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Abstract

Background Postoperative neurocognitive disorders (PNDs) frequently occur following orthopedic surgery and are
closely associated with adverse prognosis. PNDs are an emerging concept that includes both postoperative cognitive
dysfunction (POCD) and postoperative delirium (POD). The prevention of combined use of peripheral nerve block
(PNB) and general anesthesia (GA) on POCD and/or POD incidence following orthopedic surgery remains unknown.
We aimed to investigate the effect of this combined anesthesia method on POCD/POD incidence after orthopedic
surgery, compared with GA.

Methods The databases of PubMed, Web of Science, Embase via Ovid, and the Cochrane Central Register of Con-
trolled Trials were searched for all available randomized controlled trials (RCTs). The incidence of POD/POCD

was the primary outcome. Continuous and dichotomous outcomes are represented as standardized mean differences
[SMD, 95% confidence interval (Cl)] and risk ratios [RR, 95%Cl], respectively.

Results Meta-analysis of twelve RCTs with a total of 1488 patients revealed that compared with GA, PNB plus GA
decreased the incidence of POCD (RR: 0.58, 95%Cl: 0.35 to 0.95, P=0.03, I°=0%), while the incidence of POD had

no significant difference (RR: 0.87, 95%Cl: 0.54 to 1.40, P=0.57, I’ =67%). Compared with GA alone, a significant
decrease of intraoperative and postoperative opioid consumption (SMD: -1.54, 95%Cl: -2.26 to0 -0.82, P<0.0001,
12=899%; SMD: -7.00, 95%Cl: -9.89 to -4.11, P< 0.00001, I?=99%) and postoperative nausea and vomiting incidence (RR:
0.16, 95%Cl: 0.06 to 0.44, P=0.0004, I>=0%) was found with PNB plus GA.

Conclusions The combined use of PNB and GA decreases the incidence of POCD but not POD following orthopedic
surgery.

Trial registration The protocol of this study was registered with PROSPERO (Registration Number: CRD42022366454).
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Background

Postoperative neurocognitive disorders (PNDs) are
the most common postoperative complications in
elderly surgical patients [1]. PNDs is a comprehensive
term that includes postoperative cognitive dysfunction
(POCD) and postoperative delirium (POD) [2-4]. POD
is an acute change of mental status typically reported
during 2-5 days after surgery, while POCD manifests
a chronic cognitive impairment usually detected from
several days to years postoperatively [5]. Since the
PNDs is inclusive of POCD and POD, and POD and/or
POCD were closely studied in the trials reported previ-
ously, the terminology of POD and POCD will be used
in this meta-analysis. Both of these neurological com-
plications following surgery are closely associated with
the increasing risk of long-term cognitive dysfunction
and dementia, increased mortality and morbidity, and
increased impendence, which impose a huge economic
and social burden on society [6, 7].

A cohort study suggested that the presence of POCD/
POD would result in an average increase in payments
of $17,275 within 1 year after surgery [1]. Therefore, it
is important to figure out a better anesthetic strategy
to reduce their incidence. Increasing age, poor educa-
tion, frailty, pre-existing cognitive dysfunction, specific
types of surgery, preoperative cognitive function, and
perioperative opioid use are the common risk factors of
POCD/POD [8, 9].

Orthopedic surgery is one of the most common sur-
geries, and an increasing number of old-aged patients
are undergoing various kinds of orthopedic surger-
ies. Globally, healthcare is facing a substantial increase
in orthopedic surgery patients, with approximately
22.3 million surgeries in 2017 and an annual growth
rate of 4.9%. There are many complications after ortho-
pedic surgery, and POCD/POD is one of the most com-
mon. The reported incidence of POD in patients with
orthopedic surgery ranges from 4.5 to 41.2% [10-12].
The incidence of POCD varies according to the patient
population, surgery duration, operation type, and anes-
thetic management, which was approximately 30% in
orthopedic surgery in some reports [3, 13-16].

