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Background: Early postoperative neurocognitive disorders (ePND), include both emer-
gence delirium, which is defined as very early onset postoperative delirium, and emer-
gence agitation, defined as motor arousal. Although research on anesthesia emergence is
limited, ePND are likely associated with unfavorable outcomes. This meta-analysis as-
sessed the effect of ePND on clinically relevant outcomes.

Methods: A systematic search of studies published between 2002 and 2022 on MEDLINE,
PubMed, Google Scholar, and the Cochrane Library was performed. Studies that included
adults with emergence agitation and/or delirium and reported at least one of the following
outcomes: mortality, postoperative delirium, length of post-anesthesia care unit stay, or
length of hospital stay were included. The internal validity, risk of bias, and certainty of the
evidence were assessed.

Results: A total of 16,028 patients from 21 prospective observational studies and one
case-control retrospective study were included in this meta-analysis. The occurrence rate
of ePND was 13% (data excluding the case-control study). The mortality rate was 2.4% in
patients with ePND vs. 1.2% in the normal emergence group (risk ratio [RR]: 2.6, P = 0.01,
very low quality of evidence). Postoperative delirium occurred in 29% of patients with
ePND and 4.5% of patients with normal emergence (RR: 9.5, P < 0.001, I’ = 93%). Patients
with ePND had a prolonged length of post-anesthesia care unit stay (P = 0.004) and length
of hospital stay (P < 0.001).

Conclusions: This meta-analysis suggests that ePND are associated with twice the risk of
mortality and a 9-fold increased risk of postoperative delirium.

Keywords: Anesthesia; Delirium; Emergence delirium; Mortality; Neurocognitive disor-
ders; Psychomotor agitation.
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Introduction

Every year, more than 300 million patients undergo surgeries
worldwide [1]. Postoperative complications are a major public
health issue that have a negative impact on survival, quality of life,
and economic costs [2-4].

Neurological disorders (e.g., delirium and cognitive decline) are
common postoperative complications and are associated with in-
creased mortality and morbidity in various populations [5]. Al-
though no consensus on the classification of postoperative neuro-
logical disorders currently exist [6,7], experts recommend they be
divided into short-term (postoperative delirium) and long-term
(postoperative cognitive disorders) disorders [7].

Early postoperative neurocognitive disorders (ePND) occur
immediately after surgery and consist of two entities: emergence
agitation [6] and emergence delirium [6,7]. Agitation is a well-
known condition [8] defined as ‘motor arousal that is manifested
by purposeless behaviors such as fidgeting, shifting, fiddling, in-
ability to sit or stand still, and wringing of the hands [9]. Emer-
gence delirium, on the other hand, has more recently been as-
sessed in the literature and is defined as very early onset postoper-
ative neurological disorders (e.g., immediately after anesthesia,
before or on arrival in the recovery room) [6]. Although the nega-
tive effects of short- and long-term postoperative neurological
disorders are well established, no comprehensive data on the effect
of ePND on mortality and other clinically relevant outcomes are
currently available.

This study aimed to evaluate the hypothesis that patients with
ePND have an increased risk of mortality and morbidity com-

pared to those with normal emergence from anesthesia.

Materials and Methods

This study followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines [10]. The
study protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO, CRD 42022382008).

Eligibility criteria

The inclusion criteria for this study were as follows: prospec-
tive or retrospective studies on adults with emergence agitation
and/or emergence delirium that reported at least one of the fol-
lowing outcomes: all-cause mortality, postoperative delirium,
post anesthesia care unit (PACU) length of stay, and overall hos-
pital length of stay.

We excluded studies that fulfilled at least one of the following
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criteria: 1) letters without patient data, 2) case reports, 3) reviews,
4) meta-analyses, 5) pediatric patients, 6) interventional studies,

and 7) non-English language articles.

Search strategy

A systematic literature search of MEDLINE, PubMed, Google
Scholar, and the Cochrane Library for studies published between
2002 and 2022 (total of 20 years) was performed by three inde-
pendent researchers (LB, NE, and MY). Medical Subject Heading
(MeSH) terms were used. Details regarding the queries are avail-
able in the supplemental material (Supplementary Material 1).
Additionally, the backward snowballing method (analysis of the
references of the included articles and retrieved reviews) was used

to retrieve further studies.

