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Abstract
A number of serious clinical cognitive syndromes occur following surgery and anesthesia.
Postoperative delirium is a behavioral syndrome that occurs in the perioperative period. It is
diagnosed through observation and characterized by a fluctuating loss of orientation and
confusion. A distinct syndrome that requires formalized neurocognitive testing is frequently
referred to as postoperative cognitive dysfunction (POCD). There are serious concerns as to
whether either postoperative delirium or postoperative cognitive dysfunction lead to dementia.
These concerns are reviewed in this article.
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Introduction
Since the 1950’s, it has been clear that patients undergoing surgery and anesthesia suffer
from postoperative cognitive changes. Two distinct syndromes have been described.
Postoperative delirium is identified in the postoperative period and described as a fluctuating
alteration of consciousness. Postoperative delirium is associated with postoperative
cognitive dysfunction (POCD), which refers to measureable decreases in neuropsychiatric
function, most commonly alterations in memory and executive function. Cognitive domains
found affected in POCD overlap greatly with the deficits encountered in patients with formal
dementia. In this article, we explore the relationship between delirium and dementia.

Apart from direct toxicity, anesthesia may have secondary effects that result in delirium or
POCD. Surgical intervention and the response to surgery may be involved in the generation
of these states. Either delirium, POCD, or both of these states may be an early manifestation
of a continuum of pathology leading to dementia. Figure 1 maps some of these potential
relationships. The questions posed by this figure include:
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• Does anesthesia and/or surgery cause delirium? Short Answer: Surgery/major
illness – yes; anesthesia, maybe

• Does delirium cause POCD? Answer: mixed picture with highly divergent methods
and small sample sizes makes conclusions difficult, but there appears to be more of
an association than not.

• Does delirium have a direct impact on dementia? There is a definite association,
but how to determine if a patient with dementia is more likely to get delirium
versus a patient who gets delirium is more likely to get dementia.

• Does delirium have an indirect impact of dementia by way of POCD? A version of
this question is whether POCD leads to or is a prodromal form of dementia? So far,
POCD appears to be primarily transient and not related to the trajectory of AD.

In exploring these questions, we will first explore how these entities are defined, as some of
the methodological problems evolve from the overlap of definition and symptomatology.
We will briefly describe similarities in potential pathogenesis that would be consistent with
an association between delirium and dementia. We will review the evidence to date
suggesting that there is an important relationship between delirium and POCD, and discuss
whether this extends to dementia. Finally, we will make suggestions as to the important
research activities needed to make progress in this area.

What is delirium?
Delirium is a neuropsychological syndrome characterized by disorganized thinking, lack of
orientation and a fluctuating course. Delirium has become a focal point for much recent
study and the formation of specialty societies in both Europe and the United States.1 The
basis for the concerns about delirium include the additional difficulty and cost associated
with the care of individuals who develop delirium, the association of delirium with other
complications, increasing morbidity and mortality, and the concern about its relationship to
POCD and dementia.2,3

The definition of delirium has evolved over recent years. The Diagnostic and Statistical
Manual of the American Psychiatric Association represents the consensus definition for
most psychiatric conditions. The current proposal for the DSM V is listed in table 1. As this
represents a minor change from the DSM IV-TR, table 1 also notes the alterations from the
previous definition. It is important to appreciate that delirium is a behavioral syndrome that
is diagnosed by observing a patient. The primary instruments for diagnosis of delirium, the
Confusion Assessment Method (CAM)4 and the Delirium Rating Scale (DRS) are not
interchangeable5. There is considerable variation in how the instruments are utilized. Some
groups use multiple instruments to inform the CAM and others use short interviews. There
are alternative versions and foreign language versions of both.

