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POSTOPERATIVE COGNITIVE DYSFUNCTION 
(POCD)

POCD is a syndrome defined by worsening performance on neuropsychologic
tests postoperatively compared to a perioperative baseline.

POCD resolves within months of both cardiac and noncardiac surgery; 
however, individual patients may follow different trajectories with declines 
remaining up to 5 years or longer.



Cognitive domains
Learning and memory

Executive function

Complex attention

Perceptual-motor

Social cognition
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Correction of underlying 

pathology and improve function 

e.g. reduction in pain, improved 

mobility, improved ADLo



POSTOPERATIVE COGNITIVE DYSFUNCTION 
(POCD)

Risk factors normally predispose 
to cognitive impairment, such as

ApoE allelic expression

 Reduced cerebrovascular reserve
 Increased vascular burden

(presence of factors known to impair vascular structure 

and function)

eg, atherosclerosis, diabetes, hypertension, 

smoking, obesity, hypercholesterolemia, and 

lack of physical activity



POSTOPERATIVE COGNITIVE DYSFUNCTION 
(POCD)

Anesthetic exposure and neuroinflammatory processes 
continue to be frequently investigated as mechanisms for POCD. 

Coincident cerebral hypoxia is a mechanism common to many 
medical comorbidities of aging and has been implicated as a risk 
factor for cognitive decline outside the surgical arena.



PERIOPERATIVE HYPOXIA AND POCD

Intraoperative hypoxemia and postoperative hypoxemia occur with a 
frequency previously unrecognized. 

Pulse oximetry was recorded continuously in 1500 

patients (mean age = 64 years) for 3 consecutive days 

postoperatively. 

• 21% experienced hypoxemia for at least 10 min/h

• 8% experienced hypoxemia for at least 20 min/h

• 8% experienced severe hypoxemia (arterial 

hemoglobin oxygen saturation [Sao2] )
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MECHANISMS OF COGNITIVE DECLINE ASSOCIATED 
WITH CHRONIC AND ACUTE HYPOXIA OR HYPOXEMIA



MECHANISMS OF COGNITIVE DECLINE ASSOCIATED 
WITH HYPOXIA
:CELLULAR HYPOXIC RESPONSE

Hypoxia immediately stabilizes the various isoforms of hypoxia-
inducible factor alpha (HIFα) to regulate acute and chronic responses to 
hypoxia. 

HIF-α controls expression of over 600 genes including 

EPO

vascular endothelial growth factor (VEGF)

metabolic switching proteins like glucose transporter-1

lactate dehydrogenase-A

vasoactive nitric oxide

reactive oxygen species (ROS) 

nicotinamide adenine dinucleotide phosphate oxidase (NOX).





MECHANISMS OF COGNITIVE DECLINE ASSOCIATED 
WITH HYPOXIA
:EFFECT OF CEREBROVASCULAR IMPAIRMENT

The cerebrovascular response to 
hypoxemia is vasodilation to increase 
cerebral blood flow (CBF) and oxygen 
delivery.

In the case of anemia, the marked 
increase in CBF is driven primarily by 
cerebral oxygen demand.



Progressive cognitive decline is observed as a consequence of chronic cerebral 
hypoperfusion, even in the absence of acute stroke/TIA. 

MECHANISMS OF COGNITIVE DECLINE ASSOCIATED 
WITH HYPOXIA
:EFFECT OF CEREBROVASCULAR IMPAIRMENT

The effect of chronic diseases of the 

vasculature

Small vessel disease

Carotid disease

Atherosclerosis

Endothelial dysfunction

Deficient cerebral autoregulation

Amyloidosis

Integrity of the blood brain barrier [BBB])

Neuroimaging (MRI) markers

Small punctate lesions

Microbleeds

White matter hyperintensities

(WMH, also called leukoaraiosis and lacunes)



These observations have led to the development of the concept of

“vascular burden,” A general term that refers to the cumulative 

effect of vascular disorders and risk factors including stroke, 
hypertension, white matter disease, diabetes mellitus, obesity, as 
well as vascular reactivity on the degree of cognitive impairment 
and age-related brain atrophy.

MECHANISMS OF COGNITIVE DECLINE ASSOCIATED 
WITH HYPOXIA
:EFFECT OF CEREBROVASCULAR IMPAIRMENT



MECHANISMS OF COGNITIVE DECLINE ASSOCIATED 
WITH HYPOXIA
: IMPAIRED CONNECTIVITY

Accumulating evidence shows that presurgical neuroimaging 
markers of general vascular health, cerebral ischemia, and 
presurgical cognitive status are all strong predictors of POCD.



A recent systematic review of 15 neuroimaging (MRI) studies reported that 
POCD was more frequently associated with presurgical imaging markers of 
cerebrovascular ischemia (WMH) than neuroimaging markers of neurodegenerative 
changes (ie, global and regional brain volumes). 

