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Abstract

In order to review the current status of the potential relationship between anesthesia and Alzheimer’s
disease, a group of scientists recently met in Philadelphia for a full day of presentations and
discussions. This special article represents a consensus view on the possible link between
Alzheimer’s disease and anesthesia and the steps required to test this more definitively.

There is growing interest in the potential relationship between anesthesia and the onset and
progression of neurodegenerative disorders, including Alzheimer’s disease. In an initial
attempt to address and coordinate the available evidence and hypotheses, a small group of
physicians and scientists was convened in May, 2008 at the University of Pennsylvania, for a
full day of discussion. Out of these discussions, the following points were distilled:
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General anesthetics have provided immeasurable health and societal benefits for
almost two centuries. Accordingly, it must be acknowledged at the outset that these
benefits likely outweigh the potentially toxic effects discussed below in the vast
majority of patients and procedures. The goal of research in this field is to reduce the
incidence of neurodegenerative complications, if shown to exist, to the extent
possible, through identification of mechanisms, patient risk factors and the use of the
least provocative drugs and techniques, without losing sight of the many benefits.

Evidence from animal models suggests that inhaled anesthetic exposure increases
pathology normally associated with Alzheimer’s disease. In adult wild-type rats and
mice, isoflurane exposure alone produces decrements in learning and memory that
persist for weeks or months.1-3 Associated with this is evidence in brain tissue of
caspase activation,* increases in f-amyloid peptide and -acting cleavage enzyme®
and phosphorylated tau,57 all of which are known contributors to Alzheimer’s
pathogenesis. Neurotoxicity after anesthetic exposure is also observed in the neonatal
rodent®:2 although the underlying mechanisms may be distinct from those in the adult.
In transgenic models of Alzheimer’s disease, halothane exposure increases s-amyloid
plague deposition,® and isoflurane increases tau aggregation (Planel E and
Whittington R, unpublished results) but decrements in maze or motor performance
compared with unexposed transgenic mice were not observed. Surgery may also
produce lasting cognitive effects,10 but this remains an under-studied problem with
respect to Alzheimer pathogenesis.

In vitro studies, defined here as those using isolated proteins, cells in culture and brain
slices, provide evidence that inhaled anesthetics interact with recognized pathways
of neurodegeneration, and produce effects consistent with increased cellular stress.
4,5,11-15 Most of this work has been done with isoflurane, a drug still commonly used.
In some cases, these changes may elicit innate and long-lived responses that protect
neurons from apoptosis.16-20 Resolving these conflicting observations is clearly of
major clinical importance. A general hypothesis is that the outcome reflects a balance
between induction of endogenous protective responses, the magnitude of anesthetic-
induced stress and intrinsic or induced vulnerabilities. Thus, additional stresses or
vulnerabilities, such as genetic, pharmacologic or substrate aberrations, could
transform an ordinarily well tolerated anesthetic exposure into one that induces
apoptosis or other forms of cytopathology.

Potential mechanisms for the proposed acceleration of Alzheimer’s neuropathology
include, at a minimum, neuronal calcium dysregulation via, for example, altered
ryanodine or IP3 receptor gating, increased amyloid 4 production and aggregation,
and tau phosphorylation and aggregation. Any of these and other effects might be
triggered through a single or a few upstream events (e.g., calcium influx), or may
represent multiple anesthetic interactions at many points along the diverse pathways.
Although mechanistic studies may yield important clues for therapeutic exploitation
in the future, the Consensus Group attached a higher priority to first determining the
presence and magnitude of anesthetic-induced long-term neurobehavioral effects,
preferably in humans.

Although rank order effects for their amyloidogenic potential for a range of inhaled
anesthetics are available,11 few in vitro or in vivo studies have directly compared
different general anesthetics, and no human data comparing anesthetic effects on
Alzheimer pathways have been reported. Until now, most data have involved
isoflurane, but limited data on IV anesthetics are available.2! Since one strategy for
minimizing neurotoxicity is choosing the least provocative drugs, there is a strong
need for rank-order potency data. Such data, if including more receptor-specific drugs,

Anesth Analg. Author manuscript; available in PMC 2009 October 28.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Baranov et al.

Page 3

may yield important mechanistic clues in addition to the more immediately applicable
clinical relevance.

