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ABSTRACT

The study assessed the effectiveness and safety of nerve block combined with low-dose general anaesthesia in elderly hip arthroplasty
patients, conducted by a meta-analysis of RCTs. Six trials involving 403 patients were identified from databases such as Cochrane,
MEDLINE, and PubMed. The results demonstrated a statistically significant difference in pain scores at postoperative 12hours (95% ClI,
-2.39 t0 -0.35, p = 0.008) and 24hours (95% Cl, -1.86 to -0.50, p = 0.0007). Nerve block in combination with general anaesthesia holds
a significant advantage over conventional general anaesthesia regarding perioperative opioid consumption (95% Cl, -38.32 to -7.48, p =
0.004). This combined approach was superior in reducing the incidence of complications (95% ClI, 0.11 to 0.55, p = 0.0007). However,
between the two groups, there was no statistically significant difference in the 48hour pain score (95% Cl, -2.58 to 0.62, p = 0.23).
Essentially, this approach effectively reduces early post-surgical pain and it minimises anaesthetic use, whilst simultaneously lowering

the risk of complications.
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INTRODUCTION

Hip fracture is a significant cause of disability and death in the
elderly. With the intensification of ageing, the incidence of what
isknown asthelife’slastfractureintheelderly, orhipfracture, is
increasing year by year. It has been estimated that worldwide
hip fractures will double between 1990 and 2025, and then
double again by 2050, ranging from 7.3 million to 21.3 million."
Hip fractures commonly occur in the osteoporosis-affected
elderly population; early surgery is usually the preferable treat-
ment, asthese patients often have declining organ functionand
multiple chronic medical conditions. These individuals are
therefore at highrisk for complications and mortality during the
perioperative period.*?

Hip arthroplasty presents substantial physical trauma with
considerable blood loss and postoperative complications. The
predominance of concomitant conditions such as hypertension,
coronary heart disease, chronic lung disease, and diabetes
among these elderly patients means that their tolerance to
surgeryandanaesthesiaislow, consequentlyincreasing periop-
erativerisk.*
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Selecting an appropriate anaesthesia method hence becomes
vital for the perioperative safety of elderly patients undergoing
hip arthroplasty.>® Anaesthesia for hip arthroplasty may take
the form of general anaesthesia, nerve block anaesthesia, or
combined anaesthesia.” General anaesthesia provides a
simple, safe, and effective option, particularly for cases where
intraspinal anaesthesia puncture proves difficult. However,
postoperative respiratory obstruction, hypoventilation, atelec-
tasis, and delayed recovery are potential risks.*™° A peripheral
nerve block can reduce these risks but it requires superior
equipment and expertise, hence it has not yet gained wide-
spread adoption in most hospitals."* A combination of general
anaesthesia and peripheral nerve block represents a common
choice for combined anaesthesia. This approach reduces the
required dosage of general anaesthesia medicines, thus
minimising the associated adverse reactions, however, it does
increase anaesthesia time and procedural-related complica-
tions.””** Currently, both general anaesthesia and combined
anaesthesia are frequently utilised in surgical procedures on
elderly patients, yettheinfluence ofthese two methods on peri-
operative complications and patient rehabilitation has not
been uniformly determined, and no systematic evaluation has
been conducted.

Thisstudy aimedto comparetheresults of usinganerve blockin
combination with a low-dose general anaesthesia versus just
general anaesthesia in elderly patients undergoing hip arthro-
plasty; the findings offered valuable insights for further refine-
mentofclinicalanaesthesia application.
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METHODOLOGY

The Cochrane Library, The Cochrane Anaesthesia Group
database, MEDLINE, EMbase, PubMed, Ovid, Springer, CBM,
CNKI, VIP, and Wanfang databases were searched electronically.
Randomised controlled trials (RCTS) comparing nerve block
combined with general anaesthesia versus conventional general
anaesthesiainelderly patientsundergoing hip arthroplasty were
sought from the inception of these databases until February
2022.