Therefore, mechanisms that hinder cerebral vascularization may be of 
particular interest in future investigations of POCD.



Disturbances indicated by white matter hyperintensities
disrupt neuronal transmission and functional network connectivity, 
leading to widespread cerebral dysfunction and cognitive 
impairment.

Neurons have a high metabolic rate, resulting in a need for 
rapid and precise regulation of CBF and making them vulnerable to 
damage from both acute and chronic hypoxia. 

MECHANISMS OF COGNITIVE DECLINE ASSOCIATED 
WITH HYPOXIA
: IMPAIRED CONNECTIVITY





Oligodendrocytes, glial cells that compose the cerebral white 
matter, may be even more sensitive than neurons.

Astrocytes modulate synapses, neurovascular coupling, and 
transport of molecules across the BBB and are highly sensitive 
to hypoxia, altering glucose uptake and BBB integrity to fulfill 
energetic needs of neurons.

MECHANISMS OF COGNITIVE DECLINE ASSOCIATED 
WITH HYPOXIA
: IMPAIRED CONNECTIVITY



MECHANISMS OF COGNITIVE DECLINE ASSOCIATED 
WITH HYPOXIA
:EXCITOTOXICITY

Elevated 
ROS from 
hypoxia

Cytokine 
transcription 

and 
intracellular 

calcium

Postsynaptic 
excitatory 
inhibitory 
receptors

More frequent 
excitatory 

postsynaptic 
potentials and 

altered synaptic 
connectivity.

In the brainstem, cerebellar Purkinje neurons, and memory centers of 

the central nervous system (CNS)



MECHANISMS OF COGNITIVE DECLINE ASSOCIATED 
WITH HYPOXIA

:NEUROINFLAMMATION

Neuroinflammation is often proposed as a central culprit in 
the onset of POCD. These overlaps provide further evidence that 
cerebral hypoxia may be at the epicenter of mechanisms of POCD.

Neuroinflammation arising from hypoxia is initiated by HIF-α, 
may be of neuronal or glial origin, and is correlated with cognitive 
impairment



INTERACTION BETWEEN AGING AND HYPOXIA

Aging Impairs 
Oxygenation

Aging Impairs the 
Hypoxic 
Response

Aging Induces 
Inflammation and 
Impairs 
Neurotransmission



INTERACTION BETWEEN AGING AND HYPOXIA
:AGING IMPAIRS OXYGENATION

Hypertension

Loss of myogenic tone

Accumulated 

plaque deposition

Deficient response to 

vasopressin or nitric oxide

Reduced cerebrovascular reactivity and reserve

Cerebral metabolic rate of O2 (CMRO2) remains constant over the lifespan



Loss of cerebrovascular reserve in the elderly may thus impair their ability to 
recover from perioperative hypoxic stresses.

In addition to hypoperfusion, aging 

is associated with more frequent 

abouts of anemia as nutritional intake

declines, gastrointestinal tract disorders 

and pharmaceutical intake increase, 

and hormone levels change.

INTERACTION BETWEEN AGING AND HYPOXIA
:AGING IMPAIRS OXYGENATION



The normal cortical response to hypoxia stabilizes HIF-α leading to increased 
capillary density, blood flow, and glycolysis.

INTERACTION BETWEEN AGING AND HYPOXIA
:AGING IMPAIRS THE HYPOXIC RESPONSE



Nonexistent response to hypoxia mediated by HIF-α is observed in the 
aged brain.

In combination with fewer and smaller mitochondria in carotid bodies. 
Furthermore, prolyl hydroxylases that regulate HIF-α expression also lose 
responsivity during aging.

INTERACTION BETWEEN AGING AND HYPOXIA
:AGING IMPAIRS THE HYPOXIC RESPONSE



Glial cells are particularly 
vulnerable to aging and hypoxia 

Typical neuroprotective glial 
activities are diminished while reactive and 
senescent phenotypes flourish in aged brains.

INTERACTION BETWEEN AGING AND HYPOXIA
:AGING INDUCES INFLAMMATION AND IMPAIRS NEUROTRANSMISSION



Damage to oligodendrocytes and astrocytes 
affects both dendritic spine stability and diffuse 
connectivity. 

Impaired astrocytic support combined with 
reduced cardiovascular reserve, vascularization, and 
hypoxic responsiveness renders aged neurons more 
vulnerable to hypoxic insults than young neurons, as 
evidenced by diminished excitatory output, smaller 
postsynaptic density, and lower tissue volume in 
aged hippocampi.

INTERACTION BETWEEN AGING AND HYPOXIA
:AGING INDUCES INFLAMMATION AND IMPAIRS NEUROTRANSMISSION



PERIOPERATIVE HYPOXIA AND POCD

• Hypoxemic Hypoxia

• Ischemic Hypoxia

• Anemic Hypoxia



PERIOPERATIVE HYPOXIA AND POCD
:HYPOXEMIC HYPOXIA

•Low oxygen uptake in the blood.

