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Abstract:  
Postoperative cognitive dysfunction is a very common event after cardiac surgery, especially in elder patients and with 
lower education levels. The prevention of POCD should be done using a few simple features before surgery and during 
surgery, such as corticosteroids before surgery to reduce inflammation of the brain, which affect cognition. When 
possible, the anesthetic technique must be performed using the bispectral index (BIS) for controlling the length and depth 
of surgical anesthesia. The use of anesthetics that cause less damage in cognition in relation to other drugs that are 
already established as POCD trigger can also be the best way. The use of imaging tests that facilitate the research of 
cognitive disorders such as the use of structural and functional MRI or EEG for the accuracy of the survey brain region 
affected and that affected functions are good resources for cognitive rehabilitation. The cognitive rehabilitation 
techniques are very diversified as the use of digital games and activities that stimulate neuropsychological functions. 
The use of direct electrical current stimulation (tDCS) or of other electrical stimulation techniques can help the patient 
on rehabilitation of cognitive functions during the postoperative period. 
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INTRODUCTION AND REVIEW OF LITERATURE 

The main cognitive functions of humans are perception, 
attention, memory, language and executive function. All 
these functions are intrinsically linked and require a 
harmony and cerebral compass to work with balance. 
When these functions have some decrease resulting from 
apraxia and agnosia we can say that there are cognitive 
dysfunction. Cognitive disorders may arise in several 
ways; such as by a Trauma Brain Injure (TBI), stroke, and 
psychopathological disorders and neuropathology. 
Cognitive dysfunction may also be taken on some surgical 
procedures and anesthetic events. This specific Cognitive 
dysfunction is called postoperative cognitive dysfunction 
(POCD) (1,2). The (POCD), can occur from days to weeks 
after surgery and eventually remain at life. Most of these 
cognitive changes are temporary with resolution in 
between six weeks and six months after the procedure, 
which ultimately minimizing medical attention on the 
importance of transitory cognitive deficits on the quality  

 
of life of the patient. Even if transient, this perioperative 
adverse event can delay the patient's recovery and, when 
long-term, compromise the patient's return to their 
activities (3,4). 

According to Monk et al., a significant number of 
elders undergoing surgery with general anesthesia have 
cognitive dysfunction in the postoperative period, 
transient and reversible manner, but in some cases, 
dysfunctions become chronic (5). The POCD comprises 
from subtle disorders in any of areas of cognition, even 
disabling disorders such as delirium and dementia. The 
etiology of POCD is multifactorial and the risk factors are 
not well defined (6). 

The incidence of POCD is of difficult precision, 
however is well defined that patient age is a risk factor for 
worsening of the condition. It is estimated in scientific 
studies that patients over the age of 65 years have POCD 
up to 10% after 3 months of surgical event (7). 
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Technological and pharmacological advances of 
recent decades have contributed to increasing safety and 
reducing surgical mortality. Beside the age, several 
factors have been studied and related to POCD, such as, 
the physical condition, family history, drug use and 
alcohol, quality of life, education. Among the risk factors 
involved are the pre- operative (age, education, previous 
diseases), intraoperative (number of emboli, duration of 
procedure, blood pressure, temperature) and 
postoperative (temperature, procedure of recovery). One 
of the risk factors currently much investigated is the type 
of anesthesia as well as its depth. There seems to be no 
causative relationship between general anesthesia and 
long-term POCD. However, regional anesthesia may 
decrease mortality and the incidence of POCD early after 
surgery (8). 

The population age is a risk factor less challenged for 
pre-operative cognitive decline, while still cause 
unwarranted. Progressive atherosclerosis linked to silent 
cardiovascular disease and factors intrinsically related to 
embolization seem to be the most acceptable explanation 
for the POCD associated with the elderly. Elderly are 
predisposed to vascular changes and the cerebral blood 
flow auto regulation, must also have an abnormal 
response to drugs and a natural reduction in the cognitive 
level, which, combined with a small cognitive impairment 
postoperatively, may result in a significant impact on 
quality of life (9). Understanding the factors related to the 
surgical treatment of the elderly is a challenge to medical 
staff. These patients have a decrease in functional 
reserves of various organs and systems and, tolerate very 
little requirements posed by surgical stress. Some factors 
are related to decreased autonomic homeostatic capacity, 
impaired immune function and decreased aerobic 
capacity (10). 