The literature search results were independently reviewed by
twoinvestigators. Studies metinclusion criteria if they involved
patients undergoing hip arthroplasty, allocated one group to
receivegeneralanaesthesia, assigned anothergrouptoreceive
combined nerve blockand generalanaesthesia, selected oneor
more of the following outcomes; dosage of anaesthetic
medicine, postoperative pain score, and complications, and
were randomised controlled trials. Exclusion criteria encom-
passed studies where data could not be extracted and lack of
consensus among independent reviewers on selected studies,
furthermore, casereports, letters, and reviews were excluded.

Authors were contacted for additional required details. Data
relatedtotheprimaryauthors’name, publicationdate, interven-
tion used, basic information, number of patients, and manage-
ment of adverse outcomes were extracted. Additional neces-
sarydatawerealsoretrievedfromindividual articles.

RevMan5.3 software was utilised for the analysis. Hetero-
geneity across the included studies was initially assessed. If
there was no heterogeneity in outcomes (p >0.1), a fixed-effect
model was engaged for meta-analysis. Where heterogeneity
existed among study results (p >0.1), causes were analysed,
and potential sources of heterogeneity underwent subgroup
analysis. If statistical heterogeneity without clinical hetero-
geneity was detected between the study groups, a random-

Table I: The Characteristics of included studies.

effects model was employed. Sensitivity analysis was perfor-
med when heterogeneity resulted from low-quality studies.

RESULTS

In the search strategy, a total of 113 studies were retrieved. Of
these, 41 studies were excluded by Endnote software and 34
were eliminated after reviewing the title and abstract. Conse-
quently, six RCTs were included in this meta-analysis (Figure
1).>"*#% The fundamental characteristics are summarised in
Table 1."*** The methodological quality of each randomised
controlled trial was appraised using the Jadad Scale, scoring
between 0 and 5 points. A Jadad score of 2 suggests low quality,
whileascoreof =3 indicates high quality (Tablel).

The Cochrane Collaboration's Risk-of-Bias tool was engaged to
evaluate the included articles on research in randomness
methods, blinding of participants and staff, data integrity, and
selective result reporting. Each domain was further classified
into low risk, high risk, or unclearrisk. Any disagreements were
resolved through discussion (Tablell).

Five studies comprising 374 patients reported VAS scores 12
hours post-surgery.>”?*?’ Notable disparities were identified
betweenthe experimentaland control groups (MD =-1.37;95%
Cl, -2.39 to -0.35, p = 0.008; Figure 2). Considerable hetero-
geneity was detected in the VAS for the initial 12 hours post-
surgery (Chi* = 204.90; df = 4, p <0.001, I = 98%; Figure 2).
Consequently, arandom-effects model was employed.

Three studies which involved a total of 162 patients, reported
visual analogue scale (VAS) scores for the first 24 hours
following surgery.®*””” Notable differences were detected
between the two groups (MD =-1.18;95%Cl,-1.86t0-0.50,p =
0.0007; Figure 3). In addition, significant heterogeneity was
identifiedinthe VAS scores forthe postoperative 24-hour period
(Chi*=29.05;df=2,p<0.001; I*=93%; Figure 3).

Author (year)