Postoperative delirium is a specific subset of the panorama of deliria. Two different
syndromes are discussed but only one is consistent with the classic definition of delirium.6

Upon the cessation of general anesthesia, is it somewhat common for patients to be confused
and uncooperative. This phenomenon has been referred to as emergence delirium or
emergence excitation. Characteristically, the patient is reacting to the continued presence of
the endotracheal tube, i.e. their gag reflex has returned, but they are not yet responding to
verbal commands. Patients in this state can be very difficult to manage and frequently
require additional sedation. Interestingly, they typically emerge from this additional sedation
in a calmer and more manageable manner. This behavior does not fluctuate. The most
standard diagnostic instruments are not usable in this situation, which is generally extremely
short lived.7 Emergence excitation is probably not a real subset of delirium. It occurs across
all age groups and with rare exceptions is extremely limited in time.
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Postoperative delirium (PD) is predominantly a diagnosis of older patients in that the
prevalence becomes significant after age 60-65. It has been referred to as interval delirium in
that its presentation is typically 24-72 hours after the completion of a surgical procedure.
Unlike emergence excitation, postoperative delirium is diagnosed using the same criteria
and instruments used for medical patients. For general surgery, the incidence of PD is
reported from 5-15%, ranging up to 65% for patients with hip fractures.3 The reported
incidence in patients undergoing surgery for hip fracture is higher, ranging from 16-62%,
with an average rate of 35% across 12 studies of 1,823 patients.8 Delirium occurs in up to
80% patients admitted to intensive care. In this scenario, the age specificity is less marked.
The diagnosis of ICU delirium has required the development of instruments that adjust to
patients who are intubated for mechanical ventilation, but the general criteria are similar.9

Prior to the extensive description of ICU delirium by Ely and colleagues,10 this phenomenon
was frequently termed ICU psychosis and was a diagnosis of exclusion.

Delirium is frequently characterized as hyperactive, in which agitation and restlessness are
predominant and hypoactive, in which lack of responsiveness, slow or absent movement and
slowed speech are predominant.11 Subsequently, a mixed subtype has been used to describe
patients who vacillate between those two poles. In addition, the presence of some but not all
symptoms has resulted in the discussion of subsyndromal delirium.12 The most recent
assessment of these motor types found that 35% manifested hypoactive delirium, 26% had a
mixed picture and 15% showed hyperactive symptoms. In this study, 24% had no subtype,
most of which were cases referred to as subsyndromal delirium.11

The pathophysiology underlying delirium, as described below, is unknown. There are no
biomarkers or external diagnostic tests that assist in the diagnosis of delirium and no
anatomic or histologic finding that confirms the diagnosis. A wide range of precipitating
factors including acute illness, surgery, drugs and trauma are associated with the
development of delirium.13

The primary feature that makes postoperative delirium particularly interesting is the ability
to evaluate patients prior to surgery and serially observe them for development of delirium.
This is somewhat less true in critically ill patients, but certainly does apply to surgical
intensive care patients, such as cardiac surgical patients. It is not clear if there is a
meaningful distinction between the delirium noted in the postoperative period and that noted
in patients with medical illness.14 The setting of postoperative delirium has provided an
important window into the study of this phenomenon.

What is dementia
Dementia is a general term for series of specific diseases whose common feature is a decline
in mental ability that interferes with daily life. Dementia is not a specific disease.
Alzheimer’s disease is the most common form, accounting for 60-80% of cases. (http://
www.alz.org/alzheimers_disease_what_is_dementia.asp?gclid=CKzUkcLl3K4CF
YNo4Aod-jDJaA) The second most common is vascular dementia which is generally
associated with neural damage from strokes. Dementia associated with certain conditions,
such a vitamin deficiencies or thyroid disorders may be reversible. In addition, conditions
such as depression can have overlapping symptoms. The definitive diagnosis of Alzheimer’s
disease requires examination of the brain so it is almost always made postmortem. While the
pre-mortem diagnosis may not be 100% accurate, it is nonetheless vitally important to make
the diagnosis to assure that the symptoms are not related to a reversible disease. The
diagnosis is usually made by a combination of history, physical examination, blood tests to
eliminate other causes, imaging of the brain with either CT or MRI and neuropsychological
tests. Scales to assess dementia, such as the clinical dementia rating (CDR) scale include
multiple domains of function in making a determination of dementia.
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What is (are) Post Operative Cognitive Dysfunction (POCD) and Long Term Cognitive
Impairment (LTCI)?

