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Abstract
Background  Pericapsular nerve group (PENG) block has emerged as a reliable analgesia technique for hip 
arthroplasty (HA). However, the effects of PENG block on perioperative neurocognitive disorder (PND) after HA has not 
yet been assessed. The present study aimed to investigate the effects of PENG block on early postoperative cognitive 
function in older people undergoing hip arthroplasty.

Methods  Sixty older patients undergoing HA under spinal anesthesia were randomly assigned to group P (n = 30) 
receiving PENG block with ropivacaine and patient-controlled intravenous analgesia (PCIA) pump with sufentanil 
after surgery or group C (n = 30) only receiving PCIA pump with sufentanil after surgery. The primary outcome was 
the Mini-Mental State Examination (MMSE) score at 7 days postoperatively. Secondary outcomes consisted of the 
incidence of PND 7 days postoperatively, the static VAS pain scores at 6, 12, 24, and 48 h postoperatively; cumulative 
sufentanil consumption and the requirement of rescue analgesia during the 0–24 h period after surgery; quality of 
recovery-15 (QoR-15) scale scores at 24 h postoperatively; and the plasma levels of high mobility group box protein 1 
(HMGB1) preoperatively and 1 day after surgery, and adverse events.

Results  After surgery, the PENG block group had higher MMSE score than the control group at 7 days 
postoperatively (27.0 ± 1.8 vs. 26.1 ± 1.7, P = 0.048), with a mean difference of 0.9 (95%CI, 0.1–0.9). The incidence of PND 
at 7 days postoperatively was 6.7% in group P, lower than that of 30% in group C (P = 0.044). In group P, the static VAS 
scores at 6, 12, and 24 h postoperatively were significantly lower than those in group C (all P < 0.05). Compared with 
group C, the cumulative sufentanil consumption and the number of patients required rescue analgesia during the 
0–24 h period after surgery were significantly lower in group P (all P < 0.05). The scores of QoR-15 scale were higher 
in group P at 24 h postoperatively than those in group C (P < 0.05). Patients in group P showed lower plasma levels of 
HMGB1 than group C at 1 day after surgery (P < 0.05), and the rate of complications didn’t differ between both groups.
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Background
The annual number of hip fractures worldwide is 
expected to rise to more than 6 million by 2050 [1]. Hip 
arthroplasty (HA) is among the most commonly per-
formed surgical procedures for hip fractures at present 
and can provide reliable outcomes. However, surgical 
stimulation, severe perioperative pain and inflammatory 
reaction can lead to various postoperative complica-
tions, which is not conducive to the recovery of patients 
[2]. Perioperative neurocognitive disorder (PND) are 
common complications following HA, which is mainly 
manifested as attention deficit, intellectual and memory 
impairment, and decreased social activity ability [3]. Fac-
tors including older age, the presence of comorbid dis-
eases, perioperative pain, and inflammatory response, 
have been reported to affect PND incidence [4]. The inci-
dence of PND in older patients after HA can be as high 
as 75%, resulting in delayed mobilization and prolonged 
hospital stay [5]. Therefore, it is urgent to explore a more 
reasonable approach to reduce the occurrence of PND.

It has been reported that effective postoperative anal-
gesia by fascia iliaca compartment block can lower the 
incidence of PND, and lower serum cytokines in patients 
undergoing HA [6]. Peripheral inflammatory response 
induced by surgical and the release of systemic inflamma-
tory mediators have been shown to affect inflammatory 
processes in the central nervous system [7]. Increased 
release of inflammatory cytokines after surgery, such as 
high mobility group box protein 1 (HMGB1), is associ-
ated with the risk of PND [8].

