological stress. 
Current evidence does not establish that anesthesia accelerates AD 
progression in humans. Nevertheless, pre-existing neurodegenerative 
vulnerability may increase the risk of postoperative delirium or cognitive 
decline. Larger longitudinal studies using multimodal biomarkers, 
nonsurgical controls, standardized cognitive outcomes, and long-term 
follow-up are needed to determine whether perioperative exposures 
influence AD-specific pathology or primarily produce transient and 
nonspecific markers of brain stress. 
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AD, Alzheimer’s disease; Aβ, Amyloid-beta; CABG, Coronary artery bypass 
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Postoperative cognitive dysfunction; PP2A, Protein phosphatase 2A; ptau-
181, Phosphorylated tau at threonine-181; ptau-217, Phosphorylated tau at 
threonine-217 

BACKGROUND 

In 2020, it was estimated that 5.8 million Americans over the age of 65 
had AD. Due to the growing aging population, this number is expected to 
at least double by 2050 [1]. Consequently, a higher percentage of AD 
patients will be undergoing surgery and require anesthesia. This means 
anesthesiologists will be increasingly responsible for managing patients 
with AD. Two defining features of AD are: extra-neuronal amyloid beta 
plaques [2] and intraneuronal neurofibrillary tangles (NFTs) made of 
hyperphosphorylated tau protein [3,4]. These pathological changes are 
believed to impair synaptic plasticity over time, ultimately contributing to 
neurodegeneration and the progressive cognitive decline observed in AD, 
with proposed mechanism shown in Figure 1 [5]. 

Postoperative neurocognitive disorders, including postoperative 
cognitive dysfunction (POCD), delirium, and prolonged confusion, is 
recognized as an important complication of surgery and/or anesthesia in 
older patients. This raises the question are these cognitive changes a 
manifestation of pre-existing AD pathology, or do anesthetic agents 
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accelerate AD pathogenesis, or is it due to the iatrogenic stress of the 
surgical procedure itself? 

 

Figure 1. Proposed mechanisms underlying how volatile anesthetics influence Alzheimer’s Disease 
pathogenesis. (Adapted from Papon et al. (2011) [5].) 

Because postoperative cognitive changes may arise through several 
overlapping mechanisms, including pre-existing neurodegenerative 
disease, delirium, systemic inflammation, neuronal injury, hypoperfusion, 
sleep disruption, pain, medications, and perioperative physiological stress, 
studies examining amyloid-beta and tau alone cannot establish that 
anesthesia accelerates Alzheimer’s disease. A comprehensive assessment 
therefore requires integration of disease-specific biomarkers with 
markers of inflammation, neuronal injury, vascular dysfunction, and 
longitudinal cognitive outcomes. 

In this review, we examine whether anesthetic exposure influences 
molecular and clinical measures that are associated with Alzheimer’s 
disease and other neurodegenerative processes. We specifically 
distinguish between experimental findings involving amyloid-beta or tau 
and clinical evidence demonstrating AD progression. Because amyloid-
beta and phosphorylated tau are not, in isolation, specific indicators of 
anesthesia-induced AD pathogenesis, these biomarkers are interpreted 
alongside cognitive outcomes, markers of neuronal injury and 
inflammation, study design, patient vulnerability, and longitudinal follow-
up. This review brings together evidence from in vitro studies, pre-clinical 
research, and human prospective observational studies to review how 



 
Advances in Geriatric Medicine and Research 4 of 13 

Adv Geriatr Med Res. 2026;8(4):e260032. https://doi.org/10.20900/agmr20260032  

anesthetics may influence AD biology. We also review potential 
biomarkers that could help identify at-risk patients and highlight areas 
where further research is needed. 

MAIN BODY 

In Vitro Studies of Anesthetic Effects on Amyloid-Beta Aggregation 

In vitro studies have reported that selected volatile anesthetics can 
alter amyloid-beta aggregation and cytotoxicity under experimental 
conditions. These findings demonstrate that anesthetic molecules can 
interact with amyloid-beta peptides in simplified biological systems; 
however, they do not establish that comparable exposure causes AD in 
humans. In vitro systems lack the physiological processes that regulate 
amyloid production, clearance, neuronal network activity, temperature, 
inflammation, and cerebrovascular function. Accordingly, these studies 
provide mechanistic hypotheses rather than direct evidence of clinical AD 
progression. 

