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Abstract

Background: Many studies have shown that a large number of patients undergoing surgery show a measurable
cognitive deterioration after surgery, while many of them still show cognitive deficits even three months later an
operation. These specific cognitive deficits in which there is a temporal association between surgery and mental
disorders are defined as postoperative impairment of cognitive function. Among cognitive disorders occurring
during the postoperative period, the post-operative cognitive dysfunction (POCD) is less studied.

Aim: Risk factors concerning POCD will be overviewed in order to be considered as a measure of prevention of
POCD.

Method: A literature search using combined keywords was undertaken on bibliographic databases including
PubMed, Google Scholar and Scopus and through systematic selection 72 scientific articles were identified.
Concerning the selection criteria, the material of this study consists of sources published mainly over the last
fifteen years, while some articles that published before 2000 were selected because they were considered to be
important.

Results: These disorders frequently occur in patients of advanced age. It is obvious that as the population of
humanity ages, many older people are likely to develop health problems that require surgery and therefore a
large number of people are likely to develop post-operative cognitive disorders. For the appearance of POCD, as
for other mental disorders (e.g. delirium), several factors are implicated. According to the findings, except the
advanced age, genetic polymorphism, idiosyncratic condition, the presence of metabolic syndrome and
neurological diseases, the type of anaesthesia and surgical operation and sleep disturbance are among the most
important risk factors.

Keywords: memory deterioration, post-operative cognitive dysfunction, post-operative mental disorder, risk
factors

1. Introduction

The decline in mental level is a phenomenon which is often observed in patients after chronic illness or trauma.
A factor which has been associated with the decline of the mental level is surgical operations (Rasmussen, 2006;
Newman et al., 2007). A post-operative drop of the mental level concerns a wide range of cognitive functions in
human including the short and long-term memory, data process, focus of attention and cognitive adaptation
(Hovens et al., 2012). Studies have shown that about 26% of patients undergoing surgery show a measurable
cognitive deterioration one week after surgery, and 10% of these patients still show cognitive deficits three
months later (Moller et al, 1998) while more recent ones have shown that at least 30% of patients undergoing
noncardiac surgery show a cognitive deterioration at hospital discharge (Monk et al., 2008). These particular
cognitive deficits in which there is a temporal relationship between the surgery and mental disorders are defined
as post-operative cognitive dysfunction (POCD). Specifically, surgical patients are likely during the
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post-operative hospitalization, to experience postoperative delirium or even more serious disorders of cognitive
capacity. These disorders frequently occur in patients of advanced age. In the general population, many people
remain healthy into old age. This process is referred as "normal aging" (Prough, 2005a). However, a fairly large
number of elderly people have chronic diseases, which makes them more prone during surgical interventions
(Prough, 2005a). Clinicians and researchers have observed that a considerable number of elderly patients have
"changes in personality" after surgery (Prough, 2005b), which led them to the description of the syndrome of
POCD and in search for the predisposing factors for the occurrence of this phenomenon. It is understood that as
the population of humanity is aging, many older people are likely to develop health problems requiring surgery
and hence a large number of people are expected to develop POCD (Monk et al., 2008).

This phenomenon, which has been described in 1955 (Bedford, 1955) had various names such as acute confusion,
acute stroke syndrome, mental impairment, etc. (Heyer et al., 2008). The post-operative mental disorders have
been associated with a reduced capacity for the process of daily activities by the time of discharge from the
hospital for up to three months post-operation, which affects patients’ quality of life and possibly disturb the
balance in their family (WillamsRusso et al., 1995). Another effect of these disorders is the significant economic
costs of caring for these patients after their discharge from the hospital (Avidan et al., 2009). So, the
investigation of the risk factors for this phenomenon is currently more intensive than ever as there are many
unanswered questions.

In the present study, a literature review on bibliographic databases including PubMed, Google Scholar and
Ssopus was undertaken, using the following keywords “memory deterioration”, “post-operative cognitive
dysfunction”, “post-operative mental disorder”, and “risk factors”. Through systematic selection 72 scientific
articles were identified. Concerning the selection criteria, the material of this study consists of sources published
mainly over the last fifteen years, while some articles that published before 2000 were selected because they

were considered to be important.
2. Risk factors

Several studies have attempted to identify the factors which can contribute to the emergence of POCD, some of
which include the type of surgery, the type of anaesthesia and factors associated with the patient. Table 1
summarizes the main findings of the literature.

