
Review

Dementia With Lew Body: Impacts
of Surgery

Farzana Pervin, MD1, Carolyn Edwards, MS1,
and Carol F. Lippa, MD1

Abstract
Patients who have dementia with Lewy bodies (DLB) and undergo surgery may develop aggravated postoperative cognitive
dysfunction or postoperative delirium. Many patients with DLB respond poorly to surgery and anesthesia, and their conditions
may worsen if they have other medical complications along with dementia. They may also face high risk of prolonged hospital stay,
increased medical problems and/or mortality, causing significant physical, psychosocial, and financial burdens on individuals, family
members, and society. Anesthesia, pain medications, old age, and surgery-related stresses are usually held responsible for the
complications; however, the exact causes are still not fully understood. Literature on surgery-related complications for patients
with DLB appears to be inadequate, and hence the topic merits detailed and systematic research. This article reviews post-
operative complications and various surgery-related risk factors for DLB in light of other dementias such as Alzheimer’s disease,
as their neuropathologic features overlap with those of DLB.

Keywords
Lewy body dementia, Alzheimer’s disease, delirium, postoperative cognitive dysfunction, surgery, anesthesia

Introduction

Dementia with Lewy bodies (DLB) is a neurodegenerative

dementing disorder. It is the second most common form of

dementia after Alzheimer’s disease (AD) that affects the

elderly population. The number of patients with dementia will

be more than 70 million globally by 2030,1 while in the United

States about one-fifth of total patients with dementia are

patients with DLB.2 Patients with DLB are 3.5 times more

prone to experience delirium than AD,3 and the recurrence of

delirium is also more common in DLB than other dementia dis-

eases. Although the disease modifying treatment options for

DLB are not established, the overall treatment expense for

DLB can be much higher than patients with other dementia.4

Dementia with Lewy bodies is primarily characterized as

cognitive decline, fluctuation of attention, intermittent visual

hallucinations, and spontaneous motor features such as akine-

sia, rigidity, and tremor.5,6 Other clinical symptoms include

dysautonomia and sleep disorders such as rapid eye movement

(REM) sleep behavior disorder (RBD).7,8

Dementia with Lewy bodies is caused by aggregation of an

abnormal protein (a synuclein) in neurons in the form of Lewy

bodies (LBs) and Lewy neuritis (LNs) resulting in damage,

mainly cholinergic and dopaminergic neurons that diminish the

levels of neurotransmitter (acetylcholine and dopamine)9 and

thereby impact the neurons’ ability to communicate with each

other causing decline in attention, memory, and learning new

skills. When patients undergo surgery, the cholinergic system

is depressed by the anesthesia to generate anesthetic effects.

These effects are even more pronounced in elderly patients

with DLB because of their marked baseline cholinergic losses.

Various anesthetic agents and other surgery-related stresses

such as pain, anxiety also have a significant impact on brain

that alter brain function and result in cognitive dysfunction. For

the patients with dementia, due to their fluctuation of cognition

and memory problems, changes in environment (hospital, oper-

ation theatre, light, noise, etc), daily routine, medications, and

so forth also contribute to anxiety and stress that affect their

cognition and behavior in the postoperative stage. Age-

related physiologic changes, other comorbidities, and use of

multiple medications further deteriorate patient response to

surgery.

Patients with DLB respond poorly to surgery and anesthesia,

causing significant physical, psychosocial, and financial bur-

dens on individuals and society.10,11 Characterizing the full

spectrum of surgical complications in patients with DLB could

help improve outcomes and reduce costs. There has been a

large scope to analyze the preoperative comorbidities, contri-

buting factors, and characteristics of major surgical complica-

tions among patients with DLB.12
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Numerous studies have been performed to understand the

impact of surgery on AD and Parkinson’s disease (PD) and

delirium. To the best of authors’ knowledge, no systematic

study has been performed to understand the impact of surgery

on delirium or postoperative cognitive dysfunction (POCD) in

patients with DLB. In other words, the molecular mechanisms

of the surgery-related disorders are largely unknown. The lack

of research basically precludes drawing reliable conclusions

regarding the impact of surgery-related stresses in patients with

DLB. In this article, we will mainly review the risk factors and

probable cause of cognitive impairments in the patient with

DLB due to surgery in the light of typical surgical complica-

tions found in patients with dementia having AD and PD.