The risk of POCD or POD was found to be associated
with perioperative opioid consumption and not effec-
tive pain relief [17-20]. Thus, it is essential to reduce
the use of opioids and provide effective pain manage-
ment. As an essential part of multimodal analgesia,
peripheral nerve block (PNB) has been popularly used
due to its effective pain management and at the same
time lowering opioid consumption compared with gen-
eral anesthesia (GA) [21-23]. Recent studies indicated
that the application of PNB reduced the incidence of
POCD/POD and improved postoperative cognitive
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function [24-26]. Nevertheless, inconsistent results
were also reported [27].

Therefore, this meta-analysis was designed to identify
studies with patients over 18 years old who underwent
orthopedic surgery with PNB plus GA, and to explore the
effect of this combined anesthesia on POCD/POD inci-
dence. We aimed to provide guidance for the decision-
making for better preventive strategies tackling POCD
and POD occurrence.

Methods

This meta-analysis was performed based on PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guideline [28]. This study protocol was
registered in the PROSPERO database (Registration
Number: CRD42022366454).

Search strategy

The database, including PubMed, Web of Science, the
Cochrane Central Register of Controlled Trials (CEN-
TRAL), and Embase via Ovid, were searched with
keywords of peripheral nerve block, postoperative neuro-
cognitive outcomes, and orthopedics by two researchers
independently to gain full access to relevant studies from
inception to December 2022, updated to November 2023.
The detailed search strategies are presented in Supple-
mentary File 1. There were no language restrictions.

Selection criteria and study design

The randomized controlled trials were searched, which
investigated the effect of PNB plus GA on postopera-
tive cognitive function undergoing orthopedic surgery
following the PICOS (Participants, Interventions, Com-
parisons, Outcomes, and Study design) principle. The key
selective principle included (P) adults undergoing ortho-
pedic surgery (aged>18 years); (I) Anesthesia manage-
ment strategy: PNB+GA; (C) Anesthesia management
strategy: GA; (O) the incidence of POCD/POD; (S) rand-
omized controlled trials (RCTs).

The primary outcome of this meta-analysis was the
comparative incidence of POD/POCD. Secondary out-
comes were as follows: severity of POD or POCD (based
on cognitive score), intraoperative and postoperative opi-
oid consumptions, postoperative pain score, incidence of
postoperative nausea or vomiting, and length of hospital
stay.

Data extraction and assessment for risk of bias

Data extraction and quality evaluation were performed
independently by two authors, who double-checked for
data consistency and completeness. Any disagreements
and quality assessment matters were handled by discus-
sion or reviewed by a third author. After removing the
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duplicates, the preliminary quality of studies according
to the title and abstract was assessed. The final assess-
ment was then done through reading the full text. The
data and information was extracted including as fol-
lows: first author, year of publication, sample size, patient
characteristics, American Society of Anesthesiologists
(ASA) classification, type of surgery, duration of sur-
gery, duration of anesthesia, type of nerve block, type of
PNDs, incidence of POCD/POD, timing and method of
cognitive assessment, severity of cognitive dysfunction,
intraoperative and postoperative opioid consumptions,
postoperative pain score, time to first postoperative anal-
gesic, postoperative occurrence of nausea or vomiting,
and length of hospital stay.

Two researchers independently used the Cochrane risk
of bias tool (RoB 2.0) to evaluate the risk of bias for the
included studies. Each study was assessed from seven
fields: bias sourced from the randomization process, bias
due to deviation from the intended intervention, bias
due to missing outcome data, bias in outcome measures,
and bias in the selection of reported outcomes [29]. Each
section was categorized into ‘Low;, ‘High’ risk of bias,
or “Some concerns.”” If necessary, the third investigator
would join the discussions to resolve the disagreement.
The Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) criteria was applied to
evaluate the quality of evidence [30].