Experimental group / Control group

Patients Age (years) Female gender BMI ASA (I/11/11/1V) Reference Jadad
(%) type scale
Shi et al. 2018" 15/15 74.6/76.8 60/46 NA 7/14/9/0 RCT 4
Li et al. 2018* 30/30 71.6/68.3 50/46 22.9/23.8 0/36/24/0 RCT 4
Mei et al. 2017 66/66 77/74 67/44 24.6/24.3 NA RCT 4
Bang et al. 2016™ 11/10 81.6/82.0 54/80 20.6/22.2 0/18/3/0 RCT 4
Kratz et al. 2015" 40/40 66.9/65.8 65/42 28.1/28.5 NA RCT 4
Wiesmann et al. 2014 40/40 67/66 62/45 NA NA RCT 4
Table II: Quality evaluation of included studies.
Study Random Blinding of Incomplete outcome Selective Other bias
sequence participants and data reporting
generation personal
Shi et al. 2018" low risk unclear risk low risk unclear risk unclear risk
Li et al. 2018" low risk low risk low risk unclear risk unclear risk
Mei et al. 2017" low risk unclear risk low risk unclear risk unclear risk
Bang et al. 2016 low risk low risk low risk unclear risk unclear risk
Kratz et al. 2015" low risk low risk low risk unclear risk unclear risk
Wiesmann et al. 2014" unclear risk low risk low risk unclear risk unclear risk
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cl 1V, Fixed, 95% Cl
WIESMANN2014 1566 538 40 1638 553 40 88%  -7.20(-31.11,16.71) —
ZhengYuan Shi2018 1083 181 15 1368 276 15 18.0% -28.50(45.20,-11.80]

Bin Mei2017 69 202 66 848 278 66 732% -1580(-24.00,-7.51] ——

Total (95% CI) 121 121 100.0% -17.33 [-24.42, -10.24) -
Heterogeneity: Chi? = 2.54, df = 2 (P = 0.28); I = 21%
Test for overall effect: Z = 4.79 (P < 0.00001)

50 25 25 50
Favours [experimental) _Favours [control]

Figure 6: Total propofol consumption.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl 1V, Random, 95% C1
L1Jing2018 26 09 30 4607 30 44.4%  -200(-2.41,-1.59) .
Bin Mei2017 28 04 66 54 02 66 556% -260(271,-249) L]
Total (95% CI) 9% 96 1000%  -2.33(-2.92,-1.75) -
Hoterogeneity: Tau? = 0.16; Chi? = 7.76, df = 1 (P = 0.005); I = 87%

Figure 1: Search results.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95%C V. Random, 95% C
Seunguk Bang2016 25 08 11 2908 11 189%  -040[-1.07,027] i
L1Jing2018 21 06 30 3907 30 202% -1.80[-213,-147] -
Thomas Kratza2015 22 08 40 4907 40 202% -270[-303,-237] **
Bin Mei2017 11 07 66 1108 66 203% 0.00-0.26, 0.26] T
WIES MANN2014 2 05 40 3906 40 204% -1.90[-2.14,-1.66] -
Total (95% Cl) 187 187 100.0% -1.37[-2.39,-0.35] —~—
Heterogeneity: Tau? = 1.32; Chi = 204.90, df = 4 (P < 0.00001); = 98% 2 « ; !

Test for overall effect: Z = 2.63 (P = 0.008) Favours [experimental] Favours [control]

Figure 2: VAS scores at 12 hours postoperative.

Experimental Control Mean Difference Mean Difference
| Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random.95% CI IV, Random, 95% Cl
SeungukBang2016 26 08 11 2509 11 269%  0.10[-061,081) —_
Ll Jing2018 22 05 30 3707 30 354% -150[181,-1.19) —+
WIES MANN2014 21 03 40 3902 40 377% -180[191,-169) *
Total (95% CI) 81 81 1000%  -1.18(-1.86,0.50] -

Heterogeneity: Tau? = 0.32; Chi? = 29,05, df = 2 (P < 0.00001); I = 93%

Test for overall effect: Z = 3.39 (P = 0.0007) 2 ! 0 !