Another pre-operative factor that should be 
mentioned in the pathogenesis of POCD is the educational 
level. Not fully know is how a higher level of education 
implies a cognitive reserve, but a hypothesis that would 
explain this association is based on the fact that education 
increases the synaptic density in the neocortex, 
increasing the neuronal communication and minimizing 
the signs of cognitive impairment (11,12). History of 
comorbidities such as diabetes mellitus, hypertension 
and chronic renal failure, are preoperative factors, are 
also related to impaired neurological outcomes in 
postoperative (13). 

In addition a large number of factors may predict the 
risk of POCD, genetic factors contribute for occurrence of 
these events. The literature is insufficient in this kind of 
studies about this risk factor, but is well know that among 
the possible genetic polymorphisms with risk factors for 

POCD is the presence of the ε4 allele of the apolipoprotein 
E (Apo-ε4) (14). This polymorphism is recognized and 
well established as a risk factor for Alzheimer's disease 
and related neurodegenerative disorders, affecting 
mainly the areas of concentration, memory and language. 
Some researches, cited by Rasmussen et al., refer to a 
possible role of genetic factors involved in the 
pathogenesis of postoperative cognitive changes and the 
presence of the allele 4 of apolipoprotein-ε (15). 

Aggravation of pre-existing injuries; cognitive 
dysfunction; cause of neurological impairment may be 
the identification of a susceptible genotype developing 
POCD as well as a plasma biomarker can allow early 
intervention preoperative preventing impairment of 
cognitive functions. Evaluation of plasma biomarkers of 
brain damage, NSE and S100β also produce studies with 
little significant results. NSE is generally considered a 
marker of cerebral injury while S100β is a glial marker 
(16). In studies of biomarkers and POCD, have been 
observed that contents of NSE and S100β increase over 
time post-surgery, suggesting a preoperative 
inflammatory response. Some studies reveal that the 
most appropriate time for blood collection for NSE is 36 
hours after surgery, in which occurs the maximum 
concentration of S100β and NSE protein, showing that 
there is a negative correlation between the early increase 
in NSE and cognitive dysfunction (17). 

The intraoperative risk factors, such as the 
formation of emboli, whose genesis would be the 
atheroma of the aortic wall; aggregated platelets, air 
bubbles originating from the oxygenator and/or heart 
chambers, may be the primary cause of brain injury or 
aggravation of pre-existing injuries. These are subdivided 
into micro and macro emboli, the first more relevant to 
emergence of POCD. The duration of the surgery is also 
associated with increased micro vascular obstruction 
pistons, which suggests a relationship between these 
factors and the development of cognitive dysfunction. 
The mean arterial pressure during the surgical procedure 
is also hypothesized cognitive dysfunction, intraoperative 
blood pressure and hence cerebral hypo perfusion a 
potential cause of neurological impairment. Another 
factor that may contribute to neurological lesions is the 
hyperglycemia, especially in cardiac surgery, and the 
effect of temperature during surgery (18). 

Therefore, with the knowledge of risk factors, it is 
possible to predict those individuals who have a higher 
chance of developing POCD and thus provide protective 
mechanisms, reducing sequels and avoiding the 
installation of irreversible brain damage. The 
postoperative cognitive dysfunction is common after the 
first week or the first few months after a surgery. There is 
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a need for post-operative evaluation of cognitive 
functions, however it is very important to preoperative 
evaluation to the knowledge of how the patient is before 
the surgical event and that a comparison of cognitive 
functioning of this person can be made before and after 
surgery. POCD is more common after cardiac surgery and 
the risk for POCD increases with age, type of operation, 
and duration of anesthesia. Knowing how to prevent 
POCD is very important, however few studies are 
conducted on prevention (19). Neuroprotection therapy 
aims minimizing the activation of toxic processes and to 
increase the endogenous mechanisms of protection. 
Some medications that increase the risk for cognitive 
dysfunction are anticholinergics, benzodiazepines, 
sedatives, antidepressants and antiparkinsonism (20). 