•Often present before surgery due to pathophysiological conditions.

•COPD, interstitial lung disease, OSA, increased interstitial fluid, pulmonary 
edema secondary to HF, pulmonary embolism



PERIOPERATIVE HYPOXIA AND POCD
:HYPOXEMIC HYPOXIA

Studies have shown that OSA is associated with daytime sleepiness and cognitive 

dysfunctions, characterized by impairments of attention, episodic memory, working 

memory, and executive functions.

Hypoxemia during sleep also plays a major role in cognition. Treatment of 

hypoxemia suggests that at least some cognitive function is recoverable, as observed 

in children and adults with OSA.



Heart failure

Hypoperfusion Pulmonary edema

Increased 
arteriolar-alveolar 
oxygen gradient



Global cognition declined 
more rapidly following:

• HF than in age-matched controls 
without HF.

• Acute decompensated HF than those 
with stable HF.



PERIOPERATIVE HYPOXIA AND POCD
:ISCHEMIC HYPOXIA

Low tissue oxygenation as a result of reduced blood flow.

•Embolic, ischemic, and hemorrhagic strokes have been widely recognized as 
important contributors to cognitive decline and dementia.

•Risk factors for cognitive impairment after stroke include older age, prior 
ischemic lesions, stroke severity (ie, volume of tissue damaged), location of 
the stroke, and prestroke cognitive impairment.



In the surgical arena, ischemia occurs secondary to acute and chronic 
embolic events or hypoperfusion. 

•All surgeries involve some risk of cerebral ischemia 

(ie, “silent” stroke; not accompanied by any observable stroke symptoms and 
detected only on postoperative diffusion-weighted imaging [DWI] and magnetic 
resonance imaging [MRI]).

•Risk is higher in cardiac surgery and procedures that involve 
instrumentation of the cerebral vessels or aorta.

PERIOPERATIVE HYPOXIA AND POCD
:ISCHEMIC HYPOXIA



PERIOPERATIVE HYPOXIA AND POCD
:ISCHEMIC HYPOXIA

Perioperative silent stroke on DWI was observed in 7% following 

noncardiac, noncarotid artery surgery.

Patients experiencing clinically “silent” ischemic events may be at 

greater risk for future cognitive decline. Cognitive decline 1 year after 

surgery was identified in 42% of surgical patients with perioperative 

silent stroke versus 29% without.



PERIOPERATIVE HYPOXIA AND POCD
:ANEMIC HYPOXIA

reduced oxygen carrying capacity of 

red blood cells. 

•Inadequate oxygen transport may result from

• low hematocrit

• low hemoglobin concentration

• reduced ability of hemoglobin to bind oxygen 
(sickle cell anemia, carbon monoxide poisoning)



MANAGEMENT OF HYPOXIA-RELATED POCD

1. Identification of those at risk.

older patients with superimposed 
cerebrovascular disease, chronic anemia, and 
preexisting cardiorespiratory failure

2. Prevention via optimization of preexisting 
disease

•Prerehabilitation programs

•Preexisting anemia :Fe supplementation and 
possibly EPO.



MANAGEMENT OF HYPOXIA-RELATED POCD

3. Prevention of intraoperative hypoxemia

•High-risk groups such as those with morbid obesity and those 
undergoing lung transplantation

•High-risk operation such as approach to the heavily calcified aorta, 
aortic manipulation, intraarterial emboli trapping devices.



CEREBRAL OXIMETRY 

Cerebral oximetry based on near-infrared 
spectroscopy (NIRS) is increasingly used during the 
perioperative period of cardiovascular operations.

It is a noninvasive technology that can continuously 
monitor the regional oxygen saturation of the 
frontal cortex.

Normal rSO2 values, prior to the induction of 
general anesthesia.



CEREBRAL OXIMETRY 

The principal behind the determination of regional hemoglobin oxygen saturation is 
the change of optical properties of hemoglobin when binding to oxygen and the 
consequent change of absorption pattern for specific light wavelengths.

NIRS interrogates arterial, venous, and capillary blood within the field so rScO2 
represents a weighted value from these 3 compartments.



MANAGEMENT OF HYPOXIA-RELATED POCD

4. Optimize postoperative cardiopulmonary function

•Balance the risks and benefits of transfusion in their patients.

•More aggressive approaches to iron replacement and the use of EPO.

•Advancement of lower or non-narcotic approaches to pain control.



TAKE HOME MESSAGE

POCD is a syndrome defined by worsening 
performance on neuropsychologic tests 
postoperatively compared to baseline, resolves 
within months ; however, individual patients may 
remaining up to 5 years or longer


