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Abstract: Postoperative cognitive dysfunction (POCD) has been increasingly recognized as a contributor to postoperative 
complications. A consensus-working group recommended that POCD should be distinguished between delayed cognitive recovery, 
ie, evaluations up to 30 days postoperative, and neurocognitive disorder, ie, assessments performed between 30 days and 12 months 
after surgery. Additionally, the choice of the anesthetic, either inhalational or total intravenous anesthesia (TIVA) and its effect on 
the incidence of POCD, has become a focus of research. Our primary objective was to search the literature and conduct a meta- 
analysis to verify whether the choice of general anesthesia may impact the incidence of POCD in the first 30 days postoperatively. 
As a secondary objective, a systematic review of the literature was conducted to estimate the effects of the anesthetic on POCD 
between 30 days and 12 months postoperative. For the primary objective, an initial review of 1913 articles yielded ten studies with 
a total of 3390 individuals. For the secondary objective, four studies with a total of 480 patients were selected. In the first 30 days 
postoperative, the odds-ratio for POCD in TIVA group was 0.46 (95% CI = 0.26–0.81; p = 0.01), compared to the inhalational 
group. TIVA was associated with a lower incidence of POCD in the first 30 days postoperatively. Regarding the secondary 
objective, due to the small number of selected articles and its high heterogeneity, a metanalysis was not conducted. Given the 
heterogeneity of criteria for POCD, future prospective studies with more robust designs should be performed to fully address this 
question. 
Keywords: postoperative cognitive dysfunction, POCD, total intravenous anesthesia, TIVA, inhalational anesthesia, postoperative 
complications, psychometric tests

Introduction
Postoperative cognitive dysfunction (POCD) is a common condition after surgery and anesthesia.1,2 Recent studies showed an 
incidence of POCD between 10% and 18%.3–7 The International Study of Post-Operative Cognitive Dysfunction (ISPOCD-1) 
has estimated the incidence of POCD after non-cardiac surgery is as high as 9.9% at three months.8

Regarding the choice of the type of general anesthesia, previous studies have identified a possible role of propofol in 
attenuating the inflammatory cascade.9,10 Moreover, an increase in various cytokines, including IL-6, TNF-α, IL-8, and 
IL-10, have been found to be associated with the presence of POCD.11,12 Consequentially, TIVA may be hypothesized as 
being protective against POCD.

Neuropsychiatric Disease and Treatment 2022:18 1455–1467                                            1455
© 2022 Negrini et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Neuropsychiatric Disease and Treatment                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 24 May 2022
Accepted: 9 July 2022
Published: 15 July 2022

http://orcid.org/0000-0003-2096-466X
http://orcid.org/0000-0002-7386-4462
http://orcid.org/0000-0001-7654-5507
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


A consensus-working group published recommendations from a panel of specialists suggesting that cognitive 
assessments on POCD should be distinguished into delayed cognitive recovery (DCR), ie, evaluations up to 30 days 
postoperative, and postoperative neurocognitive disorder (pNCD), ie, assessments performed between 30 days and 12 
months after surgery. The consensus-working group stressed that cognitive decline after the first 30 days postoperatively 
might potentially be linked to long-term consequences and should, therefore, also be a topic for research.13

The primary objective of this study was to conduct a systematic review of the literature and a meta-analysis on the 
clinical impact of the choice of general anesthesia on the incidence of POCD-DCR, either inhalational or total 
intravenous anesthesia (TIVA) in the first 30 days, excluding assessments on the same day of surgery. As a secondary 
goal, we conducted a systematic review of the literature to study the impact of the choice of anesthetic on the incidence 
of POCD-pNCD between 30 days and 12 months postoperatively.

Methods
Search Strategy
The 2020 updated Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were 
followed when performing and reporting this study.14 A health sciences librarian (BH) conducted an initial literature 
search on March 6, 2020, and an updated search on May 24, 2021. The following databases were queried: Ovid 
MEDLINE(R); Embase.com; Web of Science, Google Scholar. Conference abstracts/papers were excluded in Embase. 
No other limits were applied.

