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Abstract

Postoperative cognitive dysfunction (POCD) is a topic of special importance for elderly patients. Based upon the results of a
combination of retrospective human studies, experiments in animals, and a number of prospective human studies, the anesthesia
research community has advanced the notion that surgery/anesthesia might precipitate permanent incident dementia. A careful
analysis of the data, however, reveals numerous methodological problems with the clinical trials that have examined long-term
POCD, including the vague definition of POCD, poorly matched controls (or lack of controls in some investigations), arbitrary
diagnostic criteria, etc. More recent evidence suggests that the vast majority of patients without pre-existing disease recover
cognition in the long term. In fact, there are studies that suggest that in some cases surgery improves cognitive functioning (e.g;
carotid endarterectomy, weight reduction surgery, etc.). This report critically analyzes the methodological concerns of the older
studies and presents current evidence rejecting the long-term POCD hypothesis. In addition, it reviews the pre-existing condi-
tions that may result in long term POCD.

Introduction critically evaluate the POCD literature and assess clinical implica-

tions of the phenomena if it indeed exists.
Cognitive function is an important outcome measure of surgi-
Drawbacks of POCD Research

cal intervention that affects patient well-being and function. It
is expected that surgery would improve quality of life. However,

a preponderance of literature during the last two decades ques-
tions this precept and suggest that “surgery may heal the body
but harm the brain” especially among the elderly patients [1]. As
the number of publications on a subject of postoperative cogni-
tive dysfunction (POCD) has dramatically increased, the concept
become a “hot topic” among the anesthesiologists. It appears,
however, that this postoperative complication (either perceived
or real) is not an issue widely recognized by surgeons or other
specialists. Surgical volume continues to grow, particularly in the
elderly. It increased from 226 million operations in 2004 to 313
million operation in 2012 [2]. Cleatly, concerns regarding POCD
played minimal if any role in patients/surgeons decision to pro-
ceed with the surgery. Moreover, recent more carefully conducted
research indicates that surgery may actually improve cognition in
the majority of patients |3, 4]. The objection of this narrative is to
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POCD is defined as a decline in cognitive performance arising
after surgical procedure. Its diagnosis requires both preoperative
psychometric testing (baseline) and an arbitrary definition of how
much of a decline is called cognitive dysfunction. The testing,
however, rarely performed outside of research setting. Neither
ICD10 nor DSM V recognized POCD as a clinical state. Cur-
rently there is no nomenclature or diagnostic criteria for this con-
dition.

Criteria for POCD typically rests on a battery of neurobehavioral
assessments that measure various cognitive domains. Tests vary
from complex combinations of neuropsychological measures
(e.g. Hopkins Verbal Learning Tests, Visuospatial Learning Test,
various subtests from Wechsler Adult Intelligence Scale, etc.) to
simple Mini Mental Exam (MMSE).
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Reported incidence of POCD varies from 0 to 70% after car-
diac and from 0 to 50% after non-cardiac operations |5, 6]. The
significant variability of the data is related to the rather arbitrary
diagnostic criteria of the condition that have been used by the
various research groups. The other limitations of the POCD re-
search include:

a. Uncertainty about the time course of the disease; the research-
ers assess cognitive decline anywhere from 1 week to 7 years after
surgery

b. Difficulties in accounting for the learning effect of repeat cog-
nitive testing

c. Lack of a properly matched control group

d. Inability to account for the underlying comorbidities

e. A single point assessments of cognitive capacity of a subject;
it is plausible that a patient is cognitively declining irrespective of
a surgery

f. Emotional state may contribute to decline in cognitive perfor-
mance

It is impossible to compare the results of various studies (or even
the existence of the condition) until there is an unambiguous defi-
nition of this disorder.

