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AIM: With population aging, hip arthroplasty among elderly patients has become increasingly common. This study investigated the
effects of ultrasound-guided pericapsular nerve group block (PENG) combined with lumbar anesthesia versus general anesthesia on
circulatory and respiratory stability, analgesia, cognitive function, and safety in elderly patients after hip arthroplasty.

METHODS: A total of 86 patients who underwent hip arthroplasty in our hospital between June 2022 and June 2024 were retrospectively
selected and divided into a control group (n = 50, general anesthesia) and an observation group (n = 36, ultrasound-guided PENG
combined with lumbar anesthesia) according to different anesthesia conditions. Circulatory and respiratory indices, including mean
arterial pressure, systolic blood pressure (SBP), diastolic blood pressure (DBP), oxygenation index, and lung function, were compared
between the two groups before and after surgery. Analgesia was evaluated using visual analogue scale (VAS). Cognitive function was
assessed using the Mini-Mental State Examination (MMSE) score, and the incidence of postoperative delirium (POD) was compared
between the two groups. Adverse reactions related to anesthesia were also recorded.

RESULTS: Mean arterial pressure, SBP, and DBP showed no significant differences between the two groups at different perioperative
time points (all p > 0.05). The oxygenation index also remained stable postoperatively, with no statistically significant difference between
groups. At 1, 6, and 24 hours after the operation, the incidence of adverse events in the observation group (2.78%, 8.33%, and 13.89%,
respectively) was lower than in the control group (6%, 14%, and 26%). VAS scores decreased significantly over time, with a significant
time effect (p < 0.001). In addition, a significant time X group interaction was observed (p < 0.001), suggesting a greater reduction
in the observation group. The incidence of postoperative delirium in the observation group showed a lower trend (8.33% vs 14% at 6
hours; 16.67% vs 24% at 24 hours), though the difference was not statistically significant (p > 0.05). The overall incidence of adverse
reactions was significantly lower in the observation group (13.89%) compared with the control group (26.00%, p < 0.05). There was no
significant difference in the preoperative MMSE scores between the two groups (control group: 27.50 &£ 2.10 points, observation group:
27.80 £ 1.90 points, ¢ = 0.58, p = 0.46). The postoperative MMSE score of the observation group (27.00 & 2.50 points) was significantly
higher than that of the control group (25.20 % 2.99 points,  =3.13, p = 0.01).

CONCLUSIONS: Ultrasound-guided PENG combined with lumbar anesthesia is a safe and effective anesthesia method for elderly
patients undergoing hip arthroplasty, providing better analgesia, preserving cognitive function, and reducing adverse reactions.
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For elderly patients, anesthesia management faces unique
challenges, including age-related physiological decline, in-
creased sensitivity to anesthetics, and a higher risk of peri-
operative complications such as delirium and cardiovascu-
lar instability [3,4]. Globally, the incidence of hip fractures
in the elderly is increasing at a rate of 1%-3% per year,
which not only causes significant pain for patients but also

Introduction

With the acceleration of population aging, the incidence of
hip diseases in the elderly is increasing year by year. Epi-
demiological study shows that the prevalence of hip frac-

ture, hip osteoarthritis, and other related conditions is high
in the elderly population [1]. Recent data indicate that
the global incidence of hip fractures among adults over 65
years has reached 215 per 100,000 person-years, with a pro-
jected 240% increase by 2050 due to population aging [2].
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places a heavy burden on health care systems [5]. Treat-
ment options for elderly patients with hip diseases are di-
verse, including both conservative and surgical approaches.
Conservative treatment often fails to achieve the ideal re-
covery effect, whereas surgical treatment can effectively
improve joint function but carries higher risks due to age-
related declines in physiological and physical reserve func-
tion [6]. Among various factors, the choice of anesthe-
sia during the operation is particularly critical. Traditional
anesthesia methods may significantly affect circulatory and
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respiratory function, while also being associated with poor
postoperative analgesia and an increased risk of postoper-
ative cognitive dysfunction [7]. Ultrasound-guided peri-
capsular nerve group block (PENG) combined with lum-
bar anesthesia has unique advantages in anesthesia man-
agement for elderly hip surgery patients. Ultrasound guid-
ance can improve the accuracy of nerve blocks, allowing
the PENG to more precisely target the relevant nerves while
minimizing injury to surrounding tissues [8]. Moreover,
combining it with lumbar anesthesia can reduce the dose re-
quired for each technique while maintaining adequate anes-
thesia effect, thereby decreasing the adverse effects of anes-
thetic drugs on circulatory and respiratory systems [9]. This
combined technique also provides more effective postoper-
ative analgesia, reduces pain, and promotes postoperative
rehabilitation. In addition, compared with traditional anes-
thesia, it has less impact on postoperative cognitive func-
tion, helping lower the incidence of postoperative cognitive
dysfunction and improving the quality of life of elderly hip
surgery patients [10].