Favours [experimental] Favours [control]

Figure 3: VAS scores at 24 hours postoperative.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% C| Random, 95% C|

Seunguk Bang2016 3 04 11 2606 11 248%  040[-0.03,083) N
Thomas Kratza2015 17 02 40 4909 40 250% -320[-349,-291 ¢

Bin Mei2017 14 09 6 1206 6 251%  020[006048) ™

L1 Jing2018 18 04 30 3106 30 251% -130[156-104] -

Total (95% CI) 147 U7 1000%  098(-258,062 —
Heterogeneity: Tau? = 2.65; Chi = 352,61, df = 3 (P < 0.00001); = 99% 2 1 0 1 2

Test for overall effect: 2= 1.20 (P =0.23) Favours [experimental] Favours [control]

Figure 4: VAS scores at 48 hours postoperative.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% Cl 1V, Random, 95% C|
Seunguk Bang2016 185 71 11 748 168 11 186% -56.30(-67.08, -4552) d
Bin Mei2017 189 63 66 641 142 66 203% -4520(48.95 4145 -
Thomas Kratza2015 53 62 40 58 71 40 203% -5.00 [-7.92, -2.08) -
ZhengYuan Shi2018 17 31 15 21 41 15 204% -4.00 [-6.60, -1.40] -l
WIES MANN2014 50 51 40 57 6.1 40 204% <7.00 (-9.46, -4.54] -
Total (95% CI) 12 172 100.0% -22.90 (-38.32, -7.48) -
Heterogeneity: Tau® = 301.94; Chi* = 440.50, df = 4 (P < 0.00001); I* = 99%

Figure 5: Total sufentanil consumption.

-2 2
Tost for ovarall offact: 2 = 7.83 (P < 0.00001) Favours [experimental] - Favours [control]

Figure 7: Postoperative MMSE score versus perioperative score.

Data from four studies,””** assessing a total of 294 patients,

reported the visual analogue scale (VAS) scores for postoper-
ative pain at 48 hours. The results indicated that the experi-
mental group reported comparable pain scores to those of
the control group (MD = -0.98; 95% Cl, -2.58 t0 0.62, p =
0.23; Figure 4). However, significant heterogeneity was
found in VAS scores at postoperative 48 hours (Chi* =
352.61; df = 3, p <0.001; I = 99%; Figure 4).

Total sufentanil consumption was reported in five studies
comprising 344 patients.*’***** The pooled data signified
that there were significant differences between the two
groups (MD = -22.90; 95% ClI, -38.32 to -7.48, p = 0.004;
Figure 5).

Due to the heterogeneity between the studies, a random-
effects model was utilised (Chi* = 440.50; df = 4; p <0.001;
I’ =99%).

Total propofol consumption was documented in three
studies including 242 patients.>*** Significant differences
were noted between the two groups (MD = -17.33; 95% Cl,
-24.42 t0 -10.24, p <0.001; Figure 6).

A fixed-effect model was adopted due to the low hetero-
geneity (Chi* = 2.54; df = 2, p = 0.28; I’ = 21%).

Data drawn from three studies covering 214 patients were
used to compare the incidence of complications during the
hospital stay.”” There were significant differences detected
between the two groups (MD = 0.24; 95% CI, 0.11 to 0.55,
p = 0.0007). A fixed-effect model was applied.

The mini-mental state examination (MMSE score) was
reported in two studies involving 192 patients.>® Statistically
significant divergence was observed between the two
groups (MD = -2.33; 95% CI, -2.92 to -1.75, p = <0.00001;
Figure 7).

Due to evident heterogeneity, a random-effects model was
enacted (Chi* = 7.76; df = 1, p = 0.005; I = 87%).