Study selection

After removing duplicates, the titles and abstracts of the re-
maining studies were independently screened by two researchers.
Prospective and retrospective observational studies comparing
postoperative outcomes of patients with ePND to those with nor-
mal emergence were considered.

During emergence after anesthesia, patients with ePND exhibit
signs of either agitation or delirium. Agitation was defined as mo-
tor arousal according to the Richmond Agitation-Sedation Scale
or a similar condition according to other motor scales matching
the definition ‘agitation’ in the International Classification of Dis-
eases (ICD)-11 [9] or Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) [11]. Delirium was defined us-
ing the Confusion Assessment Method for the Intensive Care Unit
(CAM-ICU) [12] or the Nursing-Delirium Screening Scale
(Nu-DESC) [13] and/or DSM-5 criteria [11].

The inclusion and exclusion criteria were applied to the full
texts of potentially eligible studies by LB, NE, and MY. Disagree-
ments were resolved by consensus with the involvement of the su-

pervisor.

Outcome measures and data extraction

Data were extracted by two independent authors (LB and MY).
These data included the first author, year of publication, study de-
sign, ePND criteria, sample size, mean age, sex, American Society
of Anesthesiologists (ASA) status, method of anesthesia adminis-
tration, operation and anesthesia time, presence of postoperative
delirium, PACU and hospital length of stay, and all-cause mortali-

ty. The primary outcome of this study was the rate of all-cause
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mortality at the longest follow-up available for patients with or
without ePND. The secondary outcomes were postoperative de-
lirium and PACU and hospital length of stay. Cohen’s kappa coef-
ficient was calculated to assess agreement between the two re-
searchers regarding literature selection and data extraction.

Internal validity and risk of bias assessment

The internal validity and risk of bias of the studies included in
the meta-analysis were assessed by four reviewers (LB, MY, KK,
and NE) according to the latest version of the new Cochrane tool
ROBINS-E (Risk Of Bias In Non-randomized Studies - of Expo-
sures) [14]. Risk of bias was assessed by four researchers (LB, MY,
KK, and NE) using the Delphi method in two rounds, and dis-
agreements were resolved by consensus. Differences in estimates
were also resolved by consensus. Publication bias and small-study
effects were assessed using Egger’s test (MedCalc Statistical Soft-
ware, version 19.5.6, Belgium) [15] and funnel plot analyses. A
systematic Grading of Recommendation, Assessment, Develop-
ment and Evaluation (GRADE) approach was used to rate the
certainty of the evidence. The baseline evidence level was high in
the studies on prognostic factors [16].

Data analysis and synthesis

We used STATA 17 (StataCorp LLC, USA) and Cochrane Re-
view Manager (RevMan version 5.3, Denmark) to perform the
meta-analysis. Inter-study heterogeneity was assessed using the I*
and Cochrane Q tests. If the value was > 50% and/or the P value
was < 0.05, the effect estimate was considered significant for het-
erogeneity and a random-effects model was used. If necessary,
data presented as medians were converted to the mean + stan-
dard deviation (SD) [17]. The effect size for continuous data is ex-
pressed as the standardized mean difference (SMD; Hedges’ g)
with a 95% CI. We used the Cochrane handbook recommenda-
tions to re-express SMDs using the rules of thumb for effect sizes
(< 0.40 = small effect, 0.40-0.70 = moderate effect, > 0.70 =
large effect) [18]. Binary research results were used to calculate
the odds ratio (OR) with 95% CI using the inverse variance meth-
od (Mantel-Haenszel method). To understand the meaning of the
OR in terms of changes in the number of events, we converted the
OR into a risk ratio (RR) [19]. Statistical significance was set at P
< 0.05 for hypothesis testing. Meta-regression analysis using the
restricted maximum likelihood random-effects model was per-
formed to assess whether the association between exposure and
outcomes varied by scale type, age, sex, ASA status, postoperative

delirium prevalence, type of anesthetics, operation time, and an-
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esthesia time [20]. Covariates were first tested using a univariate
model and all covariates that were available for most of the studies
were assessed using a multivariate model. Due to the nature of the
study design, case-control studies were excluded from the calcula-
tions on overall occurrence of ePND and mortality but were in-
cluded in the meta-analysis to calculate the OR [21].