For decades, it has been apparent that some patients have notable cognitive problems
following surgery and anesthesia that were distinct and distant from delirium. Following a
series of studies in the 1990’s this became known generically as postoperative cognitive
dysfunction or POCD. The major studies evolving out of the International Studies of
Postoperative Cognitive Dysfunction found that approximately 10% of patients had
significant deterioration at 3 months following surgery.1516,17 Twenty five percent were
impaired at 1 week. Other researcher working, for example in the intensive care units have
found even more profound effects on memory and executive function.18 These investigators
frequently refer to their finds as Long Term Cognitive Impairment (LTCI) or Decline
(LTCD).10,19 For the purposes of this article POCD and LTCI are used essentially
synonymously

In contrast to delirium, assessing patients for cognitive change requires a pre and
postoperative test. Determination and quantization of any change requires a baseline
measure. There is no consensus on the magnitude of cognitive change that should be
considered clinically relevant.7 Test batteries usually include assessment of immediate and
short term memory and various assessments of executive function.17 There are multiple
analytical approaches to making a present or absent determination of POCD. In a review of
studies following cardiac surgery, Mahanna et al made the important point that the analytical
approach taken has a significant impact on the determined incidence of POCD.20 In that
review of a single prospective data set, the incidence of decline ranged from 66% to 15.3%
before discharge, 34% to 1.1% at 6 weeks, and 19.4% to 3.4% at 6 months depending upon
which of four approaches were applied. The timing of cognitive testing also varies. Most
tests of POCD occur in the 3 – 6 month range. The incidence appears to drop over time with
most POCD appearing to be transient over the course of a year.21 POCD and LTCI remain
research findings. Neither is a recognized disease or syndrome. As noted by many articles,
standardization of an approach to the determination of POCD and/or LTCI would greatly
expand our ability to compare studies.

Studies of POCD have failed to capture a distinct set of patients that seem to have had a
catastrophic event associated with surgery and anesthesia. Most investigators who work in
this area have heard one or more stories in which a patient who was relatively intact and
functional undergoes an elective procedure becomes confused, develops a few complications
and end up barely functional in a nursing facility, the most noticeable aspect being that they
seem to have rapidly progressive dementia. An example of this perception is noted in the
description provided by a daughter on an AD association blog. (http://alzheimers.infopop.cc/
eve/forums/a/tpc/f/3621033452/m/1721067562?r=466300483 #466300483) “My dad had
NO DEMENTIA prior to surgery, and was an Estimator for a Paving Company, after
surgery...he couldn’t add 2+2!” We, as well as other authors, have both noted that these
cases exist and that we have almost no information about them.22 For such cases it is hard to
argue that surgery and anesthesia did not play a role. However, as noted in another articles
in this issue and reviewed briefly below, the data suggesting a general trend toward
anesthesia and surgery causing a major change in the trajectory of dementia are still lacking.

Relationship of Symptomatology/Overlap in Diagnosis
The overlap in symptoms provides some clues as to the interrelationship between dementia
and delirium but it also points out one of the true problems in sorting out a clear
understanding. There are substantial concerns about the accuracy of diagnosis for both
entities in standard clinical practice. http://www.acnp.org/g4/gn401000133/ch130.html )23
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Delirium is thought to be majorly under diagnosed2411 and there is concern about the
relative value of the testing instruments in use.25,26

