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Neurocognitive decline (NCD) is common after patients undergo cardiac surgery and 

has important implications for acute and long-term clinical outcomes and patient quality 

of life.1 Patients with atherosclerotic cardiovascular disease have an increased risk of 

developing cognitive impairment or dementia simply as a comorbidity of their primary 

disease process.2-5 It is well documented that approximately 40% to 50% of patients who 

undergo cardiac surgery develop measurable NCD in the early postoperative period (Table 

1)1,6,9-12,14-17 Critical questions for cardiothoracic surgeons are the degree of disability 

patients suffer as a result of this early NCD, whether patients can be identified before 
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surgery using a biomarker or cerebral imaging, and whether there are any interventions that 

could decrease that risk. Another question of interest is how long the dysfunction might 

persist and whether this will affect the patient long-term with regard to quality of life.

One of the key limitations in NCD research is the heterogeneous definitions used to describe 

NCD. In general the term NCD describes patients who experience a negative change in 

neurocognitive function from preoperative to postoperative examination. This can be a 

decline in memory, diminished function of a specific cognitive skill, or global decline in 

cognitive function. Importantly, this is a separate phenomenon from stroke in that there are 

not focal neurologic deficits. Unlike delirium, which is a diagnosis on the basis of a 1-time 

assessment, NCD requires pre- and postoperative testing. Thus it is primarily identified in 

the setting of research studies. Some have defined it as a simple quantified negative change 

in score. This method can be subject to test and retest variability, and a floor or ceiling 

effect.18 Others have used a reliable change index to incorporate standard deviation of error 

to control for some of these effects. One proposed change in vocabulary is to describe 

change in cognitive function within the first 30 days as delayed neurocognitive recovery 

and only use NCD to describe changes after 30 days.18 This is an attempt to differentiate 

patients who exhibit an acute postoperative decline with subsequent recovery and patients 

who experience persistent long-term decline.

Cerebral imaging has been studied as a tool to diagnose NCD after cardiac surgery. The 

results have been mixed. A systematic review of 13 small studies suggested a potential 

relationship between new brain lesions and NCD, however the studies used a wide variety 

of neuropsychological testing batteries and different timing of those tests, which makes 

it difficult to draw any firm conclusions.19 Additionally in an analysis of data from a 

prospective randomized trial, despite 55% of patients being found to have new brain lesions 

on postoperative magnetic resonance imaging, there was no correlation with NCD 1 month 

after surgery.20 Although cerebral imaging would be a useful objective tool to diagnosis 

NCD, it is not currently used and would need more consistent evidence supporting it.

The etiology of NCD is multifactorial with proposed mechanisms including microembolism, 

cerebral hypoperfusion, and systemic inflammation.21,22 The exact contribution from each 

of these factors is still the subject of ongoing research and likely depends on the individual 

patient and which operation they undergo. In most cases, in the absence of overt stroke, 

NCD is relatively mild and not apparent to the surgeon, patient, or their family. One 

might ask if it is not clinically apparent in most patients, is it even an issue? NCD is 

associated with worsened clinical outcomes including prolonged hospitalization, excessive 

operative mortality, higher hospitalization costs, and altered quality of life.1,23 There are 

preoperative clinical and genomic factors that can assist surgeons in counseling their 

patients, intraoperative factors that surgeons can control, and postoperative risk factors that 

can be managed.
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MECHANISMS OF NEUROLOGIC INJURY

Microemboli

Microemboli are thought to contribute to NCD either through translocation of air emboli, 

fat emboli, or other particulates, from the aorta into the cerebral circulation where they 

can obstruct flow through small vessels and cause local ischemia. Macroemboli do this in 

a more obvious way by causing strokes and areas of ischemia that can be detected via 

magnetic resonance imaging. Transcranial doppler has been used to estimate the quantity 

of microemboli and macrobubbles that enter the brain during cardiac surgery. Despite 

the fact that patients who underwent valve surgeries experienced more microemboli and 

7 times as many macroemboli compared with patients who underwent coronary artery 

bypass grafting (CABG), there was no significant relationship with postoperative NCD.9 

This would suggest that microembolization is not the primary driving cause behind NCD, 

however, the study was small and would need to be studied in a larger population before 

drawing firm conclusions.