Pericapsular nerve group (PENG) block, first described 
by Girón-Arangoin in 2018, can selectively block the 
articular branches of the femoral, obturator and acces-
sory obturator nerves, thereby providing analgesia for 
HA [9]. Some studies have shown that PENG block can 
provide good analgesic effect and result in better pres-
ervation of motor function for patients undergoing HA 
[10, 11]. Adequate postoperative analgesia is essential to 
reduce surgical stress, and PND, which is conducive to 
postoperative recovery [12]. However, there is rarely evi-
dence investigating the influence of PENG block on cog-
nitive function among older people undergoing HA. In 
this study, we aimed to explore the effect of PENG block 
on early postoperative cognitive function and analgesia 
effect in older people after HA.

Methods
This randomized controlled clinical trial was carried 
out in a single-center and was approved by the Medi-
cal Ethics Committee of the Affiliated LiHuiLi Hos-
pital of Ningbo University (identifier: KY2022PJ126). 
The current trial was registered at www.chictr.org.cn 
(ChiCTR2200061055) before the participant’s enroll-
ment. Written informed consent was signed by all sub-
jects or legal representatives. The subjects were recruited 
over a period of 12 months (7/4/2022 to 7/28/2023). 
Inclusion criteria: age between 65 and 85 years; Ameri-
can Society of Anesthesiologists (ASA) II or III; body 
mass index (BMI) between 18 and 28  kg/m2, received 
primary school education or above; Mini-Mental State 
Examination (MMSE) score ≥ 24 before surgery; sched-
uled for HA. Exclusion criteria: serious cardiopulmonary 
or other vital organ disease; history of neurological and 
psychiatric disorders; coagulopathy; long-term use of 
drugs; severe impairment of visual, hearing or speech 
functions; and allergic to local anesthetics.

All subjects were randomly divided into two groups 
according to a computer-generated random number 
table and an opaque envelope technique: the PENG block 
group (group P, n = 30) and the control group (group C, 
n = 30). Postoperative outcome evaluators and statistical 
analysts were both blinded.

All patients with standard monitoring including 5-lead 
electrocardiogram, pulse oxygen saturation, and invasive 
arterial blood pressure were performed in the operating 
room. An intravenous cannula pathway was established. 
All patients were ultrasonically scanned in a supine 
position 20  min prior to spinal anesthesia. A curvilin-
ear transducer (2–5 HZ, Edge, Sonosite, Seattle, USA) 
was positioned in a transverse plane, medial and caudal 
to the anterior superior iliac spine and adjusted until 
the anterior inferior iliac spine, iliopubic eminence, ilio-
psoas muscle and tendon were identified. Then patients 
in group P received a PENG block. Using an in-plane 
technique, a 21 gauge×100  mm SonoPlex Stim needle 
(Pajunk, Geisingen, Germany) was advanced in a lateral-
to-medial direction until its tip was between the psoas 
tendon and periosteum dorsal (Fig. 1). Following negative 
aspiration, 20 mL of 0.375% ropivacaine (Naropin, Astra-
Zeneca AB Company, Södertälje, Sweden) was slowly 
injected and the diffusion of local anesthetic (LA) was 
observed. Patients in group C didn’t receive sham PENG 
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block. All PENG blocks were performed by an experi-
enced anesthesiologist.

After 20 min, all patients received spinal anesthesia in 
a lateral position. L2–L3 or L3–L4 intervertebral space 
was selected for puncture. A spinal needle was inserted 
into the subarachnoid space and 10–15  mg ropivacaine 
was slowly administered. All surgical procedures were 
performed by the same team of surgeons with the same 
procedure. All subjects received intravenous parecoxib 
sodium (40 mg) at the end of the surgery and underwent 
patient-controlled intravenous analgesia pump (PCIA) 
immediately. The PCIA comprised 2  µg/kg sufentanil, 
0.15  mg/kg tropisetron and 100 mL normal saline. The 
background doses were 2 mL/h and 0.5 mL of intrave-
nous bolus on demand with a 15 min lockout. Imrecoxib 
was administered orally once a day (100  mg). Another 
100 mg tramadol was administered intravenously for res-
cue analgesia if patients couldn’t tolerate pain [the visual 
analog scale (VAS) scores ≥ 4].