Volatile anesthetics were shown to reduce soluble Aβ monomers and 
increase toxic Aβ oligomers [6]. Experimental studies using rat 
pheochromocytoma cells demonstrated increased amyloid-beta (Aβ) 
oligomerization rate at high concentrations of halothane and isoflurane 
that interact with a specific region of the amyloid-beta peptide, 
accelerating Aβ oligomerization. This provided key insights into external 
environmental triggers that could speed up the accumulation of classic AD 
biomarkers [7]. However, at clinically relevant concentrations, neither 
ethanol nor propofol had any effect on Aβ toxicity [8]. 

Increased tau phosphorylation after anesthetic exposure has been 
reported in several animal models [9]. However, tau phosphorylation is a 
common response to altered temperature, metabolic stress, neuronal 
activity, anesthesia, and injury, and is not specific to AD. The transient 
nature of some findings in wild-type animals, together with the 
persistence of changes in selected tauopathy models, suggests that host 
vulnerability and perioperative physiology may be important modifiers. 
These findings support further investigation of tau-related mechanisms 
but do not demonstrate that anesthesia produces AD. 

Pre-Clinical Studies 

Human studies have produced mixed results and are difficult to 
interpret because surgery and anesthesia occur together and are 
accompanied by pain, inflammation, hemodynamic changes, 
hypothermia, sleep disruption, medication exposure, and acute illness. 
Postoperative changes in cerebrospinal fluid amyloid-beta or tau may 
therefore reflect altered clearance, neuronal injury, local tissue effects, or 
perioperative stress rather than progression of AD. In addition, many 
studies have small sample sizes, limited follow-up, and no multimodal 
confirmation of underlying AD pathology. 
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Several studies examine whether anesthetic induced hypothermia is a 
confounding factor in the aggregation of phosphorylated tau and Aβ 
oligomers. Mice who were kept in different room temperatures were 
dissected one hour after induction with isoflurane. In the group that was 
exposed to prolonged hypothermia there was inhibition of protein 
phosphatase 2A (PP2A), massive tau hyperphosphorylation, but no 
changes in amyloid precursor protein metabolism or Aβ peptide 
accumulation. In the incubated group, the reversal to normothermia 
completely reversed tau phosphorylation to baseline levels [10]. 

In contrast, dissected hippocampi of wild-type mice at different time 
intervals after exposure to propofol under normothermic conditions, also 
showed decline in both PP2A expression and activity. Samples 30 min post-
exposure showed significant increases in tau phosphorylation in the 
hippocampus and cortex at multiple epitopes. Two hours post-exposure 
showed tau hyperphosphorylation continued at the AT8 epitope in both 
the hippocampus and cortex. By 6 h post-exposure, phosphorylated tau 
levels returned to baseline [11]. This study demonstrates that PP2A 
inhibition occurs independently of hypothermia. However, both studies 
are in consensus that in non-transgenic mice, tau phosphorylation levels 
return to control levels a few hours after exposure. 

Trends in insoluble tau quantity days to weeks after exposure to 
anesthesia were also investigated. Samples of mouse brains, 1 week after 
exposure showed persistent increased levels of insoluble tau forms [12]. 
This study concludes that isoflurane-induced hypothermia can trigger 
persistent tau phosphorylation even after anesthesia has worn off and 
normothermia is restored. They propose that a single exposure to 
anesthesia can cause sustained tau-related changes, especially in animals 
already predisposed to tauopathy. They advise careful monitoring of body 
temperature during surgery, specifically those at risk of tauopathy, like 
early-stage AD [12]. 