2.1 Non-Modifiable Patient Factors

Risk factors associated with patients that cannot be modified are: the advanced age (Shaw et al., 1987; Diijkstra
et al., 1996; Roach et al., 1996; Moller et al., 1998; Abildstrom et al, 2000; Stockton et al., 2000; Ancelin et al.,
2001; Newman et al., 2001; Canet et al., 2003; Monk et al., 2008), the educational status (Moller et al., 1998;
Abildstrom et al, 2000; Ancelin et al., 2001; Newman et al., 2001; Monk et al, 2008) and the genetic
polymorphism (considering apolipoprotein E4) (Abildstrom et al., 2004; Heyer et al., 2005; Lelis et al., 2006).
The advanced age is associated with a large number of health problems, many of which can be successfully
treated by surgical operations. Unfortunately, persistent cognitive impairments can be developed as a side effect
of such operations (Krenk et al., 2010). An increase in the aging population and the clear progress in
anaesthesiology and surgery, led to an increase in the number of elderly patients undergoing surgery. Thus, it is
likely that POCDs will become more and more frequent.

2.2 Metabolic Syndrome

About 25% of the 45 million surgical patients in the United States (US) suffer from metabolic syndrome (Hall et
al., 2010) although the exact definition of the term and the diagnostic criteria continue to evolve (Eckel et al.,
2010). The metabolic syndrome comprises an increased resistance to insulin, visceral obesity, hypertension, and
dyslipidaemia, which increase the risk of post-operative complications that contribute to a significant increased
post-operative mortality (Kajimoto et al., 2009; Hudetz et al., 2011a; Hudetz et al., 2011b). While each of the
sub-phenotypes defining the metabolic syndrome has a strong genetic component, various lifestyle factors
contribute to these conditions including sedentary behaviour and a diet high in calories from saturated fat and /
or simple hydrocarbons (Cornier et al., 2008). About one-quarter of the adult US population has metabolic
syndrome. Furthermore, 50% of patients undergoing cardiac surgery suffer from metabolic syndrome (Tung,
2010). Finally, recent data suggest that patients suffering from metabolic syndrome can be particularly
susceptible to the development of POCD (Hudetz et al., 2011a; Hudetz et al., 2011b).

2.3 Neurological Diseases

The two most common causes of dementia are vascular dementia and Alzheimer’s disease, although most cases
of dementia include pathological factors from both of these types. Preoperative mental disorders, e.g. mild
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cognitive impairment (which constitutes a potential precursor of Alzheimer's disease), may already exist in many
elderly patients undergoing surgery. Although the POCD and Alzheimer's disease may have some common
neuropathological features and biochemical mechanisms, however there is no direct evidence linking the
pathogenic mechanisms of Alzheimer's disease to that of POCD. Also there are very few epidemiological data to
connect the onset of Alzheimer's disease symptoms with a surgery (Bohnen et al., 1994). Epidemiological studies
have shown that neurodegenerative disorders, including Alzheimer's disease, may be accelerated by the
conduction of surgical interventions (Gasparini et al., 2002). However, large retrospective studies have so far not
managed to connect surgical operations or anaesthesia with the onset of dementia or Alzheimer's de novo disease
(Avidan et al., 2009). Of course it should be noted that symptomatic pre-operative neurological diseases,
including dementia and any disorders of the central nervous system, are considered as exclusion criteria for
studies concerning POCD (Monk et al., 2008). Data from experimental models pose the suggestion that exposure
to inhaled anaesthetics increases cerebral pathological findings that are normally observed in Alzheimer's disease,
including the increase of Bf-amyloid (Xie et al., 2006). Furthermore, hypothermia during anaesthesia induces
hyperphosphorylation of proteins by reducing the phosphatase 2a activity (Planel et al., 2008). Finally, it is
noteworthy that anaesthesia, only at higher concentrations and prolonged periods, has been reported to produce
pathological lesions similar to those of Alzheimer's disease but this is also a fact which is being disputed (Xie et
al., 2006; Xie et al., 2007;Donk et al., 2012).