Traditional general anesthesia suppresses the central ner-
vous system, leading to circulatory effects (vasodilation,
reduced cardiac contractility, hypotension) and respira-
tory depression (decreased tidal volume, impaired gas ex-
change) in elderly patients. These effects are more pro-
nounced due to age-related physiological decline, increas-
ing the risk of perioperative complications.

However, few studies have examined the application of
ultrasound-guided PENG combined with lumbar anesthesia
in elderly patients undergoing hip surgery. Based on this,
the present study selected elderly patients undergoing hip
replacement as the study population to analyze the clinical
value of ultrasound-guided PENG combined with lumbar
anesthesia.

Methods
General Information

The study population was retrospectively selected from pa-
tients who underwent hip arthroplasty at The First People’s
Hospital of Xiaoshan District, Hangzhou, between June
2022 and June 2024. Patients were assigned to the con-
trol group (n = 50; general anesthesia) or the observation
group (n = 36; ultrasound-guided PENG combined with
lumbar anesthesia) based on the anesthesia method used
during surgery (nonrandomized). The choice of anesthesia
was determined by the anesthesiologist’s clinical judgment,
considering factors such as patient comorbidities (e.g., se-
vere cardiopulmonary disease potentially precluding re-
gional anesthesia) and surgical complexity.

Inclusion criteria: (1) patients scheduled for hip arthro-
plasty; (2) stable vital signs; (3) absence of other malignant
diseases; (4) voluntary participation in the study, with in-
formed consent from patients and their families. Exclusion
criteria: (1) severe hepatic or renal dysfunction; (2) cogni-
tive or behavioral impairment precluding normal commu-

nication; (3) history of drug allergy; (4) multiple systemic
fractures; (5) inability to complete study follow-up.

This study has been approved by the Ethics Review Com-
mittee of The First People’s Hospital of Xiaoshan District,
Hangzhou (Approval No. 2024-136) and strictly adheres to
the Declaration of Helsinki.

The detailed study design and patient grouping process are
shown in Fig. 1.

Study Methods

Control group: patients in this group received general anes-
thesia, and the specific operative steps were as follows:
(1) preoperative preparation: a comprehensive preopera-
tive evaluation was performed, including assessment of
physical condition, cardiopulmonary function, and labora-
tory tests. Patients were informed of the risks and pre-
cautions associated with general anesthesia, and written in-
formed consent was obtained. After the patient entered
the operating room, intravenous access was established
and electrocardiographic (ECG) monitoring was initiated
to monitor vital signs. (2) Anesthesia induction: anesthe-
sia induction was performed with sufentanil, etomidate, and
cisatracurium to achieve adequate anesthesia and muscle
relaxation. After loss of consciousness and adequate mus-
cle relaxation, endotracheal intubation was performed and
the patients were connected to an anesthesia machine for
mechanical ventilation. (3) Anesthesia maintenance: anes-
thesia was maintained with continuous infusion of propofol
and remifentanil, with doses adjusted according to surgi-
cal requirements and hemodynamic parameters. The dose
of anesthetic drugs was adjusted according to the opera-
tion need and changes in the patient’s vital signs. Blood
pressure, heart rate, respiration rate, oxygen saturation, and
other parameters were closely monitored, and any intraop-
erative abnormalities were managed promptly. (4) Postop-
erative treatment: after the operation, the infusion of anes-
thetic drugs was stopped, and endotracheal intubation was
removed after recovery of spontaneous breathing and con-
sciousness. Patients were transferred to the post-anesthesia
care unit for observation and were returned to the ward after
the vital signs were stable.