All retrieved records were organized using the citation management software Endnote version 20 (Clarivate, London, 
U.K.). For removal of duplicates Covidence (Melbourne, Australia), a systematic review citation reviewing and screening 
software, was used.

The search strategy was designed to capture the association between post-operative cognitive dysfunction (POCD) 
with surgical anesthetics, specifically propofol and inhalational agents. The full search strategy is presented in Figure 1.

Searches were supplemented by hand searching and retrieval of any additional articles meeting eligibility criteria that 
were cited in our reference lists.

The full protocol for this systematic review and meta-analysis is registered and approved at the PROSPERO database 
under the registration number CRD42021239283.

Study Selection
Only randomized controlled trials (RCT) comparing the impact on POCD between TIVA and inhalational anesthesia were 
selected. All papers including cardiac, carotid, or neurosurgical procedures, and non-adult patients were excluded. Studies 
that only assessed cognitive function on the same day of surgery were also excluded. If the title and/or abstract suggested 
that a paper matched the inclusion and exclusion criteria, the full article was screened and assessed for eligibility.

Primary Objective
For our primary objective, we considered POCD-DCR assessed in the first 30 days postoperatively. When assessments 
were performed multiple times in the postoperative period, we selected the first measurement after surgery, excluding 
assessments on the same day of surgery.

Secondary Objective
For our secondary aim, we focused only on papers evaluating POCD-pNCD between 30 days and 12 months 
postoperatively.

Methodological Quality and Risk of Bias Analysis
The methodological quality of the included studies for both objectives was assessed using the Cochrane Collaboration’s tool 
for assessing risk of bias in randomized trials,15 which accounts for six potential risks of bias: selection, performance, 
detection, attrition, reporting, and other sources of bias. Ultimately, each domain was assessed as low, high, or unclear.
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Two investigators (DN and YAW) independently selected the studies, extracted the relevant information from the 
included trials, and assessed the risk of bias. In the case of disagreement, a third investigator (AO) resolved the conflict. 
Studies judged with an unknown or high risk of bias were excluded.

Outcomes
The outcome for the primary objective was the incidence of POCD-DCR, as described by the authors of the primary 
studies, in patients exposed to either TIVA or inhalational anesthesia in the first 30 days postoperatively. For the primary 
objective, we estimated the odds ratio of POCD between the two groups. For the secondary objective, the outcome was 
POCD – pNCD, also as defined the authors of the primary studies.

Figure 1 The complete search strategy.
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Data Synthesis and Statistical Analysis
All analyses were performed using Stata version 15.1 (StataCorp LLC, College Station, Texas, USA). The percentage of 
the total variability in the set of effect sizes due to true heterogeneity was tested with the I2 statistic. Random Effects 
Mantel-Haenszel model was used to estimate adjusted odds ratio and 95% confidence intervals for the pooled data for the 
primary objective.

Assessment of the Quality of Evidence
The quality of evidence was evaluated using the GRADE system, which accounts for four different levels of evidence, ie, 
high, moderate, low, and very low.16

Results
The flowchart for data extraction is shown in Figure 2. We identified 3381 total citations. After removal of duplicates, 
1913 total unique citations were selected. After screening for eligibility criteria based on the title and/or the abstract, 17 
potentially eligible articles were retrieved in full text, with 2 additional studies being further included after hand 
searching on our reference lists. Ten published studies were then selected for the primary objective. Four studies were 
selected for the secondary objective.

Primary Objective
Overall, ten RCTs compared TIVA vs inhalational anesthesia reporting the incidence of POCD-DCR in both groups 
(Table 1). The mean sample size among those studies was 339 subjects, considering both groups. In total, 1660 
participants were assigned to the TIVA group and 1730 to inhalational anesthesia. The range of age among all the ten 
studies varied from 18 to 86 years, with median age of 70 years. In the TIVA group, the median age was 70.58 years (18– 
86) whereas in the inhalational group, the median age was 69.43 years (24–85). The pooled incidence of POCD in the 
TIVA group was 11.4%, while in the Inhalational group was 27.7%.