6. Hypothermia causes tau hyperphosphorylation in animals.® Given the involvement
of tau phosphorylation in Alzheimer’s disease, and the frequency of deliberate or
unintended hypothermia in the perioperative period, work on hypothermia as an
independent risk factor for Alzheimer’s disease or dementia in humans after surgery
seems warranted.

7. Whether exposure to anesthetics and surgery at a young age carries implications for
cognition later in life has not been examined in clinical studies. In adult humans,
postoperative cognitive decline (POCD) is now well described,22-27 although the
etiology, mechanism, time course, and ultimate outcome are as yet unclear. Risk
factors for POCD may overlap with those for Alzheimer’s disease, although shared
mechanisms remain conjectural. Available human studies on anesthesia and
Alzheimer’s disease are inconclusive because they are under-powered or confounded
by coincident illness, independent risk factors for dementia and, of course, surgery.
28-31 Whether coronary artery bypass surgery is associated with a higher risk of
Alzheimer’s disease remains controversial,30:31 but POCD and dementia are more
common after cardiac surgery than after major noncardiac surgery.2> Although
dementia and Alzheimer’s disease are associated with vascular disease,32:33 there are
no data linking them to perioperative events (hypotension, hypoxemia). However, no
correlation of such events with POCD has been detected.?? Prospective studies show
that off-pump coronary artery bypass surgery patients receiving total IV anesthesia
develop a pattern of cerebrospinal fluid biomarkers ($-amyloid and tau) reminiscent
of Alzheimer’s disease several months after surgery.34 There is a strong need for both
adequately powered prospective and retrospective studies of the risk of Alzheimer’s
disease in humans after surgery. All databases with multiple years of individual patient
data (e.g., Medicare, Veterans Administration, etc) are candidates for close
examination. Moreover, because of the inseparability of anesthesia and surgery in
clinical settings, and the debatable correspondence of animal models to
neurodegeneration to the human disorder, the need for human studies of anesthesia
in the absence of surgery is strongly indicated.

8.  Workshop participants agreed that because of the slowly progressive nature of
neurodegenerative diseases, like Alzheimer’s disease, advanced neuropathology in
the absence of symptoms, limited long-term follow-up by anesthesiologists and
surgeons and the social stigmata surrounding the diagnosis, acceleration of
Alzheimer’s disease after anesthesia and surgery may have escaped our collective
attention. Given the available evidence, the possibility that anesthetics and surgery
may have long-term cognitive effects should be taken seriously, particularly in
patients at risk for neurodegenerative conditions. The group strongly agreed, however,
that scientists and physicians working and publishing in this area have a responsibility
to be objective and candid about the limitations surrounding the clinical implications
of their work, particularly with in vitro and animal models, as well as with small or
retrospective clinical studies.

In summary, there is sufficient evidence at multiple levels to warrant further and more definitive
investigations of the onset and progression of Alzheimer’s disease and neurodegeneration after
anesthesia and surgery. These studies should exploit all appropriate models but emphasize
humans whenever possible. Anesthesiologists, working in collaboration with neuroscientists,
epidemiologists, and others with relevant expertise, should lead this effort.

Anesth Analg. Author manuscript; available in PMC 2009 October 28.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Baranov et al.

Page 4

REFERENCES

1.

Culley DJ, Baxter M, Yukhananov R, Crosby G. The memory effects of general anesthesia persist for
weeks in young and aged rats. Anesth Analg 2003;96:1004-9. [PubMed: 12651650]

. Culley DJ, Baxter MG, Yukhananov R, Croshy G. Long-term impairment of acquisition of a spatial

memory task following isoflurane-nitrous oxide anesthesia in rats. Anesthesiology 2004;100:309-14.
[PubMed: 14739805]

.Bianchi SL, Tran T, LiuC, Lin S, Li Y, Keller JM, Eckenhoff RG, Eckenhoff MF. Brain and behavior

changes in 12-month-old Tg2576 and nontransgenic mice exposed to anesthetics. Neurobiol Aging
2007;29:1002-10. [PubMed: 17346857]

. Zhang G, Dong Y, Zhang B, Ichinose F, Wu X, Culley DJ, Croshy G, Tanzi RE, Xie Z. Isoflurane-

induced caspase-3 activation is dependent on cytosolic calcium and can be attenuated by memantine.
J Neurosci 2008;28:4551-60. [PubMed: 18434534]

5. Xie Z,Dong Y, Maeda U, Alfille P, Culley DJ, Crosby G, Tanzi RE. The common inhalation anesthetic

10

11.