In table 2, we provide a tabular overview of symptomatology noted in evolving definitions
of delirium and dementia, which we have modified from the work of Holtta.23 Two points
are illustrated by this table. First, the definition of delirium is evolving. While this is
appropriate, a reader must distinguish which criteria are in use and appreciate that the
diagnosis has changed over time. The second important point is the are the areas that are
common between various definitions of delirium and a test for dementia called the
neuropsychiatric inventory (NPI)27. In evaluating 425 consecutive patients, Hollta and
colleagues sought to study the frequency of overlapping delirium and neuropychiatric
symptoms (NPS) among 255 patients with dementia. Of these patients, 66 developed
delirium. Eight-five percent of these patients also had multiple neuropsychiatric symptoms.
They also noted that only the patients with a confirmed diagnosis of delirium had a poor
prognosis. Thus, is may be important to distinguish whether specific neuropsychiatric
symptoms derive directly from dementia or whether the result from an acute episode of
delirium, because only the diagnosis of delirium was associated with poor outcomes. It also
points out how difficult this can be. Meagher and colleagues explored the overlapping
features that complicate the differential diagnosis of delirium and dementia in a study of
patients with delirium, dementia, comorbid delirium-dementia and cognitively intact
controls in a palliative care setting.28 Acknowledging the primary distinguishing features
appear to be reversibility and temporal course, they sought to determine first which features
best differentiate controls from dementia and or delirium and second to compare the
neurocognitive profiles of these three group. DRS-R98 and CTD total scores were
comparable in the delirium and comorbid delirium-dementia groups and higher than in
dementia or control groups. Inattention and disorientation were more severe in delirium
groups compared with dementia-alone. They identified one test, the spatial span forward,
(but not the spatial span backward) that appeared to disproportionately diminish in delirium.
This overlap of symptoms makes the idea that delirium leads to dementia both intuitively
appealing and hard to prove. It suggests to clinicians trying to assess geriatric patients in that
distinguishing delirium from neuropsychiatric symptoms without delirium can be
challenging, but seems to be important. Finally, it challenges researchers to seek clear and
mutually agreeable definitions of these neuropsychiatric syndromes to make studies
comparable.

Relationship of Pathophysiology
In 1996, Inouye et. al described what they called predisposing and precipitating factors for
delirium.29 In essence they observed that a patient’s status preoperatively was the baseline
upon which various events eventually tipped the patient from coherence into fluctuating
incoherence. The predisposing factors, which are perhaps erroneously referred to as risk
factors, have been determined through a number of studies. Risk factors for which high level
evidence exists include: pre-existing cognitive impairment such as dementia,- depression,
abnormal serum sodium, age 70 years or more; or increasing age.29-33 Other factors for
which there is relatively strong evidence for an associated with increased risk of post-
operative delirium include: exposure to meperidine, exposure to benzodiazepine, particularly
longer acting preparations, a previous history of delirium, alcohol abuse, pre-operative use
of narcotic analgesics, and both pain and use of narcotics. 34,35303637 Many of these factors
are thought to be fixed in the sense that not much can be done to alter them. In our search for
means of preventing complications in the elderly, a more aggressive view of changing risk
factors may be in order. An evolving concept of frailty38 is an area which may be both
associated with delirium39 and potentially amendable to preoperative habilitation.40,41
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The precipitating factors have generated more research, perhaps because they are easier to
study and portend a greater chance of subsequent intervention. Within the realm of
precipitating factor, complications associated with surgery are important. The development
of infections, in particular, is thought to predispose a patient to delirium.42 At it is routinely
the intention of all medical teams to prevent complications and the prevention of many
postoperative complications is itself an extensive literature, we have focused our discussion
on areas that are concomitant to standard care.

We propose that three major areas have been explored. Progress in all areas is hampered by
an absence of an animal model of delirium. There are excellent animal models of cognitive
function that should not be confused with or thought a substitute for a functional model of
delirium. The literature on animal cognition in the postoperative period is interesting
literature and beyond the reach of this review.43 Progress in distinguishing surgical insult
from anesthetic toxicity is limited by the rarity of administering anesthetic drugs to human
subjects in the absence of a procedure. Thus, direct effects of medications are hard to isolate
from the stress associated with surgery.

