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Abstract

Postoperative delirium (POD) is a major public health problem associated with poor patient outcomes such as increased hospital 
lengths of stay, loss of functional independence, and higher mortality. Depending on the study, the reported incidence ranges from 
5% to 65%, with the highest incidence in hip and cardiac surgery. Anesthesiologists should be familiar with the predisposing and 
precipitating factors of POD, particularly screening for preoperative cognitive impairment and frailty syndrome. Screening tools, 
for example, the Mini-Mental State Exam, Mini-Cog, 4 A’s test for delirium screening, and Montreal Cognitive Assessment, can 
be used to assess for cognitive impairment and the Clinical Frailty Scale to assess for frailty syndrome. The Hospital Elder Life 
Program is the standard prevention protocol that is tried and tested in reducing the incidence of POD. Prehabilitation, lung  
protective strategies, pharmacologic agents such as ramelteon, a melatonin receptor agonist, glucocorticoids, dexmedetomidine, 
and non-pharmacologic agents, such as noise reduction strategies and the encouragement of nocturnal sleep, have all led to a  
decrease in the incidence of POD and are being studied for their efficacy. However, the data are inconclusive to date.  
Intraoperatively, preventing hypotension and blood pressure swings, ensuring adequate pain control and anesthetic depth, and  
using age-adjusted minimum alveolar concentration (MAC) titration reduce the incidence of POD. The incidence of POD  
using regional or general anesthesia is similar. In this narrative review, we will discuss the current understanding of the predictors, 
pathophysiology, prevention, and management of POD and identify areas of further research. 
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Introduction
Postoperative delirium (POD) is a major public health prob-
lem associated with significantly worse patient outcomes, 
such as increased hospital lengths of stay, loss of functional  
independence, long-term post-traumatic stress disorder, and 
higher mortality 6–12 months after surgery1. The Diagnostic  
and Statistical Manual for Mental Disorders, Fifth Edition, 
defines POD as an acute confusional state with alterations in  
attention, awareness, and consciousness. It is reversible and  
has a fluctuating course characterized by two activity  
phenotypes, hypoactive and hyperactive2. The classic and most  
noticeable phenotype is the hyperactive type, where the patient 
is confused, hallucinating, and pulling on intravenous lines  
after surgery. However, hypoactive delirium is more common,  
which makes diagnosis quite tricky. The duration typically 
lasts hours to a few days. Less commonly, it may last weeks  
to months3. In this review, we will discuss the current under-
standing of the predictors, pathophysiology, prevention, and  
management and identify areas of further research.

Incidence of postoperative delirium
Depending on the type of surgery, the incidence of POD is  
estimated to range from 5% to 65% in older surgical patients, 
with the highest incidence in cardiac and hip fracture repair  
surgery4–6. In one study, 19% of adults over age 60 experi-
enced POD, suggesting close to 3 million elderly Americans  
are affected each year1. Delirium was also found to be an 
independent risk factor for long-term cognitive decline with  
subsequent progression to dementia, suggesting that POD might 
be a modifiable risk factor for dementia7–9. POD is prevent-
able in up to 40% of patients and is a critical quality improve-
ment target for preventative strategies in the perioperative  
setting10.

Predictors of Delirium
It is essential to determine who is at risk for POD because 
only then can a plan be formulated to prevent it11. The risk of  
developing delirium is a combination of predisposing factors  
or vulnerabilities inherent to the patient and the precipi-
tating factors or insults that occur in the perioperative  
period1,12–14. Preoperative organ dysfunction can lead to POD.  
Evidence also suggests a strong association between preop-
erative cognition, frailty, and mental disorders such as depres-
sion and anxiety. As suggested by Alam et al., a combination  
of assessing cognition, frailty, and mental health disorders for 
older patients may confer a more robust approach to identi-
fying patients at a higher risk of postoperative neurological  
complications15. With the emergence of enhanced recovery 
pathways, Jin et al. conducted a systematic review of the cur-
rent clinical evidence for using delirium risk prediction scores,  
perioperative interventions for delirium risk reduction, and 
treatment options for established delirium. They established a 
link to the patient’s age, type, and complexity of surgery and  
emergency surgeries. POD also led to prolonged hospital 
length of stay, increased 30-day mortality, significant func-
tional decline, a two to three times higher risk of needing  
post-discharge care facilities, and increased healthcare costs16.  
The major predisposing risk factors and precipitating factors  
currently available in the literature are listed in Table 111,15–18.

Pathophysiology
The pathophysiology of POD is poorly understood. Research 
is ongoing to delineate the relevant pathways to identify  
targets for therapy. A neurotransmitter imbalance, namely 
an increase in acetylcholine and a decrease in dopamine, has  
been associated with POD. Neuroinflammation is also said 
to play a part as proteins have been identified that serve as risk 

Table 1. Predisposing and Precipitating Factors.