Studies on the possible damage after surgery in 
general anesthesia are necessary, especially when 
planning a surgery and the type of anesthesia (21). There 
are no claims about which would be the best anesthetics 
for general anesthesia and neither anesthetic, which 
cause less damage to brain after a surgical anesthetic 
event. However it is believed that the anesthetic 
Sevoflurane is best drug when associated with cognitive 
performance after surgery compared to the short- term 
recovery, especially when compared to the anesthetic 
(22). Anesthesia is not the primary factor for POCD, 
though few, there are ongoing studies looking for 
evidence on all the risk factors involved in a surgical 
procedure (23). 

The anti-inflammatory administration before 
surgical procedures can attenuate postoperative pain, 
fatigue, nausea and vomiting, speeding patient recovery, 
offering the opportunity return to daily activities in a 
short time. In consequence of the improvement in the 
quality of life of patients after intake of anti-inflammatory 
drugs to relieve pain, vomiting and postoperative 
recovery period, probably anti-inflammatory drugs can 
also reduce cognitive dysfunction. But there is a need for 
studies on the correlation or association of improved 
quality of life of patients in the postoperative period and 
consequent improvement in cognitive functions because 
of ingestion of anti-inflammatory (24). 

DISCUSSION  

This review enables investigate which risk factors trigger 
this commitment and what higher cortical functions may 
be affected. Corticosteroids, acting in controlling the 
speed of protein synthesis, prevent anti-inflammatory 
and immunosuppressive action, can prevent or suppress 
inflammatory processes of various kinds and, if 
administered in the preoperative period, will cause the 
patient has benefits for your recovery period, easing the 

unpleasant symptoms during the convalescent period 
(25). 

Studies show that anesthetic drugs affect cognition, 
at least temporarily. Starting from the assumption that 
the patient is unconscious, without a sense of what is 
happening to him during the surgical process and so 
amnesiac, the brain is a target organ for possible 
neurological changes and many of these changes are 
characterized by cognitive decline and mental confusion 
after anesthesia. There is - growing evidence that for long 
periods or even permanent neurological occur and 
neuronal changes resulting from the anesthetic 
administration (26). There are studies that raise the 
possibility that anesthetic drugs and also the depth of 
anesthesia may favor the occurrence of cognitive 
dysfunction post-surgery. But there are still few studies 
which have specifically studied these factors as potential 
risk for the development of POCD, but the authors of this 
research are an invitation to other researchers to conduct 
studies on anesthetic drugs and convinced anesthetic 
depth that anesthesia techniques and types of anesthetics 
specific used in surgery can contribute to the recovery of 
the patient in shorter time in the post-operative period 
(27), or studies that combined studies types of anesthetic 
techniques should also be performed, such as 
acupuncture and anesthetic drugs (28). 

Monitoring of anesthesia depth might reduce 
cognitive impairment after non-cardiac surgery severe in 
older people. The literature show us that the control 
undergoing general anesthesia under surgery can be, 
although few studies have specifically investigated the 
effect of bispectral Index (BIS) monitoring, to reduce the 
incidence of POCD(29,30). The maintenance hypothesis 
of anesthesia depth at an optimum range can optimize 
neuroprotection and limit neurotoxicity (31). 

Elderly patients or with low educational levels tend 
to have higher cognitive impairment after surgery, 
however there is a large difficulty in assessing these 
patients with conventional neuropsychological tests. 
Some studies suggest that different cut-off points are 
required for Standard tests when used with these 
populations (32,33). But how can we rehabilitate a 
patient presenting POCD? There are some methods 
currently used to help the reestablishment of the 
cognitive functions. Currently, medical treatment 
resources and/or psychoeducational are commonly used 
for the treatment of diseases that impair cognitive 
functions that lead executive in operating losses, 
attentional, motivational and emotional. 

Due to the diversity and of the extensive battery of 
neuropsychological tests for the diagnosis Cognitive 
dysfunction is usually difficult to achieve. However, with 
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a neuropsychological postoperative evaluation it is 
possible to make a neuropsychological postoperative 
rehabilitation protocol (7,34). 