Observation group: patients receiving ultrasound-guided
PENG combined with spinal anesthesia underwent the fol-
lowing specific operation steps: (1) preoperative prepara-
tion: preoperative preparation was carried out simultane-
ously with the control group, including preoperative assess-
ment, signing informed consent forms, establishing intra-
venous access, and connecting monitoring equipment. (2)
PENG operation: the PENG was performed in the supine
position under ultrasound guidance. Using the iliopubic
eminence (IPE) as the core ultrasound marker, the fascia
space deep to the iliopsoas muscle was identified. Un-
der real-time ultrasound guidance, the puncture needle was
advanced into this gap, and after confirming the correct
needle-tip position, a total of 20-30 mL of 0.5% ropivacaine
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Patients who underwent hip replacement surgery at The
First People's Hospital of Xiaoshan District, Hangzhou
from June 2022 to June 2024

.

Meet the inclusion and
exclusion criteria

:

Grouped according to the anesthesia
method used during the surgery

control group (n=150)

general anesthesia

observation group (n =
36)

Ultrasound-guided PENG block
combined with lumbar anesthesia

Fig. 1. Study design and group flow chart. PENG, pericapsular nerve group block.

(within the recommended safe dosage range) was slowly in-
jected. The diffusion of local anesthetic in the subiliopsoas
space was closely observed to ensure adequate coverage
of the articular branches innervating the hip joint, so as to
achieve an effective blocking effect. (3) Spinal anesthesia
operation: the patient was placed in a lateral position, with
the back perpendicular to the bed surface, the head tilted
towards the chest, and the legs bent towards the abdomen
as much as possible. An appropriate lumbar intervertebral
space (usually L3-L4 or L2-L3) was selected, and dural
puncture was performed under strict aseptic conditions us-
ing a spinal anesthesia needle. When the needle penetrates
the dura mater, a sensation of puncture and breakthrough
will be felt. At this point, pulling out the needle core and
observing the outflow of cerebrospinal fluid indicates a suc-
cessful puncture. The dose of local anesthetic was adjusted
according to patient’s height and clinical response. Typi-
cally, 1.5-2.5 mL of 0.5% ropivacaine was administered.
After removal of the spinal anesthesia needle, the patient
was assisted into a supine position for 15-20 minutes, and
the sensory block height was controlled to remain below
the T10 dermatome by adjusting the body position. (4) In-
traoperative monitoring and management: vital signs, level
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of anesthesia, and quality of the block were continuously
monitored, and sedatives were administered as required ac-
cording to the surgery and patient condition. Intraoperative
complications, such as hypotension or bradycardia, were
managed promptly. (5) Postoperative management: the pa-
tient’s recovery was closely observed after surgery. Once
vital signs were stable, the patient was transferred back to
the ward. The PENG procedure under ultrasound guidance
is illustrated in Fig. 2.

All patients underwent either total hip arthroplasty (THA)
or hemiarthroplasty (HA). The distribution of surgical types
was balanced between groups.

Observed Indicators

(1) Hemodynamic and respiratory parameters: the mean
arterial pressure, systolic blood pressure (SBP), diastolic
blood pressure (DBP) and oxygenation index were com-
pared between the two groups before and after treatment.
(2) Analgesia: the visual analogue scale (VAS) score was
used to evaluate the degree of pain at 1 h, 6 h and 24 h
after surgery, with a total score ranging from 0 to 10 points.
Higher scores indicated greater pain intensity.
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Table 1. Comparison of the two groups of general data.