Sensitivity analysis

Sensitivity analyses were performed by analyzing only the stud-

ies with a moderate risk of bias.

Results
Baseline characteristics of the included studies

During the initial search, 920 articles were identified, and the
full texts of 481 were reviewed for eligibility. A total of 16,028 pa-
tients from 22 studies were ultimately included in this systematic
review and meta-analysis (Fig. 1) [22-43]. The major exclusions
are reported in Supplementary Table 1 (Cohen’s kappa for study
selection, 0.88; for data extraction, 0.93). The overall occurrence
rate of ePND was 13% (1,979 of the 15,008 total patients from 21
studies, excluding the case-control study [23]), and the overall re-
ported mortality rate was 1.4% (33 of the 2,359 patients from two
studies [28,38]).

Among the 22 included studies, 20 were prospective observa-
tional [22,24,25,27-43] and eight used motor scales to assess awak-
ening (9,277 patients, 58%) [22,23,26-28,34,40,41] (Table 1). The
mean ages of the patients ranged from 39 to 79 years, and the pro-

portion of patients with an ASA status > 3 varied from 0% to 55%.

Quantitative data synthesis

All-cause mortality

Among the 22 included studies, three [23,28,38] (3,379 pa-
tients) reported all-cause mortality. The all-cause mortality was
16/677 (2.4%) in the ePND group and 32/2,702 (1.2%) in the nor-
mal emergence group (OR: 2.69, 95% CI [1.25, 5.76], RR: 2.6 [1.3,
5.5],P = 0.01; I = 0%) (Fig. 2, Table 2).

Postoperative delirium

Postoperative delirium was reported in nine studies with 4,310
patients [23,24,26,30,32,34,37,41,43]. Patients with ePND, com-
pared with those with normal emergence, had an increased inci-
dence of postoperative delirium: 377/1,301 (29%) vs. 136/3,009
(4.5%) (OR = 15.72 [5.68,43.53], RR = 9.5 [4.7, 14.9], P < 0.001;

https://doi.org/10.4097/kja.23126


https://ekja.org/upload/media/kja-23126-Supplementary-Table-1.pdf
https://doi.org/10.4097/kja.23126

Korean J Anesthesiol 2023;76(5):490-500

Records identified through database
S searching (n = 2,954)
_g * MEDLINE (n = 725) Additional records identified through
2 * PubMed (n = 842) other sources (n = 30)
S « Google Scholar (n = 552)
« Cochrane Library (n = 835)
A4 A\ 4
= Records after duplicates removed (n = 920)
§
13}
(V2] \4
Records screened (n = 920) > Records excluded (n = 439)
A\ 4
. Full-text articles assessed for » Full-text articles excluded, with reasons
= eligibility (n = 481) (n = 459)
= « No relevant outcomes* (n = 11)
= * Non-surgical patients* (n = 2)
« Reviews or meta-analyses (n = 28)
__J « Research protocol (n = 13)
« Clinical cases (n = 13)
« Paediatric patients (n = 264)
« Research on animals (n = 12)
S * Pregnant women (n = 8)
=] « Clinical guidelines (n = 2)
E v * Research in dentistry (n = 15)
« POD risk factors (n = 64)
Studies included in meta-analysis (n = 22) « Mental illnesses (n = 27)

Fig. 1. PRISMA flow diagram for study selection. POD: postoperative delirium. A detailed list of major exclusions is presented in the Supplement.

I’ = 93%) (Fig. 3; Table 2).

PACU length of stay

Sixteen studies (13,919 patients) [22,23,26-29,31,33,34,36,38—
43] reported a PACU stay that was longer in patients with ePND
(SMD: 0.59 [0.19, 0.98] - moderate effect size, P = 0.004; I*: 98%)
(Supplementary Fig. 3, Table 2).