Cognitive function testing has also been used alongside quantification 
to examine whether increases in insoluble proteins has an observable 
effect on functioning. Morris Water Maze was used to assess cognitive 
function before and after exposure to isoflurane or halothane in both 
Tg2576 (APP) transgenic mice and wild-type mice for 5 days. In the 
transgenic cohort, halothane increased amyloid plaque burden, whilst 
isoflurane did not. However, for both halothane and isoflurane, no 
significant deterioration in cognitive function was found in the transgenic 
mice compared to pre-exposure cognitive function. On the contrary, in the 
wild-type cohort, isoflurane—despite not increasing plaque load—
reduced cognitive function [13]. Similar findings were seen with six-day-
old naïve and transgenic (APP/PS1) mice when they were exposed to 
sevoflurane [14]. The importance of the Lu et al. study is that it sheds light 
on a frequently used pediatric agent on neonatal animals predisposed to 
amyloidopathy [14]. 
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Cardiac and Neurosurgical/Otolaryngology Surgeries 

In live human studies, Aβ peptide and tau have been measured before 
and after surgeries to review the effects on anesthesia on AD biomarkers. 
14 patients undergoing CABG had their CSF Aβ peptide and tau 
concentrations measured before and six months after the procedure. Six 
months after CABG, the level of Aβ peptide decreased significantly, and the 
concentration of tau increased significantly. Additionally timed evaluation 
showed concurrent progressive cognitive decline [15]. This study 
highlights how post-surgical cognitive decline is linked to biomarker 
changes resembling those in AD, pointing to shared pathological 
mechanism underlying both conditions [15]. 

Similarly, 11 patients undergoing idiopathic nasal leak correction right 
after lumbar subarachnoid catheter placement had their CSF sampled at 
the end of the procedure (0 h), 6 h, 24 h, and 48 h after the procedure. Aβ 
stayed constant, but phosphorylated tau rose gradually until the 48-h time 
point [16]. The authors mention “they cannot rule out, however, that the 
changes in tau and S100B are due to local tissue damage caused by the 
surgeon in the vicinity of the CSF leak repair” [16]. Consistent findings 
were found in a study assessing CSF samples from 39 patients undergoing 
neurosurgical/otolaryngology procedures requiring lumbar CSF drain 
placement before and after the procedure [17]. They also performed 
genotyping assays and found no association between elevated tau at 10 
and 24 h post-procedure and all examined genetic polymorphisms, 
including ApoE4 [17]. Both studies found that the results did not differ 
significantly with different anesthetic agents. 

Non-Cardiac and Non-Neurological/Otolaryngology Surgeries 

Numerous studies have explored risk factors linked to POCD. CSF 
collected from 136 patients undergoing spinal anesthesia for total hip/knee 
replacement showed that a lower preoperative Aβ/tau ratio was associated 
with postoperative reduction in performance in the following tests: 
Hopkins Verbal Learning Test Retention, Benton Judgment of Line 
Orientation and Brief Visuospatial Memory Test Total Recall conducted at 
one week before surgery, and again at one week and three months post-
surgery [18]. The same was concluded for pre-operative CSF Aβ1–42 levels 
and Aβ-42/tau ratios [19,20]. Low CSF Aβ1-42 levels have been noted to be 
indicative of pre-clinical AD, even before tau biomarkers increase [19]. 
Additionally, low CSF Aβ42 levels are now diagnostic of AD [20]. The 
authors suggest that individuals with positive AD biomarkers are more 
vulnerable to cognitive decline after surgery, even in the absence of 
clinically detectable symptoms. They suggest the use of the Aβ-42/tau ratio 
preoperatively as a potential biomarker to screen patients at risk for 
cognitive deterioration after surgery. 
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Regarding phosphorylated tau as preoperative biomarker for risk of 
POCD, CSF samples were collected in 491 patients above the age of 65 prior 
to undergoing knee replacement. Patients with elevated preoperative 
levels of ptau-217 and ptau-181 were at increased risk of postoperative 
delirium [21]. They found that patients with elevated preoperative levels 
of ptau-217 and ptau-181 were at increased risk of postoperative delirium. 
They evaluated each biomarker separately and found that each unit 
increase in ptau-217 was linked to approximately a twofold rise in 
delirium risk (OR = 2.05, p < 0.001), while ptau-181 was associated with a 
fourfold increase (OR = 4.12, p < 0.001). In terms of predictive accuracy, 
ptau-217 showed a high area under the curve (AUC) of 0.969, and ptau-181 
an AUC of 0.885, making ptau-217 more reliable [21]. 