Neuronal Ischemia

Neuronal ischemia can result from diminished cerebral blood flow, systemic oxygen 

desaturation, or decreased oxygen-carrying capacity. Heart failure causes decreased cerebral 

blood flow and is associated with cognitive impairment.24-26 Decreased cardiac output 

before or after surgery might exacerbate neurologic injury. A study using transcranial 

doppler to estimate blood flow velocity through the middle cerebral artery after induction 

of anesthesia and during cardiopulmonary bypass showed a correlation between a decreased 

blood flow velocity at either time point and development of acute postoperative NCD.27 A 

reduction in blood flow could cause ischemic injury throughout the brain if present for a 

prolonged period of time. The duration of diminished blood flow needed to cause NCD is 

yet to be studied.

Hemoglobin plays a critical role in oxygen delivery and thus acute blood loss anemia 

could potentially contribute to NCD. An association has been documented between lower 

preoperative hematocrit levels and NCD, although there was no relationship shown between 

red cell transfusion, 6-hour postoperative hematocrit, or postoperative day 4 hematocrit and 

NCD.23 This suggests that patients with lower baseline hematocrit levels might be more 

susceptible to neurocognitive injury possibly because decreased hematocrit is a marker of 

generalized poor health. It does not support the theory that acute blood loss anemia is a 

cause of NCD for most patients.

Inflammation

A growing body of evidence supports the relationship between inflammation and 

NCD, although there is some contradictory research.28 There are a myriad of potential 

mechanisms by which systemic inflammation might alter neurocognitive function including: 

hyperglycemia, cytokine and complement activation, and blood–brain barrier (BBB) 

disruption.
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Diabetes and Insulin Resistance

Diabetes is an inflammatory disease and it is hypothesized that patients with diabetes 

or perioperative hyperglycemia might be at increased risk of systemic inflammation and 

thus increased risk of NCD. This is on the basis of evidence of greater incidence of 

baseline cognitive impairment in patients with either diabetes, poor glycemic control and 

diabetes, or longer duration of diabetes.29 The literature is mixed regarding the effect 

of insulin resistance, either in the context of preexisting diabetes or acute perioperative 

hyperglycemia.30,31 In a study in which standard metabolic care was compared with 

coadministration of insulin and glucose to maintain normoglycemia, a difference only in 

the verbal portion of cognitive testing was shown.32 Because glucose is the primary energy 

substrate for neuronal function, an elevated serum glucose level might be beneficial to 

maintain neurologic function during surgery. It should be strongly emphasized that at least 

moderate perioperative control of glucose has been documented to reduce the incidence of 

non-neurologic complications after cardiovascular and other surgical procedures.33

Cytokine and Complement Activation

Cerebral inflammation in cardiac surgery might be a result of the general inflammatory 

process due to the trauma of major surgery, cardiopulmonary bypass, or ischemia–

reperfusion injury. Inflammatory mediators are able to cross the BBB either directly via 

active transport mechanisms or indirectly via stimulation of the vagus nerve.34 Cytokines 

and complement factors acting within the central nervous system have a deleterious effect on 

cognitive function.34,35 When administered peripherally to treat cancer or chronic hepatitis 

C cytokines such as interferon α, interleukin (IL)-1β, and IL-6, have been shown to 

produce changes in cognition and mood.34,36,37 Complement activation during surgery 

might cause downstream oxidative damage in the central nervous system similar to that seen 

in dementia.38 Systemic inflammatory response syndrome, notable for marked leukocytosis, 

is negatively associated with cognitive function after surgery, particularly in the elderly 

population. Unfortunately, the effects of systemic inflammatory response syndrome can last 

for years after the event.39

Elevated postoperative levels of IL-6 have been associated with increased risk of 1-year 

readmission and mortality among cardiac surgery patients.40 Increased circulating levels of 

inflammatory markers and cytokines including C-reactive protein, IL-1β, IL-6, IL-10, and 