Data synthesis and statistical analysis

Data synthesis and meta-analysis were performed with
Review Manager 5.4 software (The Cochrane Library,
Oxford, England). Continuous and dichotomous out-
comes are represented by standardized mean differences
[SMD, 95% confidence interval (CI)] and risk ratios [RR,
95%CI], respectively. In the original protocol, dichoto-
mous outcomes were intended to be represented by the
odds ratios [OR, 95%CI]. However, based on the opin-
ions of statisticians and previous literature, it was found
that RR was more suitable for the purpose of this article.
Therefore, we adopted RR to present dichotomous out-
comesduring the data processing. Heterogeneity was
tested using the I* index (I*>50% indicates significant
heterogeneity) [31]. If there is significant heterogeneity of
the data, a random effects model was applied, otherwise,
a fixed effects model was used.

If a significant heterogeneity existed, subgroup analy-
sis was performed based on the type of surgery and
PNB. We performed subgroup analysis when there were
at least two studies in each subgroup. Sensitivity analy-
sis was performed by taking away one study at one time
repetitively. The meta-analysis was considered to be reli-
able and stable if there was no change in the final pooled
results after removing one study.
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Results

Literature search

A total of 3528 studies were found according to the search
strategies. 804 articles were excluded due to duplicate,
and 2619 studies were excluded according to the inclu-
sion criteria after reading the titles and abstracts. The
remaining 105 articles were downloaded, and we read the
full text for further screening. Finally, twelve RCTs with
a total of 1488 cases were included in this meta-analysis
[12, 24, 27, 32-40] (Fig. 1).

Study characteristics and quality assessment

The baseline characteristics of these eligible studies are
presented in Table 1. POD was assessed in five studies
using the Nursing Delirium Screening Scale (Nu-Desc)
[27, 32] or the Confusion Assessment Method (CAM)
[24, 35]. POCD was assessed in nine studies using the
Mini-mental State Examination (MMSE) [27, 33-37, 39,
40], Montreal Cognitive Assessment (MoCA) [39], Post-
operative Quality Recovery Scale (PQRS) [36] or Short
Portable Mental State Questionnaire (SPMSQ) [12].
POD/POCD were assessed on the 1% -7! day postopera-
tively. The types of surgery included hip fracture surgery,
knee arthroplasty, and hip arthroplasty. PNB applicated
intraoperatively included femoral nerve block, sciatic
nerve block, fascia iliac compartment block, lumbosacral
plexus block and lumbar plexus nerve block. The evalua-
tion of methodological quality was performed based on
RoB 2.0, and each domain was determined as low bias
risk, high bias risk, or unclear bias risk (Fig. 2).

Outcomes of the incidence of POCD/POD

Combined use of PNB and GA did not reduce the inci-
dence of PNDs compared with the control group (RR:
0.84, 95%CI: 0.62 to 1.15, P=0.28, I>=59%) [12, 24, 27,
32-35, 37, 38, 40] (Fig. 3). There was no significant pub-
lication bias regarding the effect of combined anesthesia
on PNDs by visual inspection of funnel plots (Supple-
mentary file 2). The combined results remained reliable
by removing one study at one time from the included
studies for sensitivity analysis (Supplementary file 3). The
quality was moderate according to the GRADE criterion
(Supplementary file 4). However, the incidence of POCD
as a sole outcome indicator was reduced in the inter-
vention group, compared with control group (RR: 0.58,
95%ClI: 0.35 to 0.95, P=0.03, I>=0%) [33, 34, 38](Fig. 4A).
The quality of evidence was moderate (Supplementary
file 4). The incidence of POD as a sole outcome indicator
was not reduced by PNB plus GA (RR: 0.87, 95%CI: 0.54
to 1.40, P=0.57, I>=67%) [24, 27, 32, 35, 37, 40] (Fig. 4B).
The quality of evidence was low (Supplementary file 4).
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Identification of studies via databases and registers

Identification

Screening

Records identified from*:
Databases (n =3528)

—» | automation tools (n =0 )

!

Records screened

L »| (n=2619)

(n =2724)

Reports sought for retrieval

(n = 105)

Reports assessed for eligibility
(n=105)

—®| (n=33)

Included

Studies included in review
(n=12)

Reports of included studies
(n=12)

Fig. 1 Flow diagram of the study selection process

In the subgroup analysis based on surgery type, com-
bined anesthesia could reduce the incidence of PNDs of
knee arthroplasty compared with the control group (RR:
0.28, 95%CI: 0.10 to 0.82, P=0.02, I*=0%) [32, 33] (Sup-

plementary file 5).