Hospital length of stay
Data from 12 studies and 7,452 patients [23,25-27,31,33,

34,36,38,40,41,43] showed that patients with ePND had a pro-
longed hospital stay (SMD: 0.62 [0.36, 0.88] - moderate effect size,
P < 0.001; I’: 93%) (Supplementary Fig. 4, Table 2).

Publication bias and GRADE assessment

Egger’s test and the funnel plot analyses did not reveal small-
study effects for the majority of the study outcomes (Table 2, Sup-
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plementary Figs. 5-8).

Owing to their observational nature, > 50% of studies had a
high or very-high risk of bias for all studied outcomes (8/9 for
postoperative delirium, 9/16 for length of PACU stay, 10/12 for
length of hospital stay, and 2/3 for all-cause mortality) (Supple-
mentary Figs. 1 and 2, Supplementary Table 2).

According to the GRADE approach, high quality evidence was
only found for an increased risk of postoperative delirium in pa-
tients with ePND (Table 3).

Meta-regression

Multivariate meta-regression revealed no predictor of postop-
erative delirium or length of PACU stay (Supplementary Table 3);
however, a meta-regression for all-cause mortality could not be
performed due to the insufficient number of studies.

493


https://ekja.org/upload/media/kja-23126-Supplementary-Fig-3.pdf
https://ekja.org/upload/media/kja-23126-Supplementary-Fig-4.pdf
https://ekja.org/upload/media/kja-23126-Supplementary-Fig-5.pdf
https://ekja.org/upload/media/kja-23126-Supplementary-Fig-5.pdf
https://ekja.org/upload/media/kja-23126-Supplementary-Fig-8.pdf
https://ekja.org/upload/media/kja-23126-Supplementary-Fig-1.pdf
https://ekja.org/upload/media/kja-23126-Supplementary-Fig-1.pdf
https://ekja.org/upload/media/kja-23126-Supplementary-Fig-2.pdf
https://ekja.org/upload/media/kja-23126-Supplementary-Table-2.pdf
https://ekja.org/upload/media/kja-23126-Supplementary-Table-3.pdf
https://doi.org/10.4097/kja.23126

Likhvantsev et al. - Postoperative neurocognitive disorders

Table 1. Characteristics and Description of the 22 Studies included in the Meta-Analysis

Volatile ~ Operation Anesthesia

Study Design cerIi)tI: r]i)a Scale type S:;;\I;]l; (Si/z )e, al\/ie(an ) Sex(,(;; ale AS(AWZ) 3> anesthetics (%  time time
. ge L . . of patients) (min) (min)
Assefa and PO RASS > +1 Motor 306,97 (32%) 44 47 2.6 N/D 65.5 N/D
Sahile (2019)
[22]
Fields et al. Matched RASS score of  Motor 1020, 510 (50%) 63 73 N/D 44 138 N/D
(2018) [23]*  case-control  +3 or +4 or the
administration
of haloperidol
Gutiérrezetal. PO CAM Cognitive 93,6 (6%) 73 39 N/D N/D N/D N/D
(2019) [24]
Hesse et al. PO CAM-ICU Cognitive 626, 125 (20%) 59 60 43 98 N/D 116
(2019) [25]
Huangetal. PO Nu-DESC Cognitive 168, 58 (35%) 72 53 55 100 141 N/D
(2020) [26]
Kim et al. RO SAS > 5 Motor 488, 48 (10%) 62 82 6.2 92 109 146
(2015) [27]
Lepouseetal. PO SAS > 5 Motor 1359, 64 (5%) 51 54 21 64 76 N/D
(2006) [28]
Munk et al. PO RASS > +1 Motor 1970, 73 (4%) 60 46 15 11 80 147
(2016) [29]
Neufeldetal. PO DSM-1V Cognitive 91, 41 (45%) 79 42 N/D N/D 186 N/D
(2013) [30]
Olbert et al. PO DSM-V Cognitive 176, 16 (9%) 69 54 30 N/D N/D 130
(2019) [31]
Sharmaetal. PO CAM Cognitive 47,21 (45%) 77 34 2 100 145 N/D
(2005) [32]
Radtke et al. PO DSM-1V Cognitive 154, 21 (14%) 54 60 25 55 75 N/D
(2008) [33]
Radtke et al. PO Nu-DESC Cognitive 910, 100 (11%) 53 53 26 53 79 N/D
(2010) [34]
Radtke et al. PO RASS > +1 Motor 1868, 93 (5%) 52 51 29 61 84 N/D
(2010) [35]
Saller et al. PO DSM-V Cognitive 543,22 (4%) 52 55 21 41 97 N/D
(2019) [36]
Wang et al. PO CAM-ICU Cognitive 800, 209 (26%) 48 41 35 N/D 261 N/D
(2020) [37]
Wiinholdt et al. PO Nu-DESC Cognitive 1000, 103 (10%) 60 48 20 72 N/D 141
(2019) [38]
Winter et al. PO Nu-DESC > 2 Cognitive 1000, 43 (4%) 58 40 9.3 N/D 93 166
(2015) [39]
Wu et al. (2021) PO CAM-ICU Cognitive 228, 57 (25%) 39 43 13 82 N/D N/D
[40]
Xard et al. PO RASS > +1 Motor 266, 17 (6%) 56 40 16 N/D 920 N/D
(2013) [41]
Yuetal (2010) PO Three point Motor 2000, 426 21%) 42 43 0 68 N/D N/D
[42] scale
Zhang et al. PO CAM-ICU Cognitive 915, 339 (37%) 71 60 0 31 203 N/D
(2020) [43]