Clinical Features

Clinical features of DLB include cognitive impairment, motor,

neuropsychiatric, motor, sleep, and autonomic disorders as

summarized in Figure 1.13

Cognition

The most common clinical feature in patient with DLB is cogni-

tive decline. Patients exhibit impairment in attention, executive

dysfunction (eg, planning, prioritizing, and sequencing), and

visuospatial deficit.14-16 Fluctuations in cognition are considered

to be the hallmarks of DLB.13,17 Fluctuations in cognition are

expressed as unresponsiveness or staring with a fixed look at

times, excessive daytime sleepiness or hypersomnolence, and lim-

ited awareness about surrounding or unclear speech alternating

with mentally sound, rational behavior and normal function.7,14

Motor

Patients with DLB also develop motor functional disability with

extrapyramidal signs such as tremor, rigidity, bradykinesia,

postural disability, gait difficulty, and facial immobility.13,14,18

These symptoms are common in idiopathic PD too; however,

they occur bilaterally instead of unilaterally in patients with

DLB.13 Tremor in patients with DLB commonly occurs with a

complex mixed tremor pattern showing a significant response

to acute and chronic dopaminergic treatments.19

Neuropsychiatric Features

Neuropsychiatric features such as visual hallucinations,

depression, apathy, and delusions are common in patients

with DLB.7,20 This involves detailed appearance of people,

animals, body parts, machines, and so forth,7 which patients

are not typically frightened of seeing.13 Auditory hallucina-

tions and extracampine hallucinations (a vague feeling of

human presence) may also be experienced by some patients

with DLB.21 Delusions may be associated with misidentifi-

cation such as Paranoid, Capgras (friends and relatives are

replaced by identical poster), and Phantom boarder (unseen

individuals living in one’s room).20 Depression and apathy

are also common in patients with DLB having more severe

dementia.7

Sleep Disorder

Sleep symptoms such as insomnia, excessive daytime slee-

piness, and dream enactment behavior are common in

patients with DLB. The REM is another sleep disorder that

may occur in a subset of patients with DLB.14 Dream enact-

ment as a result of REM causes the patients to take action

(vocalization or violent behavior) and may result in injuries

to patients or bed partners.7,13 The REM is considered to be

a significant risk factor for cognitive deficit and Parkinson-

ism, and the patients with DLB having REM sleep behavior

show earlier onset of other symptoms than those who do not

have REM sleep disorder.8

Autonomic Symptoms

Patients with DLB exhibit autonomic features such as constipa-

tion, urinary inconsistence, and orthostatic hypotension.22-23

Constipation is a common early complaint that usually leads

to cognitive decline or motor symptoms in the long term.7

However, the orthostatic hypotension appears to be the most

serious symptom causing autonomic dysfunction and increases

the risk of falls. Other common features include decreased

sweating, heat in tolerance, urinary dysfunction, diarrhea,

seborrhea, impotence, and carotid hypersensitivity.7

Overall, the most common presenting symptom is cognition

(memory impairment) followed by visual hallucinations,

depression, problem-solving difficulty, and motor dysfunction

while memory impairment together with visual hallucination is

considered to be the major differentiating feature for DLB than

other dementias.24

• Impairment of a�en�on
• Execu�ve dysfunc�on
• Fluctua�on in cogni�on

Cogni�on

• Bilateral Parkinsonism with postural tremor
Motor Dysfunc�on

• Visual hallucina�ons
• A�en�on fluctua�on
• Apathy, depression, and anxiety

Neuropsychiatric

• Rapid eye movement
• Insomnia, excessive day�me sleepiness, and dream inactment

Sleep disorder

• Cons�pa�on
• Orthosta�c hypotension
• Urinary incon�nence

Autonomic

Figure 1. Common clinical features of dementia with Lewy bodies
(DLB).7,13
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Pathogenesis and Pathophysiology

Lewy Body and Lewy Neuritis

Dementia with Lewy bodies is one of the neurodegenerative

(synucleinopathy) diseases, caused by abnormal accumulation

of a-synuclein protein in neurons. The a-synuclein protein is

found in presynaptic region of the neuron presumably affecting

regulation of synaptic activity or neurotransmission.25 Abnor-

mal aggregation, accumulation, and deposition of a-synuclein

proteins form LBs (10-20 mm round eosinophilic hyaline inclu-

sions) or LNs (elongated thread-like dystrophic axons and den-

drites), causing the loss of neurons mainly cholinergic and

dopaminergic neurons.26

Location, Distribution, and Density of LB

The locations in the brain are affected by LBs or LNs include

cerebral cortex, limbic system areas, basal ganglia (putamen,

caudate nuclei), and brain stem. The temporal lobe areas of cer-

ebral cortex (superior temporal gyrus and parahippocampal

gyrus) are affected together with limbic system areas (hippo-

campus and amygdala). Other cortical regions involve superior

frontal cortex, occipital cortex, cingulated gyrus, insula and

claustrum.27,28 The densities of LB in the brains of patients

with DLB are the greatest in temporal lobe and limbic regions,

especially in the parahippocampal gyrus, amygdala, and the

superior temporal gyrus.29 However, a fewer LBs have also

been found in the frontal, parietal, and occipital regions.30

Genetic Factors for LB

Genetic factors for DLB have not been well studied yet. Woo-

druff et al31 proposed that the genetic factors are important in

patients with DLB as they are important in patients with AD.