Critical Analysis of the Studies that show POCD
after Cardiac Surgery

The perception that a cognitive decline is a common complication
after cardiac surgery has existed since the introduction of open
heart procedures. The reported incidence of POCD vaties from
10% to 70% and is highly dependent on the number of cognitive
tests used, time of assessment and statistical analysis used to de-
fine a significant change. There are literally 100s reports propagat-
ing this perception. In this presentation we will review methodol-
ogy of the most impactful publications disseminating this notion.

Newman et al. have published first and one of the most influ-
ential publication in 2001 that addressed the issue of long-term
cognitive deterioration after open heart surgery |7]. The authors
reported that incidence of POCD was 53% at discharge, 36%
at 6 weeks, 24%, at 6 months and 42% five years after surgery.
They also show that 47% and 64% of patients had no change on
discharge and 6 weeks respectively, 76% of patients improved at 6
month and 58% had no change five years after surgery. The study
had no control group so it is impossible to compate this date with
the expected age-related decline in cognition. A number of earlier
articles showed similar rates of POCD, but all of them suffered
from the similar methodological flaws [8].

A number of other prominent groups reported cognitive decline
in patients undergoing open heart surgery [9-11]. Most of them,
however, ate cohort studies and, as such, are lacking a non-sur-
gical control group. Other common limitations include a rather
arbitrary, inconsistent, and liberal definition of the POCD, sub-
optimal statistical approach and a failure to account for underly-
ing co-morbidities (i.e. vascular disease which are associated with
cognitive decline).

https://scidoc.otg/IJAR.php

Review of the Studies that do not Demonstrate
POCD after Cardiac Surgery

Despite the common believe that POCD after cardiac surgery is
major problem, most of the recent well conducted studies ad-
dressing this issue do not show a cognitive decline in this patient
population [3, 12]. There was a common believe based on uncon-
trolled cohort studies (see above) that cognitive decline is related
to a brain injury caused by cardiopulmonary bypass (commonly
referred to as “pump head”). Several investigations compared
cognitive changes in patients who had surgery with versus without
extracorporeal circulation (“off-pump”) and found no difference
in outcomes [13, 14|. Similarly, there is no difference in cogni-
tive outcome in patients treated with angioplasty versus off-pump
coronary bypass surgery [15]. A number of publications by Selnes
et al. have convincingly demonstrated that although subjective
memory complaints are more frequent in the early postoperative
period, there is no measurable long-term cognitive changes [16].
A recent publication by Bruce et al., confirmed these results [17].
These authors compared cognitive changes in the on-pump sur-
gical patients, thoracic surgical patients, and nonsurgical control
group. They concluded that approximately one-third of surgical
patients had impaired cognition 1 week after surgery (i.e. no effect
of cardiopulmonary bypass), most recover to baseline or better 8
weeks after operation. Notably, all of these studies have included
an appropriately matched controlled group.

POCD after Non-Cardiac Surgery

It is expected that acute pain, inflammation, anxiety associated
with surgery and drugs that are used to treat pain may affect
cognition in the immediate postoperative period. The POCD is
diagnosed by assessing subject’s performance on the battery of
neuropsychological tests administered immediately before and
after surgery. As the time course of this “disease” is unknown,
the assessments are performed at the arbitrary time points. This
transient decline can last for several weeks [18]. Although some
uncontrolled cohort studies have claimed a whopping 46% inci-
dence of POCD at 1 year after surgery [19], the most prominent
trials report that approximately 10% of patients show cogni-
tive decline at three months after surgery when compared with
their preoperative mental state [20, 21]. Notably, the difference
in cognitive petformance between post-sutgical and age/disease
matched controls patients disappears at 1-2 years follow up [22].

