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Abstract: Aims: To explore the effect of postoperative hydrocodone analgesia on inflammatory factors, NSE levels, 
and cognitive function in elderly patients undergoing hip arthroplasty. Methods: A retrospective analysis was con-
ducted on elderly patients undergoing hip arthroplasty from January 2020 to December 2023. Among them, 43 
patients with postoperative hydrocodone analgesia were included in an observation group, and 57 patients without 
postoperative hydrocodone analgesia in a control group. We compared the differences of general clinical data, in-
flammatory factors (CRP, WBC and PCT), NSE levels, and cognitive function. Results: After surgery, the VAS scores 
decreased in both groups compared to before treatment, and the decrease was more significant in the observation 
group than the control group (P < 0.05). The NSE, WBC, CRP, and PCT level in the control group were significantly 
higher than those in the observation group at one day, 3 days, and 7 days after surgery (P < 0.05). Moreover, the 
MMSE score and the serum S100β protein concentration significantly improved in the observation group at one day, 
3 days and 7 days after surgery compared to the control group (P < 0.05). Conclusion: Postoperative hydrocodone 
analgesia can reduce the release of inflammatory factors after elderly hip replacement surgery, alleviating postop-
erative pain, and reducing the incidence of early postoperative cognitive impairment.

Keywords: Postoperative hydrocodone analgesia, inflammatory factors, NSE levels, cognitive function, elderly pa-
tients, hip arthroplasty

Introduction

With the growing issue of population aging, hip 
fractures, avascular necrosis of the femoral 
head, osteoarthritis, and other hip joint condi-
tions have become increasingly prevalent am- 
ong the elderly [1, 2]. These conditions, charac-
terized by high rates of injury and disability, sig-
nificantly impact the physical and mental well-
being of older adults, as well as their overall 
quality of life [3]. Currently, hip joint replace-
ment surgery is the primary treatment for hip 
joint diseases [4]. However, during the proce-
dure, traction injury to the skin and ligaments, 
excision of the joint capsule and femoral head, 
and expansion of the marrow cavity can dam-
age nerve endings. This damage can cause the 
cells to secrete inflammatory factors, leading to 
pain stress, increased neuronal sensitivity, and 

a lowered pain threshold. As a result, patients 
may experience heightened nociceptive pain, 
which can negatively affect the postoperative 
recovery of elderly patients [5].

Research has shown that effective periopera-
tive pain management can mitigate stress, 
reduce inflammatory responses, and prevent 
postoperative cognitive dysfunction, thereby 
improving patient outcomes [6-8]. Currently, 
multimodal analgesia is widely used for pain 
management following hip replacement sur-
gery, offering effective pain relief and reducing 
complications, which helps accelerate postop-
erative recovery. While intravenous analgesia is 
easy to administer, it has limited effectiveness 
in controlling movement-related pain and is 
associated with adverse effects such as post-
operative nausea and vomiting, urinary reten-
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tion, respiratory depression, and sedation. Con- 
versely, epidural analgesia carries risks includ-
ing epidural hematoma, spinal cord nerve dam-
age, and infection. Its clinical application is fur-
ther limited by the routine use of anticoagu- 
lants after hip replacement surgery [9, 10]. 
Therefore, selecting the appropriate postope- 
rative pain management strategy for elderly 
patients undergoing hip replacement surgery is 
particularly crucial.

Hydrocodone hydrochloride is a novel semi- 
synthetic opioid, derived from morphine, acting 
as an agonist of the μ-opioid receptor. When 
administered intravenously, it has an onset 
time of 15 minutes, reaches peak effect within 
15 to 30 minutes, and has a duration of action 
of approximately 2-3 hours. Its analgesic effect 
is about 1/8 to 1/5 that of morphine, but its 
potency is 8 to 10 times greater [11, 12]. 
Hydrocodone hydrochloride is known for its 
rapid onset, strong analgesic effects, inactive 
metabolites, and fewer adverse reactions, ma- 
king it widely used in clinical anesthesia and 
postoperative pain management [13]. However, 
the full extent of its efficacy, potency, and other 
pharmacological properties is not yet com-
pletely understood. There were also significant 
variations in the reported efficacy and side 
effects at different concentrations [14, 15]. 
Currently, research on the use of hydrocodone 
hydrochloride for postoperative pain manage-
ment is limited, as is research on its effects on 
postoperative cognitive function and inflamma-
tory response.