Records removed before
screening:

Duplicate records removed (n
=804 )

Records marked as ineligible by

Records removed for other
reasons (n =0)

Records excluded**

Reports not retrieved
(n=0)

Reports excluded:
No relevant outcome measure

Interventions do not meet the
requirements (n =46)

Study type does not meet the
requirements (n=11)
Ongoing study (n=3)

Secondary outcomes between the combined anesthesia
group and general anesthesia group

MMSE scores

Postoperative MMSE scores were higher in patients
using PNB plus GA (P=0.001) [27, 33, 35, 37-40]
(Table 2; Supplementary file 6). The quality of evi-
dence was low (Supplementary File 4).



Page 5 of 11

354

(2024) 24

Deng et al. BMC Anesthesiology

(9bues 9)1uENbISIUI JURIPIW
‘S F UeSW :SMOJ|0) Se PassaIdxa Sem e1ep aY| JUSWISSISSY SAINUBOD [e1IUO DO ‘B1eds A19nodal Alifenb aAllelado-1504 SYDJ ‘@i1euuonsany 91e1s [eIusly 3|qeriod 1oys DSWGS ‘POYISIA JUSWISSISSY UOISNJUOD YD
‘3125 BUIUS3IDS WNUIRQ BUISINN DSIF-NN ‘Uol_UIWEXT 91R1S [eIUSW-IUIA ISV ‘UondUNSAP 3AIIUBOD 9AI1RIRd0ISOd DOd ‘BIS9YISaUE [RIBUSD i/ ¥20|q dAIU snxa|d Jequin gNdT H20]q snx3|d [eidesoquin gNST
5170]q Juaw11edwod edel|l BIDSEH gD/ “¥20]q dAIRU DIIRIDS NS “¥D0|q dAIDU [eIo0WRH N ‘A1abuns diH sH ‘Aisejdoiyiie diH yH ‘K1sejdoiyiie aauy vy ‘A19bins ainioely diH S4H ‘dnoub joiuod o) ‘dnoib uswuadxy o3

K126 YC9F0889
ISWN- -Insaye €771 Ae@ wnuiisd VO v snid gNd1 SH  C8TFECEL/0EFOIECISWN (v6/L6)161 SA9OFECOL  €C0C OeIX OBA
%v'L
‘SA 059'8:129468-98
19967 "SA
%S 6 4eaK58-9/
K196 usw 960°€9 "SA
S4Od  -InsJaye /'¢’| Aeq -iredw 3AIUBOD v9 v snid gNS+aNdT A2l / (8ol/s0l)Ele %619 4e9AG/~59  #10T naqunp
K126 ' LFLEYY
VIO "IJSWW -Inssaye €'| Aed add>0d ¥D  ¥Dsnid gNS+ENd1 VYH 60 €FC9LL/SUEFYY LT ISNW (s€/5€)0L SNGLLFI8G9  £L0T  OnD Buoy-ues
K126 S8F€89
ISW- -Ins aye €L Ae@ asod VO vO snid gNd1 VH LLFCLLOLFYLCASNN (0£/0£)09 SACLFILL  8lOC nbur
vO snid gNS +8aNd1
VH 'vo snid (801 (G£ 0149)
ISWN- Aisbins saye / Aeq dD0d ‘winuijzg VO ANS+ANS WM VH/VM ¥2) 9¢/(£T 01 57) 9T ASWWN Ov/9v)6 1L 'SA(€L0C1S9)0L  £10T usyd usyd
K126
ISWIAWYD -Ins Jaye /'¢ Aed dD0d ‘winuij=q VO v9 snid gNST VH ULFES/ILFYSTISNN (89/89)9¢ L LFYLSNIFSL L10C IS ulg
K1sb
JSAW - -ansuaye z-| Aed anod D) v9 snid gD SH / (F€/1€)59 9FE8'SAOLFC8  0l0C Jatad ‘A
usw L'LF618
OSWdS ~ Assbinsiaye | ke -aedwit aAniubod VO vO snid gD S4H / (19/99)L¢L SAL9FOY8  6l0C  B1aquuam ed
K196 L'c+7'89
WvD  -insuaye z-0 Ae@ wnuaq VO v snid gD S4H / (€s/€9)901 SALTFOEL  SLOT  9IN Buybuoy
K1sb SY¥6¢L
JSAW - -ansusye €-0 Aed anod v9  vOsnid gNS+gNd 2 LLFLSU/Y L F98CISWN (0£/5€)59 SAEYFETL  L10T ue4Iny
8USTF6CSL
OS3d-NN NDvd wnuiled VO w9 snjd gn4 YA ELLFLSLT/60'L F9¥'LT YIOOW (0£/0€)09 SAESYFVYEL  610C OPIf BIXNA
JSETS) YO+ V18
JSWIA DSIA-NN - -Ins Jaye G-¢ Aeq dD0d ‘winuijsg v v snid gNd S4H / (0zL/9LL)9ee SALLFLES  1T0T Agauun euuy
spoylaw 5D ul poyraw 53 ul poyidaw (93/93) 92/
JUSWISSISSY  DWII) JUBWISSISSY 2dA1 saNd eIsayisauy eIsayisauy adf}) L1abung  K19buns-aid a10ds aAnIuGO) D3) azis s|dweg (DD 'sAD3)aby  Jeap Joyine 3si14