On the contrary, there are also numerous studies that showed no 
relationship between preoperative AD biomarkers and POCD. For example, 
Danielson et al. (2021) [22] obtained CSF and blood samples from 27 
patients undergoing knee or hip replacement before and after surgery. 
Neurocognitive performance was evaluated both before and after surgery. 
Following the procedure, levels of total tau (T-tau) and Aβ1-42 in the 
cerebrospinal fluid and blood rose. However, there were no significant 
differences in these biomarkers between patients who experienced poor 
versus good long-term postoperative cognitive outcomes [22]. Similarly, 
Berger et al. (2022) sampled CSF before and 24 h and 6-weeks via serial 
lumbar puncture after surgery in 110 older (age > 60) non-cardiac surgery 
patients to examine postoperative changes in amyloid beta, tau, and p-tau. 
They found no changes in these AD biomarkers from before surgery to 6 
weeks after surgery, and there was no relationship between any 
postoperative CSF biomarker with changes in global cognition at 6 weeks 
after surgery or POCD [23]. 

More recently, Reese et al. (2024) [24] compared CSF samples in 140 
(>60-year-old) patients undergoing surgery and nonsurgical controls at 
different time points. They found no significant difference in AD 
biomarkers between surgical patients and nonsurgical patients at all time 
points postoperatively, suggesting that anesthesia and non-cardiac 
surgery do not accelerate AD pathology. They also found that surgical 
patients did not have a higher incidence of cognitive decline compared to 
controls. On the contrary, controls showed a greater decline in cognition 
over 1 year compared to surgical counterparts. The authors suggest 3 
reasons for the observed difference. First, surgery can enhance cognitive 
function by addressing the root medical issue. Second, many surgical 
techniques are now minimally invasive. Third, improvements in 
perioperative care contribute to better cognitive results. These findings 
are more consistent with the theory that cognitive decline is more strongly 
associated with factors like delirium and critical illness rather than the 
surgical procedure or anesthesia itself [24]. This is an important study 
because it eliminates lumbar puncture local inflammation as a 
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confounding factor, because both controls and non-controls were 
subjected to lumbar puncture. 

Whether ApoE4 genotype was a risk factor was POCD was tried in a 
study on 291 patients undergoing major elective noncardiac surgery. No 
significant difference between POCD incidence in ApoE4 carriers 
compared to noncarriers on cognitive testing at baseline, 6 weeks, and 1 
year after surgery [25]. 

Systematic Reviews 

As there are conflicting evidence on the predictability of preoperative 
biomarkers. A systematic review looking at 15 studies on preoperative 
blood-based and CSF biomarkers and their link to POCD in 2103 adults 
aged 60 and older showed that POCD occurred in 15.9% of cases, with 
lower pre-op Aβ levels most consistently linked to higher risk of POCD [26]. 
Tau and inflammatory markers showed mixed results. Overall, amyloid 
and tau biomarkers show promise, but larger-scale studies with long-term 
follow-up are needed to confirm their potential to be used as predictive 
screening tools [26]. Similarly, a meta-analysis evaluating the relationship 
between AD biomarkers and postoperative cognitive disorders showed 
that patients with lower levels of preoperative CSF Aβ42 were more likely 
to experience postoperative delirium and cognitive impairment [27]. This 
supports the potential role of Aβ42 as a useful biomarker for identifying 
individuals at greater risk for these complications [27]. Table 1 
summarizes the studies and reviews cited. 

Table 1. Summary of studies evaluating the association between anesthesia and Alzheimer’s disease 
pathology. 

Refs. Type of study Conclusion 
[5] Review Mechanisms underlying how anesthesia influences AD pathogenesis: (1) 

hypothermic inhibition of phosphatases, leading to unopposed tau 
phosphorylation. (2) direct kinase activation leading to tau phosphorylation (3) 
direct promotion of Aβ peptides oligomerization. 