Variable Control group (n=50)  Observation group (n = 36) t/x? P
Gender (male/female) 26/24 20/16 0.11 0.74
Operation time (minutes) 115.63 £+ 10.59 112.68 £+ 10.27 1.29  0.20
BMI (kg/m?) 22.56 + 1.85 22.78 + 1.63 -0.57 0.57
Age (years) 67.56 + 3.44 68.17 £ 3.52 -0.80 0.43
Fracture types, n (%) 0.23 0.64
Between the medial trochanters of the femur 28 (56.00) 22 (61.11)
Femoral neck 22 (44.00) 14 (38.89)
Causes of injury, n (%) 0.07 097
Fall 25 (50.00) 19 (52.78)
Traffic accident 15 (30.00) 10 (27.78)
Others 10 (20.00) 7(19.44)
Fractured side (left/right) 26/24 19/17 0.01 0.94
Complications, n (%) 0.13 0.99
Hypertension 18 (36.00) 13 (36.11)
Diabetes 12 (24.00) 8(22.22)
Cardiovascular diseases 9 (18.00) 6 (16.67)
There are no complications 11 (22.00) 9 (25.00)
Surgical type, n (%) 0.00 0.98
Total hip arthroplasty (THA) 29 (58.00) 21 (58.33)
Hemiarthroplasty (HA) 21 (42.00) 15 (41.67)

BMI, body mass index.

Fig. 2. Ultrasound-guided PENG procedure.

(3) Postoperative cognitive function: the Mini-Mental State
Examination (MMSE) was used to evaluate postoperative
cognitive function. Higher scores indicated better cogni-
tive performance. The incidence of postoperative delirium

(POD) was recorded in both groups. The MMSE was as-
sessed preoperatively and 24 h postoperatively, while POD
was monitored at 6 h and 24 h postoperatively.

(4) Adverse reaction: the occurrence of adverse reactions
such as nausea, vomiting, hypotension, and hypoxemia af-
ter surgery was compared and recorded between the two
groups. Adverse reactions were recorded at 1 h, 6 h, and 24
h after surgery, and the overall incidence of adverse reac-
tions was statistically analyzed. The overall incidence was
defined as the occurrence of at least one adverse event dur-
ing the 24-hour postoperative period.

All assessments (VAS score, MMSE score, and adverse re-
action recording) were performed by trained assessors who
were blinded to the patients’ anesthesia group allocation to
minimize bias.

Statistical Methods

Data were analyzed using SPSS 26.0 (IBM SPSS statistics,
Armonk, NY, USA) statistical software. Measurement data
were expressed as (T + s), and count data were expressed
as [n (%)]. The Shapiro-Wilk test was used to assess the
normality of continuous variables. Intergroup comparisons
of normally distributed data were performed using the inde-
pendent samples ¢-test, while intragroup comparisons were
analyzed using the paired samples 7-test. Non-normally
distributed data were analyzed using the Mann-Whitney U
test. Repeated measurement data were analyzed by analy-
sis of variance (ANOVA) with a sphericity test. The 2 test
was used for comparison of categorical variables between
groups. A significance level of o = 0.05, and p < 0.05 was
considered statistically significant.
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Table 2. Changes in mean arterial pressure, heart rate, SBP, DBP, and oxygenation index at different time points in the two

groups.
Indicator Group After entering the ~ One hour after the The operation ~ When returning ~ F/¢ p
operating room operation began is over to the ward

. Control group 88.31 £3.75 94.97 + 3.08 91.27 £3.15 89.19 £ 3.58

Mean arterial pressure (mmHg) . 1.82 0.15
Observation group 87.18 £ 3.85 89.07 £ 3.89 90.53 £+ 3.51 90.74 + 3.46
. Control group 67.58 £ 4.16 68.33 + 3.87 69.73 +3.94 72.46 +4.11

Heart rate (beats per minute) . 2.01 0.12
Observation group 67.29 +4.58 69.38 +4.28 69.79 +£3.91 70.66 + 4.16
Control group 138.55 +8.19 149.63 + 7.55 142.63 + 6.25 141.52 +5.79