S|ell papnjoul JO solislieideiey’) L d|qeL



Deng et al. BMC Anesthesiology

(2024) 24:354

Anna Unneby 2021
Bin Mei 2017

Chen Chen 2017
Hongling Nie 2015
Jing Li 2018

JunLe Liu 2014

Par Wennberg 2019
Rui Fan 2017

V. Perrier 2010
Yan-hong Guo 2017
Yao Xiao 2023

Yuxia Jiao 2019

Blinding of outcome assessment (detection bias)

. Allocation concealment (selection bias)

=~

-~

~ | @ | Blinding of participants and personnel (performance bias)

=~

=~

. . ‘ . . . . Random sequence generation (selection bias)

-~

~ 90 00 ®

=~

?

o
®
?

~ 000 e 00 e

?

® OO0 OO OO O O ®| ®|Incompleteoutcome data (attrition bias)

' ‘ ‘ . . ‘ ‘ . . . . ‘ Selective reporting (reporting bias)
® OO OO OO 66 6 O @) otebs

Fig. 2 Risk of bias of the included randomized controlled trials (+: low risk, —: high risk, ?: unclear risk)

Page 6 of 11



Deng et al. BMC Anesthesiology ~ (2024) 24:354 Page 7 of 11

nerve block Control Risk Ratio Risk Ratio
Even Even | Weight M-H, Random, 95% CI M-H. Random, 95% ClI

Anna Unneby 2021 88 116 85 120 22.7% 1.07 [0.92, 1.25] 13

Bin Mei 2017 25 66 26 66 16.4% 0.96 [0.63, 1.48] s

Chen Chen 2017 0 45 4 45 1.1% 0.11[0.01, 2.01] ¢

Hongling Nie 2015 10 51 3 238 5.0% 3.46 [1.01, 11.87] -

Jing Li 2018 4 30 7 30 5.8% 0.57 [0.19, 1.75] - - |

Par Wennberg 2019 33 66 26 61 17.7% 1.17 [0.80, 1.71] ™

Rui Fan 2017 3 35 8 30 5.0% 0.32[0.09, 1.10] B

V. Perrier 2010 10 31 18 34 11.9% 0.73[0.39, 1.38] — =

Yao Xiao 2023 13 97 25 94 12.5% 0.50 [0.27, 0.92] =

Yuxia Jiao 2019 1 25 5 25 2.0% 0.20 [0.03, 1.59] ¢

Total (95% Cl) 562 558 100.0% 0.84[0.62, 1.15] L o

Total events 187 204

Heterogeneity: Tau? = 0.10; Chi? = 21.73, df = 9 (P = 0.010); I = 59% o.los sz 1 5 2’0