[6] In-vitro study Anesthesia reduces soluble Aβ monomers and increases toxic Aβ oligomers. 
[7] In-vitro study Isolated a specific interfacial region of the Aβ peptide that interacts with 

halothane and isoflurane, thereby promoting the affinity and oligomerization 
of peptides to each other. 

[8] In-vitro study Anesthesia increases the aggregation and cytotoxicity of Aβ peptides in vitro 
(rat pheochromocytoma cells). Proposed mechanism is anesthetics stabilizing 
intermediate Aβ peptides and enhancing oligomer formation. 

[9] In-vitro study The use of caspase inhibitor and Aβ production inhibitor in mice neurons 
exposed to anesthesia reduced Aβ and tau levels. Therefore, Aβ and Tau 
aggregation in response to anesthesia involve similar pathways. 

[10] Pre-clinical study Anesthesia increases tau hyperphosphorylation due to hypothermia induced 
PP2A phosphatase inhibition in mouse brains. Reversal to normothermia 
reversed tau phosphorylation to baseline levels. 

[11] Pre-clinical study Anesthesia increases tau hyperphosphorylation due to PP2A phosphatase 
inhibition independent of hypothermia in dissected hippocampus and cortex of 
wild-type mice. 
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[12] Pre-clinical study Anesthesia-induced hypothermia can trigger persistent tau phosphorylation 
even after anesthesia has worn off and normothermia is restored in mice. 

[13] Pre-clinical study In wild type mice, isoflurane did despite not increasing amyloid plaque load in 
dissected brains—reduced cognitive function on Morris Water Maze. In 
transgenic mice, isoflurane and halothane increased amyloid plaque burden 
but did not reduce cognitive function. 

[15] Prospective 
observational study 
(CABG) 

Six months after CABG, the level of Aβ peptide decreased significantly, and the 
concentration of tau increased significantly in CSF. Additionally timed 
evaluation showed concurrent progressive cognitive decline. 

[16] Prospective 
observational study 
(Idiopathic nasal leak 
correction) 

CSF amyloid-beta stayed constant, but phosphorylated tau rose gradually until 
the 48-h time point. 

[17] Prospective 
observational study 
(neurosurgical/otolaryng
ology procedures) 

CSF amyloid-beta stayed constant, but phosphorylated tau rose. They also 
performed genotyping assays and found no association between elevated tau at 
10 and 24 h post-procedure and all examined genetic polymorphisms, including 
ApoE4. 

[25] Prospective 
observational study 
(noncardiac surgery) 

No significant difference in POCD incidence in ApoE4 carriers compared to 
noncarriers. 

[18] Prospective 
observational study 
(total hip/knee 
replacement) 

A lower preoperative CSF Aβ/tau ratio was associated with postoperative 
reduction in cognitive test performance and POCD. 

[21] Prospective 
observational study 
(total knee replacement) 

Patients with elevated preoperative levels of ptau-217 and ptau-181 were at 
increased risk of postoperative delirium. 

[22] Prospective 
observational study 
(total knee replacement) 

Following the procedure, levels of total tau (T-tau) and Aβ1-42 in the 
cerebrospinal fluid and blood rose. However, there were no significant 
differences in these biomarkers between patients who experienced poor versus 
good long-term postoperative cognitive outcomes. 

[23] Prospective 
observational study 
(non-cardiac surgery) 

No changes in amyloid beta, tau, and p-tau biomarkers from before surgery to 6 
weeks after surgery. No relationship between postoperative CSF biomarkers 
and changes in global cognition at 6 weeks after surgery or POCD. 

[24] Prospective 
observational study 
(non-cardiac surgery) 

They found no significant difference in AD biomarkers between surgical 
patients and nonsurgical patients at all time points postoperatively, suggesting 
that anesthesia and non-cardiac surgery do not accelerate AD pathology. 
Surgical patients did not have a higher incidence of cognitive decline compared 
to controls. On the contrary, controls showed a greater decline in cognition over 
1 year compared to surgical counterparts. 

[26] Systematic review POCD occurred in 15.9% of cases, with lower pre-op amyloid-β levels most 
consistently linked to higher risk of POCD. 