A valuable resource for the evaluation of POCD is 
Magnetic resonance imaging (MRI), which can obtain 
accurate measurements on the structure and functioning 
of the brain that the neuropsychological tests cannot 
obtain. The cognitive decline after surgery is common in 
elderly patients who are subject to various other 
cognitive risks, including progressive dementia, vascular 
insults, and not specific impact of aging; it is also difficult 
to conceive an appropriate control to surgery. It is also 
believed that patients with cognitive reserve a smaller 
than expected for the age, that is to say to submit a prior 
cognitive decline surgery, may have a greater impairment 
of a patient having a better cognitive before surgery (35). 

The transcranial direct current electrical stimulation 
(tDCS) can promote the recovery of patients in 
postoperative period. Studies show good results as to the 
intervention on depressive symptoms, bipolar disorder 
and stroke. The tDCS is a technique that rearranges brain 
structure and function through stimulation for a 
neuroplasticity. Neuroplasticity, which is the dynamic 
structural and functional reorganization of central 
nervous system connectivity due to environmental and 
internal demands, is recognized, as a major physiological 
basis for adaption of cognition, and behavior, and of 
utmost importance thus is normal brain function. 
Pathological Alterations of plasticity are increasingly 
explored the pathophysiological foundation of diverse 
neurological and psychiatric diseases. Non-invasive brain 
stimulation techniques, for instance, (NIBS), repetitive 
transcranial such as magnetic stimulation (rTMS) and 
transcranial direct current stimulation (tDCS), are able to 
induce and modulate neuroplasticity in humans. 
Therefore, they have potential to alter pathological 
plasticity on the one hand, and foster physiological 
plasticity on the other, in neuropsychiatric diseases to 
reduce Symptoms, and Enhance rehabilitation (36). 
Among these still little known therapies, but with 
promising findings, we find the transcranial direct 
current stimulation (tDCS), one capable of stimulating the 
human brain with some technical advantages, being 
painless and noninvasive (37). The tDCS 
neuromodulation consists of simple and less expensive 
technique, being capable of inducing changes in the motor 
cortex excitability up to one hour after the end of 
stimulation. These changes depend on the polarity of the 
electric current being applied and the stimulus duration. 
The anodic current polarity is responsible for increasing 
cortical excitability, while the cathodic polarity is liable for 
adverse effects suppressing cortical excitability. Lasting 

brain plasticity processes depend on changes taking place 
directly in synaptic strength and result in anatomical 
changes; the function of the tDCS is to change this synaptic 
strength (38). 

The effect of tDCS has been observed in 
neuropsychiatric disease, promoting improvements to 
the motor, behavioral and emotional areas. 
Neuroplasticity is a physiological property of the Central 
Nervous System (CNS) that allows the brain to adapt to 
different stimuli and is intrinsically linked to learning 
processes. This plasticity enables the individual with a 
neurological or psychiatric commitment to reorganize 
neurologically some functional capabilities, and displays 
previously lost skills, for example, motor and cognitive 
rehabilitation for people who have been affected by 
Cerebral Vascular Accident (CVA) or Postoperative 
Cognitive Dysfunction (POCD) (39). Knowing the 
neuroplasticity, the beneficial effect of tDCS and possible 
cognitive impairment after cardiac surgery, could the 
stimulation by tDCS reduce the incidence of POCD in 
patients undergoing non-cardiac surgery under general 
anesthesia? The neuromodulation via tDCS is being 
widely used and several studies are being conducted with 
this technique for psychiatric disorders, pain, and 
depression, motor disorders. Studies on the prevention or 
the possibility of rehabilitating impaired cognitive 
functions after a surgical event is to be hypothesized 
(40,41). Probably the tDCS can better cognitive function, 
once they reach areas of the brain responsible for mood 
and also the functions memory, attention and executive. 

Another technique widely used for the rehabilitation 
of cognitive functions is neurofeedback. This technique 
consists of training that allows normalize brain changes 
of a cognitive dysfunction, causing the areas of the cortex 
receive and transmit electrical discharges, which are the 
bases of communication between neurons. Patients with 
POCD can benefit from the stimulus and neurofeedback 
can rehabilitate the impaired functions such as long-term 
memory, working memory, attention and executive 
functions. The neurofeedback and biofeedback can also 
be used for psychiatric disorders, pain control and 
neurological problems and the use in the postoperative 
period of several surgeries (42). 