SBP (mmHg) ] 236 0.08
Observation group ~ 138.37 4= 8.23 141.31 £ 8.25 142.63 £+ 5.81 140.56 £ 6.92
Control group 82.29 +5.28 85.27 +4.18 84.73 +4.35 82.52 +4.28

DBP (mmHg) . 1.56 0.20
Observation group 81.09 + 4.81 82.37 +4.39 83.73 +£4.23 84.96 £+ 4.35

435.68 + 27.81
438.78 + 25.44

L Control group
Oxygenation index (mmHg) .
Observation group

431.56 +25.78
426.33 + 25.51

425.60 + 25.11
421.89 +24.93

413.46 +24.16
418.78 +23.86

2.11 0.11

Note: SBP, systolic blood pressure; DBP, diastolic blood pressure.

Results

Comparison of General Data Between the Control Group
and the Observation Group

There were no statistically significant differences in gen-
eral data such as age, sex, or cause of fracture between the
control group and the observation group (all p > 0.05), as
shown in Table 1.

Changes in Mean Arterial Pressure, Heart Rate, SBP,
DBP, and Oxygenation Index at Different Time Points in
the Two Groups

Both groups showed similar trends in mean arterial pres-
sure, heart rate, systolic blood pressure, diastolic blood
pressure, and oxygenation index at different perioperative
time points. The fluctuations in hemodynamic parameters
were relatively small throughout the perioperative period.
Repeated-measures ANOVA demonstrated no statistically
significant differences between the two groups at any time
point for mean arterial pressure (F = 1.82, p = 0.15), heart
rate (F =2.01, p = 0.12), systolic blood pressure (F = 2.36,
p = 0.08), diastolic blood pressure (F = 1.56, p = 0.20), or
oxygenation index (F=2.11, p=0.11), as shown in Table 2.

Comparison of Analgesia Score Between the Control and
the Observation Groups

Repeated-measures ANOVA showed VAS scores decreased
progressively over time, with a significant time effect (p
< 0.001). In addition, a significant time X group interac-
tion was observed (p < 0.001), indicating different temporal
trends between the two groups (Table 3).

Comparison of Postoperative Cognitive Function Scores
and Number of Delirium Cases Between the Control
Group and the Observation Group

There was no significant difference in MMSE scores be-
tween the two groups before the operation (p > 0.05). The
MMSE score of the observation group was significantly
higher than that in the control group after the operation (p
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Table 3. Comparison of the VAS scores at different times
between the two groups.

Group Time point VAS (component)
1 h after surgery 3.94 £0.55
Control group (n = 50) 6 h after surgery 2.88 £0.33
24 h after surgery 1.98 + 0.38
1 h after surgery 3.97 £ 0.51
Observation group (n = 36) 6 h after surgery 2.17 £ 0.45
24 h after surgery 1.58 £ 0.50
F'time point 16.34
Ptime point <0.001
Ftime point x group 22.54
Ptime point X group <0.001

Note: VAS, visual analogue scale.

< 0.05). Six hours after the operation, delirium occurred in
7 cases (14.00%) in the control group and 3 cases (8.33%)
in the observation group. Twenty-four hours after the op-
eration, delirium occurred in 12 cases (24.00%) in the con-
trol group and 6 cases (16.67%) in the observation group.
The incidence of postoperative delirium in the observation
group showed a relatively lower trend. However, statistical
analysis revealed no significant difference in the incidence
of delirium between the two groups at 6 hours (p =0.28) and
24 hours (p = 0.31) after the operation, as shown in Table 4.

Comparison of the Incidence of Adverse Reactions
Between the Control Group and the Observation Group
The incidence of adverse reactions at different time points
after the operation was as follows: 1 hour after the opera-
tion, 1 case (2.78%) occurred in the observation group and
3 cases (6.00%) occurred in the control group. Six hours
after the operation, 3 cases (8.33%) occurred in the obser-
vation group and 7 cases (14.00%) occurred in the control
group. At 24 hours after the operation, 5 cases (13.89%)
occurred in the observation group and 13 cases (26.00%)
occurred in the control group. In the observation group, 1
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Table 4. Comparison of postoperative cognitive function scores and number of delirium cases between the control group and
the observation group.