They studied family history in patients from an autopsy series

of AD and DLB and in living healthy controls. They found that

the family history of dementia was more common in AD and

DLB compared with controls. Harding et al32 argued that DLB

is more likely to run in families in the form of autosomal domi-

nant inheritance pattern compared with PD. The risk of devel-

oping DLB is believed to be affected by gene mutations in

synuclein proteins.33 The mutations in b-synuclein (V70M and

P123H mutations) have been found to be associated with the

DLB phenotype.34 Mutations in a-synuclein gene is typically

associated with the PD; however, it has also been found in the

patients with DLB in some isolated cases.33 The research in

identifying genetic factors for DLB is at a very early stage, and

more research need to be done to obtain precise connection

with family inheritance.

As there is overlap in disorders of DLB with AD and PD

with dementia, the gene mutation in AD and PD may also be

associated with DLB. It has been reported that the gene muta-

tion in amyloid precursor protein (APP) and both presenilin

genes (PSEN1 and PSEN2) are also identified to be the possi-

ble causes of DLB.35,36 The apolipoprotein E4 allele is consid-

ered to be a genetic risk factor in AD; however, an

overexpression of this allele has been seen in those with the

DLB phenotype.37

There might also be a link between GBA gene mutation and

DLB. Although several studies had failed to clarify the rela-

tionship between DLB and GBA gene,38 Goker-Alpan et al39

identified that GBA mutation in 23% patients with different

synucleinopathies (75 autopsy specimens). They suggested that

the mutation in the GBA (lysosomal protein) may interfere

with the clearance or promote aggregation of LB. Polymorph-

isms in the serotonin transporter gene may also be linked with

the symptom of DLB like hallucinations and delusions.40

Pathologic Association of DLB
With PD and AD

The coexistence of DLB pathologies with AD and PD occurs

both at the regional and cellular levels. The aggregates of a-

synuclein in the form of LBs and LNs are the pathologic hall-

marks of DLB. The DLB and PD with dementia are both a-

synucleinopathies and progressive neurodegenerative disorders

sharing similar pathology and clinical features.41 On the other

hand, the formation of extracellular b-amyloid (Ab) plaques

and intraneuronal neurofibrillary tangles (NFTs) is the charac-

teristic pathology of AD.42 However, up to 80% of patients

with DLB show coexistent Alzheimer disease (AD) pathology

in the form of extracellular Ab plaques and intracellular aggre-

gates of the microtubule-associated protein t (MAPT) in NFTs

and neuropil threads.43

The complex interactions at the cellular level between t, a-

synuclein, and Ab in DLB pathology have been studied else-

where. An investigation in animal models of neurodegenerative

diseases suggests possible interactions between t, a-synuclein,

and Ab that may cause the aggregation of each other.44-48

Another recent study with patients with DLB has showed that

there is a simultaneous existence between t and synuclein in

DLB. This study also proposed that Ab deposition and the

MAPT gene (MAPT H1 haplotype) are the possible causes in

DLB pathogenesis.49

Diagnostic Criteria

Both clinical and pathological criteria are used for the diagno-

sis of DLB. The clinical diagnostic features of DLB are pro-

vided in Table 1. The diagnosis of DLB is categorized in 2

distinct groups:

i. Clinically probable DLB: If at least 2 core features or

dementia with at least 1 core feature and 1 suggestive fea-

ture are diagnosed.

ii. Clinically possible DLB: If 1 or more suggestive features

are diagnosed.

Patients with DLB usually demonstrate clear pathological

features. However, some of the neuropathology may coincide

with that of AD. The likelihood of DLB is determined by

pathological criteria such as location of LBs and the extent of
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AD pathology. The locations considered for pathological diag-

nosis include brain stem, limbic system, and neocortex.50

The likelihoods of DLB based on pathological features are

summarized in Table 2. It is reported that the patients showing

high likelihood of DLB (based on the pathological features)

also demonstrated core clinical features of DLB.

Treatment of DLB

The treatment of DLB remains still challenging. This is

because there is no disease modifying treatment and the

adverse effects of medication often make the treatment diffi-

cult. There are a number of reports in the literature regarding

the use of medications that may be considered for the sympto-

matic treatment of DLB as discussed in the sections subse-

quently and also summarized in Table 3. Caution must be

exercised with the symptomatic treatment as this may worsen

the symptoms in other domains.

Cognitive

The cholinergic loss in the central nervous system (CNS) starts

earlier and more prominent in patients with DLB than in

patients with AD. Deficits in attention and cognition and the

presentation of neuropsychiatric symptoms presumably occur

as a result of cholinergic loss. Hence, it has been suggested that

acetylcholinesterase inhibitors (AChEIs) are more effective for

the treatment of patients with DLB than for patients with AD.53

Several clinical studies of AChEIs treatment using donepezil,

galantamine, and rivastigmine in patients with DLB suggest

that AChEIs improve on cognitive and behavioral symp-

toms.54-58 Another clinical trial suggest that rivastigmine

improved attentional and behavioral symptoms.59 However,

none of the studies investigated the comparative performance

of those AchEI drugs in patients with DLB.