DISCUSSION

Perfect perioperative analgesia can alleviate severe pain
caused by hip arthroplasty, enhance satisfaction in relation to
the surgery, and lower the opium dosage.”* However, which
pain management method is most efficacious continues to be
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a subject of contention. Opium has been extensively used for
pain relief following hip arthroplasty but opioid-related
adverse medicine reactions are acknowledged, particularly
among elderly patients.”** Mei et al. in their study involving
conventional general anaesthesia, found that high sedation
levels and more opioids were associated with increased
vasoactive drug intake during surgery.” In contrast, patients
who received regional nerve block along with mild intraopera-
tive sedation showed reduced postoperative delirium rates
and were discharged earlier from the hospital.”*’ Recently,
several published studies have indicated that adding a supple-
mental nerve block to hip arthroplasty surgery enhances the
lung function six hours post-surgery and provides superior
pain control within 24 hours of surgery.”®** Nerve block, as an
adjunct to general anaesthesia, has been developed in clin-
ical anaesthesia practice, and studies have pointed to its
advantages in hip arthroplasty. Yet, data that assess the
perks of nerve blocks administered to elderly patients under-
going hip arthroplasty—specifically regarding perioperative
analgaesia effect, cognitive dysfunction, and postoperative
complications—are scant. Hence, the authors conducted a
related meta-analysis of RCTs to compare nerve block
combined with low-dose general anaesthesia and general
anaesthesia in hip arthroplasty.

This systematic review included six studies, consisting of
403 patients. Each record index was both extensive and
detailed. Three studies outlined the implementation of
specific randomisation methods. Two studies utilised a
digital table randomisation, while another study employed
computer randomisation. The remaining three studies
mentioned randomisation, but did not clarify the specific
randomisation method, leading to a moderate risk of selec-
tion bias.

Three studies elaborated on the application of double-
blinding of anaesthesiologists and data collectors. The rest
of the studies failed to discuss in detail the specific blinding
practises they adopted. Pain score, cognitive dysfunction,
and postoperative complications were consistently assessed
using standardised metrics based on the objective data,
removing any potential subjective influence, and reducing
the measuring bias to low bias. Considering the inherent
peculiarities of surgical anaesthetic treatment, it is note-
worthy that achieving complete double-blind procedures is
challenging, hence there may be a likelihood of implementa-
tion and measurement bias in actual clinical practice. All the
studies had less than 15% loss to follow-up and exclusions
after randomisation for each group, indicating a low likeli-
hood of incomplete data bias. Every study examined, did
not explicitly describe the completeness of their findings,
thus indicative of a moderate bias towards selective result
reporting. Most of the studies detailed applicable inclusion
and exclusion criteria, and the homogeneous age and
gender of the two patient groups excluded any likely non-
comparability, reducing other sources of bias to low risk.

The research findings indicate that there are statistically
significant differences in the VAS score- 24 hours post-
surgery, amount of general anaesthetics used, incidence of
complications, and postoperative cognitive dysfunction
between the elderly patients who underwent hip arthro-
plasty under conventional general anaesthesia versus nerve
block compounded with a low dose of general anaesthesia.
However, no noticeable difference was seen between both
groups' postoperative VAS scores at the 48-hour mark.

Six RCTs, involving a total of 374 patients, provided pain
score data. After hip arthroplasty, the VAS method was used
to evaluate pain (0 ~ 10 cm). Meta-analysis results
suggested that nerve block coupled with general anaesth-
esia significantly reduces the VAS score within the first 24
postoperative hours after hip arthroplasty. Findings from the
literature reports have shown that the peripheral nerve
blocks effectively alleviate hip pain within 24 hours post--
surgery, corroborating the conclusions of this meta-
analysis.’® Peripheral nerve block obstructs the ascending
conduction pathway of surgical incision pain, thus extending
the postoperative analgaesia duration. This study revealed
that the combined use of nerve block and anaesthesia offers
superior analgaesic effects in the initial 24 postoperative
hours. However, there were also research reports indicating
that there was no remarkable difference between both
groups' analgaesic effects 48 hours after the operation,
which may be explained by the local anaesthetics’
metabolism and the nerve block analgaesia gradually failing
to develop.