12.

13

14.

15.

16.

17.

18.

isoflurane induces apoptosis and increases amyloid beta protein levels. Anesthesiology 2006;104:988—
94. [PubMed: 16645451]

. Planel E, Richter KE, Nolan CE, Finley JE, Liu L, Wen Y, Krishnamurthy P, Herman M, Wang L,

Schachter JB, Nelson RB, Lau LF, Duff KE. Anesthesia leads to tau hyperphosphorylation through
inhibition of phosphatase activity by hypothermia. J Neurosci 2007;27:3090-7. [PubMed: 17376970]

. lkeda 'Y, Ishiguro K, Fujita SC. Ether stress-induced Alzheimer-like tau phosphorylation in the normal

mouse brain. FEBS Lett 2007;581:891-7. [PubMed: 17289030]

. Jevtovic-Todorovic V, Hartman RE, Izumi Y, Benshoff ND, Dikranian K, Zorumski CF, Olney JW,

Wozniak DF. Early exposure to common anesthetic agents causes widespread neurodegeneration in
the developing rat brain and persistent learning deficits. J Neurosci 2003;23:876-82. [PubMed:
12574416]

. Ma D, Williamson P, Januszewski A, Nogaro MC, Hossain M, Ong LP, Shu Y, Franks NP, Maze M.

Xenon mitigates isoflurane-induced neuronal apoptosis in the developing rodent brain. Anesthesiology
2007;106:746-53. [PubMed: 17413912]

.Wan'Y, XuJ, MaD, Zeng Y, Cibelli M, Maze M. Postoperative impairment of cognitive function in
rats: a possible role for cytokine-mediated inflammation in the hippocampus. Anesthesiology
2007;106:436-43. [PubMed: 17325501]

Eckenhoff RG, Johansson JS, Wei H, Carnini A, Kang B, Wei W, Pidikiti R, Keller JM, Eckenhoff
MF. Inhaled anesthetic enhancement of amyloid-beta oligomerization and cytotoxicity.
Anesthesiology 2004;101:703-9. [PubMed: 15329595]

Xie Z, Tanzi RE. Alzheimer’s disease and post-operative cognitive dysfunction. Exp Gerontol
2006;41:346-59. [PubMed: 16564662]

. Zhang B, Dong Y, Zhang G, Moir RD, Xia W, Yue Y, Tian M, Culley DJ, Crosby G, Tanzi RE, Xie
Z.The inhalation anesthetic desflurane induces caspase activation and increases amyloid beta-protein
levels under hypoxic conditions. J Biol Chem 2008;283:11866-75. [PubMed: 18326038]

Wei H, Liang G, Yang H, Wang Q, Hawkins B, Madesh M, Wang S, Eckenhoff RG. The common
inhalational anesthetic isoflurane induces apoptosis via activation of inositol 1,4,5-trisphosphate
receptors. Anesthesiology 2008;108:251-60. [PubMed: 18212570]

Yang H, Liang G, Hawkins BJ, Madesh M, Pierwola A, Wei H. Inhalational anesthetics induce cell
damage by disruption of intracellular calcium homeostasis with different potencies. Anesthesiology
2008;109:243-50. [PubMed: 18648233]

Zheng S, Zuo Z. Isoflurane preconditioning induces neuroprotection against ischemia via activation
of P38 mitogen-activated protein kinases. Mol Pharmacol 2004,65:1172-80. [PubMed: 15102945]
Warner DS. Anesthetics provide limited but real protection against acute brain injury. J Neurosurg
Anesthesiol 2004;16:303-7. [PubMed: 15557838]

Bickler PE, Zhan X, Fahlman CS. Isoflurane preconditions hippocampal neurons against oxygen-
glucose deprivation: role of intracellular Ca2+ and mitogen-activated protein kinase signaling.
Anesthesiology 2005;103:532-9. [PubMed: 16129978]

Anesth Analg. Author manuscript; available in PMC 2009 October 28.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Baranov et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 5

Bickler PE, Fahlman CS. The inhaled anesthetic, isoflurane, enhances Ca2+-dependent survival
signaling in cortical neurons and modulates MAP kinases, apoptosis proteins and transcription factors
during hypoxia. Anesth Analg 2006;103:419-29. [PubMed: 16861427]

