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Background: Postoperative delirium (POD) is a condition of cerebral dysfunction and a com-
mon complication after surgery. This study aimed to compare and determine the relative ef-
ficacy of pharmacological interventions for preventing POD using a network meta-analysis.

Methods: We performed a systematic and comprehensive search to identify and analyze all
randomized controlled trials until June 29, 2020, comparing two or more pharmacological
interventions, including placebo, to prevent or reduce POD. The primary outcome was the in-
cidence of POD. We performed a network meta-analysis and used the surface under the cu-
mulative ranking curve (SUCRA) values and rankograms to present the hierarchy of the
pharmacological interventions evaluated.

Results: According to the SUCRA value, the incidence of POD decreased in the following or-
der: the combination of propofol and acetaminophen (86.1%), combination of ketamine and
dexmedetomidine (86.0%), combination of diazepam, flunitrazepam, and pethidine (84.8%),
and olanzapine (75.6%) after all types of anesthesia; combination of propofol and acetamin-
ophen (85.9%), combination of ketamine and dexmedetomidine (83.2%), gabapentin
(82.2%), and combination of diazepam, flunitrazepam, and pethidine (79.7%) after general
anesthesia; and ketamine (87.1%), combination of propofol and acetaminophen (86.0%),
and combination of dexmedetomidine and acetaminophen (66.3%) after cardiac surgery.
However, only the dexmedetomidine group showed a lower incidence of POD than the con-
trol group after all types of anesthesia and after general anesthesia.

Conclusions: Dexmedetomidine reduced POD compared with the control group. The combi-
nation of propofol and acetaminophen and the combination of ketamine and dexmedetomi-
dine seemed to be effective in preventing POD. However, further studies are needed to de-
termine the optimal pharmacological intervention to prevent POD.
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INTRODUCTION

Postoperative delirium (POD) is a condition of cerebral
dysfunction and a common complication after surgery that
occurs in 15-35% patients [1]. Old age, a history of stroke,
use of narcotic analgesics, poor physical condition, alco-
holism, preexisting cognitive impairment, and type of sur-
gery are known risk factors for POD [2,3]. Especially pa-
tients undergoing major surgery, including cardiac surgery,
are at increased risk of developing POD because of the
complexity of the surgical procedure, the administration of
intraoperative and postoperative anesthetic and other
pharmacological agents. For this reason, POD is reported
to affect up to 57% of cardiac-surgery patients [4].

POD is characterized by altered consciousness, disorien-
tation, impaired memory, perceptual disturbance, altered
psychomotor activity, and altered sleep-wake cycles after
surgery. POD increases the rate of mortality, length of hos-
pital stay, risk of placement to long-term care institutions,
or functional disability, thus increasing hospitalization
costs [2,5]. Therefore, appropriate prevention and treat-
ment of POD is important for enhancing postoperative re-
covery and quality of life in elderly patients [6].

The treatment strategies for POD are well organized
compared to the prevention strategies. The treatment for
POD includes treating the underlying cause; correcting flu-
id and electrolyte imbalance or hypoxia; removing cathe-
ters if present, and treating patients who are restless, ag-
gressive, agitative, and harm to themself or others with an-
tipsychotics such as haloperidol, chlorpromazine, olanzap-
ine, and risperidone [7,8].

However, it is unclear which strategies are effective for
preventing POD. Therefore, various strategies to prevent
POD, especially variable pharmacological interventions,
such as dexmedetomidine, propofol, midazolam, ket-
amine, and acetaminophen, have been applied and com-
pared. However, each study only compared two or three
drugs and reported diverse results.

Recently, a few systematic reviews and meta-analyses
have demonstrated and integrated the preventive effect of
various interventions [9-14]. However, each study was lim-
ited to pair-wise meta-analysis and examined only two
pharmacological interventions. No previous network me-
ta-analysis (NMA) has compared the effectiveness of all
available pharmacological interventions. Further, the
aforementioned studies included studies conducted prior
to 2017.
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NMA complements traditional pair-wise meta-analysis
by combining direct and indirect comparisons of treat-
ments and provides objective ranking of various treatments
based on the corresponding surface under the cumulative
ranking curve (SUCRA) [15].

Thus, we reviewed all articles that investigated the effec-
tiveness of pharmacological interventions to prevent POD
and performed NMA to compare and quantify the rank or-
der of the effectiveness of pharmacological interventions to
prevent POD.

MATERIALS AND METHODS
Protocol and registration

We developed the protocol for this systematic review and
NMA according to the preferred reporting requirements for
systematic review and meta-analysis protocol (PRISMA-P)
statement [16]. We registered the review protocol at the

International Prospective Register of Systematic Reviews
(registration no. CRD42020189363; www.crd.york.ac.uk/
prospero) on May 7, 2020.

This systematic review and NMA of pharmacological in-
terventions for preventing POD were performed according
to the protocol recommended by the Cochrane Collabora-
tion [17] and reported according to the PRISMA extension
for NMA guidelines [18].

Search strategy

We searched MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials (CENTRAL), and Google
Scholar from inception to June 29, 2020 using the search
terms related to pharmacological interventions for pre-
venting POD. The search terms used for MEDLINE and
EMBASE are presented in Supplementary Material. Two
investigators (GJC and HK) screened the titles and ab-
stracts of the retrieved articles. Reference lists were import-
ed to Endnote software 8.1 (Thompson Reuters, USA), and
duplicate articles were removed. Additionally, the refer-
ences of articles obtained from the original search were re-
viewed to identify relevant articles.

Inclusion criteria and exclusion criteria

We included only randomized controlled trials (RCTs)

that compared two or more pharmacological interventions
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to prevent POD.

The PICO-SD information included the following:

1. Patients (P): all patients receiving surgery under gen-
eral or regional anesthesia

2. Intervention (I): pharmacological interventions to pre-
vent POD

3. Comparison (C): other pharmacological interventions
to prevent POD, placebo, or no treatment

4. Outcome measurements (O): the incidence of POD

5. Study design (SD): RCTs

6. Subgroup analysis: general anesthesia and cardiac sur-
gery

Exclusion criteria contained the following features:

1. Review articles, case reports, case-series, letters to the
editor, commentaries, proceedings, laboratory science
studies, and all other non-relevant studies

2. Studies that failed to report the outcomes of interest

3. Studies that investigated the effect of inhalational an-
esthetics or patient-controlled analgesia (PCA) regi-
mens

There was on language limitations or date restrictions in

our study.

Study selection

Two reviewers (JML and YJC) independently screened
the titles and abstracts of the studies to identify trials that
met the inclusion criteria outlined above. For articles de-
termined to be eligible based on the title and/or abstract,
the full paper was retrieved. Potentially relevant studies
chosen by at least one author were retrieved, and the full
text was evaluated. Full-text articles were assessed sepa-
rately by two authors (JML and YJC), and any disagree-
ments were resolved through discussion. In cases where
agreement could not be reached, the dispute was resolved
with the help of a third investigator (HK). To minimize data
duplication owing to multiple reporting, articles from the
same author, organization, or country were compared.

Data extraction

Using a standardized extraction form, the following data
were extracted independently by two investigators (JML
and YJC): 1) title, 2) name of the first author, 3) name of the
journal, 4) year of publication, 5) study design, 6) type of
pharmacological interventions, 7) dose of pharmacological

agents, 8) country, 9) risk of bias, 10) inclusion criteria, 11)
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exclusion criteria, 12) age, 13) number of subjects, and 14)
incidence of POD.

If the information was inadequate, attempts were made
to contact the study authors, and additional information
was requested. If unsuccessful, missing information was
calculated from the available data, if possible, or was ex-
tracted from the figure using the open source software Plot
Digitizer (version 2.6.8; http://plotdigitizer.sourceforge.
net).