The clinical trials of memantine, a drug that acts on the glu-

tamatergic system by blocking NMDA receptors, have not been

found to be conclusive in patients with DLB.60,61 However, an

Table 2. Likelihoods of DLB Based on Pathological Features.13

High likelihood Diffuse neocortical Lewy body pathology
with either low or intermediate AD
pathology, or limbic Lewy body pathology
with low AD pathology

Intermediate likelihood Limbic-predominant Lewy body pathology
and intermediate AD pathology, or diffuse
neocortical Lewy body pathology with high
AD pathology

Low likelihood Brain stem-predominant Lewy body
pathology and any AD pathology category,
or limbic-predominant Lewy body pathology
with high AD pathology

Abbreviations: AD, Alzheimer’s Disease; DLB, dementia with Lewy bodies.

Table 3. Symptomatic Treatment Options for DLB7,51,52

Symptoms Pharmacological Therapy

Cognitive symptoms � Acetylcholinesterase inhibitors (AChEIs)
such as donepezil, galantamine, and
rivastigmine are typically used.

� Several studies suggested that AChEIs is
effective to improve cognitive and
neuropsychiatric measures; however,
other study suggests that the effect of
ACHEIs in DLB is unclear

Motor symptoms � Because of high risk of psychosis,
treatment with levodopa is not generally
recommended. However, if it is
necessary to use to manage motor
symptoms, levodopa may be used at low
dose and with caution

Behavioral symptoms � AChEls are usually recommended for
visual hallucinations

� Low doses of risperidone (0.5 mg) and
olanzapine (2.5 mg) are usually
recommended for psychosis and
agitation. Low doses of quetiapine have
also been recommended for psychosis

Autonomic dysfunction � Midodrine or fludrocortisone can be
used for orthostatic hypotension

� Oxybutynin, tolterodine tartrate,
bethanechol chloride, and propantheline
can be used to treat urinary urgency,
frequency, and urge incontinence.

� Psyllium, polyethylene glycol,
methylcellulose, misoprostol,
magnesium hydroxide, and chloride
channel activating agent lubiprostone

Sleep disorder Low doses of clonazepam are
recommended for REM sleep behavior
disorder

Abbreviations: DLB, dementia with Lewy bodies; REM, rapid eye movement.

Table 1. Clinical Diagnostic Features of DLB.13,14

Central feature � Progressive cognitive deterioration that
negatively impact normal daily activities both
at personal, family and social levels

Core features � Fluctuations in cognition
� Recurrent visual hallucinations
� Parkinsonism

Suggestive features � Severe neuroleptic sensitivity
� REM slip disorder behavior
� Low dopamine transporter uptake in basal

ganglia as found in single photon emission
computed tomography (SPECT) or positron
emission tomography (PET) scans

Supportive features � Repeated falls and syncope
� Transient loss of consciousness
� Severe neuroleptic sensitivity
� Severe autonomic dysfunction
� Depression
� Systematic delusions

Abbreviation: DLB, dementia with Lewy bodies.

8 American Journal of Alzheimer’s Disease & Other Dementias® 31(1)



early treatment with this medicine has been reported to provide

longer survival in a small group of patients with DLB and PD.41

Motor

The controlled clinical trials for the treatment of motor features

in patients with DLB have not been evaluated yet. Levodopa,

the main drug of choice for the motor treatment in patients with

PD, has been found to be not as effective in patients with DLB

as in PD.62-65 This drug has also been reported to cause psycho-

sis as a significant side effect in patients with DLB.63,64 If the

motor syndrome is tolerable in patients with DLB, the treatment

with Levodopa should be avoided.66 Nevertheless, clinicians

may use low dose of Levodopa if required.51 Other

anti-Parkinson medications such as MAO inhibitors, COMT

inhibitors, amantadine, and anticholinergics are likely to worsen

cognitive impairments and should be avoided.67

Neuropsychiatric Symptoms

Neuropsychiatric symptoms in DLB are characterized as halluci-

nation, agitation, anxiety, depression, behavioral changes, and so

forth. There is no approved medication for the treatment of neu-

ropsychiatric symptoms in DLB. Medications for mild symptoms

are not usually recommended; however, if treatment is necessary,

AChEIs are usually recommended as a drug of choice. They are

reported to decrease psychiatric symptoms such as apathy, anxi-

ety, hallucinations, and delusions in patients with DLB.68

Some patients with DLB may also be treated with antipsy-

chotic drugs. Typical antipsychotic drugs such as haloperidol

are not recommended because of their neuroleptic sensitivity

in patients with DLB. Low doses of atypical antipsychotic

drugs such as risperidone and olanzapine are usually well tol-

erated and do not result in motor deterioration.69 However, they

can cause motor deterioration in advanced patients with

DLB.70 Atypical neuroleptics (such as clozapine, quetiapine,

etc) are also recommended for patients with DLB,71 especially

when cholinesterase inhibitors are ineffective.