S-100β in the perioperative period have been associated with NCD.17,41 Patients with NCD 

might demonstrate differences in genomic expression pathways postoperatively compared 

with patients without NCD including pathways associated with systemic inflammation, 

antigen presentation, and cellular adhesion.8 Pathways found to differ preoperatively include 

activation of T-cell maturation, cytokine signaling, cell death, and oxidative stress.42

BBB Disruption

The BBB might be disrupted as a result of cardiopulmonary bypass. There is a correlation 

between the degree of permeability of the BBB and the degree of cognitive decline.43 

The mechanism behind this relationship is not well documented, but some believe that 

systemic postsurgical inflammation leading to cerebral inflammation might be an underlying 

cause. Previous testing of cerebrospinal fluid in patients who underwent cardiac surgery 
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has shown alterations in cerebrospinal fluid to serum albumin ratios suggesting BBB 

disruption, increased spinal fluid IL-6 and IL-8 suggesting cerebral inflammation, and 

increased S-100B and glial fibrillary acid protein suggesting glial cell injury.44,45

RISK FACTORS

It is important to give patients and their families an assessment of the risks of stroke and 

NCD before any cardiovascular operation. There are several clinical predictors of NCD. 

These include the burden of atherosclerotic cardiovascular disease, advancing age, diabetes, 

depression, heart failure, a history of stroke, carotid artery stenosis, and baseline cognitive 

impairment (Table 2).1,46 Although the increased expression of various genes after cardiac 

surgery has been associated with NCD,8 knowing this after surgery does not help the 

surgeon counsel the patients as to the risk of NCD before surgery. However, a recent 

study did show that the preoperative gene expression profile might be able to help predict 

postoperative NCD.42 This might be a useful tool to guide discussion of risk preoperatively 

in addition to other clinical risk factors. However, this hypothesis will need to be assessed in 

a larger clinical trial.

There are numerous intraoperative factors to consider when discussing the risk for 

postoperative NCD. Longer intubation times and crossclamping the aorta multiple times 

or excessive aortic manipulation are all associated with NCD.46,50 Studies on the effect 

of using different types of anesthesia, volatile versus intravenous, show mixed results with 

regard to the development of NCD.21 The use of corticosteroids in cardiac surgery to reduce 

the risk of NCD has been studied by multiple groups with no difference in outcomes 

compared with placebo.12,13 The use of cardiotomy suction with processing of blood has 

shown mixed results in relationship to NCD.51,52 Although anemia has been shown to be a 

risk factor for postoperative NCD, intraoperative red blood cell transfusions do not appear 

to alleviate the chance of NCD.23 Extreme hemodilution (hematocrit 15%-18% vs 27%) 

during cardiopulmonary bypass is associated with NCD.53 A lower average intraoperative 

nadir in hemoglobin, which is lower in patients with preoperative anemia (7.7 g/dL) than in 

patients without anemia (8.75 g/dL), has been associated with postoperative neurocognitive 

changes.51 Similarly a low nadir oxygen delivery on bypass is associated with NCD.54

In a study that compared cognitive outcomes of CABG versus valve replacement surgery 

it was shown that patients with valve surgery had a greater incidence of NCD.47 The 

etiology of this difference is unclear, although valve patients had longer crossclamp 

times and length of intensive care unit stay, which might explain the finding. Heparin 

coating on cardiopulmonary bypass tubing decreases the level of complement activation, 

which correlates with decreased neurologic injury.38 However, a trial on the use of a 

complement-blocking drug, pexelizumab, did not show a significant decrease in NCD over 

use of placebo.55 The data regarding temperature on cardiopulmonary bypass, hypothermia 

versus normothermia, and the development of NCD in patients who underwent CABG are 

mixed.56,57 Importantly, slower rewarming from hypothermia has been reported to decrease 

NCD.14,58 Cerebral desaturation is a risk factor for NCD and prolonged hospital stay after 