The reference lists were divided into two halves. Two in-
vestigators completed data extraction, one for each half of
the reference list. Data extraction forms were cross-
checked to verify the accuracy and consistency of the ex-
tracted data.

The degree of agreement between the two independent
data extractors was computed using kappa statistics to
measure the difference between the observed and expect-
ed agreements, i.e., whether they were random or by
chance. Kappa values were interpreted as: 1) less than 0:
less than chance agreement; 2) 0.01 to 0.20: slight agree-
ment; 3) 0.21 to 0.40: fair agreement; 4) 0.41 to 0.60: mod-
erate agreement; 5) 0.61 to 0.80: substantial agreement;
and 6) 0.8 to 0.99: almost perfect agreement [19].

Risk of bias assessment

The quality of the studies was independently assessed by
two investigators (JML and YJC) using the Revised Co-
chrane risk of bias tool for randomized trials (RoB 2.0). Risk
of bias judgment was assessed in the following domains:
bias arising from the randomization process, bias due to
deviations from intended intervention, bias due to missing
outcome data, bias in measurement of the outcome, and
bias in selection of the reported results. Based on the re-
sults of risk of bias judgment, formal overall risk of bias

judgment was categorized as “low risk of bias,” “some con-
cern,” and “high risk of bias” [20].

Statistical analysis

Ad-hoc tables were designed to summarize data from the
included studies by showing their key characteristics and
any important questions related to the review objectives.
After extracting the data, the reviewers determined the fea-
sibility of a meta-analysis.

A multiple treatment comparison NMA is a meta-analy-

sis generalization method that includes both direct and in-
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direct RCT comparison of treatments. A random-effects
NMA based on a frequentist framework was performed us-
ing STATA software (version 15, StataCorp LP, USA) based
on mvmeta with NMA graphical tools developed by
Chaimani et al. [21].

Before conducting the NMA, we evaluated the transitivi-
ty assumption by examining the comparability of the risk
of bias (all versus removing high risks of bias from the ran-
domization process and overall risk of bias), demograph-
ics, and types of pharmacological interventions as poten-
tial treatment-effect modifiers across comparisons.

A network plot linking the included pharmacological in-
terventions to prevent POD and their combination with
other pharmacological agents was formed to indicate the
types of agents, number of patients on different agents, and
the level of pair-wise comparisons. The nodes show com-
parisons of pharmacological agents being compared, and
the edges show the available direct comparisons among
the pharmacological agents. The nodes and edges are
weighed on the basis of the weights applied in NMA and
the inverse of the standard error of effect.

We evaluated the consistency assumption for the entire
network using the design-by-treatment interaction model.
We also evaluated each closed loop in the network to eval-
uate local inconsistencies between the direct and indirect
effect estimates for the same comparison. For each loop,
we estimated the inconsistency factor (IF) as the absolute
difference between the direct and indirect estimates and
95% confidence interval (CI) for each paired comparison in
the loop [22]. When the IF value with 95% CI started at 0, it
indicated that the direct evidence and the indirect evi-
dence were consistent.

Mean summary effects with CI were presented together
with their predictive intervals (Prls) to facilitate interpreta-
tion of the results considering the magnitude of heteroge-
neity. Prls provide an interval that is expected to encom-
pass the estimate of a future study.

A rankogram and a cumulative ranking curve were
drawn for each pharmacological intervention. Rankogram
plots are the probabilities for treatments to assume a possi-
ble rank. We used surface under the cumulative ranking
curve (SUCRA) values to present the hierarchy of pharma-
cological interventions to prevent the incidence of POD.
The SUCRA is a relative ranking measure that accounts for
the uncertainty in the treatment order, that is, accounts for
both the location and the variance of all relative treatment
effects. A higher SUCRA value is regarded as a more posi-
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tive result for individual interventions [23].

We performed subgroup analysis based on all types of
anesthesia, general anesthesia, and cardiac surgery, be-
cause the incidence of POD is expected to be different ac-
cording to the type of anesthesia, and increase after cardiac

surgery.
Quality of evidence

The evidence grade was determined using the Grading of
Recommendations, Assessment, Development, and Evalu-
ation (GRADE) system, which uses a sequential assessment
of the evidence quality, followed by an assessment of the
risk-benefit balance and a subsequent judgment on the
strength of the recommendations [24].

RESULTS
Study selection

We initially retrieved 235 articles from MEDLINE, EM-
BASE, CENTRAL, and Google Scholar databases and 17 ar-
ticles through a manual search. After adjusting for dupli-
cates, 245 studies remained. Of these, 182 studies were dis-
carded after reviewing the title and abstracts for the follow-
ing reasons: related to other topics, designed as systematic
reviews, reviews or retrospective studies, and conference
abstracts. The full texts of the 63 remaining studies were re-
viewed in detail; 12 studies were excluded for the following
reasons: three were study protocols [25-27], two were edi-
torials [13,28], four were systematic reviews, [9-12] and
three did not report the outcome of our interest (two com-
pared an inhalational agent [13,29] and one was compared
in the PCA regimen [30]). Thus, 51 studies with a total of
22,565 patients that included 18 different pharmacological
interventions were included in this NMA (Fig. 1). The kap-
pa value for the selected articles between the two reviewers
was 0.844.

Characteristics of the included studies

The characteristics of the 51 studies are summarized in
Table 1. All the studies were performed on adults with
American Society of Anesthesiologists physical status clas-
sifications I, II, and III. The 51 studies were conducted in
various countries, such as Australia [31,32], Canada [33,34],
China [1,2,6,35-47], Denmark [48], Greece [49], India
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235 records identified
through database searching

17 records identified through
hand searching

A4 A4

| 245 records after 7 duplicates removed

A4

| 245 records screened with titles and abstracts

A4

Excluded (n = 12):

| 63 full-text articles assessed for eligibility

» Study protocol (n = 3)
« Editorial (n = 2)

|—>| 182 records excluded

A4

* Systematic review (n = 4)
* Not report the outcome of interest (n = 3)

| 51 studies included in NMA (n = 22,565)

Fig. 1. PRISMA flowchart of included and excluded trials. PRISMA: preferred reporting requirements for systematic review and meta-analysis,

NMA: network meta-analysis.

[50,51], Iran [52,53], Japan [54-57], the Netherlands [58-
61], South Korea [62,63], Switzerland [64], Taiwan [65,66],
Thailand [67], the United Kingdom [68], the United States
of America [4,69-76], and Saudi arabia [77].

Twenty-seven types of pharmacological agents, includ-
ing dexmedetomidine (Dexm) [2,4,6,31,33,35,36,38-45,47,
50,51,62,63,65,66,69,70], propofol (Prop) [4,33,42-44,
47,51,66,70], acetaminophen (AAP) [70], midazolam
(Mida) [4,6,77], remifentanil (Remi) [62], morphine (Morp)
[31], methylprednisolone (MPDL) [32,34,48], melatonin
(Mela) [58,77], dexamethasone (Dexa) [52,59,61], haloperi-
dol (Halo) [37,54,55,60], rivastigmine (Riva) [64], ketamine
(Keta) [39,71], olanzapine (Olan) [72], gabapentin (Gaba)
[73,76], nimodipine (Nimo) [1], cyproheptadine (Cypr)
[53], ondansetron (Onda) [49], risperoidone (Risp) [67],
L-tryptophan(L-tyr) [74], donepezil (Done) [68,75], Yoku-
kansan (TJ-54) [56], diazepam (Diaz) [57], flunitrazepam
(Flun) [57] and pethidine (Peth) [57], parecoxib (Pare) [46],
and clonidine (Clon) [77] were evaluated.