Predisposing risk factors Precipitating factors

Cognitive and behavior 
disorders

Prior history of delirium Surgery Type (hip fracture repair, cardiac, major vascular)

Pre-existing cognitive impairment Duration

Sleep deprivation Emergency surgery

Depression Blood loss/blood transfusion

Alcohol abuse Anesthesia Hypotension 

Disease or illness related Frailty Medications

Sensory impairment (vision and 
hearing)

Postoperative Poorly treated pain

Functional impairment Polypharmacy and high-dose opioids 

Multiple comorbidities Use of physical restraints

History of stroke Bladder catheters

Hereditary vulnerabilities—genetic Infection

Other Age over 65 Metabolic abnormalities

ICU admission

Prolonged mechanical ventilation

Postoperative complications (e.g., infection, 
vascular events)
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markers and disease markers present at the time of delirium19. 
An increase in pro-inflammatory cytokines such as TNFα  
and IL-6 maintains a state of chronic inflammation manifesting  
as POD and postoperative cognitive dysfunction. However,  
there is still the need for robust well-powered preclinical and 
clinical studies to delineate the precise pathophysiology of  
POD20. Some studies suggest a blood-brain barrier (BBB) 
breakdown due to increased C-reactive protein and TNFα in  
POD patients20–22. Surgery, anesthesia, and an increase in IL-6  
and mast cells cause reduced levels of tight junction proteins, 
thus disrupting the BBB. Mast cells also indirectly disrupt  
the BBB by breaking down the basal lamina20.

Current Alzheimer’s disease research has led to the iden-
tification of novel biomarkers which may be beneficial in  
identifying high-risk patients. The functional brain connectiv-
ity changes in postoperative cognitive decline and Alzheimer’s  
disease are similar. Damage to three major brain functional  
systems (i.e., medial temporal lobe/hippocampal memory  
system, diencephalon, and basal forebrain) can lead to amnesic  
syndrome23. The recently identified blood biomarker, plasma  
p-tau, provides insights into the biological basis of Alzheimer’s  
disease, enabling neuropathological diagnosis several years  
earlier, estimating the future population burden, and develop-
ing therapeutic trials24. Liang et al. demonstrated an association 
between the preoperative plasma concentrations of tau, p-tau 
217, and p-tau 181 and the incidence and severity of POD after 
adjusting for age, education, and preoperative Mini-Mental  
State Examination (MMSE). The group showed that in cardiac  
surgery, the levels peaked during cardiopulmonary bypass 
and remained elevated on postoperative days 1 and 2. The  
levels were also elevated in hip replacement surgery but not 
as dramatically as in cardiac surgery25. There may therefore  
be utility in exploring these biomarkers for POD. These 
biomarkers also have the potential to act as first-line diag-
nostic and prognostic tools that can offer the possibility of  
population screening for surgical patients. 

Predicting
Preoperative cognition decline in older patients predicts POD 
and mortality26,27. Delirium risk is also greater for individuals  
with reduced MMSE scores on the delayed recall and work-
ing memory domains28. Learning and executive function 
are the key domains vulnerable to perioperative events. The  
Perioperative Brain Health Initiative recommends preoperative  
cognitive and delirium screening in at-risk patients using  
simple, short tests, including the Mini-Cog and 4 A’s Test29,30.  
The Mini-Cog, MMSE, and Montreal Cognitive Assessment  
are widely used and have been shown to have good sensi-
tivity and specificity. They are therefore recommended for  
preoperative assessment of cognition13. 

Frailty syndrome
Frailty syndrome is an important geriatric syndrome charac-
terized by age-associated declines in physiologic reserve and 
function in multiple organs, leading to increased vulnerability  
to stressors31,32. Not only is frailty associated with POD33, it is 

often associated with multimorbidity and a range of geriatric  
syndromes, including functional dependency, cognitive impair-
ment, and malnutrition which further increase the risk and  
complexity of care. Clinical frailty scales are available as a 
screening tool in the preoperative period. In a study of the 
accuracy and feasibility of frailty instruments, the Clinical  
Frailty Scale was shown to have the largest pooled effect size 
for predicting mortality and non-home discharge after surgery  
and appeared to be the most practical instrument widely  
studied34.

Prevention
Older patients presenting for surgery may come in with  
undiagnosed neurocognitive dysfunction, including Alzheimer’s,  
Parkinson’s, small vessel vascular dementia, and other  
neurodegenerative diseases35. Therefore, a multi-component  
intervention is effective in prevention.