An independent evaluator, who was not aware of the 
grouping, conducted visits and followed up the patients 
both before surgery and after HA up to 7 d.

Primary outcome
Our primary outcome was the MMSE score at 7 days 
postoperatively. The patients in both groups received 
the neurocognitive function test in a quiet room by an 
experienced anesthesiologist 1  day preoperatively and 
7 days postoperatively. MMSE [13] is one of the most 
widely used screening tools of cognitive function in clini-
cal practice that has high sensitivity and specificity. It’s a 
30-point scale based on orientation, attention and calcu-
lation, registration, language, recall, and praxis (a total of 
30 questions, 1 point for each correct answer, 0 points for 
the wrong answer or do not know). The scale ranges from 
0 to 30 points.

Secondary outcomes
The incidence of PND was examined 7 days postop-
eratively. As mentioned in previous studies, PND was 
defined as a decline ≥ 1 standard deviation (SD) in the 
postoperative MMSE score compared with the preopera-
tive MMSE score [14].

The secondary outcomes also included the static VAS 
(VAS scores ranged from 0 to 10, 0 is painless and 10 

Fig. 1  Ultrasound image of PENG block. AIIS, anterior inferior iliac spine; FA, femoral artery; IM, iliac muscle; IPE, iliopubic eminence; LA, local anesthetic, 
PT, psoas muscle tendon, arrow shows the needle path
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is excruciating pain) pain scores at 6, 12, 24, and 48  h 
postoperatively; cumulative sufentanil consumption and 
the requirement of rescue analgesia during the 0–24  h 
period after surgery; quality of recovery-15 (QoR-
15) scale scores at 24  h postoperatively (QoR-15 scale 
includes five dimensions: physical comfort, emotional 
state, physical independence, psychological support 
and pain, with a total score of 0-150 points. The higher 
the score was, the better the recovery quality would be 
[15].); the plasma levels of high mobility group box pro-
tein 1 (HMGB1) preoperatively and 1 day after surgery; 
and adverse events (i.e., vascular puncture, LA systemic 
toxicity [LAST], postoperative nausea/vomiting [PONV], 
deep vein thrombosis, respiratory depression).

5 mL of venous blood samples were collected from 
all subjects 1 h before and 1 d after surgery and centri-
fuged at 1000 × g for 15 min at 4 °C. The plasma was col-
lected and stored at − 80 °C for subsequent detection. The 
enzyme-linked immunosorbent assay (ELISA) method 
was used to detect the concentrations of HMGB1.

Statistical analyses
The sample size of this study was calculated using IBM 
SPSS Sample Power version 3.0 (IBM Corp., Armonk, 
New York, USA) based on the results of the pilot study, 
which showed a mean MMSE score (7 days postopera-
tively) of 27.4 with SD of 2.14 in group P and 25.3 with 
SD of 2.91 in group C. A calculated sample size of 25 
participants per group was required to achieve a statis-
tical power of 0.8 with a significance level alpha of 0.05. 
A total of 30 subjects in each group were recruited to 
account for possible 20% drop-out rate.

Statistical analysis was performed using SPSS V.24.0 
(IBM Corp., Armonk, New York, USA). The Kolmogorov-
Smirnov test was used to evaluate normality. Normally 
distributed continuous data were expressed as mean with 
SD and categorical data as frequency with percentages. 
Normally distributed continuous data were analyzed with 
the Student’s t-test. A repeated-measures analysis of vari-
ance was used to compare the two groups at different 
time points. For categorical data, the chi-square (χ2) test 
or Fisher’s exact test was used. Ranked data were com-
pared by Mann-Whitney U test. A 95% confidence inter-
val (CI) for differences in means (for continuous data) or 
relative risk (RR) (for categorical data) were calculated. A 
P-value of < 0.05 was considered statistically significant.