[27] Systematic review Patients with lower levels of preoperative CSF Aβ42 were more likely to 
experience postoperative delirium and cognitive impairment. 

CONCLUSIONS 

Experimental studies indicate that selected anesthetics can influence 
amyloid-beta aggregation, tau phosphorylation, phosphatase activity, and 
neuronal signaling under specific in vitro and animal-model conditions. 
These effects appear to depend on the anesthetic agent, dose, duration of 
exposure, temperature, age, and underlying susceptibility to 
amyloidopathy or tauopathy. However, amyloid-beta and tau changes are 
not specific to Alzheimer’s disease and may also reflect other 



 
Advances in Geriatric Medicine and Research 10 of 13 

Adv Geriatr Med Res. 2026;8(4):e260032. https://doi.org/10.20900/agmr20260032  

neurodegenerative processes, acute neuronal injury, inflammation, or 
perioperative physiological stress. 

Clinical studies remain inconsistent. Some report postoperative 
changes in cerebrospinal fluid or blood biomarkers, whereas others find 
no sustained alteration in Alzheimer’s disease-related biomarkers or no 
association with postoperative cognitive outcomes. Importantly, current 
clinical evidence does not establish that anesthesia accelerates 
Alzheimer’s disease progression. 

The most consistent clinical implication is that pre-existing 
neurodegenerative vulnerability may increase the risk of postoperative 
delirium or cognitive decline. Amyloid-beta and phosphorylated tau 
biomarkers may eventually contribute to risk stratification, but they 
should not currently be used in isolation to diagnose perioperative 
Alzheimer’s disease or to determine that anesthesia has caused AD-related 
neurodegeneration. 

Future studies should use larger prospective cohorts, nonsurgical 
control groups, multimodal biomarker assessment, standardized 
definitions of postoperative neurocognitive disorders, and long-term 
follow-up. Studies should also measure inflammatory, vascular, neuronal 
injury, and blood–brain barrier markers to distinguish AD-specific 
processes from more general perioperative brain injury. 

ETHICAL STATEMENT 

Ethics Approval 

Regarding the Informed Consent Statement and ethics approval, 
neither were applicable for as it did not involve humans or animals.  

Declaration of Helsinki STROBE Reporting Guideline 

This study adhered to the Helsinki Declaration. The Strengthening the 
Reporting of Observational studies in Epidemiology (STROBE) reporting 
guideline was followed. 

DATA AVAILABILITY 

No data were generated from the study. 

AUTHOR CONTRIBUTIONS 

Conceptualization AL and ML; Writing—Original Draft Preparation, MT; 
Writing—Review & Editing, all authors; Visualization, MT; and 
Supervision, ML. 

CONFLICTS OF INTEREST 

The authors declare that they have no conflicts of interest. 
  



 
Advances in Geriatric Medicine and Research 11 of 13 

Adv Geriatr Med Res. 2026;8(4):e260032. https://doi.org/10.20900/agmr20260032  

FUNDING 

The authors have no funding to disclose. 

REFERENCES 

1. 2020 Alzheimer’s disease facts and figures. Alzheimers Dement. 
2020;16(3):391-460. doi: 10.1002/alz.12068 

2. Selkoe DJ. Alzheimer’s Disease: Genes, Proteins, and Therapy. Physiol Rev. 
2001;81(2):741-66. doi: 10.1152/physrev.2001.81.2.741 

3. Grundke-Iqbal I, Iqbal K, Tung YC, Quinlan M, Wisniewski HM, Binder LI. 
Abnormal phosphorylation of the microtubule-associated protein tau (tau) in 
Alzheimer cytoskeletal pathology. Proc Natl Acad Sci USA. 1986;83(13):4913-7. 
doi: 10.1073/pnas.83.13.4913 

4. Buée L, Bussière T, Buée-Scherrer V, Delacourte A, Hof PR. Tau protein 
isoforms, phosphorylation and role in neurodegenerative disorders. Brain 
Res Rev. 2000;33(1):95-130. doi: 10.1016/s0165-0173(00)00019-9 

