Review Article

Postoperative cognitive recovery and prevention of
postoperative cognitive complications in the elderly patient

ABSTRACT

Elderly patients undergoing surgery are at higher risk of life-altering and costly complications. This challenge is increasingly
recognized with the growing geriatric surgical population. Advanced age and comorbid conditions, such as disability and
frailty that often develop with age, are all independent risk factors of postoperative morbidity and mortality. A common factor
in this age group is cognitive impairment, which poses a challenge for the patient and clinician in the perioperative setting.
It affects the capacity for informed consent and limits optimization before surgery; furthermore, an existing impairment may
progress in severity during the perioperative period, and new onset of signs of delirium or postoperative cognitive dysfunction
may arise during postoperative recovery. In this article, we aim to review the current literature examining the latest definitions,
diagnostic criteria, and preventive strategies that may ameliorate postoperative cognitive complications.
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Introduction

Savage GH, first recognized the phenomenon of postoperative
cognitive impairment in his publication in the British Medical
Journal titled “Insanity following the Use of anesthetics in
operations” in 1887, which described “a series of cases of insanity
in which the use of anesthetics, in predisposed subjects, has been
followed by insanity.”!"! Savage’s publication is considered a
milestone of the early efforts to understand the effects of
anesthesia and surgery on cognition.

Postoperative delirium (POD) is a common occurrence in
the post-anesthesia care unit, making it far more clinically
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recognizable than postoperative cognitive dysfunction (POCD),
which has a more indolent and subtle course long after the
proposed effect of the anesthetic agent has dissipated. Therefore,
itis imperative to counsel the patient on the impact of anesthesia
and surgery on their med- to long-term cognitive abilities.

However, over a century since Savage’s first accounts of
postoperative cognitive impairment, there remains much
confusion surrounding POCD in the literature, from varying
methodology, ill-defined criteria, and lack of control groups
in most of the studies.
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Postoperative Cognitive Disorders

Neurocognitive impairment after surgery may present as any
of the following.

1. A progression of an existing neurocognitive disorder
2. New onset delirium

3. POCD

The diagnostic and statistical manual of mental disorders
(DSM-5) has amended its criteria for the diagnosis of
neurocognitive disorders, which may be reported by a
patient, informant, or tested by a clinician.”?

e Mild neurocognitive dysfunction: the decline of
cognitive function, requiring adjustments to maintain
independence in activities of daily living that extend
beyond the normal changes of aging.

e  Major neurocognitive dysfunction: significant burden of
cognitive impairment that results in impaired activities
of daily living.

The DSM-5 outlines seven domains to be evaluated in

neurocognitive dysfunction:

1. Learning and memory: the ability to learn and recall new

information.

Language: Comprehension or expression

Perceptual motor: Visual perception and coordination

Social cognition: Insight and recognition of emotions

Complex attention: Sustained, divided, or selective

attention and speed of processing.

6. Executive function: Planning, decision-making, and
flexibility

7. Delirium: An acute fluctuating level of disturbance in
attention, awareness, and cognition developed in a short
period.

vk W

The DSM-5 does not currently define POCD; however, it is
commonly described in the literature as a postoperative
decline in cognitive function lasting months to years after
surgery.

Postoperative Cognitive Dysfunction

Postoperative cognitive dysfunction is a transient decline
of patients’ cognitive abilities from their baseline in the
days shortly after surgery. In a study where they followed
336 elderly patients undergoing major non-cardiac surgery
under general anesthesia and assessed for POCD at
7,98,532 days postoperatively, the prevalence of persistent
POCD was 0.9% for 1-2 years after the operation.”! Cognitive
decline may be noted in any of the seven domains outlined
in the DSM-5. Patients may experience difficulties writing,
managing money, or remembering lists; this can significantly

impact their life after discharge home. In a study of a patient
with hip fractures, those who developed POCD had struggled
to function socially and had difficulties in activities of daily
living at one year.! A study that followed up on 700 patients
for eight years found that POCD at one week was associated
with prematurely leaving the job market and dependency on
social payments.® Furthermore, POCD increases mortality risk
one year after surgery.” An 11-year follow-up after surgery
has shown no association between POCD and dementia.!®

The incidence of POCD in the elderly one week after surgery
is around 30% and decreases to 10% and 1% at three months
and one year, respectively, owing to the reversibility of
the disease.l*#! All previously cited data are from patients
undergoing major non-cardiac surgery; neurocognitive
complications are well-documented in cardiac surgery with
cardiopulmonary bypass established as an independent risk
factor for postoperative cognitive decline.” Although POCD
may affect patients of all age groups, elderly patients are at
increased risk of developing cognitive decline after surgery.