Results
During the study period, a total of 66 patients were 
screened for eligibility. Three patients didn’t meet the 
inclusion criteria: 1 patient had a BMI of more than 28, 
1 patient was illiterate, and 1 had cognitive impairments. 
Three patients didn’t wish to participate. Sixty patients 
were randomized equally to group P or group C. All 

patients completed the study and were included in the 
final analysis (Fig.  2). Clinical baseline characteristics 
such as age, gender, and BMI, were similar between both 
groups (Table  1). At the same time, surgical time and 
surgical fixation methods between the two groups were 
comparable (Table 1).

Primary outcome
There were no differences in MMSE scores at 1 day pre-
operatively between both groups. Compared with group 
C, the MMSE scores were significantly higher in group 
P at 7 days postoperatively (P < 0.05). The MMSE scores 
were significantly lower in group C at 7 days postopera-
tively than that at 1 day preoperatively (P < 0.05; Table 2).

Secondary outcomes
There were 2 patients in group P and 9 patients in group 
C who developed PND at 7 days postoperatively. The 
incidence of PND in group P at 7 days postoperatively 
was significantly lower than that in group C [6.7% vs. 
30%, RR (95% CI): 0.2 (0.1, 0.9), P = 0.044; Fig. 3].

In group P, the static VAS scores at 6, 12, and 24 h post-
operatively were significantly lower than those in group 
C (P < 0.05), but no intergroup difference was observed 
at 48 h postoperatively (P > 0.05, Fig. 4). Compared with 
group C, the cumulative sufentanil requirements and 
the number of patients required rescue analgesia during 
the 0–24 h period after surgery were significantly lower 
in group P (P < 0.05). The QoR-15 scores at 24 h postop-
eratively were higher among group P than compared with 
those in group C (P < 0.05, Table 3).

No intergroup differences were found in terms of pre-
operative HMGB1 levels (P > 0.05). HMGB1 levels in 
both groups increased dramatically at 1 day after surgery 
as compared to those preoperatively (P < 0.05). Compared 
with group C, group P resulted in lower HMGB1 levels at 
1 day after surgery (P < 0.05; Table 4).

No serious adverse events, such as vascular puncture, 
LAST, deep vein thrombosis and respiratory depression, 
occurred in either group. No intergroup differences were 
observed in terms of the incidence of PONV (P > 0.05, 
Table 5).

Discussion
In this randomized trial, we studied the effects of on early 
postoperative cognitive function in older people under-
going HA. The present study showed that PENG block 
could effectively improve postoperative MMSE scores, 
reduce the incidence of PND, reduce pain intensity, as 
well as the plasma levels of HMGB1 in older people after 
HA.

The MMSE is a widely used and well-accepted screen-
ing tool of cognitive function. Due to its advantages of lit-
tle training and easy to administer, it is the most popular 
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cognitive test both in clinical practice and in research, 
and is regarded as an important tool for perioperative 
cognitive screening [13]. In our study, the MMSE scores 
in group P were higher at 7 days postoperatively com-
pared with group C; the declined MMSE scores in group 
P were reduced than those in group C between 1 day pre-
operatively and 7 days postoperatively. The results sug-
gested that preoperative implementation of PENG block 
could reduce the impairment of postoperative cognitive 
function in older people undergoing HA. Shang et al. 
[16]. found that paravertebral nerve block before radical 
gastrectomy can improve patients’ postoperative cogni-
tive function, which is similar to our findings. However, 
the difference in MMSE scores at 7 days postoperatively 
between the two groups (0.9) did not reach the minimal 

clinically important difference (MCID) for MMSE, which 
was reported to be 1.5 [17].