The types of surgery investigated included cardiovascular
surgery [4,31-35,42,43,47,50-52,59,61,62,64,67,70,71], ortho-
pedic surgery [1,2,6,39,40,44,46,48,49,54,58,60,68,72,73,75-
77], thoracoscopic and pulmonary surgery [41,56,65,74], ab-
dominal and laparoscopic surgery [54-57,63,66], vascular
and urology surgery [74], free flap [38], oral cancer surgery
[45], and non-cardiac surgery [36,37,53,69]. The anesthesia
method in the studies included only general anesthesia [1,
2,4,6,31-35,38,39,41-43,45,47,49-52,55-57,59,61-67,69-
71,76], general anesthesia + regional anesthesia [36,37,48,
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54,72-74], type of anesthesia were not decribed [40,53,58,
60,68,75], and only regional anesthesia [44,46,77].

Study quality assessment

The risk of bias assessment in the included studies using
the Cochrane tool is presented in Table 2.

All types of anesthesia

A total of 51 studies (22,565 patients) measured the inci-
dence of POD. The pooled overall incidence of POD after
all types of anesthesia was 18.5% (95% CI: 16.2% to 21.0%,
P, < 0.001, I’ = 92.0%). The network plot of all eligible
comparisons for this endpoint is depicted in Fig. 2A.

Although all 27 management modalities (nodes) were
connected to the network, two comparisons (Control [Cont],
Dexm) were compared directly to the other 25 nodes.

The evaluation of the network inconsistency using the
design-by-treatment interaction model suggested no sig-
nificant inconsistency (x° [8] =13.37, P = 0.100). Of the 14
closed loops in the network for the comparison of postop-
erative delirium, four loops (Dexm-Dexm + AAP-pro + AAP
[01-04-05] [70], Dexm-Keta-Keta + Dexm [01-09-22] [39],
Pro-Dexm + AAP-Prop + AAP [03-04-05] [70], Mida-Me-
la-Clon [06-11-25] [77]) were formed only by multi-arm tri-
als. Thus, local inconsistency was evaluated in 10 loops. Al-
though most loops showed no relevance in the local incon-

sistency between the direct and indirect point estimates,

www.anesth-pain-med.org



Pharmacological strategies for POD

(88ed 1xoU BY) 01 panuUnRU0))

09 6C _O;_HCOO Hw_w
paquosep ON 89 6C doenu| sulwelsy -ojoissyisauy 0Sadl v/9 Kiggins oeipie) VSN 600C [t2] 1218 238pNH
0e/0. L 1S [0U0]  giaquiow 1a0
v€/99 17 9g douad aulwnseny yolessay  ‘IJSIAIN ‘INVO v/9 Kisinsoeipie)  puepeziMs spoz  [79] e 18 Iubequien
Kisgins
Om\Om 08 09 _O\_HCOO w;&&gw_zc <\m U__UOQOE..CO
06/05 18 65 doisod [opuadojeH yolessay INVHO3AN ‘v/9 ‘leulwiopqy ueder ytoz [75] "le 1o eyeyng
8c/cL 99 we'e [0J3u0D
le/el 929 geT'e doenu| auoseylswexs@ paquossp ON  paqLdsep ON v/9 Aiggins oeipie)  puepauyideN zroz  [6S] ‘e 19 UBWSIRIQ
splooal
89/ce €8 (4 I03U0Y Suisinu paqLosap fisgins
cL/se 8 98T doviad Uluolels|N  pue [edlpaly AHASA ON ainoelydiH - puepsydN ytoz  [89] 1@ 18 aysuor op
mw\Nm 18 89 |0uU0) sJiaquuawi <\N_ fagins _”w#”_
€9/l€ 6. 65 doald auojosiupaidiAyIsN yoJeasay VD v/9 aimoely diH yewuaq 8Toz ‘|e 19 uasawwia|)
6Y/TS 65 € [oRuoy Kiggins
0S/0S 65 os doenu| aulplwoepawxe@  PaquUIsep ON  Paquosap ON v/9 o1doosooeloy | uemie| gT0C [co] ‘le 1@ N
(9 <) 0se [ORUOD  gjaquisw v/d fiagins
paquUOSap ON  PaquIsap ON 0SE douad auIplwoldpawWxaq yoJeasay NOFAYD v/9 2BIPJEOUON eulyd 9toc [og] le18 NS
wea)
az/sL 7L T auydJon yoseasal
se/aL TL TaT paquossp ON aulpiwoiepalixe@ 8yl pue asinN NOIFAYO v/9 Kisgins oeipiey ellensny  600c [te] "le 1o 1qeyays
SEIETTR)
Gv/ag 7S SL [IUBUBJIWSY  £sd-you pue
ov/09 15 19 doisod aulplwolepawxad  Hels [edlpaly NOFAVO  v/9  AisBinsoelpie) ealoy UiNos yT0z [zo] |2 10 ied
ze/89 09 ot wejozepiN
zr/8s 89 8¢ lojodoid 81 e
Ge/g9 ele] or doisod aulplwolepaswxag -elyoAsdoinaN ‘NIHAIVO ‘INVD v/9 Kisgins oeipie) VSN 600z  [v]°[e 1o opeuople
62/TL 89 et [0AUOD  giaquiow
0€/19 99 ta4” douad sulplwoispawixeg yolessay NOIHAVO ‘INVO v/9 Kiggins oeipie) BUIYD /TOCT [cellero
€ dvV + |ojodoid
e jojodoud
(09 <) € doysod dVV + SuIpluolspawxed g aquisw
paquUosep ON  P3qUOSSP ON € 79 doenu| aulplwospawixeg yolessay  JISIAIN ‘INVO v/9 Kisgins oeipie)y vsn 1oz [02]1e1e eeaysng
vT/9L v'zL z6 lojodoid
Gz/S. L'TL T6 doysod aulplwolspawxad J81saL NOFAIVO ‘INVO v/9 Kisgins oeipie) epeue) groc [e€] "le 18 1uelelg
18/6Y L 16T [0U0D g omaniomul JISNIA fiagins
16/61 17 T doenu sulplwolspawxed Ke| pautel] ‘NOHAVD ‘NVO v/9 delpJeduoN VSN /102 [69] "[e 18 JauleQ
) sjuaned awin |00}
(%) 4/IN XeS (1K) a8y 00N  UOReASIUILIPY Juswageue|y JOSSassy JUBWISSASSY e|sayisauy Asging Anuno) Jeap Apnmis

Salpms BuIpn|ou| U Jo SonslaloeIey) YL “T 8jqel

33

www.anesth-pain-med.org



Anesth Pain Med Vol. 16 No.1

(88ed 1x0U BY) 01 panunRUo))