Wei H, Liang G, Yang H. Isoflurane preconditioning inhibited isoflurane-induced neurotoxicity.
Neurosci Lett 2007;425:59-62. [PubMed: 17723266]

Palotas M, Palotas A, Bjelik A, Pakaski M, Hugyecz M, Janka Z, Kalman J. Effect of general
anesthetics on amyloid precursor protein and mRNA levels in the rat brain. Neurochem Res
2005;30:1021-6. [PubMed: 16258851]

Moller JT, Cluitmans P, Rasmussen LS, Houx P, Rasmussen H, Canet J, Rabbitt P, Jolles J, Larsen
K, Hanning CD, Langeron O, Johnson T, Lauven PM, Kristensen PA, Biedler A, van Beem H,
Fraidakis O, Silverstein JH, Beneken JE, Gravenstein JS, ISPOCD investigators. International Study
of Post-Operative Cognitive Dysfunction. Long-term postoperative cognitive dysfunction in the
elderly ISPOCD1 study. Lancet 1998;351:857-61. [PubMed: 9525362]

Abildstrom H, Rasmussen LS, Rentowl P, Hanning CD, Rasmussen H, Kristensen PA, Moller JT,
ISPOCD group. International Study of Post-Operative Cognitive Dysfunction. Cognitive dysfunction
1-2 years after non-cardiac surgery in the elderly. Acta Anaesthesiol Scand 2000;44:1246-51.
[PubMed: 11065205]

Newman MF, Kirchner JL, Phillips-Bute B, Gaver V, Grocott H, Jones RH, Mark DB, Reves JG,
Blumenthal JA. Longitudinal assessment of neurocognitive function after coronary-artery bypass
surgery. N Engl J Med 2001;344:395-402. [PubMed: 11172175]

Rasmussen LS. Postoperative cognitive dysfunction: incidence and prevention. Best Pract Res Clin
Anaesthesiol 2006;20:315-30. [PubMed: 16850780]

Newman S, Stygall J, Hirani S, Shaefi S, Maze M. Postoperative cognitive dysfunction after
noncardiac surgery: a systematic review. Anesthesiology 2007;106:572-90. [PubMed: 17325517]

Monk TG, Weldon BC, Garvan CW, Dede DE, van der Aa MT, Heilman KM, Gravenstein JS.
Predictors of cognitive dysfunction after major noncardiac surgery. Anesthesiology 2008;108:18-
30. [PubMed: 18156878]

Bohnen N, Warner MA, Kokmen E, Beard CM, Kurland LT. Alzheimer’s disease and cumulative
exposure to anesthesia: a case-control study. J Am Geriatr Soc 1994;42:198-201. [PubMed:
8126336]

Bohnen N, Warner MA, Kokmen E, Kurland LT. Early and midlife exposure to anesthesia and age
of onset of Alzheimer’s disease. Intern J Neurosci 1994;77:181-5.

Knopman DS, Petersen RC, Cha RH, Edland SD, Rocca WA. Coronary artery bypass grafting is not
a risk factor for dementia or Alzheimer disease. Neurology 2005;65:986—90. [PubMed: 16217048]
Lee TA, Wolozin B, Weiss KB, Bednar MM. Assessment of the emergence of Alzheimer’s disease
following coronary artery bypass graft surgery or percutaneous transluminal coronary angioplasty.
J Alzheimers Dis 2005;7:319-24. [PubMed: 16131734]

Henon H, Pasquier F, Leys D. Poststroke dementia. Cerebrovasc Dis 2006;22:61-70. [PubMed:
16645268]

Mielke MM, Rosenberg PB, Tschanz J, Cook L, Corcoran C, Hayden KM, Norton M, Rabins PV,
Green RC, Welsh-Bohmer KA, Breitner JC, Munger R, Lyketsos CG. Vascular factors predict rate
of progression in Alzheimer disease. Neurology 2007;69:1850-8. [PubMed: 17984453]

Palotas A, Juhasz A, Janka Z, Bahn S, Kalman J. Alzheimer-specific biomarker changes following
heart surgery. Eur J Neurol 2007;14(Suppl 1):318.11th Congress of the European Federation of
Neurological Societies, Brussels, Belgium

Anesth Analg. Author manuscript; available in PMC 2009 October 28.