5. Papon MA, Whittington RA, El-Khoury NB, Planel E. Alzheimer’s disease and 
anesthesia. Front Neurosci. 2011;4:272. doi: 10.3389/fnins.2010.00272 

6. Carnini A, Lear JD, Eckenhoff RG. Inhaled anesthetic modulation of amyloid 
beta(1-40) assembly and growth. Curr Alzheimer Res. 2007;4(3):233-41. doi: 
10.2174/156720507781077278 

7. Mandal PK, Pettegrew JW. Abeta peptide interactions with isoflurane, 
propofol, thiopental and combined thiopental with halothane: a NMR study. 
Biochim Biophys Acta. 2008;1778(11):2633-9. doi: 
10.1016/j.bbamem.2008.07.002 

8. Eckenhoff RG, Johansson JS, Wei H, Carnini A, Kang B, Wei W, et al. Inhaled 
anesthetic enhancement of amyloid-beta oligomerization and cytotoxicity. 
Anesthesiology. 2004;101(3):703-9. doi: 10.1097/00000542-200409000-00019 

9. Dong Y, Wu X, Xu Z, Zhang Y, Xie Z. Anesthetic isoflurane increases 
phosphorylated tau levels mediated by caspase activation and Abeta 
generation. PLoS ONE. 2012;7(6):e39386. doi: 10.1371/journal.pone.0039386 

10. Planel E, Richter KE, Nolan CE, Finley JE, Liu L, Wen Y, et al. Anesthesia leads 
to tau hyperphosphorylation through inhibition of phosphatase activity by 
hypothermia. J Neurosci. 2007;27(12):3090-7. doi: 10.1523/JNEUROSCI.4854-
06.2007 

11. Whittington RA, Virág L, Marcouiller F, Papon M-A, Khoury NBE, Julien C, et 
al. Propofol Directly Increases Tau Phosphorylation. PLOS ONE. 
2011;6(1):e16648. doi: 10.1371/journal.pone.0016648 

12. Planel E, Bretteville A, Liu L, Virag L, Du AL, Yu WH, et al. Acceleration and 
persistence of neurofibrillary pathology in a mouse model of tauopathy 
following anesthesia. FASEB J. 2009;23(8):2595-604. doi: 10.1096/fj.08-122424 

13. Bianchi SL, Tran T, Liu C, Lin S, Li Y, Keller JM, et al. Brain and behavior 
changes in 12-month-old Tg2576 and nontransgenic mice exposed to 
anesthetics. Neurobiol Aging. 2008;29(7):1002-10. doi: 
10.1016/j.neurobiolaging.2007.02.009 



 
Advances in Geriatric Medicine and Research 12 of 13 

Adv Geriatr Med Res. 2026;8(4):e260032. https://doi.org/10.20900/agmr20260032  

14. Lu Y, Wu X, Dong Y, Xu Z, Zhang Y, Xie Z. Anesthetic sevoflurane causes 
neurotoxicity differently in neonatal naïve and Alzheimer disease transgenic 
mice. Anesthesiology. 2010;112(6):1404-16. doi: 
10.1097/ALN.0b013e3181d94de1 

15. Palotás A, Reis HJ, Bogáts G, Babik B, Racsmány M, Engvau L, et al. Coronary 
Artery Bypass Surgery Provokes Alzheimer’s Disease-Like Changes in the 
Cerebrospinal Fluid. J Alzheimers Dis. 2010;21(4):1153-64. doi: 10.3233/jad-
2010-100702 

16. Tang JX, Baranov D, Hammond M, Shaw LM, Eckenhoff MF, Eckenhoff RG. 
Human Alzheimer and inflammation biomarkers after anesthesia and 
surgery. Anesthesiology. 2011;115(4):727-32. doi: 
10.1097/ALN.0b013e31822e9306 

17. Berger M, Nadler JW, Friedman A, McDonagh DL, Bennett ER, Cooter M, et al. 
The Effect of Propofol Versus Isoflurane Anesthesia on Human Cerebrospinal 
Fluid Markers of Alzheimer’s Disease: Results of a Randomized Trial. J 
Alzheimers Dis. 2016;52(4):1299-310. doi: 10.3233/JAD-151190 