Test for overall effect: Z=1.07 (P =

0.28)

Fig. 3 Forest plot for the incidence of POCD/POD
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Fig. 4 Forest plot for the incidence of POCD (A) and POD (B)
Table 2 The meta-analysis of secondary outcomes
Outcomes Studies included 12 SMD or OR (95%(Cl) P
1. MMSE scores 7 75% 0.47 (0.18t0 0.75) 0.001
2. Intraoperative opioid consumption 3 89% -1.54 (-2.26 10 -0.82) <0.0001
3. postoperative opioid consumption 4 99% -7.00 (-9.89t0-4.11) <0.00001
4. postoperative pain scores 6 98% -0.98 (-2.24 10 0.29) 0.13
5. Postoperative nausea or vomiting 4 0% 0.16 (0.06 to 0.44) 0.0004
6. Length of hospital stay 3 94% 031(-049t0 1.11) 0.45

SMD Standardized mean difference, OROdds Ration, MMSE Mini-mental State Examination
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Opioid consumption

Among the twelve studies included in this meta-analysis,
three studies compared the intraoperative opioid con-
sumption, and showed that the intraoperative opioid con-
sumptions were less in the combined anesthesia group
than in the control group, with a statistically significant
difference (SMD: -1.54, 95%ClI: -2.26 to -0.82, P<0.0001,
1=89%) [34-36] (Table 2; Supplementary file 7). Four
studies compared postoperative opioid consumption
between the two groups and showed a statistically signifi-
cant difference with less postoperative opioid consump-
tion in the PNB plus GA group than in the control group
(SMD: -7.00, 95%CI: -9.89 to -4.11, P<0.00001, I>=99%)
(Table 2; Supplementary file 8). however, the heterogene-
ity was high. And the quality of evidence was moderate
[24, 34—36] (Supplementary file 4).

Postoperative pain scores

Five studies assessed the patients’ pain scores postopera-
tively and showed that there was no significant difference
between the two groups (SMD: -0.98, 95%CI: -2.24 to
0.29, P=0.13, I?*=98%) [27, 33-35, 38, 40] (Table 2; Sup-
plementary file 9). The quality of evidence was low (Sup-
plementary File 4).

Postoperative nausea or vomiting

Four studies compared the incidence of postoperative
nausea or vomiting between the two groups and showed
a statistically significant difference with a lower incidence
of postoperative nausea or vomiting in the combined
anesthesia group compared to the control group (RR:
0.16, 95%CL: 0.06 to 0.44, P=0.0004, I*=0%) [24, 33, 38,
39](Table 2; Supplementary file 10). The quality of evi-
dence was moderate (Supplementary File 4).

Length of hospital stay

Three studies focused on the length of hospital stay and
found no significant difference between the two groups
(SMD: 0.31, 95%CL: -0.49 to 1.11, P=0.45, [*=94%) [24,
27, 35] (Table 2; Supplementary file 11). The quality of
evidence was low (Supplementary File 4).

Discussion

In this meta-analysis of the effect of combined anesthesia
(PNB plus GA) on POCD/POD incidence, our data indi-
cated that when comparing with the GA group, PNB plus
GA reduced the incidence of POCD in patients undergo-
ing orthopedic surgery, while the incidence of POD was
not significantly different. Besides, combined anesthesia
was associated with low intraoperative and postoperative
opioid consumption and a lower incidence of postopera-
tive nausea or vomiting, while the scores of postoperative
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pains and the length of hospital stay did not differ signifi-
cantly between groups.