The use of activities and games, which stimulate the 
impaired, the cognitive functions are methods that are 
now widely used by clinical neuropsychologists. Much is 
currently known about the neural plasticity and how the 
human brain can be changed through mental stimulation, 
physical and new learning and that effects received by 
games via the virtual world have the same effect on the 
human brain (43,44). 
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Study revealed a volumetric increase in brain areas 
in a group of players through the MRI technique from the 
effect of the video games. The increase in gray matter was 
noted in specific areas of the right hippocampal 
formation, the right dorsolateral prefrontal cortex and the 
cerebellum bilateral (45). These brain areas are directly 
linked to neuropsychological functions responsible for 
planning seeks strategies for solving problems, body 
coordination command, visuospatial and memory 
formation, then it is the rehabilitation possibility when 
using the games. On the other words, the games might be 
tools for treating patients with mental health problems, 
making changes in brain regions that are directly 
compromised by pathologies such as schizophrenia, 
Stress Disorder Post-traumatic or degenerative diseases 
such as Alzheimer and Parkinson (46). 

There are several studies and research centers 
analyzing the property of video games for the stimulation 
of cognitive functions. Researchers at the University of 
California have created a game that can especially help 
elderly to perform several tasks simultaneously (44). 
Researchers suggest that such games may be offered as a 
complementary treatment for depression, anxiety and 
stress, however the implementation of this therapeutic 
resource can have its drawbacks and be as addictive as 
drugs and true drugs. So digital games such as video 
games bring many benefits, but we have to evaluate the 
conditions of use and for what purpose these tools will be 
used (47). The use of digital game as a tool for 
neuropsychological rehabilitation in patients with 
neurological diseases has contributed to the holistic 
treatment of person committed, when the video games or 
digital games are allied to psychotherapeutic treatment, 
cognitive skills can be enhanced (48). 

CONCLUSION 

In conclusion, the main objective of this review was to 
show the incidence of POCD, what possible methods to 
assess cognitive function before and after a surgical 
anesthetic event, and the importance of studying on 
possible resources for neuropsychological rehabilitation 
in addition to research on the possibility of further studies 
with existing techniques for rehabilitation, but not yet 
consecrated. 

Conflict of interest and financial disclosure 

The authors followed the International Committee or 
Journal of Medical Journals Editors (ICMJE) form for 
disclosure of potential conflicts of interest. All listed 
authors concur with the submission of the manuscript, 
the final version has been approved by all authors. The 
authors have no financial or personal conflicts of interest. 

REFERENCES 
1. Funder KS, Steinmetz J, Rasmussen LS. [Detection of postoperative cognitive 

dysfunction]. Ugeskrift for laeger. 2010 Feb 8;172(6):449-5 
2. PubMed PMID: 20146909. Vurdering af postoperativ kognitiv funktion. 2. 

AroraSS,GoochJL,GarciaPS.Postoperativecognitivedysfunction, 
Alzheimer's disease, and anesthesia. The International journal of 
neuroscience. 2014 Apr;124(4):236-42. PubMed PMID: 23931049. 

3. Jildenstal PK, Rawal N, Hallen JL, Berggren L, Jakobsson JG. Perioperative 
management in order to minimise postoperative delirium and 
postoperative cognitive dysfunction: Results from a Swedish web- based 
survey. Ann Med Surg (Lond). 2014 Sep;3(3):100-7. PubMed PMID: 
25568795. Pubmed Central PMCID: 4284452. 

4. Goto T. [Postoperative cognitive dysfunction]. Masui The Japanese journal 
of anesthesiology. 2010 Nov;59 Suppl:S119-26. PubMed PMID: 
21698853. 

5. Monk TG, Weldon BC, Garvan CW, Dede DE, van der Aa MT, Heilman KM, 
et al. Predictors of cognitive dysfunction after major noncardiac surgery. 
Anesthesiology. 2008 Jan;108(1):18-30. PubMed PMID: 18156878. 

6. Steinmetz J, Siersma V, Kessing LV, Rasmussen LS, Group I. Is postoperative 
cognitive dysfunction a risk factor for dementia? A cohort follow-up 
study. Br J Anaesth. 2013 Jun;110 Suppl 1:i92-7. PubMed PMID: 
23274780. 