Nine out of the ten studies seemed to favor TIVA. Moreover, three of those nine studies reached statistical 
significance.7,17,18 None of the included studies favored inhalational anesthesia. The pooled OR significantly favored 
the use of TIVA 0.46 (95% CI = 0.26–0.81; p = 0.01) (Figure 3). Additionally, since one of the included studies 
contributed with nearly half of the total amount of subjects included in the pooled analysis,17 we conducted a separate 
analysis, excluding this study, to evaluate the overall effect measure this paper could potentially have on the pooled odds 
ratio. Our results indicated that we still found a significant association favoring TIVA (0.67; 95% CI = 0.51–0.87; p < 
0.01), even after excluding this paper (Figure 4).

The Random Effects Mantel-Haenszel model was used to estimate adjusted OR and 95% confidence intervals for the 
pooled data based on the value of the I2 statistic, which was judged as high. We assumed a cut-off value of 75% for I2 

statistic to choose between models.
Two studies used the Mini-Mental state examination (MMSE) as the only tool for evaluation.18,19 Specific tests 

used by different authors in their respective studies are summarized in Table 1. When more than one assessment of 
cognitive performance was conducted in the postoperative period, we chose the measurement closest to the day of 
surgery. Among studies with multiple testing in the first 30 postoperative days,6,17,18 results were similar in all 
assessments, apart from one study,17 in which cognitive decline was observed in inhalational group, compared to 
propofol, only in postoperative days one, two and three, but not in day ten. Consequently, we used data from 1st day 
after surgery from four studies,4,18,19 day 2 from three studies,6,7,20 day 7 from four studies3,5,21 and day 10 in a single 
study.22

The definition used to diagnose POCD-DCR varied a lot among those studies, ranging from a statistical difference in 
the means between pre- and postoperative values in MMSE, up to more sophisticated concepts, such as the Z-score or 
more than one SD in at least two different tests evaluating different cognitive domains, between pre- and postoperative 
values. Four studies used health controls not submitted to any surgery or anesthesia in the comparison.3,5,19,21 All 
included studies used monitoring of the level of consciousness, except for one.19
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In all included studies, the type of opioids and regimen of administration were similar between groups. Most studies 
used sevoflurane as inhalational agent. Two studies used isoflurane,17,18 and one used desflurane.20 In most studies, usual 
clinical doses of inhalational agents were always used and titrated to maintain an adequate level of consciousness based 
on the BIS monitor. In particular, the one study that admitted in the inhalational group doses of Isoflurane ranging two to 
three percent, the BIS monitor was also used to titrate the adequate level of consciousness.17

The overall risk of bias in the included studies for the meta-analysis (Figure 5) was considered low in all the ten 
included studies. As mentioned earlier, studies assessed with an unknown or high risk of bias were excluded. Two studies 
were excluded during the extraction phase based on these criteria.3,23 We have also estimated the impact of the use of 

Figure 2 PRISMA® flow chart showing article selection process. 
Notes: Adapted from: Page MJ, Moher D, Bossuyt PM, et al. PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting systematic reviews. 
BMJ. 2021;372. doi:https://doi.org/10.1136/bmj.n160.14 Copyright © 2021, BMJ Publishing Group Ltd. Creative Commons CC BY 4.0 license (https://creativecommons.org/ 
licenses/by/4.0/legalcode).
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Table 1 Characteristics of Included Articles in the Review and Meta-Analysis