Sleep

Education on sleep hygiene and healthy lifestyle can improve

sleep problems in patients with DLB. Patients should maintain

a daily routine, avoid day time naps, and afternoon caffeine

intake.72 The REM sleep behavior disorder (RDB) of patients

with DLB can be treated with melatonin or clonazepam or que-

tiapine.72 Nonpharmacological treatment of RBD involves

increasing safety for the patient like placing mattress on the

floor, padding the corners of furniture, and removing poten-

tially dangerous objects from the bedroom.73

Autonomic

Treatment of orthostatic hypotension should start with the non-

pharmacological measures such as educating patients on sitting

or postural positions, leg elevation, using elastic stockings,

increasing salt intake, and so forth.66 Medications such as

midodrine (vasoconstrictor) and fludrocortisone (mineralocor-

ticoid) may be recommended if required.

Urinary urgency, frequency, and urge incontinence can be

treated with anticholinergic drugs like oxybutynin, tolterodine

tartrate, berthanechol chloride, and propantheline. However,

since anticholinergic drugs can aggravate cognitive problems,

these medications should be used cautiously.

For the treatment of constipation, nonpharmacological inter-

ventions such as taking high-fiber diet, adequate fluid intake,

physical exercise, and so forth should be used first. Various

pharmacological agents like psyllium, polyethylene glycol,

methylcellulose, misoprostol, magnesium hydroxide, and

chloride channel activating agent lubiprostone can be used.74-77

Common Postsurgical Complications
in Patients With DLB

Elderly patients are more susceptible to develop postoperative

complications including POCD and postoperative delirium

(POD) who undergo surgery.52 While the neurological deficits

are obvious in elderly patients with DLB, because of having the

preexisting synucleinopathy such as DLB, they are prone to

experience ever further cognitive deterioration after surgery

in the form of POCD and POD.78,79 Although both POCD and

POD are very common in elderly surgical patients, delirium is

considered as a major postoperative complication in them.80

Postoperative Cognitive Dysfunction

Postoperative cognitive dysfunction is characterized by the

impairment of memory, concentration, language comprehension,

and social integration.81 The diagnosis of POCD is difficult

because there is no recognized diagnostic criteria of POCD. How-

ever, it is usually diagnosed based on the performance of neurop-

sychological testing administered before and after the surgery.82

It can also be diagnosed when the cognitive impairments do not

meet the criteria of delirium, dementia, or amnestic disorder.83-85

Possible causes of POCD are the type and duration of

anesthesia/surgery, inflammation, hypoxemia, hypotension,

neurodegeneration, and patient vulnerability82 including old

age, severity of coexisting illness, postoperative infections,

respiratory complications, and a second operation.86,87 The

POCD is the most frequently reported following cardiac sur-

gery and is also known to occur in other surgical procedures81

The molecular mechanism underlying POCD is not clearly

understood yet. Research has shown that the POCD is primarily

associated with synaptic dysfunction and loss.6,88 The causes of

the synaptic dysfunction and loss may be due to the effect of

anesthesia and other perioperative factors.89 Anesthetics have

also been reported to affect synaptic function by acting on the

ion channels, as discussed later in this article.

A recent literature review has shown that along with

anesthesia other perioperative factors such as hypoxia and

hypocapnia can cause POCD by advancing AD neuropathogen-

esis,89 especially for the patients with AD having previous his-

tory of ischemic stroke90 or with coexisting evidence of

Pervin et al 9



cerebral ischemia.91,92 Hypoxia has been suggested to increase

AD neuropathology by increasing Ab formation,93 decreasing

APP processing,94 inducing apoptosis,95-97 and producing reac-

tive oxygen species93 resulting in POCD. Hypercapnia may

induce apoptosis and increase Ab production and thus may

contribute to AD neuropathogenesis and POCD.98

Excessive iron accumulation is also claimed to be responsi-

ble for triggering postsurgical transient neurocognitive decline.

This is because appropriate level of iron is required for normal

neuronal metabolism, that is, transportation of oxygen, electron

transfer, synthesis of neurotransmitters, and the production of

myelin.99,100 Hence, the balancing of iron is suggested to be

a key strategy for preventing POCD.81

There is no research that confirms the mechanism of POCD

in DLB but the above-mentioned mechanisms may prompt

POCD in patients with DLB as AD and DLB share same

pathology to some extent.

Postoperative Delirium

Delirium is an acute mental condition characterized by transient

disturbance of consciousness and cognition, with rapid onset and

a fluctuating course.80,101 It is well described in the Diagnostic

and Statistical Manual of Mental Disorders (Fifth Edition) as

summarized in Table 4. The patients may exhibit hypoactive,

hyperactive, or mixed delirium states. Severity of delirium can

be rated and may have prognostic value.103 More than 40% hos-

pitalized elderly patients experience delirium.104 Recognizing

delirium is important because it can lead to increased morbidity

and mortality in elderly patients. Confusion Assessment Method

(CAM) is commonly used method for diagnosing the presence

and severity of delirium. The assessment is made based on the

onset of symptoms, inattention, disorganized thinking, and

altered level of consciousness, disorientation, memory impair-

ment, perceptual disturbances, psychomotor agitation/

retardation, and altered sleep wake cycle.105 There are 2 versions

of CAMs; the short form (4 items) is used for the hospitalized

patients and the long form (10 items) is used for research.106,107

The short form is scored with increasing severity from 0 to 7 and

the long form is scored with increasing severity from 0 to 19.