7. Deiner S, Silverstein JH. Postoperative delirium and cognitive dysfunction. Br 
J Anaesth. 2009 Dec;103 Suppl 1:i41-6. PubMed PMID: 20007989. 
Pubmed Central PMCID: 2791855. 

8. Rasmussen LS, Johnson T, Kuipers HM, Kristensen D, Siersma VD, Vila P, et 
al. Does anaesthesia cause postoperative cognitive dysfunction? A 
randomised study of regional versus general anaesthesia in 438 elderly 
patients. Acta anaesthesiologica Scandinavica. 2003 Mar;47(3):260-6. 
PubMed PMID: 12648190. 

9. HartholtKA,vanderCammenTJ,KlimekM.Postoperativecognitive dysfunction 
in geriatric patients. Zeitschrift fur Gerontologie und Geriatrie. 2012 
Jul;45(5):411-6. PubMed PMID: 22538789. 

10. Boss L, Kang DH, Branson S. Loneliness and cognitive function in the older 
adult: a systematic review. Int Psychogeriatr. 2015 Apr;27(4):541-53. 
PubMed PMID: 25554219. 

11. Villeneuve S, Belleville S. [Cognitive reserve and neuronal changes 
associated with aging]. Psychologie & neuropsychiatrie du vieillissement. 
2010 Jun;8(2):133-40. PubMed PMID: 20525544. Reserve cognitive et 
changements neuronaux associes au vieillissement. 

12. Whalley LJ, Deary IJ, Appleton CL, Starr JM. Cognitive reserve and the 
neurobiology of cognitive aging. Ageing Res Rev. 2004 Nov;3(4):369- 82. 
PubMed PMID: 15541707. 

13. Kadoi Y, Kawauchi C, Ide M, Kuroda M, Takahashi K, Saito S, et al. 
Preoperative depression is a risk factor for postoperative short-term and 
long-term cognitive dysfunction in patients with diabetes mellitus. 
Journal of anesthesia. 2011 Feb;25(1):10-7. PubMed PMID: 21161290. 

14. Cao L, Wang K, Gu T, Du B, Song J. Association between APOE epsilon 4 
allele and postoperative cognitive dysfunction: a meta-analysis. The 
International journal of neuroscience. 2014 Jul;124(7):478-85. PubMed 
PMID: 24168388. 

15. Rasmussen LS, Christiansen M, Eliasen K, Sander-Jensen K, Moller JT. 
Biochemical markers for brain damage after cardiac surgery -- time 
profile and correlation with cognitive dysfunction. Acta 
anaesthesiologica Scandinavica. 2002 May;46(5):547-51. PubMed 
PMID: 12027849. 

16. Rothermundt M, Peters M, Prehn JH, Arolt V. S100B in brain damage and 
neurodegeneration. Microscopy research and technique. 2003 Apr 
15;60(6):614-32. PubMed PMID: 12645009. 

17. Yardan T EA, Baydin A, Aydin K, Cokluk C. Usefulness of S100B Protein in 
Neurological Disorders. J Pak Med Assoc. 2011;61(3):276-81.  

18. Grocott HP. Hyperglycemia and postoperative cognitive dysfunction: 
another call for better glycemic control? Can J Anaesth. 2008 
Mar;55(3):140-5. PubMed PMID: 18310623. 



Vol. 1, No. 2 / Jul-Aug 2015 /p. 40-45/ PPCR Journal 
 

45 

Copyright: © 2015 PPCR. The Principles and Practice of Clinical Research 

19.Rasmussen LS. Postoperative cognitive dysfunction: incidence and 
prevention. Best practice & research Clinical anaesthesiology. 2006 
Jun;20(2):315-30. PubMed PMID: 16850780. 

20. Ge Y, Ma Z, Shi H, Zhao Y, Gu X, Wei H. [Incidence and risk factors of 
postoperative cognitive dysfunction in patients underwent coronary 
artery bypass grafting surgery]. Zhong Nan Da Xue Xue Bao Yi Xue Ban. 
2014 Oct;39(10):1049-55. PubMed PMID: 25355258. 