It was reported that PND following elective HA has 
a median incidence of 19.3% at 7 days postoperatively, 
ranging from 6.7 to 75% [5]. The incidence of PND 
increases with age. Zha et al. [18] found that the inci-
dence of PND after hip surgery was 30% in the general 
anesthesia group and 5% in the iliac fascia block group, 
which was roughly similar to the results in this study. In 
the current study, the incidence of PND at 7 days post-
operatively in group C and group P was 30% and 6.7%, 
respectively, indicating that preoperative PENG block 
could result in lower rate of early PND. The rate of PND 
in group P of the current study (6.7%) is slightly higher 
than the reported incidence in patients receiving iliac fas-
cia block (5%) [18]. The difference could be attributable 

Fig. 2  CONSORT diagram. PENG = pericapsular nerve group block
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to different study population, anesthesia method, and 
peripheral nerve block type.

Hip fractures and surgery can lead to moderate-to-
severe perioperative pain [19]. Inadequate perioperative 
analgesia, advanced age, and opioid use are risk factors 
for PND after HA [20]. Severe postoperative pain has 
been shown to compromises the mental health of older 
patients and increase complications, which are detri-
mental to their postoperative mobilization and recovery 
[21]. Ultrasound-guided PENG block can be used in hip 
surgery to purely block the sensory nerve and without 
motor impairment [9]. The results of this randomized 
trial showed better early postoperative analgesia with 
the PENG block for HA resulting in lower pain scores 
and fewer patients requiring rescue analgesia. This study 
also showed opioid-sparing of the PENG block for HA 
as indicated by the lower consumption of sufentanil 24 h 
after surgery in group P when compared with group C. 
Our results were similar to the study by Lin et al. [22]. , 
who reported that patients receiving PENG block during 

hip surgery experienced less pain, PENG block could 
provide improved short-term analgesia in hip surgery. 
Adequate postoperative analgesia and reduced opioid use 
may be one of the reasons for improved postoperative 
cognitive function in patients receiving the PENG block.

The QoR-15 scale is a valid, easy-to use tool, and 
an important index to measure postoperative qual-
ity of recovery. The scores obtained from the QoR-15 
in patients with PENG block were lower than those 
reported by Kukreja et al. [23]. However, the study was 
conducted in younger patients. When the score differ-
ence is greater than 8, the intervention is clinically sig-
nificant [24]. Our results showed that QoR-15 scores at 
24 h postoperatively were higher in group P than those in 
the group C. The difference between the two groups was 
more than 8, indicating that PENG block can enhance 
the quality of recovery after HA.

It has been recognized that PND is caused by surgical 
trauma and postoperative pain, which leads to an inflam-
matory response, a large number of inflammatory factors 
cross the blood-brain barrier (BBB) and trigger neuro-
inflammation. As an initiator of neuroinflammation, the 
nuclear HMGB1 is responsible for the progression of 
cognitive impairments by disrupting the BBB [25]. A pre-
vious study showed that the serum level of HMGB1 was 
increased significantly after surgery, associated with the 
development of postoperative short-term cognitive dys-
function [26]. In the present study, the outcome showed 
that the levels of HMGB1 increased in both groups after 
surgery, but rising trend in group P was lower than that 
in group C, indicating that postoperative inflammatory 
response was lower in patients receiving PENG block and 
subsequently reduced cognitive dysfunction.

There are still some limitations in this study. Firstly, the 
follow-up period of the study was short, only 7 days after 
surgery, extended follow-up is needed in future stud-
ies to assess long-term effects of patients after surgery. 
Secondly, the study was conducted in a small number 
of subjects, the findings of this study need to be further 
validated by high-quality studies with large sample sizes. 
Thirdly, only MMSE scale was used to assess cognitive 
function in this study. Because of its certain limitations, 
such as ceiling effect, performance influenced by educa-
tion and age, multiple tests should be adopted in future 
researches. Finally, we didn’t perform a sham block in the 

Table 1  Clinical baseline characteristics of the patients
group P 
(n = 30)

group C 
(n = 30)

P-
value

Age (years) 73.9 ± 5.7 75.2 ± 6.6 0.418
Gender [n (%)]
male
female

13 (43.3)
17 (56.7)

16 (53.3)
14 (46.7)