*This case-control study was excluded from the occurrence rate of ePND and mortality rate calculations of the included studies overall. ePND:
early postoperative neurocognitive disorders, SAS: Riker Sedation—Agitation Scale, ASA: American Society of Anesthesiologists, RASS: Richmond
Agitation-Sedation Scale, CAM: Confusion Assessment Method, CAM-ICU: Confusion Assessment Method for the Intensive Care Unit, Nu-
DESC: Nursing-Delirium Screening Scale, DSM: Diagnostic and Statistical Manual of Mental Disorders, RO: retrospective observational, PO:
prospective observational, N/D: no data.
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ePND Normal emergence Odds Ratio Odds Ratio
Study or Subgroup Events Total  Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Fields et al. (2018) 1 510 4 510 52.6% 2.79 [0.88, 8.82] T
Lepouse et al. (2006) 2 64 19 1,295  23.3% 2.17 [0.49, 9.51] B
Wiinholdt et al. (2019) 3 103 9 897  242% 2.96 [0.79, 11.11] T =
Total (95% ClI) 677 2,702 100.0% 2.69 [1.25, 5.76] <o
Total events 16 32

FPR. 2 _ _ _ 12 Z 00 } } } |
Heterogeneity: Chi* = 0.11, df = 2 (P = 0.95); I’ = 0% 0,001 o1 1 10 1,000
Test for overall effect: Z = 2.54 (P = 0.01)
Lower with ePND Higher with ePND

Fig. 2. Forest plot for mortality representing the odds ratio for the effect of normal emergence versus early postoperative neurocognitive disorders
(ePND) on all-cause mortality for the included studies. The plot displays the study, sample size, odds ratio, CI, and P value. The size of the squares
indicates the weight of the studies (considering sample size and standard deviations); the diamond represents the pooled OR with CL

ePND No ePND Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Fields et al. (2018) 82 510 32 510 13.3% 2.86 [1.86, 4.39] a
Huang et al. (2020) 46 58 2 110  10.4% 207.00 [44.55,961.91]
Karin et al. (2013) 14 41 5 50 11.6% 4.67 [1.51, 14.40]

. -
Punita et al. (2005) 17 21 0 26 6.3% 206.11 [10.43, 4071.95]
Radtke et al. (2010) 32 100 6 810 123%  63.06 [25.47, 156.10]
Rodrigo et al. (2019) 3 6 3 87 9.0% 28.00 [3.90, 201.10]
Wang et al. (2022) 123 209 34 591 13.2% 23.43 [15.05, 36.47] -
Xara et al. (2013) 3 17 7 249  10.6% 7.41[1.73, 31.77] B
Zhang et al. (2020) 57 339 47 576  13.3% 2.28 [1.51, 3.44] -
Total (95% Cl) 1,301 3,009 100.0%  15.72 [5.68, 43.53] -
Total events 377 136 ) , ) ,
Heterogeneity: Tau’ = 1.99; Chi’ = 122.45, df = 8 (P < 0.00001); I = 93% 0_061 0_11 1 1Io 1,600
Test for overall effect: Z = 5.30 (P < 0.00001) . . .