Comparison project

Control group (n = 50)

Observation group (n=36)  #/x2 P

Preoperative MMSE score (points) 27.50 £2.10 27.80 £ 1.90 0.58 0.46
Postoperative MMSE score (points) 2520 £2.99 27.00 £ 2.50 3.13  0.01
The incidence of POD 6 hours after the operation 7 (14.00) 3(8.33) 0.87 035
The incidence of POD 24 hours after the operation 12 (24.00) 6 (16.67) 0.68 041

Note: MMSE, Mini-Mental State Examination; POD, postoperative delirium.

Table 5. Incidence of adverse reactions at different postoperative time points.

Group n 1 hour after the operation 6 hour after the operation 24 hour after the operation
Control group 50 3 (6.00%) 7 (14.00%) 13 (26.00%)
Observation group 36 1 (2.78%) 3 (8.33%) 5(13.89%)

Table 6. Distribution of adverse reaction types within 24 hours after surgery.

Group n NandV Hypotension Hypoxemia Total incidence
Control group 50 4 4 13 (26.00%)
Observation group 36 1 2 5(13.89%)
x2 431

p 0.04

Note: N and V, nausea and vomiting.

patient experienced nausea and vomiting, 2 had hypoten-
sion, and 2 developed hypoxemia. In the control group, 4
patients had nausea and vomiting, 5 had hypotension, and
4 had hypoxemia (p < 0.05) (Tables 5,6).

Discussion

With population aging, the number of elderly patients with
hip diseases is increasing, and hip replacement has become
a common treatment [11]. Anesthesia plays a crucial role
in surgery for elderly hip patients. Because the physical
functions of elderly patients are relatively weak and their
pain tolerance is low, effective anesthesia ensures a pain-
less state during surgery and reduces patients’ pain and fear
[12]. In addition, anesthesia relaxes the patients’ muscles
and facilitates surgical manipulation. Hip replacement re-
quires precise handling of the hip joint, and muscle relax-
ation provides surgeons with a clear field of vision and ad-
equate operating space, thereby improving surgical success
rates [13]. Moreover, anesthesia helps inhibit the stress re-
sponse of patients. Surgery is a significant stressor that trig-
gers physiological responses such as increased blood pres-
sure and heart rate. Anesthesia effectively inhibits these
responses and maintains the stable vital signs [14]. Elderly
hip patients often have various comorbidities, such as car-
diovascular and respiratory diseases, which reduce their tol-
erance to anesthesia. General anesthesia may have a greater
impact on the circulatory and respiratory systems, increas-
ing the risk of surgery [15]. Ultrasound-guided PENG com-
bined with lumbar anesthesia can reduce the use of general
anesthetics and minimize their adverse effects on circula-
tion and respiration. This technique injects local anesthet-

ics into the nerve space around the hip joint, blocking pain
signal transmission with minimal impact on the whole body
[16]. Lumbar anesthesia provides effective regional anes-
thesia, and the combination of both methods offers safer and
more efficient anesthesia for elderly patients. Furthermore,
elderly patients are prone to postoperative complications
such as cognitive dysfunction, and appropriate anesthesia
techniques can reduce their incidence. Ultrasound-guided
PENG combined with lumbar anesthesia effectively allevi-
ates pain, reduces stress and inflammatory responses, and
helps preserve patients’ cognitive function [17].