Controversies Surrounding the Validity of POCD

Several well-designed studies have compared the prevalence
of cognitive decline between age-matched surgical and
non-surgical groups, in the study done by the International
Study of Post-operative Cognitive Dysfunction (ISPOCD), it
was found that POCD occurred in 25.8% at one week after
surgery and 9.9% at three months, compared to 3.5% and
2.8% in the control group at one week and three months,
respectively.®! Another study showed a comparative cognitive
decline in the elderly similar to POCD, irrespective of surgery
or significant illness.'"” The findings of the authors make us
question the existence of POCD; the authors highlight that
prior studies’ conclusions were based on age-matched groups
alone, where surgical patients are more prone to comorbid
illness evidenced by the need for surgery, which introduced
a bias for the diagnosis of POCD, comparing elderly patients
undergoing surgery with an acutely ill age-matched group
yielded no difference in cognitive decline. There lies a
challenge for future research to clarify the phenomenon of
POCD; there is a need for large prospective trials matching
the surgical groups to diseased matched control groups to
confirm or deny the existence of such a cognitive disease.

Another topic of controversy is the clinical tools used to
diagnose POCD. For accurate detection of the subtle and
specific neurocognitive changes, diagnosis of POCD should
include a battery of tests that span the cognitive domains
described by the DSM-5. Most current research has used
the Mini-Mental State Examination (MMSE) as a tool for
the assessment of POCD. This brief and accessible test was
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designed for dementia screening and is too crude to identify
the subtle features of cognitive decline associated with POCD.
There are various options for sensitive neuropychometric
testing, such as the Montreal Cognitive Assessment Tool,
Addenbrooke’s mental examination Ill, and the Quick Mild
Cognitive Impairment screen.!""

Proposal for New Definitions

Until the time being, POCD is not an official psychiatric
diagnosis. The international perioperative cognition
nomenclature working group has addressed this through a
discussion of an expert panel, which recently proposed a new
narrative for describing perioperative cognitive disorders.!"?
The aim is to align the diagnostic criteria of POCD with
neurocognitive disorders defined by the DSM-5 in the general
population.

Recommendations for perioperative neurocognitive
disorders

The term “perioperative neurocognitive disorders” (NCD)
can be used as an umbrella term for cognitive impairment
and/or change identified during the perioperative period.
This includes cognitive impairment identified before the
procedure, any form of acute events (such as delirium),
cognitive decline diagnosed up to 30 days after the
procedure (described as delayed neurocognitive recovery),
or up to 12 months (postoperative neurocognitive disorder).

Recommendations for pre-existing cognitive impairment
Pre-existing cognitive impairment is the term used to
describe patients with objectively measurable subtle
cognitive impairment at baseline.

Recommendations for postoperative delirium

Postoperative delirium is defined as delirium, which

occurs in the hospital up to one-week post-procedure or

until discharge (whichever occurs first) and meets DSM-5

diagnostic criteria. Factors to consider when diagnosing POD.

e Unmasked pre-existing vulnerabilities like drug/alcohol
withdrawal, dementia, history of delirium.

e  Persistent drug effect

e Other physiological derangements (metabolic
abnormality, hypoxia, infection electrolyte imbalance)

e Lucid intervals (not mandatory, but should be
documented)

Recommendations for postoperative cognitive disorders

A battery of neuropsychometric tests ideally measures the
newly named postoperative NCD. A reduction of 1-2 standard
deviation (SD) defines mild postoperative NCD, and >2 SD
defines major postoperative NCD, in alignment with the

definition of general population NCD diagnosis criteria in
the DSM-5. The working group does not recommend which
neuropychometric test to use or which cognitive domains
to test. It directs clinicians away from early testing for
POCD (<7 days), emphasizing the resolution of the acute
effects of surgery and anesthetic before diagnosing cognitive
impairment. The efforts made by the working group are
valuable, and it is the responsibility of the broader medical
community to embrace change that advances consistency in
diagnosing POCD.

Risk factors for developing POCD are identified to be
advanced age, lower educational level, and history of a
cerebral vascular accident. Both preoperative major cognitive
disorder and cognitive dysfunction at discharge correlate with
POCD three months after surgery.*'>'¥ Other studies have
suggested other predictors for early POCD, including duration
of anesthesia, postoperative infections, redo surgeries, and
postoperative respiratory complications.!®!