Opioids are usually effective in relieving pain but often
come with side effects that delay hospital discharge.” Sufen-
tanil, a type of mu - opioid agonist, interacts with and trig-
gers the corresponding receptors of the central and
peripheral nervous systems to relieve pain. As an exten-
sively used analgaesic anaesthetic during the perioperative
period, sufentanil has been associated with high incidents of
adverse reactions such as nausea, vomiting, headache, and
urinary retention, seriously impairing postoperative rehabili-
tation.*® Moreover, propofol, the most commonly used
general anaesthetic, particularly among elderly patients
undergoing hip arthroplasty, has a low tolerance level.
These patients are frequently frail when they enter the oper-
ating room (OR) and have lower physiological function
reserves due to pre-existing diseases. This makes them
more susceptible to the haemodynamic changes triggered
by the medicine such as propofol, leading to hypotension
and low perfusion. Severe intraoperative hypotension is
linked to adverse events in older adults. Research has
shown that using propofol exceeding the induction dosage
limit imposed by the U.S. Food and Drug Administration
(FDA) is positively correlated with severe hypotension inci-
dences. This outcome was confirmed in over 20% of
patients monitored non-invasively and approximately a third
of those monitored invasively.”
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At present, there is insufficient dependable evidence
regarding the opioid-sparing attribute of nerve block during
hip replacement. In the analysis, five RCTs provided
outcomes of opioid consumption, and this meta-analysis
concluded that nerve block is linked with a notable reduc-
tion in perioperative opioid usage in hip replacement. More-
over, three RCTs provided outcomes data of propofol
consumption and the result indicated that the combined
nerve block group had a significant decrease in the dosage
of propofol during surgery.

In total, there are three RCTs that have shown complica-
tions after hip arthroplasty. Complication rates were 8/107
in the nerve block group, compared to 28/107 in the control
group. The research suggests that the application of nerve
block can significantly lower postoperative complication
risks. At present, only these three RCTs were included, and
no dose-related studies were conducted, so further investi-
gation is warranted.

These three RCTs compared the impact on postoperative
cognitive dysfunction. For the purposes of this systematic
review, the authors did not segregate short-term from long-
term postoperative cognitive dysfunction. The findings
suggest that composite nerve block anaesthesia significantly
decreases the incidents of short-term postoperative cogni-
tive dysfunction compared to general anaesthesia. However,
the incidence rate of long-term postoperative cognitive
dysfunction requires additional study. The conventional
general anaesthesia group exhibited slower selective
response times (psychomotor) in the weeks following
surgery, mirroring results from the International Postopera-
tive Cognitive Impairment Study Collaboration (ISPOCD)
amongst other studies. It is thought that the incidence rate
for short-term postoperative cognitive decline is higher
amongst the conventional general anaesthesia group. Many
theories suggest that this short-term cognitive impairment
may be due to the incomplete metabolism of high-dose
anaesthetic medicines, and with the elimination of residual
medicines from the body, it does not affect the patient's
long-term cognitive function adversely.** Some postulate
that general anaesthetics in high doses can induce apoptosis
in some brain neurons and alter their protein expression by
acting on the central neurotransmitter and receptor
systems.” Propofol primarily affects its anaesthetic action by
enhancing the function of y-aminobutyric acid (GABA) recep-
tors, and the enhancement of GABA receptor activity can
inhibit long-term potentiation (LTP) expression in the hippo-
campal CAL region - the foundation of learning and
memory.’® It is also believed that cerebral oxygen
metabolism imbalance and the release of pro-inflammatory
cytokines due to different stress factors during operations
may also contribute.”

This study has certain limitations. Firstly, postoperative hip
joint function score, among other key results, was not

included in the analysis. Secondly, because heterogeneity
was found in some of the findings, this can affect the
research outcome. Thirdly, as this analysis consists of only
six studies, the sample size and statistical testing might not
be robust enough. Lastly, detected languages were limited
to English and Chinese, which introduces potential bias in
the findings.

CONCLUSION

In the immediate aftermath of hip arthroplasty, a combina-
tion of nerve block and low-dose general anaesthesia can
effectively alleviate postoperative pain. Simultaneously, it
may reduce the cumulative consumption of general anaes-
thesia and the risk of postoperative complications.
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