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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, i.e., evaluations up to 30 days postoperative, and
neurocognitive disorder, i.e., 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 �rst 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 1,913 articles yielded 12 studies
with a total of 3,639 individuals. For the secondary objective, �ve studies with a total of 751 patients were
selected. In the �rst 30 days postoperative, the odds-ratio for POCD in TIVA group was 0.60 (95% CI = 0.40
- 0.91; p = 0.02), compared to the inhalational group. TIVA was associated with a lower incidence of
POCD in the �rst 30 days postoperatively. Regarding the secondary objective, due to the small number of
selected articles and its high heterogeneity, a metanalysis was not conducted. Giving the heterogeneity of
criteria for POCD, future prospective studies with more robust designs should be performed to fully
address this question.

Introduction
Postoperative cognitive dysfunction (POCD) is a common condition after surgery and anesthesia (1–2).
Recent studies showed an incidence of POCD between 10%-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 identi�ed a possible role of
propofol in attenuating the in�ammatory 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.

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), i.e.,
evaluations up to 30 days postoperative, and postoperative neurocognitive disorder (pNCD), i.e.,
assessments performed between 30 days and 12 months after surgery. The consensus-working group
stressed that cognitive decline after the �rst 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
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inhalational or total intravenous anesthesia (TIVA) in the �rst 30 days, excluding assessments at 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 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, speci�cally propofol and inhalational agents. The full
search strategy is presented in Table 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 studies 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 at 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 �rst 30 days postoperatively. When
assessments were performed multiple times in the postoperative period, we selected the �rst
measurement after surgery, excluding assessments at the same day of surgery.

Secondary objective
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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.

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 con�ict.

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 �rst 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 de�ned the authors of the primary
studies.

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%
con�dence intervals for the pooled data for the primary objective.

Results
The �owchart for data extraction is shown in Figure 1. We identi�ed 3,381 total citations. After removal of
duplicates, 1,913 total unique citations were selected. After screening for eligibility criteria based on the
title and/or the abstract, 19 potentially eligible articles were retrieved in full text. Ten published studies
were then selected for the primary objective, with 2 additional studies being further included after hand
searching on our reference lists. Five studies were selected for the secondary objective.

Primary Objective
Overall, twelve studies compared TIVA vs. inhalational anesthesia reporting the incidence of POCD - DCR
in both groups (Table 2). The mean sample size among those studies was 303 subjects, considering both
groups. In total, 1,818 participants were assigned to the TIVA group and 1,821 to inhalational anesthesia.
The range of age among all the twelve studies varied from 20 to 86 years, with median age of 70 years. In
the TIVA group, the median age was 70.58 years (20 - 86) whereas in the inhalational group, the median
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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 twelve studies seemed to favor TIVA but failed to reach statistical signi�cance. Moreover,
three of those studies reached statistical signi�cance (7, 16, 17). None of the included studies favored
inhalational anesthesia. Consequently, the pooled OR signi�cantly favored the use of TIVA (0.60; 95% CI =
0.40 - 0.91; p = 0.02) (Figure 2).

The Random Effects Mantel-Haenszel model was used to estimate adjusted OR and 95% con�dence
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 (17, 19).
Speci�c tests used by different authors in their respective studies are summarized in Table 2. 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 �rst 30
postoperative days (6, 16 - 18), results were similar in all assessments, with the exception of one study
(16), 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, 17 - 19), day 2 from three studies (6, 7, 20), day 7 from four studies (3, 5, 21,
22) and day 10 in a single study (22).

The de�nition 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 two (18, 19).

In all included studies the type of opioids and regimen of administration were similar between groups.
Most studies used sevo�urane as inhalational agent. Two studies used iso�urane (16 – 17), and one
used des�urane (20).

The overall risk of bias in the included studies for the meta-analysis (Figure 3) was judged as low in ten
of the included studies, and unknown in only two (3, 18).