og os jojodo.d
paqLosep ON ve o€ doenu| aulpilioiepawixe@  Paquossp ON  paqLIdsep ON v/9 Kiggins oeipie) elpul gT0C [Tc] 1e 10 yivys
1S/ev 59 T [0uoy paquossp
Zr/8s 0L 6T doysod lizadouoq  paquosap ON ISa ON dHL MN 200z [89] e 30 uosdwes
¥€/99 L 8T [o4u0) EPEUED
1€/€9 I 052 doenu| auojosiupaidiAyislN  paqliosep oN NOFAVD v/9 Kiggins oejpien elensny  /toc [ce] "|e 1o oshoy
Kiogins
€/16 69 60T [0U0D  giaquiow v/d 219240U10IS0)|
1/66 69 st doisod ueydoydAn- UoJeasay NOFAVD  'v/9 -0In‘JeIndseA VSN vtoz  [v2]1e e uosuigoy
0G/0S 174 ce [0J3u0D
6t/1S St zs dojsod aulplwolepawxe@  PaquUIsep ON  Paquosap ON v/9 Agdins oeipie) elpul groz [og] |’ 10 2Ald
ov/09 19 €9 |04ucY 1518 [29] |ooxesiedeld
v/15 19 €9 doisod auopuadsly  -0joIsayIsauy  NIFIAIYD NV v/ Aiagins oeipied puejleyl 00z  Pueeueneiueyeld
o3
TL i [oauo) SE e -INs 2INjoel} [61]
paqLIosap ON zl 15 doysod uoJlesuepup yoseasay  ISININ ‘AVD /9 Jnwigy ‘|esoway 909819 1oz |18 sojnodopeded
oe/oL 09 oz 1013U0Y 118 paquosap Kiogins [ec]
0%/09 09 0z doysod aulpeldsyoidAy  -ojoisayisauy NOFAVD ON Oe|pJEOUON uel| gtoc ‘e 18 IpewweyoN
zr/88 09 0S [onuoy [cc] uey
aT/¥8 S9 €Y douad suoseylewexeq  PaquIssp ON AHASA ‘ASNIN v/9 Kisgins oeipie) uel| groz  -opsig pue luepiep
06/09 €l 8S [ouoy Aig8ins Juswi
16/t 12 09 doenu auiplwo}epaWxa(q  PaquIsap ON WD v/o -o0e(dal uiof BUIYD 9TOT [z]'le1e nn
15/ev 0L o€ |0J3u0Q
£9/1€ 69 oe douad auidipowiN asINN 2S3a-NN v/9 Aiagins auidg BUIYD /TO0C [T1ern
Kisgins
Sv/aS €L PA%S) |0uey sjuesis v/ Juswaoe|d
ss/sy € o0se doued unuadeges  -se yoJeasay e I 74) -a11ui0f ‘aulds VSN 10T [e2] e 19 BunaT
1S/cv v STT |oAauo) A13ns Jofew
Gs/St I el enu| sulplwolapawxad 1sinelyohsd INVO v/9 oidoosolede] eaioy YInoS 810z [eo] e 10 997
86-4-S4d
09/0v L (4 |0u0Q ‘IS V/d  Kisgins uew
8v/2S €L 96T douad auidezue|p @sinu pauledl  ‘AFNSA ‘NVO v/9 -ooe|dau Julor VvSN o10¢ [z2] e 18 UsSIE
SpJ0d
ge/g9 €l o I0/U0D 5 guisinu AisBins jeu
or/09 z.L 8c doysod [opuadoleH  pue [edlpaN NSa v/9 -issjulonsen ueder 66T [gg] e 30 oauUeY
86-4-SHd
6L/T2 08 81T I0RUO]  syoagins “ISININ PaqLIOSap Kisgins
18/67 6L A% douad lopuadojeH suneail  ‘AFNSA ‘INVO ON aimoeyydiH - puepdyIdN ooz [09] ‘e 1o Leensiiey
. syuaned awin |00}
(%) 4/IN XeS (1K) a8y 100N UonensIuILpyY Juswageue| 10SSossy UBWISSISSY elsayisauy Aaging Auno) JeaA Apnmis

panunuog T alqeL

www.anesth-pain-med.org

34



Pharmacological strategies for POD

(e8ed 1x0U 2y) 01 panunuo))

€L/lz L ore IORUOD  gjaquusw Aisgins Jusw
v./9¢ 0. ore paquossp ON qixoosled yoressay NOHAVI ‘INVO v/d -eoe|dal ulof BUIYD /T0C [ov] e NN
G/Gg 9L (074 lonuog
(d4Q) auipitped +
Gz/Gl o 0z doisod wedszeniuni4 + wedszeiq 1slnelyohsd AFNSa v/9 Aiggins |9 ueder zooz [26] "|e 1o emezly
05/08 TL 8L [onuog Kisgins
17/€G zL 8/ doisod sulpiwolepawxaq  PaquUossp ON NOFAVD v/9 Jaoued |elo BUIYD gTOC [av] e 1e ong
zs/8y VL 8vT lojodoid g jaquiew
18/ev oL svT doenu auiplwolepawxeq Uoleasay AWVO  v/d  Asedoipedy BUIYD 8T0T [vv] 1818 1IBIN
ze/89 1S 144 lojodoid
8v/2S €g s doisod aulplwolepawxeq  PaguUosep ON VO v/ Kiggins oelpied BUIUD 9tOC [ev]le1e N
oe/oL vL 08 10jodold  gjaquiow
se/sL 7 v8 doenuj sulpiwolspawixaq yolessay AVO v/9 Kisgins oeipied BUIYD 6T0C [cv]le¥d IuS
ov/vS L €T ) uonoesal Aleu
67/15 T €T dovied aulpiwiojepawWxad  PaQLISaP ON 0S@ol  v/9  -owind |edipey BUIUD 6TOZ [Tv] "Je 30 ueAny
T€/69 99 0.€ |04ucY asinu
og/0L 19 L9g doenu auoselawexad yoiessey NOHAVO ‘AVO  v/D  Ais3Insoelpie)  puepsuysN +Tog [To] '|e 10 Jones
Gs/Sy 19 ace IORUOD  gjaquisw paquosep  Alagins usw
85/cv 19 Yred doysod aulpiwolspawixaq yosessay NOHAIVO ‘INVO ON -ooedai Julof eulyd gToc [ov] "le s ueny
0t/09 89 o€ [onuo)y
09/0v 99 o€ BUIPILIO}OWBXS( + dUILIEIOY
99/v€ 69 o€ sulplwioepswixeq siaquaW Aiggins
L7/€S 99 oe douad aulwelsy ydleasay AVO v/9 olpadoyuo BUIYD €TOT [6€] 1230 BN
/95 €8 o€ [onuo)
LE/€9 z8 o€ wejozepin Awojo
Ly/€S €8 o€ douad aulpiwiolepswixeq  paquUosep ON AVO v/9 -91S0 [eIqa9A BUIYD 8T0C [o] Tes oH
0s/0g 0g or |oauo) Kis3
05/05 0sS 6€ doviad aulplwiojepawxed  JoyesnseAul NOFAYD  v/9 =Ins dey} 9214 BUIUD STOZ [s€] e 10 Buea
6/19 19 zaL'e I0RUOD g i01e01pNDE
ov/09 89 ggL'e doenu auojosiupaidiAyIBIA 5WOo0NQ WO  v/9  AsBinsoeipied epeued groz  [vel 130 o0HuMm
1€/€9 v 82z IPAUOD  giaquiew v/d Kisgins
1£/€9 v 62T doysod lopuiadojeH yolessay NOFAVD v/9 Je|pJesuoN BUIYD cToC [2€] e 30 Buem
Ge/s9 ) €6 Y Kiagins
ge/59 oL €6 doviad vl suepishyd AFNSa  v/9  Jeouedduni D ueder ytoz  [9g] @18 oueSng
. sjuaned awn |00}
(%) 4/IN XeS (4A) a8y 100N UonensIuILpyY Juawageue|p 10SSossy UBWISSISSY elsayisauy Asding Auno) JeaA Apnmis

panunuog T alqeL

35

www.anesth-pain-med.org



Anesth Pain Med Vol. 16 No.1

(e8ed 1x0U 2y) 01 panunuo))

YSl MO
SUJ80U0d BsW0S
¥su YsiH
YS1 MO
SUJB2U0D BWOS
YSI MO
SUJ80U0d BsW0S
YSI MO
SUJI9dU0d BWOS
%su USIH
SU USIH
YSl MO
su UsiH
S MO
SUJB2U00 BWOS

)SL MO
)SU MO
)SU MO
)SU MO
)SL MO
)l MO
)SU MO
)SL MO
)SL MO
)Sl MO
)SU MO
)SU MO
)SL MO
)SL MO
Sl MO

S MO
SU MO
)SU MO
)SU MO
YSU MO
YSU MO
)SU MO
)SL MO
)SU MO
YSU MO
YSU MO
)SU MO
MSU MO
)SU MO
YSU MO

Sl MO
)SU MO
)SU MOT
)SU MO
Sl MO
)SU MO
}SU MO
SU MO
SU MO
S MO
}SU MO
)SU MOT
SU MOT
Sl MO
%SU MO

Sl MO
YSU MO
SUJSOU0D BUWI0S
)SU MO
S MO
YSU MO
)SU MO
)SU MO
)SU MO
SUJBOU0D BUWIO0S
SUJBOU0D BUI0S
)SU MO
SUJ9OU0D BWIO0S
)SU MO
SUJBOU0D BWIO0S