Most of the methodologically well conducted recent studies do
not show the association between sutgery/anesthesia and cog-
nitive decline when measure beyond first 3 months. Avidan et
al. analyzed a cognitive decline in patients tested annually at the
Washington University Alzheimer’s Disease Research Center.
They compared patients who had noncardiac surgery, illness, or
neither and found no difference in cognitive decline attributable
to surgery [23]. Dokkedal et al., studied a relationship between
surgery and long-term POCD in 8500 twins and found no clini-
cally relevant association [4|. A meta-analysis of 17 studies that
assessed POCD in patients undetgoing hip/knee arthroplasty
concluded that there is no decline in cognitive performance at 3
to 6 months [24].
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Postoperative Cognitive Improvement

The purpose of performing surgery is to prolong survival, reduce
morbidity, and/or improve a quality of live. Although cognitive
function can be negatively affected immediately after surgery, it is
expected that it should return to a level consistent with patient’s
cognitive trajectory within a short (currently undefined) period
of time. Numerous clinical studies, meta-analysis and systematic
reviews have formally assessed post-surgical outcomes and con-
firmed this assertion.

POCI as a Likely Effect of the Surgery

It is expected that cognition will actually improve if a purpose of
the surgery is to reestablish cerebral blood flow, restore metabolic
milieu, or remove a brain lesion associated with cognitive impair-
ment. Recent studies demonstrated that approximately 10% of
patients undergoing CEA show postoperative improvement in
cognitive function, particularly in patients with a preoperative low
perfusion in the cerebral cortex ipsilateral to the side of surgery
[25, 26]. Similarly, a number of studies show improvement in cog-
nitive function after bariatric surgery. Cognitive benefits, particu-
larly in memory and executive function, are maintained up to 3
years postoperatively [27, 28]. Although the majority of patients
with meningioma have mild to moderate cognitive deficits pre-
operatively, resection of the brain lesion significantly improved
functioning in the following cognitive domains: memory, atten-
tion, cognitive flexibility, processing flexibility and executive func-
tioning [29].

There was (is) a widespread believe that POCD is associated to
the use of cardiopulmonary bypass. A number of high-profile
studies have credibly demonstrated that neither on-pump nor off-
pump are associated with a higher risk of cognitive decline when
compared to medical or non-surgical treatments [30]. In fact, Sau-
er et al., recently reported a trend towards lower cognitive perfor-
mance in the Percutaneous Coronary Intervention group when
compared to CABG [15]. Bruce et al., confirmed these results
[17]. These investigators found that patients in the CABG group
scored higher than non-surgical controls 8 weeks after the op-
eration. A meta-analysis of cognitive outcomes following CABG
also reported a significant improvement across all 4 measures of
cognitive performance analyzed by the authors [31].

A number of recent studies also demonstrated cognitive im-
provement in patients after Total Joint Arthroplasty. Ancelin et
al,, studied cognitive changes in patients over the age of 65 af-
ter orthopedic surgery [32]. These authors found that although
patients performance decline in Geometric form association test
(visuospatial ability), it improved significantly in object naming,
immediate verbal recall, narrative recall and delayed verbal recall.
Meta-analysis of 17 studies that assessed cognitive changes in pa-
tients after total joint arthroplasty indicated no evidence of de-
cline in any neurocognitive domains and notable improvements
in immediate verbal recall, delayed visual recall and speed of pro-
cessing [24].

POCD in the Vulnerable Population

Although there is a little evidence that POCD is a major prob-
lem in general surgical population, a number of investigators at-

https://scidoc.org/IJAR.php

tempted to identify subgroups of patients who are predisposed
to develop a long-term cognitive decline. Individuals with mild
cognitive impairment (intermediate state between normal aging
and dementia) are at risk to progress to dementia. It is reasonable
to hypothesize that surgery may accelerate progression to demen-
tia in patients at high risk for this complication. Bekker et al., have
reported that surgery negatively impacted attention concentration
in patients with MCI but not in normal individuals [33]. Kline
et al., examined the data from Alzheimer Disease Neuroimaging
Initiative (ADNI) and reach similar conclusion: only patients with
MCI experienced POCD at approximately 6 months after opera-
tion; cognitive performance of eldetly patients without preopera-
tive compromise improved after surgery [34].