Author Year Study 
Design

Type of 
Surgery

Age Number of 
Patients

Tests Used Tests Altered Control 
Group 
Beyond 
Pre-Op 
Testing

Measure of 
Significance 

for 
Diagnosing 

POCD

BIS 
Used 

in Both 
Groups

Moment of 
Cognitive 

Assessment

Rohan et al20 2005 RCT Cystoscopy or 
hysteroscopy

65–86 Total = 30 
(Propofol = 15 vs 

Sevo = 15)

Stroop test and the modified 
word-recall test

Both Yes Z-score 
analysis

No 1 day post-op

Cai et al17 2011 RCT Esophageal 
cancer, gastric 
cancer, renal 

carcinoma, and 
fracture

>60 Total = 2000 
(Propofol = 1000 
vs Inhalational = 

1000)

MMSE MMSE No MMSE < 25 Yes 1, 3 and 10 
days post-op

Tang et al22 2014 RCT Thoracic 
surgery

>60 Total = 210 
(Propofol = 101 vs 
Inhalational = 99)

TMT (trail-making test); AVLT 
(auditory verbal learning test); DSF 

(digit span forward); DSB (digit 
span backward); DSST (digit 

symbol substitution test); SCWT 
(Stroop colour and word test)

Not clear Yes Cognitive 
decline

Yes 7 days post- 
op

Egawa et at6 2016 RCT Lung surgery 63–73 Total = 144 
(Propofol = 72 vs 
Inhalational = 72)

MMSE; trail making test A and B; 
digit span forward and backward; 
grooved pegboard test dominant 

hand and non-dominant hand

Not clear No Decline ≥ 20% 
in preop test 
score in at 
least two 

different tests.

Yes 2 and 5 days, 
and 3 months

Micha et al7 2016 RCT Tumor resection 
(non-neural), 
longer than 2 

hours

60–74 Total = 73 
(Propofol = 36 vs 
Inhalational = 37)

Rey auditory verbal learning trail 
making (A and B), Stroop 

neuropsychological screening, 
COWA, three word-three shapes 

Babcock story recall clock test 
Beck depression inventory (BDI), 
instrumental activities daily living 

(IADLS)

COWA; Stroop 
neuropsychological 

screening; clock test; 
three word-three shapes; 

Babcock story recall; 
instrumental activities 

daily living (IADLS); trail 
making-B

No Statistically 
difference in 
means in any 
of the tests

Yes 2 days and 9 
months
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Geng et al18 2017 RCT Laparoscopic 
cholecystectomy

>65 Total = 150 
(Propofol = 50 vs 
Inhalational = 100)

(MMSE); a vision test; the digit 
symbol substitution test the 

cumulative test; digit span: forward 
and backward; the trail making test 

part A; the Rey auditory verbal 
learning test (RAVLT): and the 

grooved pegboard test (dominant 
and non dominant hands)

Not clear No Decline ≥ 20% 
in preop test 
score in at 
least two 

different tests.

Yes 1 and 3 days 
post-op

Tanaka et al21 2017 RCT Total knee 
arthroplasty

>65 Total = 90 
(Propofol = 45 vs 
Inhalational = 45)

Digit symbol substitution test 
(DDST) [23], the mini mental 

status exam (MMSE) [24], the trail 
making test, the digit span subtest 
(DST) [25] of the Wechsler adult 
intelligence scale (revised), and the 
geriatric depression scale (GDS)

All tests No Decline ≥ 20% 
in preop test 
score in any 

test.

Yes 2 days post- 
op

Kletecka 
et al4

2018 RCT Single space 
lumbar disc 

hernia resection

18–65 Total = 43 
(Propofol = 20 vs 
Inhalational = 23)

Digital span test (forward and 
backward), letter number 

sequence test, verbal fluency, trial 
making test (A and B), Stroop test

Semantic verbal fluency 
(executive function); 

letter number sequence 
test (speed and visual 

space working memory)

Not clear 1 SD in at 
least three 

tests

Yes 6 and 42 days

Zhang et al19 2018 RCT Major cancer 
surgery (> 2H)

65–90 Total = 379 
(Propofol = 189 vs 
Inhalational = 190)

Mental control, visual retention, 
paired associate verbal learning, 

digit span (forward and backward), 
digit symbol, trail making (part A) 
and grooved pegboard (favored 

and non-favored hand)

Not reported Yes Z-score 
analysis

Yes 7 days post- 
op.