0.438

BMI (kg/m2) 23.0 ± 2.8 22.3 ± 3.4 0.388
Education (years) 7.6 ± 2.3 7.2 ± 2.0 0.475
ASA score [n (%)]
II
III

18 (60)
12 (40)

14 (46.7)
16 (53.3)

0.301

Surgery side [n (%)]
left
right
preoperative pain score (VAS)

11 (36.7)
19 (63.3)
5.1 ± 1.7

15 (50)
15 (50)
5.2 ± 1.4

0.297
0.805

surgical time (min) 73.4 ± 20.6 79.8 ± 15.6 0.787
Surgical fixation method 0.582
cemented [n (%)] 6 (20) 8 (26.7)
cementless [n (%)] 16 (53.3) 15 (50)
hybride [n (%)] 8 (26.7) 7 (23.3)
The data are represented as the mean ± SD or number (%)

BMI = body mass index; ASA = American Society of Anesthesiologists; 
VAS = visual analog scale

Continuous data were compared by Student’s t-test; categorical data were 
compared by chi-square (χ2) test; ranked data were compared by Mann-
Whitney U test

Table 2  The Mini-mental State Examination (MMSE) scores of the patients
time point group P (n = 30) group C (n = 30) Difference in means (95% CI) P-value

MMSE 1 day preoperatively 27.7 ± 2. 1 27.5 ± 2.2 0.2 (-0.9 to 1.3) 0.719
7 days postoperatively 27.0 ± 1.8# 26.1 ± 1.7* 0.9 (0.1 to 1.9) 0.034

The data are represented as the mean ± SD

MMSE = Mini-Mental State Examination

Compared with group C, #P < 0.05; compared with 1 day preoperatively, *P < 0.05

Data were compared by repeated-measures analysis of variance
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control group due to ethical approval issues, which may 
potentially exacerbate bias in the follow-up results.

Conclusions
PENG block can effectively improve early postoperative 
cognitive function and recovery in older people undergo-
ing HA, which may be related to more effective analgesia 
and lower plasma HMGB1 levels.

Fig. 3  The incidence of perioperative neurocognitive disorder (PND) at 7 days postoperatively between the two groups. Data were compared by Fisher’s 
exact test
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Table 3  Sufentanil consumption, rescue analgesia requirements and QoR-15 score of the patients
group P (n = 30) group C (n = 30) Difference in means (95% CI) P-value

Static VAS scores
6 h postoperatively 3.2 ± 1.0# 3.9 ± 1.0 -0.7 (-1.2 to -0.2) 0.011
12 h postoperatively 3.6 ± 1.1 # 4.2 ± 1.1 -0.6 (-1.2 to -0.1) 0.030
24 h postoperatively 2.8 ± 1.1# 3.4 ± 1.0 -0.6 (-1.2 to -0.0) 0.034
48 h postoperatively 2.2 ± 0.9 2.4 ± 1.0 -0.2 (-0.7 to 0.3) 0.367
Sufentanil consumption (µg)
0–24 h after surgery 53.3 ± 7.0# 58.2 ± 9.8 -4.9 (-9.2 to -0.5) 0.029
Patients requiring rescue analgesia [n (%)] RR (95% CI)
0–24 h after surgery 6 (20) # 14 (46.7) 0.4 (0.2, 1.0) 0.028
QoR-15 score
24 h postoperatively

119.7 ± 13.9# 107.1 ± 20.1 Difference in means (95% CI)
12.6 (3.6 to 21.5)

0.007

The data are represented as the mean ± SD or number (%)

QoR = quality of recovery

Compared with group C, #P < 0.05

Continuous data were compared by Student’s t-test; categorical data were compared by chi-square (χ2) test

Fig. 4  The postoperative static VAS pain scores between the two groups. The error bars indicate the standard error of the mean. VAS = visual analog scale. 
Compared with group C, #P < 0.05. Data were compared by repeated-measures analysis of variance
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