21.Sanders RD, Maze M. Neuroinflammation and postoperative cognitive 
dysfunction: can anaesthesia be therapeutic? European journal of 
anaesthesiology. 2010 Jan;27(1):3-5. PubMed PMID: 19996712. 

22. Schoen J, Husemann L, Tiemeyer C, Lueloh A, Sedemund-Adib B, Berger 
KU, et al. Cognitive function after sevoflurane- vs propofol-based 
anaesthesia for on-pump cardiac surgery: a randomized controlled trial. 
Br J Anaesth. 2011 Jun;106(6):840-50. PubMed PMID: 21518736. 

23. Jungwirth B, Zieglgansberger W, Kochs E, Rammes G. Anesthesia and 
postoperative cognitive dysfunction (POCD). Mini reviews in medicinal 
chemistry. 2009 Dec;9(14):1568-79. PubMed PMID: 20088778. 

24. Mohtadi A, Nesioonpour S, Salari A, Akhondzadeh R, Masood Rad B, Aslani 
SM. The effect of single-dose administration of dexamethasone on 
postoperative pain in patients undergoing laparoscopic 
cholecystectomy. Anesth Pain Med. 2014 Aug;4(3):e17872. PubMed 
PMID: 25237639. Pubmed Central PMCID: 4165022. 

25. Percival VG, Riddell J, Corcoran TB. Single dose dexamethasone for 
postoperative nausea and vomiting--a matched case-control study of 
postoperative infection risk. Anaesthesia and intensive care. 2010 
Jul;38(4):661-6. PubMed PMID: 20715728. Epub 2010/08/19. 

26. Saniova B, Drobny M, Sulaj M. Delirium and postoperative cognitive 
dysfunction after general anesthesia. Medical science monitor : 
international medical journal of experimental and clinical research. 2009 
May;15(5):CS81-7. PubMed PMID: 19396043. 

27. Fodale V, Santamaria LB, Schifilliti D, Mandal PK. Anaesthetics and 
postoperative cognitive dysfunction: a pathological mechanism 
mimicking Alzheimer's disease. Anaesthesia. 2010 Apr;65(4):388-95. 
PubMed PMID: 20136805. 

28. Lin SY, Yin ZL, Gao J, Zhou LJ, Chen X. [Effect of acupuncture- anesthetic 
composite anesthesia on the incidence of POCD and TNF- alpha, IL-
1beta, IL-6 in elderly patients]. Zhongguo Zhong xi yi jie he za zhi 
Zhongguo Zhongxiyi jiehe zazhi = Chinese journal of integrated 
traditional and Western medicine / Zhongguo Zhong xi yi jie he xue hui, 
Zhongguo Zhong yi yan jiu yuan zhu ban. 2014 Jul;34(7):795-9. PubMed 
PMID: 25137842. 

29. Royse C. Is depth of anesthesia, as assessed by the bispectral index, related 
to postoperative cognitive dysfunction and recovery? Anesthesia and 
analgesia. 2007 May;104(5):1297; author reply -8. PubMed PMID: 
17456697. 

30.Gaba V. Correlation of the depth of anesthesia with POCD (postoperative 
cognitive dysfunction). Anesthesia and analgesia. 2007 
May;104(5):1298; author reply -9. PubMed PMID: 17456698. 

31. Farag E, Chelune GJ, Schubert A, Mascha EJ. Is depth of anesthesia, as 
assessed by the Bispectral Index, related to postoperative cognitive 
dysfunction and recovery? Anesthesia and analgesia. 2006 
Sep;103(3):633-40. PubMed PMID: 16931673. 

32. de Paula JJ, Bertola L, Avila RT, Moreira L, Coutinho G, de Moraes EN, et al. 
Clinical applicability and cutoff values for an unstructured 
neuropsychological assessment protocol for older adults with low formal 
education. PloS one. 2013;8(9):e73167. PubMed PMID: 24066031. 
Pubmed Central PMCID: 3774762. 

33. Valentin LS PR, Aguiar Junior W, Rios RP, Stahlberg MG, Menezes IV, 
Osternack-Pinto K, Carmona MJ. Definition and application of 
neuropsychological test battery to evaluate postoperative cognitive 
dysfunction. einstein. 2015;13(1):20-6.  