Conclusion

Despite a widespread petception that surgery and/or anesthesia
may lead to long term cognitive decline in elderly patients, a care-
ful analysis of the available literature questions this sentiment. In
fact, a growing body of clinical research suggests that cognitive
performance of the majority of patients improves after surgery.
There are vulnerable subgroups of the elderly patients whose
cognitive performance maybe negatively affected by the surgery.

References

[1]. Crosby G, Culley D. Surgery and anesthesia: healing the body but harm-
ing the brain? Anesth Analg. 112(5):999-1001. PubMed Central PMCID:
PMC3092153.

[2]. Weiser T, Haynes A, Molina G, Lipsitz S, Esquivel M, Rui Fu, et al. Size and
distribution of global volume of surgery in 2012. Bull World Health Organ.
2016 Mar 1;94(3):201-9. PubMed Central PMCID: PMC4773932.

[3]. Fink H, Hemmy L, MacDonald R, Carlyle M, Olson C, Dysken MW,
et al. Intermediate- and long-term cognitive outcomes after cardiovascu-
lar procedures in older adults: A systematic review. Ann Int Med. 2015
Jul;163(2):107-17.

[4]. Dokkedal U, Hansen T, Rasmussen L, Mengel-From J, Christensen K. Cog-
nitive functioning after surgery in middle-aged and elderly Danish twins.
Anesthesiology. 2016 Feb;124(3):312-21. PubMed PMID: 26785430.

[5]. Brown C, Deiner S. Perioperative cognitive protection. BJA. 2016
Dec;117(S3):iii52-iii61.

[6].  Bekker A, Weeks E. Cognitive function after anaesthesia in the elderly. Best
Pract Res Clin Anesth. 2003 Jun;17(2):259-72. PubMed PMID: 12817919.

[7].  Newman M, Kirchner J, Phillips-Bute B, Gaver V, Grocott H, Jones RH, et
al. Longitudinal assessment of neurocognitive function after coronary-artery
bypass surgery. N Engl ] Med. 2001 Feb 8;344(6):395-402. PubMed PMID:
11172175.

[8]. Van Harten AE, Scheeren T, Absalom A. A review of postoperative cognitive
dysfunction and neuroinflammation associated with cardiac surgery and an-
aesthesia. Anaesthesia. 2012 Mar;67(3):280-93. PubMed PMID: 22321085.

[9].  Van Dijk D, Keizer A, Diephuis J, Vos L, Hijman R. Neurocognitive dys-

function after coronary artery bypass surgery: a systematic review. ] Thor

Cardvasc Surg. 2000 Oct; 120(4):632-9. PubMed PMID: 11003741.

Stygall J, Newman S, Fitzgerald G, Steed L, Mulligan K, Arrowsmith JE, et

al. Cognitive changes 5 years after coronary bypass surgery. Health Psych.

2003 Nov;22(6):579-86. PubMed PMID: 14640854.

. Silbert B, Scott D, Evered L, Lewis M, Kalpokas M, Maruff , et al. A com-
parison of the effect of high- and low-dose fentanyl on the incidence of post-
operative cognitive dysfunction after coronary bypass surgery in the elderly.
Anesthesiology. 2006 Jun; 104(6):1137-45. PubMed PMID: 16732083.

. Selnes O, Grega M, Bailey M, Pham L, Zeger S, McKhann GM, et al. Neu-
rocognitive outcomes 3 years after bypass graft surgery: a controlled study.
Ann Thorac Surg. 2007 Dec;84(6):1885-96.

. Van Dijk D, Spoor M, Hijman R, Nathoe H, Borst C, Jansen EW, et al.
Cognitive and cardiac outcomes 5 years after off-pump vs on-pump coro-
nary artery bypass graft surgery. JAMA. 2007 Feb 21;297(7):701-8. PubMed
PMID: 17312289.