The points in median to separate delirious from nondelirious

patients for short and long forms are 3 and 6, respectively. How-

ever, there are several methods available to identify delirium

namely CAM, Delirium Symptom Interview, Confusion Assess-

ment Method for the Intensive Care Unit, Intensive Care Delir-

ium Screening Checklist.

The pathophysiology of POD is not clearly understood. How-

ever, it is hypothesized that delirium may be due to imbalance in

neurotransmitters mainly for reduced acetylcholine. Inflamma-

tory mediators, various stressors, and serum anticholinergic

activity may also be associated with development of POD.108,109

Risk factors for delirium can be associated with predisposing

and/or immediate precipitating factors as outlined in Table 5.

Dementia is one of the strongest risk factors for delirium and

it also determines its severity.110-112 In addition severity of cog-

nitive impairment, old age, severe comorbidities, use of psy-

choactive and narcotic drugs, and metabolic abnormalities are

factors most often found associated with delirium among elderly

patients.109 Environmental risk factors are also associated with

the severity of the delirium in hospital. Research has shown that

number of room changes, hospital units, absence of timepiece,

absence of reading glasses, use of physical restraints, and pres-

ence of family members may precipitate delirium severity.113

Patients with DLB have several risk factors for delirium such

as dementia, cognitive deficit, old age, and cholinergic defi-

ciency. In patients who have a previous history of delirium, the

chance of future experience of delirium will be more.114 The

recurrence of delirium is more in patients with DLB when com-

pared to patients with AD.114 Consequently, the chance of POD

in patients with DLB may also be higher than those without DLB.

Treatment of POD is very important as it is a medical emer-

gency. Identifying the underlying causes, change in environ-

ment and behavioral support are important measures for the

treatment of POD. Pharmacological treatment is mainly recom-

mended for noncompliant cases. Haloperidol is primarily used

for POD with agitation; however, this drug is contraindicated

for patients with DLB.109,115 Atypical antipsychotic drugs like

olanzapine and risperidone have also been found to be success-

ful in POD patients.

Both POCD and POD affect a significant number of patients

causing serious clinical and economical sufferings.79,81 They

include poor functional recovery, longer hospital stay, increase

morbidity and mortality, higher treatment cost and discharge to

skilled facilities.116-118 They may also bring enormous distress

to the patients, family members, and care givers.119

Common Risk Factors for Surgical
Complications in Patients With DLB

There are several known and possible risk factors that are

responsible for postoperative complications in the form of

Table 4. Diagnostic Criteria of Delirium (DSM-5).102

1. A disturbance in attention (ie, reduced ability to direct, focus,
sustain, and shift attention) and awareness (reduced orientation
to the environment).

2. The disturbance develops over a short period of time (usually
hours to a few days), represents a change from baseline attention
and awareness, and tends to fluctuate in severity during the
course of a day.

3. An additional disturbance in cognition (eg, memory deficit,
disorientation, language, visuospatial ability, or perception).

4. The disturbances in criteria A and C are not better explained by
another preexisting, established, or evolving neurocognitive
disorder and do not occur in the context of a severely reduced
level of arousal, such as coma.

5. There is evidence from the history, physical examination, or
laboratory findings that the disturbance is a direct physiological
consequence of another medical condition, substance intoxication
or withdrawal (ie, due to a drug of abuse or to a medication), or
exposure to a toxin, or is due to multiple etiologies

Abbreviation: DSM-5, Diagnostic and Statistical Manual of Mental Disorders (Fifth
Edition).
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POCD and POD for patients with DLB. The major risk factors

that affect various regions of the brain are perioperative anxiety,

pain, anesthesia, and surgery, and so forth. Age, comorbidity,

and use of various medications may further complicate the post-

operative outcome. Any of these risk factors contribute signifi-

cant stresses on the brain resulting in alteration of brain

function. Here we will discuss how these risk factors may affect

the patient’s brain.