Guo et al5 2019 RCT Tumor resection 
(Both abdominal 

and thoracic)

>than 
65

Total = 220 
(Propofol = 110 vs 
Inhalational = 110)

Verbal learning test (learning trial 
and delay); concept shifting task 
(part C); Stroop color word test 

(part 3); letter digit coding

All tests Yes Z-score 
altered in any 

two tests

Yes 7 days and 3 
months

Notes: RCT (randomized controlled trial); Z-score analysis (Z = Z = [X–X reference]/standard deviation (SD); where X is the difference between baseline and postoperative cognitive test scores in the trial group, X reference is the 
difference between baseline and final time point in the control group, and SD is the change in score for the control group. When Z-score is ≥ 1.96 it’s considered positive. 
Abbreviations: MMSE, mini-mental state examination; CERAD, consortium to establish a registry for Alzheimer’s disease; AVLT, auditory-verbal learning (AVLT); TMT A and B, trail making test A and B; DSST, digit symbol substitution 
test; COWAT, controlled oral word association test; GPB d and nd, grooved pegboard test dominant and non-dominant hand.
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TIVA and POCD including those two studies, and still found an association between TIVA and a lower incidence of 
POCD, with OR = 0.60 (95% CI = 0.40–0.91; p = 0.02).

The quality of the evidence with found based on the GRADE system,16 estimating the association between the use of 
TIVA and a lower incidence of POCD, was judged as moderate (Figure 6).

Secondary Objective
Characteristics of eligible studies for the secondary objective are shown in Table 1. From the four included articles (4–7), 
a total of 480 patients were included, 238 in the TIVA group, with a median age of 68.15 years (20–85), and 242 in the 
inhalational group, with a median age of 67.83 years (24–81). The range of age of the participants enrolled in all four 
studies varied from 18 to 85 years.

Figure 3 Forest plot presented OR, for each of the ten studies included for primary objective, and pooled data (TIVA vs Inhalational).

Figure 4 Forest plot presented OR, for each of the nine studies included for primary objective, excluding “Cai et al”, and pooled data (TIVA vs Inhalational).
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As previously mentioned, the type of opioids used, and the regimen of administration were similar in both groups for 
all included studies. All included studies for the secondary objective used sevoflurane as inhalational agent.

The overall risk of bias for the included studies (Figure 5) indicated that the risk was low in all the four included 
studies. One study was excluded based on the risk of bias, judged as unknown, during the extraction phase.3

In the study by Kletecka et al,4 postoperative measurements were conducted at 42 days postoperatively, but authors 
only considered a diagnosis of POCD-pNCD if three of the following tests were altered: the Digital Span Test (Forward 
and Backward), the Letter Number Sequence Test, the Verbal Fluency, the Trail Making Test (TMT), A and B, and the 
Stroop Test. Egawa et al6 conducted another study using a definition of POCD-pNCD when there was a difference in 

Figure 5 Cochrane collaboration’s tool for assessing risk of bias for the included studies.

Figure 6 Application of the GRADE system to our findings. We believe our evidence should be classified as moderate.
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means of test scores of at least 20% between postoperative and preoperative scores. Postoperative measurements were 
performed three months after surgery. The tests used were the TMT (A and B), the Digit Span Forward and Backward, 
the Grooved Pegboard Test, as well as the MMSE. An additional study by Guo et al5 used a difference of at least one SD 
preoperatively and three months postoperatively in two of the following tests: the Verbal Learning Test (Learning Trial 
and Delay), the Concept Shifting Task (part C), the Stroop Color Word test (Part 3), and the Letter Digit Coding. The 
author did not mention which specific tests were altered in the postoperative period. Finally, in the study conducted by 
Micha et al,7 the authors diagnosed POCD based on a significant statistical difference between means of tests performed 
at 9 months postoperatively, compared to the preoperative results. Among the tests used, the ones reported as altered 
were: The Controlled Oral Word Association Test (COWAt), the Stroop Neuropsychological Screening, the Clock Test, 
the Three Word-Three Shapes, the Babcock Story Recall, the Instrumental Activities Daily Living (IADLS) and the Trail 
Making-B.