[14]. Sun JH, Wu XY, Wang WJ, Jin LL. Cognitive dysfunction after off-pump

versus on-pump coronary artery bypass surgery: a meta-analysis. ] Int Med
Res. 2012;40(3):852-8. PubMed PMID: 22906257.

[10].

(1

=
]

[13

Bekker A, Korban A, Esochaghi S. Long-Term Cognitive Decline in the Elderly is not Attributable to Surgery/Anesthesia. Inz | Anesth Res. 2017;5(10):490-493.

492



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3092153/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3092153/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3092153/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4773932/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4773932/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4773932/
https://www.ncbi.nlm.nih.gov/pubmed/26192563
https://www.ncbi.nlm.nih.gov/pubmed/26192563
https://www.ncbi.nlm.nih.gov/pubmed/26192563
https://www.ncbi.nlm.nih.gov/pubmed/26192563
https://www.ncbi.nlm.nih.gov/pubmed/26785430
https://www.ncbi.nlm.nih.gov/pubmed/26785430
https://www.ncbi.nlm.nih.gov/pubmed/26785430
https://academic.oup.com/bja/article/117/suppl_3/iii52/2664401
https://academic.oup.com/bja/article/117/suppl_3/iii52/2664401
https://www.ncbi.nlm.nih.gov/pubmed/12817919
https://www.ncbi.nlm.nih.gov/pubmed/12817919
https://www.ncbi.nlm.nih.gov/pubmed/11172175
https://www.ncbi.nlm.nih.gov/pubmed/11172175
https://www.ncbi.nlm.nih.gov/pubmed/11172175
https://www.ncbi.nlm.nih.gov/pubmed/11172175
https://www.ncbi.nlm.nih.gov/pubmed/22321085
https://www.ncbi.nlm.nih.gov/pubmed/22321085
https://www.ncbi.nlm.nih.gov/pubmed/22321085
https://www.ncbi.nlm.nih.gov/pubmed/11003741
https://www.ncbi.nlm.nih.gov/pubmed/11003741
https://www.ncbi.nlm.nih.gov/pubmed/11003741
https://www.ncbi.nlm.nih.gov/pubmed/14640854
https://www.ncbi.nlm.nih.gov/pubmed/14640854
https://www.ncbi.nlm.nih.gov/pubmed/14640854
https://www.ncbi.nlm.nih.gov/pubmed/16732083
https://www.ncbi.nlm.nih.gov/pubmed/16732083
https://www.ncbi.nlm.nih.gov/pubmed/16732083
https://www.ncbi.nlm.nih.gov/pubmed/16732083
https://www.ncbi.nlm.nih.gov/pubmed/18036903
https://www.ncbi.nlm.nih.gov/pubmed/18036903
https://www.ncbi.nlm.nih.gov/pubmed/18036903
https://www.ncbi.nlm.nih.gov/pubmed/17312289
https://www.ncbi.nlm.nih.gov/pubmed/17312289
https://www.ncbi.nlm.nih.gov/pubmed/17312289
https://www.ncbi.nlm.nih.gov/pubmed/17312289
https://www.ncbi.nlm.nih.gov/pubmed/22906257
https://www.ncbi.nlm.nih.gov/pubmed/22906257
https://www.ncbi.nlm.nih.gov/pubmed/22906257

OPEN ACCESS

[15].

Sauer A, Nathoe H, Hendrikse J, Peelen L, Regieli J, Kalkman CJ, et al.