2.4 Association with Anaesthesia

There are several risk factors that are directly related to anaesthesia and may be involved in the pathogenesis of
POCD. Intra-operative hypotension, hypoxia, emboli, drugs and post-operative infections have been described as
risk factors for developing POCD. Although drugs used for general anaesthesia are capable of producing
long-term cognitive impairment under certain conditions (Culley et al., 2003; Culley et al., 2004), the incidence
of POCD is similar after regional and general anaesthesia (Newman et al., 2007) and this is why the attention has
been focussed on the role of the surgical procedure as a causative factor for POCD. Post-operative pain is a
possible causative factor for the development of POCD (Lynch et al., 1998). Epidural analgesia with local
anaesthetics and / or opioids can be more effective compared to parenteral analgesics for the control of
post-operative pain and the prevention of POCD (Morrison et al., 2003). Furthermore, patients under
post-operatively oral analgesics, have less chance for the development of POCD compared with those receiving
parenteral treatment (Wang et al., 2007). Although several studies have shown that the intra-operative monitoring
of the depth of anaesthesia and cerebral oxygenation would constitute a realistic intervention to reduce the
incidence of POCD (Ballard et al., 2012) this factor still remains a controversial issue and a large number of
studies have failed to correlate the depth of anaesthesia with the incidence of POCD (Farag et al., 2006). The
same conclusion arises from certain studies showing that animals with short-term isoflurane exposure didn’t
develop memory deterioration (Cibelli et al., 2010).

2.5 Association with Sleep

Sleep is vital for the rehabilitation of many disease entities that mainly concern the central nervous system and
the immune system. In addition, sleep has anabolic effects and properties to improve both the
neuropsychological state and immunogenic functions. During sleep phase with non-rapid eye movement
(NREM), slow waves activity performs a homeostatic function in order to reduce the intensity of synapses
(Sanders and Maze, 2011). This synaptic homeostasis improves the subsequent cognitive function, allowing new
changes in synaptic stability. For example, both NREM and REM phases of sleep are necessary for the
consolidation of learning and memory while sleep deprivation leads to cognitive impairment (Aurell and
Elmgqvist, 1985). Polysomnography tests revealed extreme sleep disorders in intensive care unit (ICU) patients
with a decrease in total sleep time, changes in the architecture of sleep (predominance of stage 1 and 2 of sleep,
reduced or absent stage 3 NREM and REM stage of sleep) and the fragmentation of sleep (Hilton 1976; Aurell
and Elmqvist, 1985). Also, patients in the ICU had up to 50% of total sleep time during the day. Lack of normal
sleep leads to cognitive dysfunction (Misra & Malow, 2008; Walker, 2008), contributes to the emergence
delirium (Yildizeli et al., 2005), affects the immune response negatively (Irwin et al., 1996; Oztiirk et al., 1999)
and increases morbidity and mortality (Gallicchio and Kalesan, 2009). Sleep disturbance during hospitalization
negatively affects the health, the treatment result and also causes an increase in expense.

Pre-clinical studies in mice have demonstrated the destructive effect of lack of sleep in the neuropsychological
status (Vacas et al., 2011). Moreover pre-operative sleep deprivation causes significant neuroinflammatory
changes (Vacas et al., 2012; Zhu et al., 2012). The exact mechanism for the harmful consequences of a double
major phenomenon (surgery and sleep deprivation) is still poorly understood, although and it has been shown to
cause an increase in the expression of inflammatory cytokines in the brain (Vacas et al.,, 2012). However,
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tranquillizers has been proved to be a major causative factor for this sleep disorder (Pandharipande et al., 2007;
Pandharipande et al., 2008).

2.6 Association with Surgical Operations

POCD is most common condition after major surgical interventions compared to minor surgery. In one
multicentre study, the incidence of POCD after minor surgery was 6.8% a week after the operation (Canet et al.,
2003), whereas the frequency of POCD after major surgery reached above 25% (Moller et al., 1998). At three
months, however, difference was much smaller (6.6% vs. 9.9% in these studies) .The different rates of early
POCD after these operations may be due to differences in the surgical process, type of anaesthesia and
anaesthetic agents used (intravenous versus inhalational) as well as differences in the treatment of post-operative
pain (Mann et al., 2000). Furthermore, several minor surgical operations are done in outpatients and not in an
inpatient environment (Canet et al., 2003). Numerous studies suggest that both early and late POCDs are
common after cardiac surgery. For example, the study done by Newman et al., of 261 patients who underwent
coronary artery bypass graft (CABQG), in 53% of these patients POCD was found at the time of exiting the
hospital, 24% at 6 months after the surgery and 42% after 5 years (Newman et al., 2001). The possible
etiological mechanisms include cerebral microemboli with concomitant ischemia, hypoxia, and inflammation.
Numerous studies that were conducted in the 1980s and 1990s have shown that the above events were observed
more frequently after cardiopulmonary bypass (CPB) (Pugsley et al., 1994; Smith et al., 2006). Impaired
cognitive function in patients undergone selective CABG, as well as other cardiac interventions, had been
described of both pre-operatively and post-operatively. The incidence of pre-existing cognitive impairment in
patients undergoing cardiac surgery is 35-45% (Hogue et al., 2006; Silbert et al., 2007) and the incidence of
deterioration of cognitive function after cardiac surgery varies at a rate of 25-80% (Rasmussen et al., 2001).
These study results depend on the type of surgery, the cardiac patients being studied, the method to determine
POCD, the surgical practice, the protocols implemented by individual medical centres and surgical teams and the
post-operative time that cognitive assessment is made (Al Ruzzeh et al., 2006). The logical conclusion from
these studies, as summarized in the review of Taggart et al. is the avoidance of these types of surgical operations
whenever possible (Taggart & Westaby, 2001). More recent studies, however, challenge this recommendation.
For example, Evered et al. found that the incidence of POCD in elderly patients on day 7 was higher after a
CABG than a hip replacement, but at three months there was no difference between the two groups (Evered et al.,
2011). Similarly, rates of POCD after cardiac surgery with or without CPB were not significantly different in
elderly patients, one year (Jensen et al., 2006) or five years after surgery (Van Dijk et al., 2007). This was
confirmed in a meta-analysis which included data of more than 900 patients (Marasco et al., 2008).