Discussion
The results from our systematic review and meta-analysis suggested that the incidence of POCD-DCR following the use 
of TIVA may be lower compared to inhalational anesthesia in the first 30 postoperative days. Even though we have 
succeeded in including a high total number of subjects in our review and meta-analysis, the heterogeneity in definitions 
of POCD-DCR, different psychometric tests used and its cuff-off values, among other factors, limit the reach of our 
conclusions. This is reflected in our heterogeneity analysis (I2 = 85%). Our study suggests that the concept of POCD 
should be redefined into a more objective definition. Moreover, it would be of interest to evaluate a more basic cognitive 
domain, such as attention, in all awake and alert individuals, since it is well known from the literature that attention plays 
a pivotal role to the functions of all other cognitive domains. It is reasonable to assume that specific cognitive deficits, 
such as memory, executive function, among others, may reflect a subjacent attention impairment. Future research should 
focus on objective attention measurements prior to other specific cognitive domains. This would allow a reduction in 
heterogeneity on POCD research.

Our results agree with a previous Cochrane systematic review on the same topic published in 2018,24 before the 
consensus stressed the importance of subclassifying POCD definitions according to time in the postoperative period.13 

This explains why these authors only analyzed the period up to 30 days postoperative, since the late postoperative period, 
ie, between 30 days and 12 months postoperative, only came into focus for researchers after the 2018 consensus. 
Additionally, this is the reason why we included 10, instead of only 7 studies in the previous mentioned review paper. 
Moreover, we decided to conduct a systematic review in the period between 30 days and 12 months postoperative. Just 
like in our paper, those authors decided to define the outcome measure, ie, POCD, based on author’s definition in each 
individual included study, as a binary variable (yes or no), to proceed with the meta-analysis.

The potential benefits of propofol and TIVA in POCD might be mediated through its positive effects in diminishing 
the inflammatory cascade. Evidence has shown that propofol has anti-inflammatory properties compared to inhalation 
agents25 as in vivo study results have shown lower levels of circulating cytokines and other mediators of inflammation in 
animals injected with propofol.11 Inflammation has been associated with POCD in many different studies. An increase in 
various cytokines, including IL-6, TNF-α, IL-8, and IL-10, have been correlated with postoperative cognitive 
impairment.26 Recently, a meta-analysis was conducted assessing the association between various inflammatory biomar-
kers and POCD and concluded that higher postoperative C-reactive protein (n = 11 studies) and IL-6 (n = 17 studies) 
were associated with POCD.27 It is true that the possible role of the anesthetics in the inflammatory cascade is still yet to 
be clarified, with some evidence favoring the use of inhalational agents, such as sevoflurane, specifically in ischemia- 
reperfusion cell models.28 However, data favouring inhalational anesthetics in ischemia-reperfusion models were 
produced in the scenario of cardiopulmonary bypass surgeries, in which the etiopathogenesis of POCD is far more 
complex and diverse.29

The population enrolled in our review has a high median age, consequentially to the fact that most of the research on 
POCD involves elder individuals. Only one of the included studies admitted patients younger than 60 years old,4 and we 
did not have enough information to perform a subgroup analysis stratified by age. Even though all included studies relied 
on comparisons of the results of psychometric tests postoperative with the preoperative evaluation, only five studies used 
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healthy controls not submitted to surgery or anesthesia in its study design,3,5,19,21,22 to make sure the cognitive decline 
was not consequence of the advanced age itself.