)Sl MO
SUJBOU0D BWO0S
SUJSOU0D BWO0S

)SL MO
SUJSOU0D 8WOS

)Sl MO
SUJSOU0D BWO0S

S MO
SUJSOU0D BWOS
SUJSOU0D 8WOS
SUJBOU0D 8WO0S

)SU MO
SUJSOU0D SWOS

)SL MO

Sl MO

[t2]1 6002 “IE 30 ZIOPNH
[79] 600z “|e 10 luLBgqWeD
[v<] ¥TOz “Ie 10 eyend
[65] zTOZ "B ¥ UBWaRIQ
[sc] 0z “Ie 10 8ysuor ap
[sv] 8T0T “|e 30 UsSBWIWBID
[so] sTOZ “|e 18 N\

[og] oTOZ “I2 38 NS

[te] 600z “1e 319 Iqeyays
[zal vToz “Ie 18 Mied

[7] 600z “|e 18 opeuople
[ge] 10T “lR1O 1N

[02] 2T0Z “|2 19 BJ9AYSNS
[e€] gtoC “IE 30 IUEIRlg
[69] £T0Z “lB 18 JBUlRQ

uswagpnl
Selq JO Ysu ||eJanQ

Jnsai papodal ay) Jo
uonoa|es Ul seig

3WO001N0 3Y} JO

JusWaINSEaW Ul selg

elep sawoono

guissiw 0} anp seig

SUONUBAISIUI PapUSIUI

W0l SUOIEIASP 0) 8np selg

$s920.d Uoneziwopue)
ay1 wouy duisue seig

Apmis

JUBWISSSSSY Seid JO YsIY “Z alqeL

‘leunsajul-oises 1|y ‘quawaoe|dal diy |e10) :YH] ‘eISayisaue |euoidal 1y /Y ‘elsayisaue [e1ouag 1y/o ‘aAnesado
-a1d :doald ‘annesado-uad :douad ‘ennesado-enul :doenu| 1sa) [eusw pareinaidde Ay ‘MaIAIBul WoydwAS winuiep IS ‘9409S Buiuaaids wnuidp duisinu :)S3A-NN ‘86-Pasinal-s|eas unel
wiNUIBP :86-4-SHA ‘1SI108yd Suiusalds wnuiiap a1ed sAISusiul :)Sa)| ‘1Sl uImeip ¥00|0 11d) ‘9|eds uoisnjuod sugedweyd pue uoldsu JANVHITIN ‘Al-SI9PJIOSIP |BlusW JO |enuew [eoNsiels
pue onsougelp AFASA ‘©1eds Sunes wnuisp :SYQ ‘UoeUIWEXS 81e]S |eJUSW-UIW :SIAIA ‘HUN 81ed SAISUSIUI JO) POYISW JUBWISSESSE UOISNJU0D \NDIFAIYD ‘POYIBW JUBWISSSSSE UOISNJUOD VD

Sv/GS 0L 62 |ojodoid
6€/79 TL T€ douad sulplwolspawxa@  paquosep ON AVO v/9 Kiggins |9 uemiel gtoc [99] e 3@ Bueyd
€S/ ei°] ze |ojodoid
99/v€ €5 6C douad aulplwolepawxad  PagLISap oN AYO  v/9  AisBinsoelpie) BUIUD 9TOZ [v]'le30 NN
zv/8s 19 T [0U0]  giaquiow
9S/v¥ 1S 6 douad unuadeqen ydlessay VO v/9 Aiggins suidg VSN 900z [92] e 18 Bunan
15/6% 89 17 [0AUOD  gjaquiow Isa pequos  AigBins Jusw
¥9/9¢ 19 6€ douad lizadsuoQ yosessay ‘AFINSA ‘INVO 9P ON -o0e|(dal Julor VSN S00z [G2] @10 uIAd
g6/t zL 6t [0J3u0D
1v/€S zL TS auIpIuo|y
8v/2s o 05 WEIOZBPIN - 1gnasaue A
GG/t 0L €5 doaid uluolelp\ Juspisay 1AV v/d -sejdoiype diy eigely Ipnes  otoz [2/] ueyng
. syuaned awn |00}
(%) 4/IN XeS (1K) a8y 100N UonensIuILpyY Juswageue| 10SSossy UBWISSISSY elsayisauy Aaging Auno) JeaA Apnmis

panunuog T alqeL

www.anesth-pain-med.org

36



Pharmacological strategies for POD

YSI MO
SUJ30U0d BsW0S
su USIH
SUJB2U02 BWOS
YSU MO
YSI MO
su UsiH
su USIH
%su USIH
%Sl UsIH
su YsiH
%su UsiH
Sl MO
YSl MO
%Sl UsIH
¥su YsiH
SUJI9dU0d BWOS
SUJB2U02 BWOS
YSU MO
%sU UsIH
YSI MO
S MO
SUJB2U0D BWOS
YS1 MO
su YsiH
SUJ20U0d sWoS
su USIH
SUJB2U0D BWOS
%sU UsIH
SUJ20U0d BsW0S
su USIH
s USIH
SUJB2U00 BWO0S
YSI MO
SUJ20U0d sWoS
S MO

)SL MO
)SU MO
)SL MO
Sl MO
)Sl MO
)SU MO
)SL MO
)SL MO
)SL MO
)SL MO
)SU MO
)SL MO
)SL MO
)SU MO
)SU MO
)SU MO
)SU MO
)Sl MO
)Sl MO
)SU MO
)SL MO
)SL MO
S MO
)SL MO
)SU MO
)SL MO
)SL MO
Sl MO
)SU MO
)SU MO
)SL MO
)SL MO
Sl MO
)SU MO
)SL MO
)SL MO

SU MO
)SU MO
MSU MO
YSU MO
YSU MO
)SU MO
)SU MO
)SU MO
YSU MO
SU MO
)SU MO
)SU MO
)SU MO
YSU MO
YSU MO
)SU MO
)SU MO
YSU MO
YSU MO
)SU MO
MSI MO
)SU MO
S MO
YSU MO
)SU MO
)SU MO
)SU MO
S MO
YSU MO
)SU MO
)SU MO
Sl MO
YSU MO
MSU MO
)SI MO
)SU MO

)SU MO
)SU MOT
S MO
Sl MO
)SU MO
)SU MO
SU MO
SU MO
Sl MO
)SU MO
)SU MOT
SU MOT
Sl MO
S MO
)SU MO
)SU MOT
SU MO
S MO
)SU MO
}SU MOT
)SU MO
SU MO
S MO
}SU MO
)SU MOT
SU MOT
S MO
%S MO
SUJBOU0D BWO0S
)SU MOT
SU MO
S MO
}SU MO
)SU MO
SU MO
SU MO

YSU MO
)SU MO
SUJ9OU0D BWIO0S
YSU MO
YSU MO
)SU MO
SUJ9OUO0D BWIO0S
SUJOOU0D BWO0S
SUJSOU0D BWIO0S
SUJBOU0D BUI0S
SUJSOU0D BUWIO0S
SUJ9OUO0D 3WIO0S
)SU MO
YSU MO
SUJBOU0D BUI0S
SUJSOU0D BUWI0S
)SU MO
S MO
YSU MO
SUJSOU0D BUWI0S
MSL MO
)SU MO
YSU MO
YSU MO
SUJSOU0D BUWI0S
SUJ9OUO0D BWIO0S
SUJSOUO0D BWO0S
YSU MO
SUJBOU0D BUI0S
)SU MO
SUJOOUO0D BWIO0S
SUJSOU0D BWO0S
YSU MO
)SU MO
SUJ9OU0D BWIO0S
)SU MO