CABG.10 In some studies, patients with cerebral oximetry monitoring intraoperatively and 

protocols to correct for hypoxia had decreased incidence of NCD, whereas other studies 
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have not shown a benefit.10,11,59 Hyperoxia does not improve NCD over normoxia and 

might in some cases increase neurologic injury.60

Data are mixed in comparisons of neurocognitive outcomes for on-pump CABG versus 

off-pump CABG.6,61 A meta-analysis of 8 trials incorporating 892 patients with reported 

neurocognitive outcomes showed little convincing evidence that NCD was different for off-

pump and on-pump approaches during CABG.62 Thus, it might be the case that the overall 

trauma and inflammation of the operation contributes equally in off-pump and on-pump 

CABG, and that cardiopulmonary bypass is not the primary driver of inflammation, and that 

other factors play a greater role in the development of NCD in this setting.

Changes in cerebral blood flow and its regulation during and after cardiac surgery likely 

plays a role in the NCD observed after cardiac surgery. Significant changes in vasomotor 

regulation have been shown in the brain and various other organs after surgery using 

cardiopulmonary bypass in vitro63-67 and in vivo.65,68 It is likely that these changes in 

vasomotor regulation, permeability, and cellular signaling might contribute to cerebral 

malperfusion during and after surgery.69 Intraoperative mean arterial pressure alone is likely 

insufficient as a measurement of cerebral perfusion. However, in some studies, there is 

an indirect correlation between mean arterial pressure of cardiopulmonary bypass and the 

incidence of NCD after cardiac surgery.70 In one study patients were randomized to either 

personalized mean arterial pressure goals on the basis of cerebral autoregulation testing or 

usual practice blood pressure management and showed decreased incidence of delirium and 

improved postoperative cognitive testing scores with personalized goals.71

There are a few factors in the postoperative period that have been shown to affect cognitive 

function. Acute kidney injury (AKI) is known to cause the release of inflammatory 

mediators that might affect the brain and have downstream effects including diminished 

neurologic function.72 Furthermore, it has been recently shown that patients who experience 

AKI during hospitalization are significantly more likely to develop dementia even after 

controlling for other various comorbidities.73 Even mild inflammation from AKI is 

correlated with early NCD.

LONG-TERM OUTCOMES AND QUALITY OF LIFE

The long-term prognosis of NCD holds importance for general patient health and quality of 

life.1,15 NCD is associated with prolonged hospital stay.23 Among patients who undergo 

surgical aortic valve replacement with postoperative stroke or delirium, both distinct 

albeit related neurologic processes from NCD, have increased hospital length of stay and 

decreased quality of life.74 Most patients who suffer NCD after cardiac surgery have a 

normalization of function with prevalence reduced from 40% at postoperative day 4 to 2.5% 

at 3 months.17 Acute postoperative NCD correlates with long-term cognitive deterioration 

at 6 years postoperation.7,16 This suggests that although most patients recover, there are 

important long-term implications for patients with persistent NCD. These findings have been 

challenged by work showing that patients with coronary artery disease (CAD) have worse 

baseline neurocognitive performance and decline faster than healthy patients over time, but 

that there is not a significant difference between patients with CAD who underwent surgery 
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and those with CAD who did not undergo surgery.61,75,76 Comparing patients with CAD 

who do versus do not have surgery is an imperfect comparison in that patients who undergo 

surgery probably had worse disease.

Many diseases of cognitive dysfunction, including Alzheimer’s disease and vascular 

dementia, begin slowly years before formal diagnosis, and become more prevalent with age. 

Thus it is possible that many patients who undergo cardiac surgery have already begun to 

develop subclinical cognitive decline or dementia but have not yet been clinically diagnosed. 

Alzheimer’s disease can begin showing biomarker changes in cerebrospinal fluid up to 

25 years before symptom onset.77 One study showed an increase in amyloid β peptides 

present in cerebrospinal fluid after cardiopulmonary bypass.45 Perhaps there is an enhanced 

susceptibility to neurologic injury among this and the aged population.78

One concern regarding long-term NCD is that it might be a risk factor for development 

of dementia even many years after surgery. A study that included all patients in Sweden 

who underwent CABG over a 23-year period examined the long-term risk for developing 

dementia compared with matched control participants. The control patients and the CABG 

patients had an increased risk for development of all-cause dementia with no significant 

difference between groups. However the subgroup analysis yielded more nuanced findings. 