Anxiety

Elderly patients who undergo surgery may experience acute

psychological stress during the perioperative period.120,121

Patients with dementia can be at various stages of cognitive

dysfunction. The environment of the operating theater (light-

ing, noises, and unfamiliar voices) can be confusing and frigh-

tening to the elderly patients with dementia.122 Changes in

daily routine, environment (hospital and operation theatre), and

medications are the common stressors for elderly patients with

dementia.123 These stressors may not only trigger challenging

behavior but also become the source of anxiety for patients

with dementia.122 Anxiety causes significant stress on the brain

and may alter brain function by sensitizing the brain to subse-

quent exposure of stressors. In the brain, there may be reduced

synaptic strength, apoptosis, and or phenotypic changes due to

anxiety.124

Surgery

Surgical injury activates endocrine, metabolic, and inflamma-

tory responses that ultimately induce stress response. A very

important stress hormone such as cortisol is released in response

to stressful conditions like surgery.124,125 Because of their lipo-

soluble characteristics, they can pass through the blood–brain

barrier causing cognition impairment and POD, especially to

elderly patients with CNS disease like dementia.125

Surgical injury result in inflammatory response at the site of

wound and also triggers systemic inflammation. An exagger-

ated systemic inflammatory response is very harmful for the

brain.126,127 Proinflammatory cytokines like interleukin 6 and

tumor necrosis factor a may alter brain function.124 An animal

study has shown that proinflammatory cytokines may be

involved in change in memory and hippocampal function.128

Anesthetic Agents

Numerous studies have been performed to understand the

effects of anesthetic agents on patients with AD and PD; how-

ever, their impacts on DLB have not been studied yet. Since the

neuropsychological and neuropathologic features of DLB over-

lap with AD and PD, and amyloid pathology have been also

found in the brains of people with DLB,129,130 it is assumed that

anesthetic agents may also impact patients with DLB in a sim-

ilar fashion as they do in AD and PD. Impacts of anesthetic

agents on various neural systems are summarized in Table 6.

The cholinergic system (Ach producing neurotransmitter) is

one of the most important neurotransmitter system of the brain

that regulates high cognitive functions such as memory and

learning. It is also responsible for dendrite arborization, neuro-

nal development, and differentiation. General anesthetic agents

decrease Ach release and inhibit cholinergic transmission to

produce the effect of general anesthesia such as loss of con-

sciousness, pain, memory, and voluntary movement.134 Most

of the general anesthetics such as desflurane, isoflurane, sevo-

flurane, barbiturate, opioids, morphine, fentanyl, and so forth

interact with cholinergic receptors to produce inhibitory effect

of cholinergic system, which is already compromised due to

age- and dementia-related changes,135 resulting in pathogen-

esis of further POCD and delirium. This causes challenges for

patients with DLB who already have compromised neuronal

transmission in the choice of anesthetic drugs.

Table 5. Risk Factors for Delirium.109

Precipitating Factors in Delirium Predisposing Factors in Delirium

Drug-Related Factors

Drug With High
Anticholinergic Activity Other Drugs

Narcotics
Severe acute illness
Urinary tract infection
Hyponatremia Hypoxemia
Shock
Anemia
Pain
Physical restraint
Bladder catheter use
Iatrogenic event Orthopedic surgery
Cardiac surgery
Noncardiac surgery
Intensive care unit admission
High number of hospital procedures

Older age
Male sex
Visual impairment presence of

dementia severity of dementia
depression functional dependence
immobility

Hip fracture dehydration alcoholism
severity of physical illness

Stroke
Metabolic abnormalities

Antipsychotics (eg,
chlorpromazine)

Antibiotics
Codeine
Cimetidine
Captopril
Dipyridamole
Dyazide
Digoxin
Furosemide
Isosorbide dinitrate
Nifedipine
Prednisolone
Theophylline
Tricyclic antidepressants

Antiparkinsonian agents (eg, L-DOPA)
Antidiarrheal agents (containing

belladonna)
Benzodiazepines
Chlorpheniramine
Diphenhydramine
Haloperidol
Laxatives
Narcotics
Nonsteroidal anti-inflammatory drugs
Ranitidine
Warfarin
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Certain type of anesthetics like anesthetic cocktail (midazo-

lam, isoflurane, and nitrous oxide) have been found to produce

widespread apoptotic changes, deficits in hippocampal synap-

tic function, and persistent memory and learning impairments

in rats.131 Ketamine, diazepam, pentobarbital, thiopental, pro-

pofol, and ethanol may cause the similar neurotoxic effect.124

Opioid at high concentration may also have a harmful effect

on the nervous system.136 Anesthesia induced neurodegenera-

tion have also been reported to cause persistent hippocampal

dysfunction and cognitive dysfunction.137

Volatile anesthetics mainly isoflurane, as researched on ani-

mal, was found to produce AD like pathology like Ab oligo-

merization and cytotoxicity and aberrant t phosphorylation

and aggregation. IV propofol may also produce same AD like

pathology.138

Anesthetic agents may interact with antiparkinsonian medi-

cations. Inhalational anesthetics at their normal clinical doses

may inhibit synaptic reuptake of dopamine resulting in high

extracellular dopamine concentration139 and finally affect

release of dopamine.140 Hence, halothane in not recommended

for patients taking L-DOPA. Those who are taking L-DOPA

should continue their therapy during perioperative period.141

Thiopental may produce parkinsonian symptoms142; however

there is no clear evidence supporting this effect. Fentanyl can

cause muscle rigidity132 and Morphine can cause akinesia at

higher doses in patients with PD.143

Pain

International association for the study of pain define pain as an

unpleasant sensory and emotional experience associated with

actual and potential tissue damage or described in terms of such

damage.144 It means patient’s perception of pain is important to

understand the magnitude of pain. For patient with dementia, it

is very important to recognize patient’s pain and further man-

agement of it as pain itself may impair cognitive function.145

Poor management may contribute to delirium. Painful stimuli

such as nociceptive input during the perioperative period are

likely to alter gene expression and rapid neuronal sensitiza-

tion.146 This may damage the CNS damage147 and thus it may

cause a significant negative impact to patient with dementia.