Cognitive outcomes 7.5 years after angioplasty compared with off-pump

https://scidoc.org/IJAR.php

after uncomplicated carotid endarterectomy: tract=based spatial statistics

analysis. Neurosurgery. 2013 Oct;73(4):592-8. PubMed PMID: 23756737.

coronary bypass surgery. Ann Thor Surg. 2013 Oct;96(4):1294-301. Pub- [26]. Yamashita T, Ogasawara K, Kuroda H, Suzuki T, Chida K, Kobayashi M, et
Med PMID: 23866798. al. Combination of preoperative cerebral blood flow and I-iomazenil SPCT

[16]. Selnes O, Gottesman R. Neuropsychological outcomes after coronary artery imaging predicts postoperative cognitive improvement in patients undergo-
bypass grafting. ] Intern Neuropsych Soc. 2010 Mar;16(2):221-6. PubMed ing uncomplicated endarterectomy for unilateral carotid stenosis. Clin Nucl
PMID: 20003580. Med. 2012 Feb;37(2):128-33. PubMed PMID: 22228333.

[17]. Bruce K, Yelland G, Smith ], Robinson S. Recovery of cognitive func- [27]. Alosco ML, Galioto R, Spitznagel MB, Strain G, Devlin M, Cohen R, et
tion after coronary artery bypass graft operations. Ann Thor Surg. 2013 al. Cognitive function after bariatric surgery: evidence for improvement 3
Apr;95(4):1306-14. PubMed PMID: 23333061. years after surgery. Am ] Surg. 2014 Jun;207(6):870-6. PubMed PMID:

[18]. Mashour G, Woodrum D, Avidan M. Neurological complications of surgery 24119892.
and anesthesia. BJA. 2014 Sep;114(2):194-203. [28]. Hawkins MA, Alosco ML, Spitznagel MB, Strain G, Devlin M, Cohen R,

[19]. McDonagh DL, Mathew JP, White WD, Philips-Bute B, Laskowitz DT, et al. The association between reduced inflammation and cogpnitive gains af-
Newman ME et al. Cognitive function after major noncardiac surgery, ter bariatric surgery. Psychosom Med. 2015 Jul-Aug;77(6):688-96. PubMed
apolipoprotein E4 genotype, and biomarkers of brain injury. Anesthesiology. PMID: 25478707.

2010 Apr;112(4):852-9. PubMed PMID: 20216394. [29]. Meskal I, Gehring K, van der Linden S, Rutten G, Sitskoorn M. Cogni-

[20]. Moller JT, Cluitmans P, Rasmussen LS, Houx P, Rasmussen H, Canet J, et tive improvement in meningioma patients after surgery: clinical relevance
al. Long-term postoperative cognitive dysfunction in the elderly ISPOCD1 of computerized testing. ] Neurooncol. 2015 Feb;121(3):617-25. PubMed
study. ISPOCD investigators. International Study of Post-Operative Cogni- PMID: 25502961.
tive Dysfunction. Lancet. 1998 Mar 21;351(9106):857-61. PubMed PMID: [30]. Selnes OA, Gottesman RE, Grega MA, Baumgartner WA, Zeger SL, et al.
9525362. Cognitive and neurologic outcomes after coronary-artery bypass surgery. N

[21]. Heilman KM, Monk TG, Weldon BC, Dede DE, Garvan CW, van der Aa Engl ] Med. 2012 Jan 19;366(3):250-7. PubMed PMID: 22256807.

MT, etal. Predictors of cognitive dysfunction after major noncardiac surgery. [31]. Cormack EShipolini A, Awad W, Richardon C, McCormack, et al. A meta-
Anesthesiology. 2008 Jan;108(1):18-30. PubMed PMID: 18156878. analysis of cognitive outcome following coronary artery bypass graft sur-

[22]. Abildstrom H, Rasmussen LS, Rentowl P, Hanning CD, Rasmussen H, Kris- gery. Neurosci Biobehav Rev. 2012 Oct;36(9):2118-29. PubMed PMID:
tensen PA, et al. Cognitive dysfunction 1-2 years after non-cardiac surgery in 22732162.
the elderly. ISPOCD group. International study on postoperative cognitive [32]. Ancelin M, de Roquefeuil G, Scali J, Bonnel F, Adam JE et al. (2010) Long-
dysfunction. Acta Anaesthesiol Scand. 2000 Nov;44(10):1246-51. PubMed term post-operative cognitive decline in the elderly: the effect of anesthesia
PMID: 11065205. type, apolipoprotein E genotype, and clinical antecedents. ] Alzheimers Dis.