Multi-component Interventions
Prevention is the key to forestalling POD. Identifying patients 
with predisposing risk factors during the preoperative evalu-
ation should include screening for potentially inappropriate 
medications linked with POD, such as benzodiazepines, sleep-
ing aids, histamine type-2 receptor antagonists, first-generation  
antihistamines, skeletal muscle relaxants, gabapentinoids, and  
opioids. 

Screening for preoperative cognitive dysfunction which can 
be easily missed is essential36. Cognitive screening tools like  
digital testing are appropriate for preoperative evaluation  
clinics and fast-paced settings with limited staffing. The dig-
ital clock drawing test is feasible and highly acceptable to 
older adults in a preoperative setting37. For comparison, the 
Confusion Assessment Method for the ICU (CAM-ICU)  
delirium screener can be used as a baseline metric and  
repeated in the post-anesthesia care unit (PACU).

It is equally important to screen for malnutrition as a relation-
ship between frailty syndrome and POD has been established.  
The geriatric nutrition risk index uses the patient’s current 
weight, ideal body weight, and albumin to determine those at  
risk for malnutrition. It can predict POD and hospital length 
of stay in elderly patients undergoing noncardiac surgery38.  
The perioperative nutrition screen has also been used to imple-
ment preoperative nutrition interventions to optimize patients 
for surgery39. Frailty screening alone is inadequate and  
requires a multimodal approach that involves evaluation of the 
functional status, nutrition, and psychological state to evalu-
ate if the patient can withstand the psychological stress of the  
perioperative period.

Anxiety and depression also predispose patients to POD. There-
fore, measures will need to be in place to prepare patients  
for surgery psychologically. It is also vital to recognize the 
impact of social determinants of health on POD40. Alcohol  
withdrawal is a precipitating factor for delirium; reducing 
alcohol intake from four to two ounces may reduce the risk  
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of perioperative complications by 50%. Once a high-risk  
patient has been identified that patient should be flagged to  
initiate a delirium prevention protocol.

Prehabilitation
Enhancing an individual’s functional capacity before a sched-
uled surgery, aimed at improving the patient’s tolerance to the  
upcoming physiologic stress, is a significant area of research 
in preventing POD41,42. For instance, subjectively assessed  
functional capacity alone has uncertain accuracy and should 
not be used for preoperative risk evaluation. Clinicians should 
instead consider a measure such as the Duke Activity Status  
Index questionnaire score for cardiac risk assessment for major 
noncardiac surgeries43. Whether preoperative cognitive opti-
mization is practical in older patients has undoubtedly been 
a concern; however, evidence suggests success is possible. 
Elderly patients who were at least minimally compliant in a  
tablet-based preoperative cognitive exercise program exhib-
ited a lowered POD risk. Even though the amount of actual 
cognitive exercise time completed by patients varied widely, a  
significant difference was nevertheless demonstrated44.

One of the best prevention strategies currently is the Hospi-
talized Elder Life Program which has consistently prevented 
delirium in hospitalized older persons45. The structure involves 
a multidisciplinary team, daily visits, orientation, and ensur-
ing the patient receives adequate sleep, nutrition, mobiliza-
tion, and hydration. The ongoing Perioperative Cognitive 
Enhancement (PROTECT) Trial compares the multidisciplinary  
multi-component resource-heavy perioperative pathway to the 
current standard of care to reduce the incidence of delirium  
in elective surgical patients aged 65 years or older46. 

Intraoperative
Age-adjusted MAC and EEG-based anesthetic titration
Researchers using the Duke Anesthesia Resistance Scale  
(DARS) score, which combines age-adjusted minimum alveolar  
concentration (aaMAC) with bispectral index (BIS) score to 
determine POD risk, concluded that a score of less than 28.755 
was associated with four-fold higher odds of POD. DARS  
is the average BIS divided by the quantity (2.5 minus the aver-
age aaMAC inhaled anesthetic fraction)47. Since a low DARS  
is independently associated with increased POD risk in older 
surgical patients, it is recommended that the aaMAC be used  
to adjust the end-tidal volatile anesthetic concentration.

Lung-Protective Strategies
In a randomized, double-blind controlled trial of 64 elderly  
patients undergoing spinal surgery in the prone position,  
lung-protective strategies (low tidal volume, positive  
end-expiratory pressure of 5 cmH

2
O, and lung recruitment) 

significantly reduced the incidence of POD. The proposed 
mechanism for this positive result is reduced inflammation and  
improved cerebral oxygenation. The lung-protective strategy  
group also had lower levels of glial fibrillary acidic protein  
(GFAP) and IL-6, which have been correlated with delirium48.  
The study restricted participants to non-obese patients who 
had healthy lungs. Therefore, large-scale studies with less 

restrictive inclusion criteria are needed to apply the results  
broadly.