)SL MO
SUJSOU0D BWO0S
SUI3OU0D BWO0S
SUIS0U0D BWOS
)Sl MO
)SL MO
SUJSOU0D SWOS
SUI30U0D SWOS
SUJBOU0D 8WOS
SUJBOU0D BWO0S
SUJSOU0D BWO0S
SUJSOU0D SWOS
S MO
)Sl MO
SUJBOU0D BWO0S
SUJSOU0D BWO0S
SUISOU0D SWO0S
SUIBOU0D SWOS
)Sl MO
SUJBOU0D BWO0S
S MO
)SL MO
SUJBOU0D 8WOS
)Sl MO
SUJSOU0D BWO0S
)SL MO
SUIS0U0D BWOS
SUJBOU0D 8WOS
SUJBOU0D BWOS
SUJSOU0D BWO0S
SUJ3OU0D SWO0S
SUIS0U0D 8WOS
SUJSOU0D 8WO0S
)SL MO
)SI MO
)SL MO

[99] 8T0T "€ 30 BURYD

[2v] 9TOT “le 18 NI
[o2] 900z “|e 18 Suna
[¢2] so0z “le 1o uizAdr]

[2:] oTOZ ‘URYNS

lov] LT0Z “le1e N
[26] zooz “|e 10 emeziy
[sv] gTOZ “|B 39 oY
[77] 8TOT “|2 18 I8N
[ev] oTOZ “lR 19 NN
[zv] 6TOT “12 19 IYS
[tv] 6TOCT “l2 18 URANH
[tol ¥T0Z “|2 19 Jgnes
[ov] 8TOZ “|E 18 UBNX
[6€] €TOZ “l@ 319 BN

[o] 8TOZ “l2 19 3H

[s€] 50T “18 10 BueA

[7€] 5TOT I8 18 Yoo UM

[2€] zTOT “IB2 10 UM

[og] 2TOZ “|e 18 ouegng

[Ts] 8TOZ “le 10 WMIBYS

[89] 200z “|e 10 uosdwes

[ze] 110z “|e 10 Bshoy

[v2] ¥T0Z “|e 18 uosuiqoy

[og] gTOZ “I12 19 2Ald

[29] 200z ‘|ooxeniedeld pue euepneiueyeld
[6¥7] ¥TOZ “I2 10 sojnodopeded
[es] oT0Z “IE 18 IpEWWEYON

[zs] eToz ‘uelep3Ig pue luepIen

[¢] otOZ “le 19 NN
[t] zTO0z “IRIO 1T

[e2] /T0Z “le 10 Buna
[e9] 8T0T "B 10 897

[z2] oTOZT “|B 18 USSIET
[ac] 666T “Ie 10 OMaueYy
[09] G00Z “|e 10 Heensi|ey]

wswagdpnl

se|q Jo YsU ||eJonQ

Jnsai papodal ay) Jo
uonoaes Ul seig

3WO00IN0 3} JO
JusWaINSEaW Ul selg

elep sawodno

Buissiw 01 anp seig

SUONUBAISIUI PapUSIUI
W0l SUOIRIASP 0) anp seig

$S9901d UonEZIWOPUERS
8y} wouy duisue seig

panunuoY °g ajqeL

37

www.anesth-pain-med.org



Anesth Pain Med Vol. 16 No.1

Pare

7 . Diaz+Flun+Pethi
TJ-54 Keta+Dexm

L-tyr

Mida

.Prop+AAP

9 Remi
\\

.Dexm+AAP

. / .
Halo / Diaz+Flun+Pethi

Keta+Dexm

.
Nimo Risp

Dexm+AAP
Prop+AAP °

Remi

Morp

MPDL

Fig. 2. Network plot of included studies comparing different
pharmacological interventions. The nodes show a comparison of
pharmacological interventions to prevent postoperative delirium,
and the edges show the available direct comparisons among the
pharmacological interventions. The nodes and edges are weighed
on the basis of the weights applied in the network meta-analysis and
the inverse of the standard error of effect. (A) All types of anesthesia,
(B) general anesthesia, (C) cardiac surgery.
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inconsistencies were observed between the direct and in-
direct point estimates in the Cont-Mela-Clon (02-11-25)
and Cont-Mida-Mela (02-06-11) loops (Fig. 3A).

Dexm showed a lower incidence of POD than Cont only
in terms of 95% CI. Olan showed marginal significance
compared with Cont in terms of 95% CI (Fig. 4A). Insignifi-
cance in the 95% Prls suggests that any future RCT could
change the significance of the effectiveness of these com-
parisons.

The rankograms showed that Prop+AAP and Keta+Dexm
had the lowest incidence of POD (Fig. 5A). The cumulative
ranking plot was drawn, and the SUCRA probabilities of the
different pharmacological agents for POD were calculated
(Fig. 6A). The expected mean rankings and SUCRA values of
each pharmacological intervention are presented in Fig. 7A.
According to the SUCRA value, the incidence of POD was
lower in the order of the Prop + AAP (86.1%), followed by
Keta + Dexm (86.0%), Diaz + Flun + Pethi (84.8%), and Olan
(75.6%). The comparison-adjusted funnel plots showed that
the funnel plots were symmetrical around the zero line,
which suggested a less likely publication bias (Fig. 8A).

General anesthesia

A total of 35 studies (17,241 patients) were analyzed. The
pooled overall incidence of POD after general anesthesia
was 16.5% (95% CI: 14.2% to 19.2%, P’ < 0.001, I* =
89.3%).

The network plot of all eligible comparisons for this end-
point is depicted in Fig. 2B. Although all 20 management
modalities (nodes) were connected to the network, two
comparisons (Cont, Dexm) were directly compared to the
other 18 nodes.

The evaluation of the network inconsistency using the
design-by-treatment interaction model suggested no sig-
nificant inconsistency (x* [6] = 11.50, P = 0.074). Of the 10
closed loops in the network for the comparison of postop-
erative delirium, three loops (Dexm-Dexm + AAP-Prop +
AAP [01-04-05] [70], Pro-Dexm + AAP-Prop + AAP [01-09-
19] [70], Dexm-Keta-Dexm + Keta [03-04-05] [39]) were
formed only by multi-arm trials. Thus, local inconsistency
was evaluated in seven loops. There was no significance in
the local inconsistency between the direct and indirect
point estimates (Fig. 3B).