[23]. Avidan MS, Searleman AC, Storandt M, Barnett K, Vannucci A, Saager L, 2010;22 Suppl 3:105-13. PubMed PMID: 20858969.
et al. Long-term cognitive decline in older subjects was not attributable to [33]. Bekker A, Lee C, de Santi S, Pirraglia E, Zaslavsky A, Farber S, et al. Does
noncardiac surgery or major illness. Anesthesiology. 2009 Nov;111(5):964- mild cognitive impairment increase the risk of developing postoperative cog-
70. PubMed PMID: 19786858. nitive dysfunction? Am J Surg. 2010 Jun;199(6):782-8. PubMed PMID:

[24]. Scott ], Mathias J, Kneebone A. Postoperative cognitive dysfunction after 20609722.
total joint arthroplasty in the elderly: a meta-analysis. ] Arthroplasty. 2014 [34]. Kline RP, Pirraglia E, Cheng H, De Santi S, Li Y, Haile M, et al. Surgery and
Feb;29(2):261-7. PubMed PMID: 23890520. brain atrophy in cognitively normal elderly subjects and subjects diagnosed

[25]. Sato Y, Ito K, Ogasawara K, Sasaki M, Kudo K, Murakami T, et al. Postop- with mild cognitive impairment. Anesthesiology. 2012 Mar;116(3):603-12.
erative increase in cerebral white matter fractional anisotropy on diffusion PubMed PMID: 22293721.
tensor magnetic resonance imaging is associated with cognitive improvement

Bekker A, Korban A, Esochaghi S. Long-Term Cognitive Decline in the Elderly is not Attributable to Surgery/Anesthesia. Inz | Anesth Res. 2017;5(10):490-493.