Secondary Objective
Characteristics of eligible studies for the secondary objective are shown in Table 2. From the �ve included
articles (3–7), a total of 751 patients were included, 398 in the TIVA group, with a median age of 68.15
years (20 - 85), and 353 in the inhalational group, with a median age of 67.83 years (24 - 81). The range
of age of the participants enrolled in all �ve studies varied from 20 to 85 years.
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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 sevo�urane as
inhalational agent.

The overall risk of bias for the included studies (Figure 3) indicated that the risk was low in four out of the
�ve included studies. In Konishi et al. (3), the risk of bias was judged as unknown.

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 al. (6) conducted another
study using a de�nition of POCD - pNCD when there was a difference in means of tests 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 L. et al. (5) 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 speci�c tests were altered in the
postoperative period. The study conducted by Konishi et al. (3) also considered altered scores in at least
two tests and measurements three months postoperatively. Tests used were the Consortium to establish
a registry for Alzheimer’s disease (CERAD), the Rey Auditory-Verbal Learning Test (RAVLT), the TMT (A
and B), the Digit Symbol Substitution Test (DSST), the Controlled Oral Word Association Test (COWAT), a
Semantic Fluency Test, the grooved pegboard test (both dominant and non-dominant hands), as well as
the MMSE. Finally, in the study conducted by Micha G. et al (7), the authors diagnosed POCD based on a
signi�cant 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 �rst 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 de�nitions of POCD - DCR, different psychometric tests used and its
cuff-off values, among other factors, limit the reach of our conclusions. This is re�ected in our
heterogeneity analysis (I2 = 85%). Our study suggests that the concept of POCD should be redi�ned into a
more objective de�nition. 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
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that speci�c cognitive de�cits, such as memory, executive function, among others, may re�ect a
subjacent attention impairment. Future research should focus on objective attention measurements prior
to other speci�c cognitive domains. This would allow a reduction in heterogeneity on POCD research.

The potential bene�ts of propofol and TIVA in POCD might be mediated through its positive effects in
diminishing the in�ammatory cascade. Evidence has shown that propofol has anti-in�ammatory
properties compared to inhalation agents (23) as in vivo study results have shown lower levels of
circulating cytokines and other mediators of in�ammation in animals injected with propofol (11).
In�ammation 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 (24).
Recently, a meta-analysis was conducted assessing the association between various in�ammatory
biomarkers and POCD and concluded that higher postoperative C-reactive protein (n = 11 studies) and IL-
6 (n = 17 studies) were associated with POCD (25). However, the possible role of the anesthetics in the
in�ammatory cascade is still yet to be clari�ed, with some evidence favoring the use of inhalational
agents, such as sevo�urane, speci�cally in ischemia-reperfusion cell models (26)

The population enrolled in our work has a high median age, consequentially to the fact that most of the
research on POCD involves older individuals. Only two of the included studies admitted patients younger
than 60 years old (4, 6). Since the number of younger individuals was too small, we were not able to
perform a strati�cation analysis by age. Even though all included studies relied on comparisons of the
results of psychometric tests postoperative with the preoperative evaluation, only �ve studies used
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’s uncertain if a
single dose of propofol might exert any potential bene�cial effects on POCD, consequentially to its
potential effects at the in�ammatory 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 speci�c domain of cognitive function (Supplementary Table
1). Many of these tests have been validated in different clinical scenarios, including the postoperative
period (27–34). 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 speci�c 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
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few data pointing towards the attention domain and executive function as potentially more affected in
the postoperative period (35). 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 speci�c tests showed a signi�cant 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 signi�cant 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, applied as a
continuous variable measured over time 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 ten out of the 12 studies 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 consequence of monitoring the level of
consciousness on a particular group.

In conclusion, TIVA might be associated with a lower incidence of POCD, compared with inhalational
anesthesia, at least in the �rst 30 postoperative days. However, future studies investigating POCD, should
focus on assessments of attention because the validity of testing all other cognitive subdomains (e.g.,
memory, executive functions, etc.) relies on its integrity. This could also potentially reduce heterogeneity
on POCD research.
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Table 2 - Characteristics of included articles in the review and meta-analysis.
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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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Figure 1

See image above for �gure legend.
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Figure 2

See image above for �gure legend.
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Figure 3

See image above for �gure legend.
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