Lower with ePND Higher with ePND

Fig. 3. Forest plot for postoperative delirium representing the odds ratio for the effect of normal emergence versus early postoperative
neurocognitive disorders (ePND) on postoperative delirium incidence for the included studies. The plot displays the study, sample size, odds
ratio, CL, and P value. The size of the squares indicates the weight of the studies (considering sample size and standard deviations); the diamond
represents the pooled OR with CI.

Table 2. Outcomes and Sensitivity Analyses

. P value for
Outcome . Sl ePND (n) NoEEND SMD/OR  95% CI e fo.r I’ (%) publication bias
included (n) overall effect heterogeneity ,
(Egger’s test)

All-cause mortality 3 677 2,702 2.7 1.3,5.8 0.01* 0.95 0 0.81
Postoperative delirium 9 1,301 3,009 15.7 5.7,43.5 < 0.001* < 0.001 93 0.052
PACU length of stay 16 2,054 11,865 0.6 0.2,1.0 0.004* < 0.001 98 0.48

All studies with moderate bias 7 1,050 4,204 0.4 0.1,0.7 0.006* < 0.001 90 0.62
Hospital length of stay 12 1,409 6,043 0.6 04,09 < 0.001* < 0.001 93 0.16

ePND: early postoperative neurocognitive disorder, OR: odds ratio, SMD: standardized mean difference, PACU: post anesthesia care unit.
*Significant effect, P < 0.05.

Discussion ture allowed us to document, for the first time, an increased mor-
tality risk (RR = 2.6) in adult patients who experience ePND
Key findings (very low quality of evidence). We also confirmed that ePND is
associated with a 9-fold increase in postoperative delirium (high

Our systematic review and meta-analysis of the available litera-  heterogeneity with I' = 93%) and a prolonged PACU and hospital
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Table 3. Certainty of Evidence for Studied Outcomes (GRADE Approach)

No. of
participants
and studies

Outcome

Risk of bias  Inconsistency

Publication
bias

Overall quali-

Indirectness ty of evidence

Imprecision Upgrades

3,379,
3 studies

Mortality at longest follow-up Very serious

(-2) (-2)
Statement: ePND is associated

with increased odds of mor-

tality compared to normal

emergence. OR: 2.69, 95% CI

[1.25,5.76], RR: 2.64

Postoperative delirium Serious

(-1)

4,310,
9 studies

Very serious
(-2)
Statement: ePND is associated
with increased odds of POD
compared to normal emer-
gence. OR:15.7,95% CI
[5.68,43.53], RR: 9.4

PACU LoS Serious

(-1)

13,919,
16 studies

Very serious
(-2)
Statement: ePND is associated
with increased PACU stay
compared to normal emer-
gence. SMD: 0.59, 95% CI

[0.19, 0.98]
PACU LoS 5,254, Not serious
7 studies (0)
Statement: Studies with mod-

erate risk of bias suggest that

ePND is associated with in-

creased PACU stay compared

to normal emergence. SMD:

0.40, 95% CI [0.12, 0.68]

Hospital LoS 7,452,

12 studies

Very serious
(-2) (-2)
Statement: ePND is associated
with increased hospital stay
compared to normal emer-
gence. SMD: 0.62, 95% CI

[0.36,0.87]

Very serious

Serious (-1)

Very serious

Not serious Serious  Notserious Large effect @000
(0) (-1) (0) OR > 2 (+1)

Very low

Not serious Not serious Not serious Large effect ~ DODD
(0) (0) 0) OR > 5(+2)
Plausible con-

founding*

(+1)