General anesthetics usually inhibit the central nervous sys-
tem, including cardiovascular and respiratory centers. They
can cause vascular dilation and lower peripheral resistance
by affecting the balance between sympathetic and parasym-
pathetic nervous systems, leading to a decrease in blood
pressure [18]. At the same time, inhibition of cardiac au-
tomaticity, conductivity, and contractile force may alter the
heart rate. In addition, inhibition of the respiratory center
by general anesthetics slows the respiratory rate, reduces
the tidal volume, and thereby impairs pulmonary ventila-
tion function. In the observation group, ultrasound-guided
PENG combined with lumbar anesthesia was used, pro-
ducing fewer effects on the circulatory and respiratory sys-
tems. The mechanisms are as follows: the PENG involves
the accurate injection of local anesthetics into the specific
nerve space around the hip joint under ultrasound guidance.
This mainly blocks sensory nerve conduction around the hip
joint and reduces the transmission of surgical pain stimuli
to the central nervous system. When the pain stimulation is
reduced, the body’s stress response also lessens, preventing
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sympathetic excitation caused by pain stress and helping
maintain stable blood pressure and heart rate. In the res-
piratory system, because PENG mainly acts on peripheral
nerves, it has no direct inhibitory effect on the respiratory
center [19]. Lumbar anesthesia involves the injection of lo-
cal anesthetics into the subarachnoid space, mainly acting at
the spinal cord level. Its effect on the sympathetic nerve is
relatively limited, so it does not inhibit the cardiovascular or
respiratory systems as general anesthesia does. Moreover,
lumbar anesthesia does not cause significant muscle relax-
ation, which has little impact on the movement of thoracic
and diaphragm, and helps to maintain normal pulmonary
ventilation. Therefore, the circulatory and respiratory pa-
rameters of the observation group remain relatively stable
[20].

The main reason for the higher postoperative VAS score in
the control group is that the general anesthesia is mainly
achieved by inhibiting the central nervous system, and the
local pain control at the surgical site is relatively weak.
When the effect of general anesthesia subsides, the pain
signal caused by surgical trauma will be strongly transmit-
ted to the central nervous system, resulting in obvious pain
sensation [21]. In addition, under general anesthesia, the
pain during the operation, and the sudden appearance of
postoperative pain will make the patient feel more intense
discomfort. The mechanism of the low VAS score after
ultrasound-guided PENG combined with lumbar anesthe-
sia in the observation group is that PENG directly acts on
the sensory nerve around the hip joint, blocking the con-
duction of pain signal from the source, and greatly reduc-
ing the pain feeling at the surgical site. Waist anesthesia
can also reduce the pain at the surgical site to some extent,
and it can synergize with PENG to provide a more perfect
postoperative analgesic effect. Over time, the inflamma-
tory response caused by the surgical trauma gradually de-
creases, and pain is gradually relieved. However, because
the observation group had effective pain control from the
beginning, VAS scores at 6 h and 24 h after surgery were
lower than those in the control group. The observed differ-
ences in VAS scores, MMSE scores, and adverse reaction
rates have meaningful clinical implications. A reduction in
VAS score (e.g., 6 hours after the operation, the value for
the control group was 2.88, while for the observation group
it dropped to 2.17, a decrease of 0.71 units) is clinically rel-
evant because it correlates with improved patient comfort,
enhanced participation in early mobilization, and reduced
risk of opioid-related complications, all of which acceler-
ate postoperative recovery [22]. For MMSE scores, the
higher postoperative values in the observation group (27.00
vs 25.20) suggest better preservation of cognitive function,
which is critical for elderly patients to adhere to rehabilita-
tion protocols and maintain independence [23]. Our find-
ings align with a recent study showing that regional anes-
thesia techniques, including PENG, offer superior analge-
sia and fewer adverse effects compared to general anesthe-
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sia in elderly hip surgery patients [24]. However, unlike
Martinez Martin et al. [25], who focused solely on anal-
gesic outcomes, our study further demonstrates preserva-
tion of cognitive function with the combined PENG-lumbar
anesthesia approach. This unique contribution emphasizes
the multimodal benefits of this anesthesia strategy beyond
pain control.

This study also found that although the incidence of post-
operative delirium in the observation group was lower than
that in the control group (8.33% vs 14.00% at 6 h and
16.67% vs 24.00% at 24 h after surgery), the difference
was not statistically significant (p > 0.05). This finding
suggests that the combined anesthesia regimen may have
potential advantages in reducing the incidence of delirium.
However, larger sample size studies are needed for further
verification. The reasons are as follows: general anesthesia
provides weak local pain control; as its effect subsides, sur-
gical trauma-induced pain signals are strongly transmitted,
leading to higher VAS scores. Ultrasound-guided PENG di-
rectly blocks hip joint sensory nerve conduction, while lum-
bar anesthesia synergistically enhances analgesia, resulting
in sustained lower pain scores [26,27].