The first area is the idea that direct and indirect neurotoxicity or neuromodulatory effects
from drugs primarily administered for anesthesia may cause delirium. For years some sort of
misbalance of the cholinergic system has been implicated. Severe cholinergic toxicity causes
a syndrome consistent with delirium.44 Measurement of cholinergic activity in blood and
epidemiological evidence regarding cholinergic drugs administered to have produced mixed
results in terms of association with delirium.45,46 Perhaps the primary efforts in this area
have focused on the difference between regional and general anesthesia. Regional
anesthesia, usually either epidural or subarachnoid, produces a complete lack of sensation by
blocking neural transmission at the level of the spinal cord. In theory, patients having
operations amenable to regional anesthesia could be wide awake during surgery, as opposed
to the effect of general anesthesia which produces a profound but reversible coma. This has
led many a clinician to recommend regional anesthesia, particularly for hip fracture. To date,
a reasonably extensive literature of sufficient substance to allow meta-analytic review for
both postoperative delirium47,48 and postoperative cognitive dysfunction40,49 have failed to
any advantage. An important clinical issue confounds this literature in that few patients
undergoing regional anesthesia fail to receive significant sedation during their procedure. A
recent small trial that is currently being followed up with a larger clinical trial suggests that
the depth of sedation can be an important factor in determining the incidence of
postoperative delirium.50

As described more in depth by other articles in this issue, there are many clues suggesting a
biochemical relationship between anesthetic agents and Alzheimer’s Disease (AD)
pathology.51 For example, Eckenhoff has demonstrated that inhaled anesthetic agents
enhance the cytotoxicity and oligomerization of Alzheimer disease associated peptides.52

Using nuclear magnetic resonance (NMR) techniques, Mandal demonstrated the induction
of amyloid oligomerization with clinically relevant concentration of isoflurane and
desflurane,53 while Perucho demonstrated an increase in amyloid pathology in mice using
isoflurane.54 NMR experiments have also noted that small sized anesthetics "inhaled" do
initiate the amyloid beta oligomerization but at clinically relevant concentration bigger sized
anesthetics (intravenous) do not oligomerize amyloid beta peptide.55 The clinical relevance
of these findings is evolving. One small human study demonstrated cognitive decline due to
isoflurane but not desflurane on a clinical study evaluating patients only 7 days following
surgery.56 A recent study by Liu et al investigated the role of sevoflurane in the potential
development of dementia.57 Evaluating patients with MCI, they demonstrated that
sevoflurane, but not propofol or lidocaine epidural anesthesia accelerated the progression of
amnestic mild cognitive impairment. This is an extremely important study that requires

Silverstein and Deiner Page 6

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2014 June 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



additional follow-up. There is some animal evidence that cognitive processes are altered
after exposure to anesthesia, but in the absence of an animal model of delirium, there is no
information that anesthetic agents lead to delirium in animals. There is a parallel literature
on neurotoxicity in the developing brain.58,59 In the neonate, there seems to be more direct
toxicity during somewhat defined intervals of neuronal susceptibility. Another line of
evidence in this area suggests that inflammation, rather than the directe effect of anesthetics,
is a more important factor for any cognitive decline.60 The reader is referred to other articles
accompanying this paper as well as recent reviews for details.61

The clinical implication of this discussion rests on the possibility that preventing delirium
could prevent POCD and/or dementia. The relationship between specific drugs and the
incidence of postoperative delirium is difficult to assess as the current practice of anesthesia
routinely involves the use of multiple medications. Propofol was found to be associated with
a higher incidence (67.5 vs 49.4%; p=0.018) of delirium than desflurane in patients have
coronary artery bypass.62 However, as reported by Sieber, depth of anesthesia rather than
the drug employed may be the primary variable.50 Benzodiazepines have generated mixed
reports. One trial comparing midazolam to dexmedetomidine suggested that delirium was
more common with midazolam.63and a Cochrane review recommends that benzodiazepines
not be used to treat delirium that is not related to alcohol withdrawal.64 Although it is
common for experts to recommend that benzodiazepines be avoided in the elderly to prevent
paradoxical agitation, there is relatively little data suggesting a direct link to postoperative
delirium.65 The relationship of opioid analgesics to delirium is similarly complicated by the
need to distinguish the role of pain in the generation of delirium.66 Meperidine, which has
been thought to have a relationship to delirium, is not a good medication to use in the elderly
for many reasons, including myocardial depression.67 Thus, while it would be convenient to
attribute postoperative delirium to a single drug, the literature to date does not support this
idea.