High

Not serious Serious  Not serious None @000

(0) 1) (0)
Very low

Not serious Serious  Not serious None @ePoo

(0) 1) (0)

Low

Not serious Serious  Not serious None @000

0) QY 0)
Very low

ePND: early postoperative neurocognitive disorder, ED: emergence delirium, EA: emergence agitation, POD: postoperative delirium, OR: odds
ratio, SMD: standardized mean difference, PACU: post anesthesia care unit, LoS: length of stay. Key; 0: no evidence downgrade, -1: serious
limitation, —2: very serious limitation, +1: evidence upgrade. Baseline evidence level for studies of prognostic factors: high. *Therapy for early
postoperative neurocognitive disorders in the ePND group could potentially decrease POD rates.

stay. However, the meta-regression analysis did not show an asso-

ciation between ePND and postoperative delirium.

Relationship with previous studies

Short- and long-term PNDs are associated with mortality [44].
ePND are a very early type of PND that can cause serious compli-
cations (e.g., aspiration pneumonia and hemorrhage) [28]. In ad-
dition, these complications often require physical restraints or
pharmacological interventions that prolong hospitalization.

Therefore, it is reasonable to assume that ePND are associated
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with increased mortality risk. The association between ePND and
mortality has previously been suggested by Lepouse et al., who
found a mortality of 4% vs. 1% in patients with and without
ePND, respectively; however, the difference was not statistically
significant due to the limited number of included patients [28].
Postoperative delirium is already a well-known predictor of
mortality [45-47]. Our findings suggest that the presence of
ePND is not a benign sign, but a harbinger of detrimental out-
comes in terms of an increased risk of mortality and postoperative

delirium, which warrants further prospective investigations.
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Significance of study findings

Future studies should focus on prevention and treatment of
ePND. Previous studies have suggested that non-pharmacological
and pharmacological prevention and treatment may reduce the
risk of emergence delirium in children [48]. However, evidence of
this phenomenon in the adult population is lacking. Surgeons and
anesthesiologists may consider these complications life-threaten-
ing and manage patients accordingly (e.g., prolonged or advanced
postoperative monitoring, nonpharmacological preventive strate-

gies for delirium, and early rehabilitation).

Strengths and limitations

Our study has some limitations. First, several studies included
in the meta-analysis were classified as having a high risk of bias;
however, the quality of evidence for the impact of ePND on the
incidence of postoperative delirium was ‘high! Second, the in-
cluded studies were heterogeneous from a clinical point of view
(patient cohorts varied in age, sex, ASA status, type and duration
of surgery, type of anesthetics, and incidence of postoperative de-
lirium); however, this can also be considered a strength as this in-
creases the external validity of our findings. Third, the findings of
the meta-regression analyses should be interpreted with caution
because of the small number of studies included in our meta-anal-
ysis [49]. Fourth, the inclusion of a case-control study [23] might
have affected the strength of the association between ePND and
clinical outcomes; however, baseline characteristics were matched
between patients with and without emergence agitation [23],
which could have enhanced the homogeneity between the two
groups. Another strength of this study is the high number of in-
cluded patients (16,028 patients over a 20-years period), 3,379 of
which had vital status data.

Future studies and prospects

Consensus among physicians and researchers regarding the
definition and classification of emergence delirium and postoper-
ative delirium is needed. Currently, it is not clear whether they are
different entities or refer to the same postoperative neurocognitive
disorder occurring at different time points. Evered et al. [7] sug-
gested combining them under the term ‘postoperative delirium’
regardless of the time of appearance, and the findings of our me-
ta-analysis support this recommendation.

Because considerable confusion exists regarding the terms
emergence agitation and emergence delirium, these terms should

be defined more clearly. Most studies used emergence agitation
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and delirium interchangeably, while some researchers argued that
emergence delirium does not exist, as it simply reflects continua-
tion of the anesthetized state [50]. A consensus definition is nec-
essary for the further investigation of ePND.

Our systematic review and meta-analysis showed that ePND
increase the risk of all-cause mortality by 2.6 times and the risk of
postoperative delirium by 9 times, suggesting that further study
and clarification of the similarities and differences between ePND

and postoperative delirium is needed.
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