34. Tsai TL, Sands LP, Leung JM. An Update on Postoperative Cognitive 
Dysfunction. Advances in anesthesia. 2010;28(1):269-84. PubMed 
PMID: 21151735. Pubmed Central PMCID: 2998043. 

35. Kline RP, Pirraglia E, Cheng H, De Santi S, Li Y, Haile M, et al. Surgery and 
brain atrophy in cognitively normal elderly subjects and subjects 
diagnosed with mild cognitive impairment. Anesthesiology. 2012 
Mar;116(3):603-12. PubMed PMID: 22293721. Pubmed Central PMCID: 
3418798. 

36. Kuo MF, Paulus W, Nitsche MA. Therapeutic effects of non-invasive brain 
stimulation with direct currents (tDCS) in neuropsychiatric diseases. 
NeuroImage. 2014 Jan 15;85 Pt 3:948-60. PubMed PMID: 23747962.  

37.Brunoni AR, Nitsche MA, Bolognini N, Bikson M, Wagner T, Merabet L, et 
al. Clinical research with transcranial direct current stimulation (tDCS): 
challenges and future directions. Brain stimulation. 2012 Jul;5(3):175-95. 
PubMed PMID: 22037126. Pubmed Central PMCID: 3270156. 

38. Bikson M, Datta A. Guidelines for precise and accurate computational 
models of tDCS. Brain stimulation. 2012 Jul;5(3):430-1. PubMed PMID: 
21782547. 

39. Ditye T, Jacobson L, Walsh V, Lavidor M. Modulating behavioral inhibition 
by tDCS combined with cognitive training. Experimental brain research. 
2012 Jun;219(3):363-8. PubMed PMID: 22532165. 

40. Brunoni AR, Boggio PS, De Raedt R, Bensenor IM, Lotufo PA, Namur V, et 
al. Cognitive control therapy and transcranial direct current stimulation 
for depression: A randomized, double-blinded, controlled trial. Journal of 
affective disorders. 2014 Jun;162:43-9. PubMed PMID: 24767004. 

41. Naylor JC, Borckardt JJ, Marx CE, Hamer RM, Fredrich S, Reeves ST, et al. 
Cathodal and Anodal Left Prefrontal tDCS and the Perception of Control 
Over Pain. The Clinical journal of pain. 2013 Nov 25. PubMed PMID: 
24281283. 

42. Zhang G, Yao L, Shen J, Yang Y, Zhao X. Reorganization of functional brain 
networks mediates the improvement of cognitive performance 
following real-time neurofeedback training of working memory. Hum 
Brain Mapp. 2015 May;36(5):1705-15. PubMed PMID: 25545862. 

43. Kuhn S, Lorenz R, Banaschewski T, Barker GJ, Buchel C, Conrod PJ, et al. 
Positive association of video game playing with left frontal cortical 
thickness in adolescents. PLoS One. 2014;9(3):e91506. PubMed PMID: 
24633348. Pubmed Central PMCID: 3954649. 

44. Bavelier D, Green CS, Pouget A, Schrater P. Brain plasticity through the life 
span: learning to learn and action video games. Annu Rev Neurosci. 
2012;35:391-416. PubMed PMID: 22715883. 

45. Mathiak K, Weber R. Toward brain correlates of natural behavior: fMRI 
during violent video games. Hum Brain Mapp. 2006 Dec;27(12):948-56. 
PubMed PMID: 16628606. 

46. Kuhn S, Gleich T, Lorenz RC, Lindenberger U, Gallinat J. Playing Super Mario 
induces structural brain plasticity: gray matter changes resulting from 
training with a commercial video game. Mol Psychiatry. 2014 
Feb;19(2):265-71. PubMed PMID: 24166407. 

47. Green CS, Bavelier D. Learning, attentional control, and action video 
games. Curr Biol. 2012 Mar 20;22(6):R197-206. PubMed PMID: 
22440805. Pubmed Central PMCID: 3461277. 

48. Valentin LSS, Valentin TSS, Carmona MJC, Aguilar G, Pires VY, Garcia RC, et 
al. Digital Game Test Neuropsychology. Fundação Biblioteca Nacional. 
2014. 

 