There is sufficient data to suggest that at least the incidence of delirium can be diminished
primarily by attention to details associated with care of the elderly.35 Approaches including
an alteration of the anesthetic plan50 or postoperative pain management68 could be
important as well, however definitive evidence awaits the results of larger ongoing clinical
trials

The second major area regarding the pathophysiology of delirium is that of ischemia or
relative ischemia. As in other areas, there is a mixed set of results, with hypoxemia found
related to69,70 and not related to71 the development of delirium. This limited and confusing
evidence was nonetheless sufficient for a recent NIH clinical guideline to include
assessment for hypoxia and optimization of oxygenation as one of 13 recommendations for
the prevention of delirium. 72

The third general area is that of inflammation and the neurophysiology of stress, with
delirium seen as to the neuropsychiatric effects of various cytokines. 73-75 The current state
of the art is that stress and inflammation seem to be temporally related to delirium, but no
serum or spinal fluid marker has developed anything approaching diagnostic or prognostic
significance.76 Recent hypothesis generating studies have suggested that white matter
disruption at discharge and at 3months is associated with the duration of delirium in patients
undergoing intensive care.77 There is currently no idea regarding the potential
pathophysiology of this finding, but it provides an intriguing neuroanatomic clue as to the
underlying changes associated with delirium.

A number of hypothetical approaches have recently been put forward that attempt to
synthesize current knowledge into a working model. Sanders has recently proposed a model
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in which network connectivity is viewed as the primary organizing principle and that 1)
baseline connectivity varies due to primarily non-modifiable risk factors and 2) inhibitory
tone, acting on this baseline level of connectivity, increases, enhancing the risk of
delirium.78 In a sense, this is a neural network level description of Inouye’s predisposing
and precipitating factors.29 In this model, the effects of both stress and specific drugs are
related to alterations in inhibitory tone, and in this sense propose as strong role for anesthetic
drugs in pathophysiology of delirium. At least in theory, drugs which provided sedation with
less impact on the GABAA mediated inhibitory circuits would decrease the incidence of
delirium. Another approach was put forward by Cerejeira based on a prospective study of
cholinesterase activity and inflammation. 79 In this study delirium was associated with an
increased production of proinflammatory cytokines. The magnitude of the increase was
predicted by preoperative cholinergic tone, suggesting the balance between immune
response and cholinergic activity may play a role in the development of delirium.

Pathophysiology of POCD
Neither POCD nor LTCI are the primary focus of this review but rather a state that is
frequently encountered and sought after in patients developing delirium. For this review, the
primary question is whether there is a link between delirium and POCD that leads to early
dementia, that is reviewed bellow. Therefore, we will limit out comments on the
pathophysiology of POCD to indicating that essentially of all of the issues addressed in, as
well as the organization of those issues, described above for delirium apply to POCD and
that results have not been conclusive in any manner.6,80