18. Xie Z, McAuliffe S, Swain CA, Ward SA, Crosby CA, Zheng H, et al. 
Cerebrospinal fluid abeta to tau ratio and postoperative cognitive change. 
Ann Surg. 2013;258(2):364-9. doi: 10.1097/SLA.0b013e318298b077 

19. Evered L, Silbert B, Scott DA, Ames D, Maruff P, Blennow K. Cerebrospinal 
Fluid Biomarker for Alzheimer Disease Predicts Postoperative Cognitive 
Dysfunction. Anesthesiology. 2016;124(2):353-61. doi: 
10.1097/ALN.0000000000000953 

20. Wu Z, Zhang M, Zhang Z, Dong W, Wang Q, Ren J. Ratio of beta-amyloid 
protein (Abeta) and Tau predicts the postoperative cognitive dysfunction on 
patients undergoing total hip/knee replacement surgery. Exp Ther Med. 
2018;15(1):878-84. doi: 10.3892/etm.2017.5480 

21. Liang F, Baldyga K, Quan Q, Khatri A, Choi S, Wiener-Kronish J, et al. 
Preoperative Plasma Tau-PT217 and Tau-PT181 Are Associated With 
Postoperative Delirium. Ann Surg. 2023;277(6):e1232-e8. doi: 
10.1097/SLA.0000000000005487 

22. Danielson M, Wiklund A, Granath F, Blennow K, Mkrtchian S, Nellgård B, et 
al. Association between cerebrospinal fluid biomarkers of neuronal injury or 
amyloidosis and cognitive decline after major surgery. Br J Anaesth. 
2021;126(2):467-76. doi: 10.1016/j.bja.2020.09.043 

23. Berger M, Browndyke JN, Cooter Wright M, Nobuhara C, Reese M, Acker L, et 
al. Postoperative changes in cognition and cerebrospinal fluid 
neurodegenerative disease biomarkers. Ann Clin Transl Neurol. 
2022;9(2):155-70. doi: 10.1002/acn3.51499 

24. Reese M, Wong MK, Cheong V, Ha CI, Cooter Wright M, Browndyke J, et al. 
Cognitive and Cerebrospinal Fluid Alzheimer’s Disease-related Biomarker 
Trajectories in Older Surgical Patients and Matched Nonsurgical Controls. 
Anesthesiology. 2024;140(5):963-78. doi: 10.1097/ALN.0000000000004924 

  



 
Advances in Geriatric Medicine and Research 13 of 13 

Adv Geriatr Med Res. 2026;8(4):e260032. https://doi.org/10.20900/agmr20260032  

25. McDonagh DL, Mathew JP, White WD, Phillips-Bute B, Laskowitz DT, 
Podgoreanu MV, et al. Cognitive function after major noncardiac surgery, 
apolipoprotein E4 genotype, and biomarkers of brain injury. Anesthesiology. 
2010;112(4):852-9. doi: 10.1097/ALN.0b013e3181d31fd7 

26. Sim MA, Wilding H, Atkins KJ, Silbert B, Scott DA, Evered LA. Preoperative 
Biofluid Biomarkers for Predicting Postoperative Neurocognitive Disorders 
in Older Adults: A Systematic Review. Anesth Analg. 2024;141(3):570-87. doi: 
10.1213/ANE.0000000000007316 

27. Geng J, Zhang Y, Chen H, Shi H, Wu Z, Chen J, et al. Associations between 
Alzheimer’s disease biomarkers and postoperative delirium or cognitive 
dysfunction: A meta-analysis and trial sequential analysis of prospective 
clinical trials. Eur J Anaesthesiol. 2024;41(3):234-44. doi: 
10.1097/EJA.0000000000001933 
 

 

How to cite this article: 
Tomerak M, Liu A, Devinney M, Liu M. Effects of Anesthesia on Alzheimer’s Disease–Related Biomarkers and 
Postoperative Cognitive Outcomes: A Review. Adv Geriatr Med Res. 2026;8(4):e260032. 
https://doi.org/10.20900/agmr20260032. 