The pathogenesis of POCD remains unknown, with
much research focusing on the role of neuronal death,
neuroinflammation, and microemboli in the cerebral
vasculature. Animal studies have shown that inhalational
anesthetic agents potentiate neuronal death through the
degradation of the cholinergic system by amyloid plaques
and neurofibrillary tangles."3! Cholinergic pathways play
a crucial role in consciousness, learning, and memory.
Inhalational anesthetic agents increase the permeability of
the endothelial cells in the cerebral vasculature allowing entry
of cytokines that result in neuroinflammation and neuronal
tissue damage.™ Microemboli from the surgical site or air
entrainment may cause micro cerebral infarcts and have been
studied using magnetic resonance imaging (MRI), but no clear
correlation was found.!"!' Multiple imaging studies have been
conducted to identify the structural brain alterations related
to POCD. A systematic review of 10 MRI studies showed
weak evidence suggesting a correlation between POCD with
reduced thalamic volume, reduced hippocampal volume,
white matter pathology, and reduced cerebral blood flow
compared to healthy controls.!"®!

European Society of Anesthesiology Guideline on
Postoperative Delirium

The European Society of Anesthesiology published, in 2017,
an evidence-based and consensus guideline aiming for
the prevention and treatment of POD.'"! The cornerstone
of the guidelines was the preoperative identification of
patients at higher risk of developing POD, of which elderly
patients are recognized as an at-risk group with reduced
tolerance to major physiological stress such as surgery.
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Table 1: ESA statement regarding the prevention and treatment of POD

Statement Age group Grade of evidence
All adults  >65 years
They suggest implementing fast-track surgery to prevent POD [18-19] [18,20] B
They suggest avoiding routine premedication with benzodiazepines except for patients with severe anxiety [21-27] B
They recommend monitoring the depth of anesthesia [28-30] [22,31] A
They recommend adequate pain assessment and treatment [31] [25,28,32-34] A
They suggest using a continuous intraoperative analgesia (e.g., with remifentanil infusion) [35,36] B
They recommend promptly diagnosing POD, establishing a differential diagnosis, and instituting treatment [37] [38-40] A
They suggest using low-dose haloperidol or low-dose atypical neuroleptics to treat POD [40,41] [42,43] B

Table 1 summarizes the European Society of Anesthesiology
statement regarding the prevention and treatment of
POD. Further recommendations regarding elderly patients
emphasized non-pharmacological measures in preventing
and treating POD, involving orientation (clock, sunlight,
communication, etc.), visual/hearing aids, noise reduction,
maintenance of day/night rhythm, avoidance of unnecessary
indwelling catheters, early mobilization, and early nutrition.

Prevention of Perioperative Neurocognitive Disorders

Prevention is the most critical aspect of the management of
perioperative NCDs. In the following, we aim to review the
available evidence for preventive strategies to mitigate the
development of perioperative NCDs.

Type of Anesthesia

The etiology of POCD, as referenced earlier, is believed to be
due to neuroinflammation leading to cholinergic dysfunction
and synaptic impairment. Therefore, many believe that
regional anesthesia may limit the incidence of POCD;
however, current research has failed to confirm that belief.

A 2022 systematic review and metanalysis of 8 randomized
controlled trial (RCTs) that included 3555 elderly patients
undergoing hip fracture surgery under general vs. regional
anesthesia showed no significant difference in the incidence
of postoperative dysfunction at 24h, 3 days, and 7 days,
respectively.*4

The authors emphasized the heterogeneity of the primary
RCTs in defining and diagnosing POCD, a reoccurring
challenge for research concerning postoperative cognitive
decline. A 2018 Cochrane review reported low-certainty
evidence that maintenance with propofol-based total
intravenous anesthesia (TIVA) may reduce POCD (odds
ratio 0.52; 95% confidence interval [CI] 0.31-0.87; 869
participants).*? Starting from 3215 eligible patients,
the analysis was hampered due to vast heterogeneity in
methodology, emphasizing the need for consistency in

defining POCD. A more extensive 2021 systematic review
and meta-analysis of 15 RCTs comparing propofol vs.
inhalational maintenance of anesthesia of 1854 elderly
patients undergoing noncardiac surgery showed low-quality
evidence of the superiority of propofol maintenance in the
prevention of POCD.!l

This effect is more likely linked to using electroencephalogram
(EEG) guidance for the depth of anesthesia, often coupled
with propofol maintenance, into which a considerable
amount of research exists.