Does delirium lead to POCD/LTCI
For the purpose of discussion, we will refer to LTCI in describing the following data
although most of the data is postoperative. Jackson and colleagues assessed the literature in
2004 to determine what was known about delirium and LTCI.81 This review and others sight
a number of difficulties in comparing studies. The methodology for assessing delirium and
the means and assessment of cognitive impairment vary widely between reports. Delirium
assessment are made using the confusion assessment method (CAM), the CAM-ICU, the
Delirium Rating Scale (DRS), as well as clinician determination using various DSM criteria.
For cognitive assessment, approaches range from complete neurosychological batteries to
forms of the MMSE. In 2009, Maclullich and colleagues added nine additional reports and
further analyzed the relationship of delirium to LTCI first evaluated by Jackson.8182 Three
of the nine studies evaluated patients with hip fractures. These are patients who sustain a
painful trauma and almost always have an anesthetic and surgical procedure to repair the
fracture within a few days. Estimates for the incidence of delirium run very high (30-65%)
in hip fracture patients. Elective orthopedic surgery (hip and knee) and two studies of
elective abdominal and cardiac surgery were also included. In 2008, Bickel and colleague
reported on a prospective cohort study of 200 patients 60 years of age and over undergoing
hip surgery and found delirium in 40 patients. 83 “Logistic regression analysis adjusted for
age, sex, medical comorbidity and preoperative cognitive performance revealed highly
significant associations between delirium and cognitive impairment (OR = 41.2; 95% CI =
4.3-396.2), subjective memory decline (OR = 6.2; 95% CI = 1.5-25.8) and incident need for
long-term care (OR = 5.6; 95% CI = 1.6-19.7). “ So, while two of the articles reviewed by
MacLullich concluded that there was no relationship between delirium and LTCI,84,85 the
authors concluded that the results broadly confirm a link between delirium and LTCI. The
most recent addition to this literature evaluated 225 patients over the age of 65 following
cardiac surgery.86 This cohort had a 46% incidence of delirium. These patients had lower
preoperative determinations on the mini mental state examination (MMSE) and lower
MMSE scores at 1 month and 1 year. However, with adjustment for baseline differences,
difference in mean MMSE scores were different at 30 days but not 6 or 12 months. Because
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there is such a variety of methodologies there has not been any formal meta-analyses. There
are a number of prospective current trials that should shed a clearer light on this issue. (see
for example: NCT00561678 on www.clinicaltrials.gov or SAGES at
www.hebrewseniorlife.org/sages). To date there is no clinical data suggesting that the
prevention of delirium avoids or diminishes the risk for dementia. This question will require
large prospective studies.

Does surgery and anesthesia impact the incidence or trajectory to AD?
In an attempt to understand this problem, a number of investigators have used various
registries of dementia patients to determine if there was any demonstrable effect of
anesthesia and surgery. Avidan, used a group of patients enrolled in the Alzheimer’s Disease
Research Center at Washington University to determine if a history of major surgery could
be found to have an impact on the trajectory of cognitive decline.87 This group had raised a
series of important concerns regarding POCD and its relationship to and relevance to
dementia. They were concerned that essentially all studies of POCD start from a single
preoperative baseline test, so if a patient were in fact deteriorating progressively leading up
to the surgery, most studies would not capture that clinical information and therefore
unfairly implicate anesthesia and surgery. Their analysis addressed the question as to
whether there is anything special regarding the perioperative period in that patients with
medical illnesses also frequently have delirium, cognitive change and an impact on
progression of dementing illness. Their review of 575 patients divided into those with no
medical event, a surgical event or a medical event in the year preceding their follow-up test
in the ADRC showed no difference in the trajectory to advancing dementia. There has been
extensive discussion regarding the limitations of this approach, however it seems fair to say
that the preponderance of studies using this epidemiologic approach have failed to find a
significant signal suggesting that the perioperative experience has a significant impact on the
progression of a population followed in an AD registry.

If surgery and anesthesia are associated with the deterioration of patients with dementia, one
would expect patients with early forms of dementia to be at particular risk. The literature on
early forms of dementia can be confusing, with multiple different states described including
various forms of mild cognitive impairment (MCI), Age Associated Memory Impairment,
Age Associated Cognitive Decline, and Cognitive Impairment No Dementia. The current
recommendation is based on the idea of MCI.88,89 In a retrospective review, Bekker
demonstrated that patients with MCI and surgery had a greater deterioration on the digit
forward span test.90 They interpreted their findings as the first demonstration that MCI leads
to POCD. This finding awaits the results of currently ongoing prospective trials for
confirmation.

On balance, it appears that a small cadre of undefined size suffers from profound delirium
from which dementia appears to evolve. It is hard to know if these rare but catastrophic
events have anything to do with the types of neurotoxicity described in this issue. A variable
number of patients depending on surgical type and risk factors develop delirium. There may
be an association between delirium and POCD/LTCI. To date there is insufficient evidence
to link POCD/LTCI to ling term dementia.

Does postoperative delirium lead to dementia?
In a population of patients with Alzheimer’s Disease, an episode of delirium is associated
with a significant acceleration of the slope of cognitive decline.91 The literature reviewed
herein has not, for the most part, included patients with significant cognitive impairment
before surgery. Patients with mild cognitive impairment may be at risk for POCD.90 At the
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moment, there is little convincing evidence that an incidence of postoperative delirium in an
otherwise intact patient is commonly associated with rapidly progressive dementia.