Dexm showed a lower incidence of POD than Cont only
in terms of 95% CI (Fig. 4B). Insignificance in the 95% Prls
suggests that any future RCT could change the significance

www.anesth-pain-med.org
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e sonct Loop-specic Q Reference treatment: Cont

Loop " (truncated) Heterogenelty(r’) Treatment Effect Mean with 95%Cl and 95%Prl
Prop+AAP -2.94 (-6.46,0.59) (-7.08,1.21)
Keta+Dexm -2.73(-5.84,0.38) (-6.45,0.99)
Diaz+Flun+Pethi -2.33(-4.89,0.24) (-5.50,0.85)
02-09-22 A 362 (0.008.32) 0.000 De P -1.50 (-4.28,1.28) (-4.89,1.89)
Olan — -1.39(-2.79,0.00) (-3.50,0.71)
02-11-25 —_— 174 (0.313.17) 0.000 Risp S W— -1.31(-2.93,0.30) (-3.61,0.98)
Nimo —_— -1.03 (-3.20,1.14) (-3.82,1.76)
02-06-11 —_—— 170 (0.16,3.24) 0.000 Cypr —_—— -0.98 (-2.91,0.95) (-3.55,1.59)
Dexm e -0.92 (-1.38,-0.46) (-2.45,0.61)
01-03-06 —_— 145 (0.003.83) 0529 Onda 072 (2.24.0.81) (2931 50)
Pare 1 .0.63(-2.07,0.80) (- )
01-03-04 —_—— 108 (0.00591) 0.854 Mela 0,57 (162,0.48) (- )
01-03-05 - 1.03 (0.00,6.79) 0.854 E;JO-HS: _gzg z ? ;g (1) 52; g 2 1 ;
Dexa ——— -0.40 (-1.24,0.44) (-2.12,1.31)
01-02:06 —— 066 (0.00,2.05) 0.086 MPDL [, 1033 (116,0.50) (2.04.1.38)
) Morp 1 =0.29(-1.86,1.28) (-2.54,1.96)
01-02:09 f——— 066 (0.00,3.16) 0478 Goba 1022 (149.1.06) (223.1.80)
01.0222 e ——— 049 (0.00,4.99) 0091 Keta T+ 0.15(-1.53,1.23) (-2.25,1.94)
Halo ——————s————— -0.07 (-0.82,0.69) (-1.73,1.60)
02-06-25 -— 021 (0.00,1.75) 0,000 Prop ¢ -0.04(-0.83,0.76) (-1.73,1.65)
Riva e 0.1 (-1.42,164) (-2.11,2.33)
Ltyr e 014(125.1.5) (-1.97.024)
Remi (-1.54,1.88) (-2.20,2.54)
. : : : Clon 0490871 84) (159256)
9 g H L 5 Mida ——e———+0.57 (:0.32,1.46) (-1.17,2.31)
** Loop(s) [01-04-05] [01-09-22] [03-04-05] [06-11-25] are formed only by multi-arm trial(s) - Consistent by definition ;1 ‘2 0 2' "1
e 95%Cl Loop-specific e
, Reference treatment: Cont
Loop IF (truncated) Heterogeneity(r) Treatment Effect Mean with 95%Cl and 95%Prl
Prop+AAR -2.96 (-6.46,0.54) (-7.42,1.50)
Keta+Dexm -2.72(-5.80,0.36) (-6.70,1.26)
02-09-19 — 3.62 (0.00,8.32) 0.000 Gaba -2.63(-5.91,0.64) (-6.83,1.57)
Diaz+Flun+Pethi -2.33(-4.83,0.18) (-5.67,1.02)
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| TJ-54 —_— -0.44 (-2.04,1.16) (-2.85,1.97)
01-02-09 -~— 0.74  (0.00,3.44) 0.308 Dexa e -0.39 (-1.17,0.39) (-2.10,1.32)
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01-02-19 — 046 (0.00,4.99) 0158 MPDL . 012 (-101,0.77) (-1.91,1.67)
Keta 012 (-1.46,1.22) (-2.28,2.04)
Prop ——————————— -0.10 (-0.97,0.77) (-1.87,1.67)
I Riva e+ 041 (-1.32,154) (-2.13,2.35)
0 3579 Remi e 0.18(-145,1.81) (-2.252.62)
*** Loop(s) [01-04-05] [01-09-19] [03-04-05] are formed only by multi-arm trial(s) - Consistent by definition Mida ——————0:35 (-0.74,1.43) (-1.60,2.29)
T T T T

-4 -2 0 2 4

G st Loop-speatc 0

Reference treatment: Cont

Loop 3 (tuncateq) Heterogeneity(r')
Treatment Effect Mean with 95%Cl and 95%Prl
Prop+AAP — -2.85 (-6.75,1.05) (-9.68,3.97)
01-03.06 —— 252 (000,6.09) 0838 Keta 253(:5.19,0.12) (-7.54,2.48)
D P 142 (-4.66,1.83) (-7.27,4.43)
010304 — 127 (0.00,6.64) 1432
Dexm — -0.88 (-2.41,0.66) (-4.44,2.68)
01-03-05 — 127 (0.00,7.45) 1432 Riva —_— -0.57 (-1.84,0.70) (-3.85,2.70)
Dexa R -0.43 (-1.41,0.56) (-3.44,2.58)
Morp —— -0.25 (-2.56,2.06) (-4.78,4.29)
T MPDL —. -0.13(-1.28,1.02) (-3.29,3.03)
02468
*** Loop(s) [01-04-05] [03-04-05] are formed only by multi-arm trial(s) - Consistent by definition Prop 0.08 (-1.70,1.87) (-3.77,3.94)
Remi 21(-2.20,2.62) (-4.46,4.88)
Fig. 3. Inconsistency plot between the direct and indirect effect Mida e os5(187.298) (414524)
T T T T

estimates for the same comparison. Inconsistency factor (IF) as
the absolute difference with 95% confidence interval (Cl) between

the direct and indirect estimates for each paired comparison is
presented. IF values close to O indicate that the two sources are in Fig. 4. Predictive interval plots between each management modality

agreement. (A) All type of anesthesia, (B) general anesthesia, (C) and placebo group. Diamond shape represents the mean summary
cardiac surgery. effects. Black line represents the 95% confidence interval (Cl),

and red line represents the predictive interval (Prl). Prls provide
an interval that is expected to encompass the estimate of a future
study. (A) All type of anesthesia, (B) general anesthesia, (C) cardiac

surgery.
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of the effectiveness of these comparisons.

The rankogram showed that Prop + AAP, Keta + Dexm,
and Gaba had the lowest incidence of POD (Fig. 5B). The
cumulative ranking plot was drawn, and the SUCRA proba-
bilities of the different pharmacological agents for the POD
were calculated (Fig. 6B). The expected mean rankings and
SUCRA values of each pharmacological agent are present-
ed in Fig. 7B. According to the SUCRA value, the incidence
of POD was lower in the order of the Prop + AAP (85.9%),
followed by Keta + Dexm (83.2%), Gaba (82.2%), and Diaz
+ Flun + Pethi (79.7%).

Cardiac surgery

A total of 19 studies (15,090 patients) were analyzed. The
pooled overall incidence of POD after cardiac surgery was
15.4% (95% CI: 12.8% to 18.4%, P,,;> < 0.001, I* = 89.8%).

The network plot of all eligible comparisons for this end-
point is depicted in Fig. 2C.

Although all 13 management modalities (nodes) were

www.anesth-pain-med.org

connected to the network, three comparisons (Cont, Dexm,
Prop) were compared directly to the other 10 nodes.

The evaluation of the network inconsistency using the
design-by-treatment interaction model suggested no sig-
nificant inconsistency (x* [2] = 4.12, P = 0.128). Of the five
closed loops in the network of the comparison of postoper-
ative delirium, two loops (Dexm-Dexm + AAP-Prop + AAP
[01-04-05] [70] and Pro-Dexm + AAP-Prop + AAP [03-04-05]
[70]) were formed only by multi-arm trials. Thus, local in-
consistency was evaluated in three loops. There was no
significance in the local inconsistency between the direct
and indirect point estimates (Fig. 3C).

None of the regimens showed a lower incidence of POD
than Cont only in terms of both 95% CI and 95% PrIs (Fig.
4C). The rankogram showed that Prop + AAP and Keta had
the lowest incidence of POD (Fig. 5C). The cumulative
ranking plot was drawn, and the SUCRA probabilities of
the different pharmacological interventions for the POD
were calculated (Fig. 6C). The expected mean rankings and
SUCRA values of each pharmacological intervention are
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Fig. 8. Comparison-adjusted funnel plot.
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presented in Fig. 7C. According to the SUCRA value, the in-
cidence of POD was lower in the order of Keta (87.1%),
Prop + AAP (86.0%), followed by Dexm + AAP (66.3%). The
comparison-adjusted funnel plots showed that the funnel
plots were symmetrical around the zero line, which sug-
gested a less likely publication bias (Fig. 8C).