Pharmacologic Agents
The consensus has been to avoid anticholinergics, benzodi-
azepines, and meperidine in high-risk patients. Dexmedetomi-
dine is the most promising pharmacologic agent in reducing 
the incidence of POD in the elderly, critically ill, and ventilated  
patients22,49,50. Two new prospective studies revealed that 
dexmedetomidine infusions were associated with a decreased  
incidence of POD in thoracoscopic lobectomy and coronary 
artery bypass procedures21,51. It is nevertheless premature to  
suggest that dexmedetomidine may reduce POD. Other drugs 
that have been investigated include midazolam, glucocorticoids,  
and ramelteon. The use of midazolam in older patients is con-
troversial because it is uncertain whether it has the potential  
for harm. A recent analysis of multiple prospective trials  
concluded that premedication with midazolam was not asso-
ciated with early POD in older patients undergoing major  
noncardiac surgery52. Consequently, the risk of delirium asso-
ciated with using a single-dose, short-acting agent such as  
midazolam is unclear. A recent Cochrane Review suggests that 
data are insufficient to determine whether benzodiazepines  
effectively treat delirium in non‐ICU settings53.

Although high-dose dexamethasone did not demonstrate any 
improvement in delirium occurrence in cardiac surgery in a 
small study54, a recent double-blind, randomized controlled trial  
revealed that patients receiving high-dose glucocorticoid had 
a lower occurrence of POD in the PACU 90 minutes after  
arrival and during the first four postoperative days55. Glucocor-
ticoid use is promising, but more robust studies are needed to  
determine the dose and duration and the patient population 
most likely to benefit from it. Ramelteon, a melatonin recep-
tor agonist, has been studied extensively; however, most studies  
have not demonstrated a benefit56.

Intraoperative anesthetic management should be individualized  
for older patients. It is critical to avoid intraoperative hypo-
tension and wide swings in blood pressure. Intraoperative  
hypotension may put patients at risk of cerebral hypoper-
fusion with decreasing cerebral blood flow and is a modifiable  
risk factor that can be targeted to improve neurological  
outcomes57. While some studies have documented intraoperative  
and postoperative hypotension to be associated with delirium  
in critically ill patients58, others failed to confirm an  
association59. Normothermia should be maintained, as well as 
ensuring adequate analgesia and depth of anesthetic60. There 
is a lack of evidence that regional anesthetic techniques offer  
a protective effect against delirium61,62.

Postoperative
Reorientation strategies to help patients familiarize themselves 
with their environment and the immediate care team should be 
the first line of care. Staff should introduce themselves to the  
patient and ensure minimal staff changes and transfers of 
care. Patients with hearing impairment should have access to 
their hearing aids, and those with vision impairment should  
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be given their glasses. It is vital to ensure that the patient 
does not have pain, urinary retention, or constipation. Patients 
should have access to natural light and be well-hydrated16.  
While non-pharmacological interventions have been shown 
to decrease POD by 40%, in the immediate postoperative 
period, pharmacological agents are needed to calm the patient.  
Dexmedetomidine reduces astrocyte and microglial recruit-
ment and inflammatory mediator expression in animal models.  
Evidence supports using dexmedetomidine, an α2 agonist, to 
reduce POD. However, to be effective, this involves continuous 
infusion throughout surgery and a few hours postoperatively63.  
Antipsychotics such as haloperidol have been used in the 
immediate postoperative period. Because of the incidence of  
complications, antipsychotics are not preferred. Restoring a nor-
mal sleep cycle by administering melatonin or ramelteon can  
normalize the circadian rhythm16.

Conclusion
POD is an important clinical entity to recognize and diagnose  
because it can lead to significantly poorer outcomes. Brain and 
physical health are interconnected. The prevention of POD  
in the elderly requires a holistic multidisciplinary approach  
leveraging the entire perioperative continuum. Preventative 

strategies have been documented to prevent delirium in 40% of  
cases. Strategies include the detection of high-risk patients with 
a validated tool, the use of preventive non-pharmacological  
concepts, and preoperative evaluation to identify patients who 
may present with previously undiagnosed conditions that may 
impact delirium. Recognizing modifiable conditions and focus-
ing on the most vulnerable patients is essential. Cognitive  
screening is necessary, and therefore the perioperative assess-
ment should utilize simple tools to help identify patients who 
are at risk. These patients should be flagged, and steps should  
be taken to prevent POD. As POD is becoming more critical  
and evidence continues to emerge, it is hoped that hospitals  
will employ more resources to execute these efforts, which 
will require a multidisciplinary team and a robust preoperative  
service64. As more studies are conducted to understand the 
pathophysiology, plasma biomarkers have been found to be  
promising and may offer a more practical risk stratification 
method.
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