Does dementia cause delirium?
Patients with dementia are prone to episodes of delirium as well as mixed cognitive pictures
that include delirium like symptoms.23 Larger programs, in the sense that they are not
focused on perioperative care, such as the hospital elder life program seek to address some
of the needs of these patients.92 Patients with pre-exisiting cognitive impairment are at high
risk for delirium.

Conclusions
As there is some data to suggest that delirium could be prevented, there is great interest in
understanding the relationship between delirium and dementia. We have seen how overlap
in the definitions of the various entities makes it both logical that there is a relationship and
difficult to make clear determinations, particularly in complex patients. We have noted that
surgery and anesthesia are potent stimuli to the development of delirium. We have reviewed
the literature that seems, on balance, to suggest that patients who develop delirium are at
high risk for POCD/LTCI. We have noted that a small cadre of patients who are poorly
categorized appear to have catastrophic course, but that these patients are rarely in studies.
There is relatively little data at the moment to suggest that POCD is either permanent or that
surgery and anesthesia accelerate the progression of dementia.

There is much work that needs to be done in this area. Unfortunately, there remains
controversy regarding the determination of delirium. With the introduction of the DSM V,
there is hope that the definition of delirium will remain stable for a period of time.
Consensus regarding instruments for the determination of delirium would be valuable. For
POCD/LTCI there is so much variability in the methods that limit the ability to make a
coherent assessment. One difficulty is that studies tended to include either high quality
delirium or cognitive assessment, but not both. There are currently a number of NIA funded
prospective trials that will use both state of the art delirium assessments and cognitive
batteries are being employed, so we should have additional prospective datasets to review in
a few years.
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Highlights

Delirium is a common problem that has been studied primarily in postoperative patients

Delirium may cause long term cognitive impairment

Long term cognitive impairment may be associated with development of dementia.

Silverstein and Deiner Page 16

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2014 June 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Potential relationships between anesthesia, surgery and the ultimate development of long
term cognitive impairment. This conception indicates that neurotoxicity, inflammation and
stress appear to be the mediators of both delirium and LTCI. Delirium may represent an
intermediate step on the road to LTCI for some patients. Other conditions such as pre-
existing impairment (lack of cognitive reserve), co-morbid illness and intercurrent events
(e.g. postoperative complications) may also play a role in the development of these
problems.
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Table 1

DSM V delirium (with notes regarding alteration of definitions from the DSM IV)

A. Disturbance in level of awareness and reduced ability to direct, focus, sustain, and shift attention. (This
is represents a minor change from : Disturbance of consciousness (i.e., reduced clarity of awareness
of the environment) with reduced ability to focus, sustain or shift attention.)

B. A change in cognition, (such as deficits in orientation, executive ability, language, visuoperception,
 learning and memory)

  -Cannot be assessed in face of severely reduced level of awareness

  -Should not be better accounted for by a preexisting neurocognitive disorder

(A minor change from A change in cognition or the development of a perceptual disturbance that is
not betteraccounted for by a preexisting, established or evolving dementia.

C. There is evidence from the history, physical examination, or laboratory findings that the disturbance is
 caused by the direct physiologic consequences of a general medical condition. (no change from DSM
 IV)

D. The disturbance develops over a short period of time (usually hours to a few days) and tends
 to fluctuate in severity during the course of a day. (no change from DSM IV)

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2014 June 03.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Silverstein and Deiner Page 19

ICD-10 DSM-II DSMII-R DSM IV DSM V NPI

Clouding of conciousness x x x x

Impariment of Attention x x x x x

Preceptual Disturbance x x x x x x

Disorganized
thinking/speech x x x x

Distrubance of Sleep x x x x

Motor Activity change x x x x

Disorientation x x x x x

Memory Impairment x x x x x

Impairment of Abstract
thinking or
comprehension x

Emotional Disturbance x x

Rapid Onset and
fluctuating symptoms x x x x x

Causative Factor x x x x x
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