Quality of evidence

Three outcomes were evaluated using the GRADE sys-
tem. For each outcome, the qualities of inconsistency, in-
directness, imprecision and publication bias were assessed
as not serious, but qualities of risk of bias were assessed as
serious. Thus, the overall quality of evidence for each out-
come was downgraded and rated as moderate (Table 3).

DISCUSSION

There are various pharmacological interventions to pre-
vent POD. We performed a network meta-analysis to com-
pare the effectiveness of reported pharmacological inter-
ventions. In our study, the incidence of POD was decreased
in the following order: Prop + AAP, Keta + Dexm, Gaba, and
Diaz + Flun + Pethi after all types of anesthesia; Prop + AAP,
Keta +Dexm, Gaba, and Diaz + Flun + Pethi after general
anesthesia; and Keta, Prop + AAP, and Dexm + AAP after
cardiac surgery. However, only the Dexm group showed a
statistically lower incidence of POD compared with the
control group after all types of anesthesia and after general
anesthesia.

In our study, there was a synergistic effect when Prop
was added to AAP. Although Prop + AAP failed to show sta-
tistical significance, Prop + AAP was ranked the most effec-
tive pharmacological intervention with a low incidence of
POD after all types of anesthesia and after general anesthe-
sia. Prop is a short-acting, intravenous sedative-hypnotic
agent commonly used for general anesthesia and sedation.
It has also been used to control other conditions such as
chemotherapy-induced emesis, as an antipruritic in pa-
tients with intractable pruritus due to liver disease, as an
adjuvant in alcohol withdrawal syndrome, and to treat sta-
tus epilepticus and severe refractory delirium. Prop has
been recently shown to have a long-term neuroprotective
effect and CNS inhibition effect [78-80]. AAP is commonly
used as an adjuvant analgesic. Some prior studies have in-
dicated that AAP reduces opioid consumption and inflam-

mation. Recently, AAP has been shown to confer central
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Table 3. The GRADE Evidence Quality for Post-operative Delirium

Quality assessment

Type No. of studies - - - - — — - Quality
Risk of bias Inconsistency Indirectness Imprecision Publication bias
All type of anesthesia 51 Serious Not serious Not serious Serious None DPDO
Moderate
General Anesthesia 35 Serious Not serious Not serious Serious None DDODO
Moderate
Cardiac surgery 19 Serious Not serious Not serious Serious None DODO
Moderate

GRADE: grading of recommendations, assessment, development, and evaluation.

analgesic properties. This makes it likely that AAP would
reduce delirium. Despite these properties, IV AAP has not
been studied in the context of delirium prevention [81,82].
In our study, a synergistic effect occurred as the neuropro-
tective effect of Prop was added to the POD prevention ef-
fect of AAP.

Dexm, a selective a,-adrenergic agonist, has a strong
modulating effect on the activity of the sympathetic system
and is increasingly used as a sedative and an adjuvant an-
esthetic during surgery. Dexm binds to a,-receptors pres-
ent in both the central and peripheral nervous systems
[83-86]. Meanwhile, Dexm inhibits the release of norepi-
nephrine and sympathetic activity. In our study, Dexm re-
duced POD after all types of anesthesia and after general
anesthesia compared with the control group. These results
are in close agreement with a previous report by Al Tmimi
et al. [13] and Shen et al. [14] in which the risks of POD
were decreased in elderly patients after non-cardiac sur-
gery.

Several mechanisms have been suggested to explain how
Dexm reduces the incidence of POD after surgery and an-
esthesia. First, because of its highly selective and specific
a,-adrenergic agonistic characteristics, Dexm reduces the
amount of other sedatives and opioids used during sur-
gery, which may cause POD development and prolonga-
tion [40,51]. Second, Dexm attenuates the immune cascade
and inflammatory mediators, consequently relieving in-
flammatory response [87], which is associated with POD.
Third, Dexm induces a near-natural sleep-like sedative
pattern, which might help to reduce the risk of delirium
significantly. In addition, Dexm has been suggested as a
neuroprotectant during mechanical ventilation by reduc-
ing cerebral blood and cerebral perfusion pressure [88-90].

Keta, which is ineffective with monotherapy, when com-
bined with Dexm becomes the most effective modality.
Several reports in the past few years have evaluated Keta

for the treatment of hyperactive delirium. Keta offers a po-
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tential option for treating difficult to manage hyperactive
delirium [91]. Moreover, Keta is an NMDA receptor antago-
nist, which reduces post-ischemic neuronal cell loss in the
cortex and improves neurological outcome after cerebral
ischemia [92,93]. Thus, Keta may produce a prolonged ef-
fect on postoperative neurocognitive function by causing a
“preconditioning-like” effect through the temporary inacti-
vation of NMDA receptors, thereby rendering these recep-
tors less susceptible to subsequent activation by ischemia
and reperfusion injury. However, this intriguing hypothesis
has not been formally tested. Keta may also confer neuro-
protection by suppressing the inflammatory response after
surgery [71,94].

For quality of life, which has recently attracted attention,
postoperative complications of surgical patients should be
prevented and treated appropriately. Among complica-
tions, POD can directly or indirectly increase postoperative
morbidity and mortality in elderly patients. Delirium is not
always a transient disorder; in some cases, it may be ac-
companied by subtle structural brain damage, leading to
permanent cognitive impairment. Therefore, there is grow-
ing interest in proper preventive methods [62,68].

In our study, we focused on the incidence of POD, pre-
ventive effect of interventions, and collected pharmacolog-
ical intervention data. There have been a number of pre-
ventative methods introduced in other studies, but their ef-
ficacy has not been properly compared. To compensate for
this, our NMA including various pharmacological inter-
ventions. Throughout this study, we attempted to identify
the most effective prevention of POD.

There are several limitations in this study. First, as with
all meta-analyses, there were clinical and methodological
heterogeneities regarding administration timing (for exam-
ple, preoperative or intraoperative or postoperative), meth-
od (for example, bolus or continuous infusion) and dose
spectrum of pharmacological interventions, and assessor

of POD and assessment tool of POD. Second, in our study,
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incidence of POD was used as an indicator of prevention.
However, to reduce morbidity and mortality associated
with POD, it is also important to reduce the severity and
duration of POD. Therefore, further studies should be con-
ducted to evaluate the effects on the severity and duration
of POD. Third, the most efficacious modalities determined
in the current NMA were documented to be effective in a
limited number of clinical trials. Further, as our NMA was
based on various single-center small-scale trials, a risk of
overestimation or underestimation of true treatment ef-
fects or lack of power to discriminate the effectiveness of
pharmacological interventions may be present. Therefore,
further large-scale RCTs with the qualified protocol should
be conducted in the future to encompass different phar-
macological interventions and substantiate our findings.

Despite these limitations, the current NMA has several
strengths compared to previous NMAs. First, a rigorous
methodology based on a published, pre-planned protocol
to provide evidence of pharmacological interventions to
prevent POD was used. Second, inconsistencies among the
enrolled studies were not significant, and publication bias
of the enrolled studies was minimal. Third, most enrolled
studies exhibited a low risk of bias, except for bias from the
randomization process and bias due to deviations from in-
tended intervention domains.

In conclusion, the NMA performed in this study has
strength and meaning for comparing pharmacological in-
terventions in the clinical efficacy of preventing POD.
Dexm showed a significant decrease in the incidence of
POD compared with the control group. The combination of
Prop and AAP and the combination of Keta and Dexm
seemed to be effective in preventing POD. However, fur-
ther studies are needed to determine the optimal pharma-
cological intervention to prevent POD.

SUPPLEMENTARY MATERIALS

Supplementary data including search terms used for
MEDLINE and EMBASE can be found online at https://doi.
org/10.17085/apm.20079
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