Table 1. Risk factors for the development of POCD (Literature Review of the Studies)

Factors Authors

Non-modifiable patient factors

Age (Shaw et al., 1987; Diijkstra et al., 1996; Roach et
al., 1996; Moller et al., 1998; Abildstrom et al,
2000; Stockton et al., 2000; Ancelin et al., 2001;
Newman et al., 2001; Canet et al., 2003; Monk et
al., 2008; Krenk et al., 2010)

Educational status status (Moller et al., 1998; Abildstrom et al, 2000;
Ancelin et al., 2001; Newman et al., 2001; Monk
et al, 2008)

Genetic predisposition (Abildstrom et al., 2004; Heyer et al., 2005; Lelis
et al., 2006).

Metabolic syndrome

Metabolic syndrome and (Hudetz et al., 2011a; Hudetz et al., 2011b)
development of POCD

Neurological diseases

Neurological diseases and (Bohnen et al., 1994; Gasparini et al., 2002;
cognitive dysfunction Monk et al., 2008;
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Anaesthesia
Incidence of POCD after regional (Newman et al., 2007)
and general anaesthesia
Post-operative pain and POCD (Lynch et al., 1998; Morrison et al., 2003)
Post-operatively oral analgesics vs (Wang et al., 2007)
parenteral treatment
Depth of anaesthesia and incidence (Ballard et al., 2012; Farag et al., 2006)
of POCD
Quality of sleep
Cognitive dysfunction due to lack (Misra &Malow, 2008; Walker, 2008)
of normal sleep
Type of surgery
POCD after minor surgery (Canet et al., 2003)
POCD after major surgery (Moller et al., 1998)
POCD after cardiac surgery (Pugsley et al., 1994; Newman et al., 2001;

Rasmussen et al., 2001; Taggart & Westaby,
2001; Hogue et al., 2006; Jensen et al., 2006;
Smith et al., 2006; Silbert et al., 2007; Van Dijk et
al., 2007; Marasco et al., 2008; Evered et al.,
2011)

3. Conclusion

POCD is a disorder that occurs more frequently in elderly patients after surgery. There is a wide range of
cognitive functions and areas of mental state that are affected by this syndrome, like attention, concentration,
executive function, memory, visuospatial ability and psychomotor speed (Rasmussen et al. 2001). Several studies
indicate certain factors which contribute to the emergence of POCD. Except non-modifiable patient factors like
age, educational status and genetic predisposition, the presence of metabolic syndrome and neurological diseases,
the type of anaesthesia and surgical operation and sleep disturbance are among the most important of these risk
factors.

Pre-, intra, and post-operative vigilance is required by the surgical team for its prevention and treatment. The
exclusion of other diseases that can faulty appear as POCD, like latent infections, is of great importance when
treating patients with POCD signs. Electrolyte disorders, dehydration, endocrine, kidney, liver or neurological
diseases need to be investigated with diagnostic tests. In addition, supportive therapy during treatment, like
sufficient ventilation and oxygenation, haemodynamic support, control of post-operative pain, which is
correlated with POCD development (Lynch et al., 1998), and insuring of a suitable clinical environment must be
secured to achieve an optimal environment for recovery. Furthermore, it is necessary for the phenomenon to be
studied at the level of pathogenicity in order to be treated effectively.
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