Moreover, it is important to note that dementia impairs

patients’ perception of pain and ability to report it to the care-

givers or physicians. Patients may not be able to recall pain sen-

sation to evaluate and rate their pain. In such cases, health care

professionals can evaluate the pain by using nonverbal tech-

niques such as facial expression, moaning, body movement,

and change in activity patterns.

For patient with dementia, treatment of pain is challenging

as pain medications such as both opioid and NSAID can impair

cognitive function and balance.148 Morphine is significantly

associated with POD.146

Age-Related Factors

Aging results in several structural, biochemical, and func-

tional changes to central and peripheral nervous systems in

elderly patients.129 Neuronal axon loss, neuronal cytoskeleton

changes (eg, neuritic plaques), loss of dendrites, decrease in

synaptic activity, and accumulation of amyloid protein are the

common features of structural changes in nervous system. The

biochemical changes include neurotransmitter imbalance, cir-

culatory changes, and metabolic disturbances while the func-

tional changes are gait changes, cognitive impairment, sleep

disorder, and loss of physical equilibrium. The age-related

deficits in nervous system and their impact on neurological

dysfunction, postoperative complications, and response to

medication are discussed in Table 7.

Elderly patients also experience age-related pharmacoki-

netic changes causing poor response to anesthetic agents and/

or medications during surgery. The common pharmacokinetic

changes and their impacts are as follows:

� Decrease in hepatic blood flow: reduction of first pass

elimination.

� Reduction in renal blood flow: decrease in both creatinine

clearance, glomerular filtration rate and tubular secretion

activities.

� Decrease in albumin or other binding proteins: requires

higher fraction of plasma-free drug.

� Decrease in total body water and muscle: smaller effective

dose and longer duration of drug effect, especially for lipo-

philic drugs.

Summary

Dementia with LBs is a neurodegenerative dementing disorder.

It is primarily characterized as cognitive decline, fluctuation of

attention, intermittent visual hallucinations, spontaneous motor

Table 6. Impacts of Anesthetic Agents on Nervous System associated
With DLB.131,132,133

Anesthetic Agents Impacted Area/Neuronal Functionality

Desflurane, isoflurane and
sevoflurane, barbiturates,
opioids, morphine, and
fentanyl (most of the
general anesthetics)

Interacting with cholinergic receptors
and suppresses acetylcholine release;
thus inhibit cholinergic system resulting
in significant deterioration of cognitive
functions (learning, memorization)

Midazolam, Isoflurane,
nitrous oxide, ketamine,
diazepam, pentobarbital,
thiopental, propofol, and
ethanol

Anesthetic agents trigger widespread
apoptotic neurodegeneration,
hippocampal synaptic dysfunction, and
causing memory loss

Morphine Akinesia

Fentanyl Muscle rigidity

Inhaled anesthetics such as
isoflurane nitrous oxide
and IV propofol at high
concentration

Enhance b-amyloid oligomerization and
affect dopamine release

Abbreviations: DLB, dementia with Lewy bodies.
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features, dysautonomia, and sleep disorders. Patients with DLB

undergoing surgery may develop aggravated POCD and/or

POD. Literature suggests that recurrence of delirium is more

in patients with DLB when compared to patients with AD.

Therefore, the chance of POD in patients with DLB may also

be higher than other patients with dementia.

The exact causes of surgery-related complications in patients

with DLB are still not fully understood and the literature on this

topic appears to be inadequate. However, several research have

been published on the surgery-related complications and risk

factors in patients with AD and PD. To the best of authors’

knowledge, no clinical studies have been published on perio-

perative risk factors and postsurgical complications in patients

with DLB. However, the existing literature suggests that DLB

shares common neuropathology with AD and PD. This review

article discusses the postoperative complications and various

surgery-related risk factors for DLB in the light of AD and PD.

Patients with DLB are inherently sensitive to stresses, includ-

ing changes in environment, daily routines, medications, and

surgery, which can affect their cognition and behavior. These

effects are more pronounced in elderly patients with DLB

because of their marked baseline cholinergic losses. Many

patients with DLB respond poorly to surgery and anesthesia, and

their conditions may worsen if they have other medical compli-

cations along with dementia. Anesthetic agents can further

impact the neurons in patients with DLB. The unfamiliar envi-

ronment of the operating room and hospital may trigger challen-

ging behavior and changes in cognition; the physical stresses on

their body from the surgery and pain medications can also alter

their cognition. Other age-related changes and health conditions

unrelated to DLB can impair their ability to respond to stresses

as well. As a result, patients with DLB are likely to face high risk

of prolonged hospital stay, increased medical problems and/or

mortality, causing significant physical, psychosocial, and finan-

cial burdens on individuals, family members, and society. Over-

all, this article highlights the need for clinical research to

understand impacts of perioperative risk factors and postsurgical

complications in patients with DLB.
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