Potential causes and the underlying mechanisms of
POCD/POD after orthopedic surgery currently remain
unclear. Previous studies demonstrated the possible link
with postoperative pains [41-43]. For example, Wang Y.
et al. reported that those with higher postoperative pain
scores were more prone to develop POCD/POD than
those with no pain [41]. Patients undergoing orthope-
dic surgery often experience severe pain after surgery.
Therefore, effective pain relief has been recommended
for preventing the occurrence of POCD/POD. How-
ever, both intraoperative and postoperative opioid con-
sumption are recognized as risk factors for POCD/POD
[44—46]. Many observational studies found a positive
association between opioid consumption and the risk of
POCD/POD [45, 46]. Although PNB is known to reduce
intraoperative and postoperative opioid use and is also
a reliable measure of pain control, its effectiveness for
prophylaxis against POCD/POD remains controversial
[12, 47, 48]. Given the reported merit of reducing opioid
consumption and postoperative pain scores, accumula-
tive evidence from clinical trials demonstrated that GA
combined with PNB may be associated with a low risk of
POCD/POD compared to GA alone [47, 48]. A previous
study reported PNB as an independent protective factor
against cognitive dysfunction after orthopedic surgery
[48]. However, a recent RCT demonstrated that PNB
did not decrease the incidence of postoperative cogni-
tive impairment among patients undergoing orthopedic
surgery [12]. Therefore, there is still a lack of sufficient
evidence to support the specific role of PNB in the occur-
rence and development of POCD/POD when combined
use with GA.

In this meta-analysis, we found that PNB plus GA
reduced the incidence of POCD but not POD compared
with GA alone controls. This difference may be likely due
to sedation level during surgery, which is a significant
risk factor for POD in patients undergoing regional anes-
thesia. A study conducted by Sieber et al. demonstrated
that the prevalence of POD decreased with mild sedation
in elderly patients undergoing hip fracture repair under
spinal anesthesia compared with deep sedation [49].
However, owing to the scarcity of data, it is difficult to
evaluate the effect of sedation level on the incidence of
POD in patients undergoing PNB plus GA. The hetero-
geneity of the tools for POD assessment may influence
the data quality. Interestingly, in the subgroup analyses
of surgery type, PNB plus GA reduced the incidence of
POCD/POD for knee arthroplasty, which warrants fur-
ther study.

The reduced risk of POCD might be attributed to low
intraoperative and postoperative opioid consumption
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in patients with combined anesthesia than that in those
receiving GA alone. Moreover, PNB plus GA signifi-
cantly reduced the incidence of postoperative nausea or
vomiting. However, there were only three to four stud-
ies examining these outcomes with high heterogeneity.
Considering the high heterogeneity and limited num-
ber of studies in our meta-analysis, further high-quality
research is needed to make the outcomes more solid.

As far as we know, this is the first systematic review
and meta-analysis to comprehensively assess the effect
of combined use of peripheral nerve block and gen-
eral anesthesia on postoperative cognitive function in
patients undergoing orthopedic surgery. A meta-analysis
by Memtsoudis et al. [50] examined the effect of PNB on
postoperative complications in adults after hip and knee
arthroplasty, which did not consider other types of ortho-
pedic surgery. Another systematic review and meta-anal-
ysis conducted by Kim et al. [51] discussed the effect of
regional nerve block on POD after hip fracture surgery.
Similarly, other forms of PNDs and other types of ortho-
pedic surgery were not included. In our meta-analysis,
we comprehensively consider the PNDs types and sur-
gery types to make conclusions as rigorous as possible.

There are several limitations in this meta-analysis. First,
the type and dosage of general anesthetics in orthopedic
surgery varied with patients among the included trials,
which may contribute to the inconsistent results. Second,
POD can be further divided into hypoactivity, hyperac-
tivity, and mixed forms and we could not further investi-
gate the impact of the PNB in these subtypes with limited
studies available [52, 53]. Third, due to the high degree
of heterogeneity and the exclusion of some patients who
were randomized but did not receive the assigned inter-
vention in the original studies included, the interpreta-
tion of some results should be approached with caution.

Conclusion

The current meta-analysis showed that PNB plus GA
decreased the incidence of POCD but not POD and low-
ered opioid consumption while undergoing orthopedic
surgery compared with GA alone. Due to the limited
number of studies on POCD in this meta-analysis, future
research with larger sample sizes and more rigorous
study are needed to focus more on this outcome indica-
tor to explore the impact of PNB combined with GA on
the risk of POCD.
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