Another Cochrane systematic review has highlighted that
optimization of anesthetic depth guided by processed EEG
indices and auditory evoked potential could reduce the risk
of POD at 3 months postoperatively in patients ages 60 years
and over with moderate quality evidence.””! The Cognitive
Dysfunction after Anesthesia Trial has demonstrated
that POCD can be prevented in 23 patients for every
1000 patients undergoing noncardiac surgery at three
months postoperatively using a bispectral index -guided
optimization of anesthetic depth and 83 patients for every
1000 for POD.*! The impact of POCD in one week and one
year remains uncertain.

Conversely, a meta-analysis of four randomized controlled
trials showed no correlation between anesthetic depth and
the development of POCD.S!

Anesthetic Adjuncts

Dexmedetomidine, the central alpha-2 adrenoreceptor
agonist is recognized as a neuroprotective sedative and
is considered to decrease the incidence of perioperative
delirium. Dexmedetomidine acts on the locus coeruleus,
causing sedation, opioid-sparing analgesia, and imitates
physiologic sleep without causing respiratory depression.
Possible mechanisms for the ability of dexmedetomidine to
reduce postoperative cognitive dysfunction include inhibition
of neuroinflammation, analgesia, and central nervous system
protection.® In a meta-analysis of seven randomized
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controlled trials that used dexmedetomidine as an adjunct
to general anesthesia, POCD at day seven was significantly
lower in the treatment group (R = 0.34%; 95% CI 0.19-0.61;
P < 0.001).5%

The RCTs studied assessed cognition with postoperative
MMSE without a baseline cognitive assessment which
weakens the certainty of the association of dexmedetomidine
and POCD prevention.

Ketamine is an N-methyl-D-aspartate antagonist with
anesthetic and analgesic properties and has been shown
to exhibit neuroprotective effects. In a systemic review
and metanalysis of 6 trials comparing intraoperative
administration of ketamine vs. no intervention, only 3 out of
the 6 trials showed a lower risk of developing POCD in the
intervention arm (163 patients, RR 0.34, 95% CI [0.15-0.73]),
however, the analysis presented many limitations, and the
quality of evidence for ketamine in the prevention of POCD
is deemed very low.*1!

Postoperative cognitive dysfunction is correlated to high
concentrations of inflammatory markers such as C-reactive
protein and interleukin-6 in peripheral circulation and
cerebrospinal fluid.”? Therefore, glucocorticoids were
studied to evaluate their impact on POCD. A meta-analysis
of 5 RCT showed no significant difference between the
dexamethasone and placebo groups in terms of incidence
of POCD at 30 days after surgery.”® An anti-inflammatory
agent, parecoxib, a selective cyclooxygenase-2 inhibitor,
has been shown in preclinical studies to reduce levels of
neuroinflammatory mediators S100 calcium-binding protein
b (S100B), and neuro-specific enolase, which has been
clinically correlated with POCD.5

A meta-analysis of 4 RCTs of 900 patients showed that
parecoxib was effective in POCD at 7 days incidence with
reduced levels of S100B and IL-6, but the strength of
the conclusions is limited by 3 out of 4 using MMSE for
neurocognitive assessment.®!

In conclusion, as POCD becomes a better-known, well-defined
clinical entity, anesthesiologists will be better informed
for a transparent discussion with patients during consent
preoperatively. One in 10 elderly patients above 65 years of
age will suffer from POCD at 3 months postoperatively; the
risk of developing a reduced quality of life may outweigh
the benefits of surgery for some patients. One of the
recent advances in the study of POCD is the working group
proposal for a quantified measure of cognitive decline for the
diagnosis of POCD. They also emphasize the importance of
timing cognitive assessment and avoiding premature testing,

which confuses the late complication of POCD with the acute
effects of surgery and anesthesia. There remains a paucity
of validated neuropsychometric assessment tools for the
cognitive domains that define POCD quantitively. Anesthetic
strategies that show promise in reducing the incidence of
POCD include propofol TIVA, EEG-guided depth of anesthesia,
and dexmedetomidine, with weak evidence supporting the
use of ketamine.

By improving our methodology of studying POCD in terms of
concise definition and quantifiable assessment tools, there
will be stronger evidence of which anesthetic strategies give
our patients the best outcome in improving their quality of
life after surgery.
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