One limitation that must be stressed refers to the fact that propofol was used in both groups in all included studies, at 
least as a single bolus agent at the induction phase of anesthesia. It is uncertain if a single dose of propofol might exert 
any potential beneficial effects on POCD, consequentially to its potential effects at the inflammatory cascade, even 
considering that in TIVA group propofol is used in a continuous infusion through all the duration of the procedure. 
Maybe future studies in POCD should consider using another induction agent in the inhalational group, at the study 
design phase.

Regarding our secondary aim, we decided to proceed only with a systematic review of the literature, considering the 
few studies included and, consequently, the small number of subjects, given that the recommendations for testing 
between 30 days and 12 months postoperatively are relatively recent. Further studies, considering this testing period, 
are necessary in the future.

Most of these psychometric tests aim at a specific domain of cognitive function (Supplementary Table 1). Many of 
these tests have been validated in different clinical scenarios, including the postoperative period.30–37 It seems reasonable 
to hypothesize that different psychometric tests, targeting different cognitive domains, might differ in their ability to 
diagnose POCD. In addition, little attention has been spent on which specific tests and cognitive domains would be most 
likely altered in the postoperative period. So far, we have scarce evidence of which cognitive domains are more 
susceptible to POCD, with few data pointing towards the attention domain and executive function as potentially more 
affected in the postoperative period.38 As mentioned earlier, the attention domain plays a pivotal role in cognition since 
its proper function is essential to the functioning of all other domains. However, all the studies included in this review 
established the diagnosis of POCD accepting any altered domain as equally valid. This should, as well, be an important 
topic for future research.

Only two authors in our review reported which specific tests showed a significant difference in their postoperative 
assessment. One study reported that tests most frequently altered were the Semantic Verbal Fluency and the Letter 
Number Sequence Test, which measures the executive function and speed and visual space working memory cognitive 
domains.4 Another author reported that the COWAT, the Stroop Neuropsychological Screening, the Clock Test, the Three 
Word-Three Shapes, the Babcock Story Recall, the Instrumental Activities Daily Living (IADLS), and the TMT-B as the 
tests showed a difference in their postoperative assessment.7

Additionally, the application of psychometric tests for diagnosis of POCD that relies on a cut-off, such as one SD from 
the mean, or similar, could be insensitive for detecting minor but significant changes in cognitive status in the postoperative 
period. We hypothesize that the use of a test more focused on the attention domain, a pre-requisite for the proper function of 
all the other cognitive domains, could potentially be more sensitive in detecting subtle changes in the cognitive function 
perioperatively. This should be an additional relevant topic for future research.

It should be emphasized that nine out of the ten studies that we included in our present review titrated the level of 
anesthesia in both groups with the use of EEG-derived monitors, such as the BIS, all studies targeting a value between 40 
and 60. The use of these devices might potentially lead to improved titration of anesthesia.3 Therefore, our results cannot 
be explained as a consequence of monitoring the level of consciousness on a particular group.

We considered it was appropriate to judge the quality of the evidence we found based on the GRADE system.16 

Systematic reviews of RCTs are usually classified as a high level of evidence. However, the assessment of POCD is still 
a matter of controversy due to the difficult to select adequate instruments to evaluate basic cognitive domains, such as the 
attention domain. Consequently, we acknowledge that the quality of evidence produced in our study is most likely 
moderate, and the strength of recommendations based on our findings should be cautious. We believe that the evidence 
we found in this study should lead to future research on the association between TIVA and a potential lower incidence of 
POCD, with more objective definition and assessment of the outcome.

In conclusion, TIVA might be associated with a lower incidence of POCD, compared with inhalational anesthesia, at 
least in the first 30 postoperative days. However, future studies investigating POCD should focus on assessments of 
attention because the proper functioning of other cognitive subdomains (eg, memory, executive functions, etc.) relies on 
attention integrity. This could also potentially reduce heterogeneity on POCD research.
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