493



https://www.ncbi.nlm.nih.gov/pubmed/23866798
https://www.ncbi.nlm.nih.gov/pubmed/23866798
https://www.ncbi.nlm.nih.gov/pubmed/23866798
https://www.ncbi.nlm.nih.gov/pubmed/23866798
https://www.ncbi.nlm.nih.gov/pubmed/20003580
https://www.ncbi.nlm.nih.gov/pubmed/20003580
https://www.ncbi.nlm.nih.gov/pubmed/20003580
https://www.ncbi.nlm.nih.gov/pubmed/23333061
https://www.ncbi.nlm.nih.gov/pubmed/23333061
https://www.ncbi.nlm.nih.gov/pubmed/23333061
https://academic.oup.com/bja/article/114/2/194/293595
https://academic.oup.com/bja/article/114/2/194/293595
https://www.ncbi.nlm.nih.gov/pubmed/20216394
https://www.ncbi.nlm.nih.gov/pubmed/20216394
https://www.ncbi.nlm.nih.gov/pubmed/20216394
https://www.ncbi.nlm.nih.gov/pubmed/20216394
https://www.ncbi.nlm.nih.gov/pubmed/9525362
https://www.ncbi.nlm.nih.gov/pubmed/9525362
https://www.ncbi.nlm.nih.gov/pubmed/9525362
https://www.ncbi.nlm.nih.gov/pubmed/9525362
https://www.ncbi.nlm.nih.gov/pubmed/9525362
https://www.ncbi.nlm.nih.gov/pubmed/18156878
https://www.ncbi.nlm.nih.gov/pubmed/18156878
https://www.ncbi.nlm.nih.gov/pubmed/18156878
https://www.ncbi.nlm.nih.gov/pubmed/11065205
https://www.ncbi.nlm.nih.gov/pubmed/11065205
https://www.ncbi.nlm.nih.gov/pubmed/11065205
https://www.ncbi.nlm.nih.gov/pubmed/11065205
https://www.ncbi.nlm.nih.gov/pubmed/11065205
https://www.ncbi.nlm.nih.gov/pubmed/19786858
https://www.ncbi.nlm.nih.gov/pubmed/19786858
https://www.ncbi.nlm.nih.gov/pubmed/19786858
https://www.ncbi.nlm.nih.gov/pubmed/19786858
https://www.ncbi.nlm.nih.gov/pubmed/23890520
https://www.ncbi.nlm.nih.gov/pubmed/23890520
https://www.ncbi.nlm.nih.gov/pubmed/23890520
https://www.ncbi.nlm.nih.gov/pubmed/23756737
https://www.ncbi.nlm.nih.gov/pubmed/23756737
https://www.ncbi.nlm.nih.gov/pubmed/23756737
https://www.ncbi.nlm.nih.gov/pubmed/23756737
https://www.ncbi.nlm.nih.gov/pubmed/23756737
https://www.ncbi.nlm.nih.gov/pubmed/22228333
https://www.ncbi.nlm.nih.gov/pubmed/22228333
https://www.ncbi.nlm.nih.gov/pubmed/22228333
https://www.ncbi.nlm.nih.gov/pubmed/22228333
https://www.ncbi.nlm.nih.gov/pubmed/22228333
https://www.ncbi.nlm.nih.gov/pubmed/24119892
https://www.ncbi.nlm.nih.gov/pubmed/24119892
https://www.ncbi.nlm.nih.gov/pubmed/24119892
https://www.ncbi.nlm.nih.gov/pubmed/24119892
https://www.ncbi.nlm.nih.gov/pubmed/25478707
https://www.ncbi.nlm.nih.gov/pubmed/25478707
https://www.ncbi.nlm.nih.gov/pubmed/25478707
https://www.ncbi.nlm.nih.gov/pubmed/25478707
https://www.ncbi.nlm.nih.gov/pubmed/25502961
https://www.ncbi.nlm.nih.gov/pubmed/25502961
https://www.ncbi.nlm.nih.gov/pubmed/25502961
https://www.ncbi.nlm.nih.gov/pubmed/25502961
https://www.ncbi.nlm.nih.gov/pubmed/22256807
https://www.ncbi.nlm.nih.gov/pubmed/22256807
https://www.ncbi.nlm.nih.gov/pubmed/22256807
https://www.ncbi.nlm.nih.gov/pubmed/22732162
https://www.ncbi.nlm.nih.gov/pubmed/22732162
https://www.ncbi.nlm.nih.gov/pubmed/22732162
https://www.ncbi.nlm.nih.gov/pubmed/22732162
https://www.ncbi.nlm.nih.gov/pubmed/20858969
https://www.ncbi.nlm.nih.gov/pubmed/20858969
https://www.ncbi.nlm.nih.gov/pubmed/20858969
https://www.ncbi.nlm.nih.gov/pubmed/20858969
https://www.ncbi.nlm.nih.gov/pubmed/20609722
https://www.ncbi.nlm.nih.gov/pubmed/20609722
https://www.ncbi.nlm.nih.gov/pubmed/20609722
https://www.ncbi.nlm.nih.gov/pubmed/20609722
https://www.ncbi.nlm.nih.gov/pubmed/22293721
https://www.ncbi.nlm.nih.gov/pubmed/22293721
https://www.ncbi.nlm.nih.gov/pubmed/22293721
https://www.ncbi.nlm.nih.gov/pubmed/22293721

	Abstract
	Introduction
	Drawbacks of POCD Research
	Critical Analysis of the Studies that show POCD after Cardiac Surgery
	Review of the Studies that do not Demonstrate POCD after Cardiac Surgery
	POCD after Non-Cardiac Surgery
	Postoperative Cognitive Improvement
	POCI as a Likely Effect of the Surgery
	POCD in the Vulnerable Population

	Conclusion
	References