CABG patients younger than 75 years were at an increased risk and CABG patients older 

than 75 years were at a decreased risk for developing all-cause dementia compared with 

age-matched control participants.79 Another study showed a greater prevalence of acute 

postoperative NCD in younger patients, although most returned toward baseline by the 1-

month follow-up.80 Younger patients were also shown to have higher levels of perioperative 

inflammatory markers.80 Perhaps a heightened inflammatory response in younger patients 

could be a risk factor for acute postoperative NCD and predispose patients to development 

of dementia.

OPPORTUNITIES TO INTERVENE

The first logical place to intervene in the incidence of NCD is minimizing risk factors that 

the surgical team is able to manage (Table 3). These would include avoiding prolonged 

intubation, using heparin-coated cardiopulmonary bypass tubing, and maintaining adequate 

blood flow during cardiopulmonary bypass by maintaining mean arterial pressure on 

cardiopulmonary bypass above the lower limit of cerebral autoregulation. Furthermore, 

NCD might be reduced or prevented with appropriate intraoperative blood glucose control, 

slowly rewarming from hypothermia and avoiding hyperthermia, avoiding excessive aortic 

manipulation and multiple episodes of aortic crossclamping, appropriate monitoring of 

cerebral oximetry, and treating instances of hypoxia. Instituting factors that might avoid 

postoperative AKI have been determined to lessen the incidence of NCD. Additionally, 

several of the preoperative risk factors for NCD are modifiable including: diabetes, 

depression, baseline anemia, and carotid artery stenosis. If patients with preoperative 

anemia are at risk for a lower intraoperative hemoglobin nadir, then it might be worth 

investigating whether avoiding the nadir in these patients can decrease NCD. Perhaps 

optimization of baseline depression preoperatively can improve neurocognitive outcomes. 

Another potential intervention that might be indicated is the initiation of a program 
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of postoperative cognitive assessment and referral to rehabilitation services in the same 

way that patients are routinely evaluated by physical therapy for functional status before 

discharge and connected with appropriate outpatient support services. Perhaps this type 

of rehabilitation could prevent acute changes from becoming long-term deficits. A better 

understanding of causes, incidence, and treatment of NCD after cardiac surgery might help 

lessen the incidence of NCD and its clinical effect.

SUMMARY

Acute NCD is common after cardiac surgery, and has an effect on immediate and long-term 

patient outcomes and quality of life. At the moment it is challenging to identify the patients 

who are going to develop NCD or the patients for whom short-term NCD will persist into 

long-term NCD. There have been numerous risk factors examined, although the evidence 

supporting a relationship with NCD is mixed for many of them. Many risk factors attempt 

to capture a patient’s baseline vulnerability that place them at a higher risk for NCD. At this 

point in time the etiology of NCD appears to be multifactorial and successful interventions 

or treatments will likely also need to be multifactorial. Surgeons can counsel patients 

regarding the risk of NCD on the basis of preoperative risk factors, attempt to optimize 

modifiable factors, and then mitigate intraoperative risks. In addition to the existing research 

attempting to identify mechanisms, clinical risk factors, and intraoperative interventions, the 

field of NCD research would benefit from further work on how to support and treat patients 

when they have developed NCD.
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CENTRAL MESSAGE

Acute neurocognitive decline after cardiac surgery is common, has an effect on 

immediate and long-term outcomes, and is multifactorial in etiology.

PERSPECTIVE

Neurocognitive decline is common after patients undergo cardiac surgery and has 

important implications for acute and long-term clinical outcomes and patient quality 

of life.The etiology is multifactorial with proposed mechanisms including embolization, 

neuronal ischemia, and inflammatory mechanisms. Future interventions will likely need 

to address multiple mechanisms.
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