Finally, this study found that the incidence of adverse reac-
tions in the observation group was significantly lower than
that in the control group. The higher incidence of adverse
reactions under general anesthesia in the control group is
mainly due to the extensive inhibitory effect of general
anesthesia drugs on the cardiovascular and respiratory sys-
tems. As mentioned earlier, general anesthesia can cause
decreased blood pressure, altered heart rate, and respira-
tory depression, thereby increasing the risk of hypotension
and hypoxemia. In addition, general anesthetics may cause
gastrointestinal reactions such as nausea and vomiting, as
they can impair the peristalsis and secretion functions of
the gastrointestinal tract and affect the central nervous sys-
tem regulation of the gastrointestinal tract [28]. The lower
incidence of adverse reactions of PENG under ultrasound
guidance combined with lumbar anesthesia in the observa-
tion group may be attributed to the reduced use of general
anesthetic agents, thus reducing the adverse effects on the
cardiovascular and respiratory systems. The PENG mainly
acts on the peripheral nerves, has minimal systemic effects,
and generally does not cause obvious adverse reactions. Al-
though Iumbar anesthesia may induce complications such
as hypotension, the incidence is relatively low compared
with general anesthesia. Furthermore, effective pain con-
trol can reduce the occurrence of gastrointestinal adverse
reactions, such as nausea and vomiting, since pain-induced
stress can cause gastrointestinal spasm and increased se-
cretion. Adequate analgesia alleviates these symptoms and
thereby reduces the incidence of adverse reactions [29,30].

Notably, this retrospective study did not involve random-
ization of patients into anesthesia groups in the origi-
nal dataset. The assignment of general anesthesia versus
ultrasound-guided PENG combined with lumbar anesthesia
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was based on clinical decisions at the time of surgery, which
may have introduced confounding factors (e.g., patient-
specific comorbidities influencing anesthesia selection) and
affected the validity of group comparisons.

Conclusions

This study indicates that ultrasound-guided PENG com-
bined with spinal anesthesia offers significant advantages
over general anesthesia in elderly patients undergoing hip
replacement surgery. This combined anesthesia protocol
better maintains circulatory and respiratory stability, pro-
vides superior postoperative analgesic effects, has less im-
pact on cognitive function, and results in a lower incidence
of adverse reactions. This study provides a strong basis for
optimizing anesthesia strategies in elderly patients with hip
disease, thereby improving the safety of surgery and post-
operative outcomes.

However, this study has several limitations that should be
considered. First, it is a retrospective analysis, and ran-
dom grouping was not applied. The selection of anesthesia
methods depended on clinical decisions, which may have
been affected by patients’ comorbidities (such as severe car-
diopulmonary diseases), introducing selection bias. Sec-
ond, the sample size is relatively small (n = 86), which
may limit the statistical power and generalizability of the re-
sults. Third, as with many retrospective studies, incomplete
or inconsistent clinical records may have introduced infor-
mation bias. Fourth, the analysis process did not include
multivariate adjustments (for example, accounting for co-
morbidity severity or operation duration stratification), and
potential confounding factors could not be fully controlled.
Finally, no subgroup analyses were conducted based on key
patient characteristics (age stratification, fracture type, or
sex), making it difficult to determine potential differences
in benefits among subgroups. Additionally, the follow-up
period was limited to 24 hours after the operation, and data
on continuous cognitive function, pain status, and long-
term prognosis were lacking.

Future research should include large-scale, prospective ran-
domized controlled trials to verify these findings, imple-
ment long-term follow-up observations (3 to 6 months), ex-
plore the neuroprotective mechanisms of the PENG, and
conduct subgroup analyses to identify the populations most
likely to benefit. Such studies would further strengthen the
clinical evidence supporting this anesthesia protocol.
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