Therefore, this study aims to evaluate the post-
operative analgesic effect of hydrocodone hy- 
drochloride in elderly patients undergoing hip 
arthroplasty. Specifically, we assessed postop-
erative pain relief (Visual Analogue Scale (VAS) 
score), inflammatory response, NSE levels, 
postoperative recovery, postoperative adverse 
reactions, and postoperative cognitive dysfun- 
ction (S100β protein, Mini-Mental State Ex- 
amination (MMSE) score). The findings of this 
study are intended to provide valuable insights 
for the rational and safe clinical application of 
hydrocodone hydrochloride.

Methods and participants

Clinical data

A total of 100 elderly patients who underwent 
hip arthroplasty between January 2020 and 

December 2023 were recruited. Among them, 
43 patients with postoperative hydrocodone 
analgesia were classified as the observation 
group, while 57 patients without were classified 
as the control group.

This study was approved by the Ethics 
Committee of The First Affiliated Hospital of 
Nanchang University, and signed informed con-
sent was obtained from the patients.

Inclusion criteria for the observation group

Patients underwent unilateral hip arthroplasty 
under general anesthesia, were classified as 
ASA I-II, aged 65 to 80 years, experienced pain 
that impacted rest and rehabilitation exercises, 
had a VAS score of more than 4, had normal 
liver and kidney function, and were users of 
hydrocodone.

Inclusion criteria for the control group

Patients underwent unilateral hip arthroplasty 
under general anesthesia, were classified as 
ASA I-II, aged 65 to 80 years, experienced pain 
that affected rest, rehabilitation exercises, and 
other activities, had a VAS score of more than 
4, received sufentanil for pain management, 
and had normal liver and kidney function.

Exclusion criteria

Exclusion criteria included patients allergic to 
hydrocodone; patients with a history of cranio-
cerebral trauma, epilepsy, or cerebrovascular 
disease; patients unable to cooperate with cog-
nitive function evaluations; patients with car-
diopulmonary insufficiency; patients with ma- 
lignant tumors; patients with mental disorders 
affecting cognition; patients who were preg-
nant or breastfeeding; patients with gastroin-
testinal or urinary tract hemorrhage; patients 
unable to complete the MMSE within 30 min-
utes at admission.

Methods

The patients were positioned supine, and a 
16-gauge indwelling needle was used to estab-
lish a venous channel for infusion of compound 
sodium chloride at a rate of 20 ml/kg/h. 
Monitoring included electrocardiogram, non-
invasive blood pressure cuff, pulse oximetry, 
and end-tidal carbon dioxide pressure. All pa- 
tients received total intravenous anesthesia. 



Postoperative hydrocodone analgesia on inflammatory factors

4614 Am J Transl Res 2024;16(9):4612-4622

For induction of anesthesia, patients in the 
control group received an intravenous injec- 
tion of sufentanil (H20054172, Yichang Renfu 
Pharmaceutical Co., Ltd.) at 0.5 μg/kg, while 
those in the observation group received  
hydrocodone (H20046493, Jiangsu Yabang 
Qiangsheng Pharmaceutical Co., Ltd.) at 0.02 
mg/kg. This was followed by intravenous injec-
tions of midazolam (0.05 mg/kg), etomidate 
(0.4 mg/kg), and cisatracurium (0.15 mg/kg). 
Mechanical ventilation with oxygen was in- 
itiated, and anesthesia was maintained with 
propofol (6 mg·kg-1·h-1) and remifentanil (0.6 
μg·kg-1·h-1). Before the end of surgery, both 
groups received an intravenous injection of 
rocuronium (2 mg) for skin closure and were 
connected to a portable infusion pump. The 
control group received an infusion of sufentanil 
(2 μg/kg) combined with normal saline to a 
total volume of 100 mL, while the observation 
group received an infusion of hydrocodone 
(0.02 mg/kg) with normal saline to a total vol-
ume of 100 mL. Both infusions were adminis-
tered at a flow rate of 2 mL/h, with a patient-
controlled dose of 0.5 mL and a lockout interval 
of 15 minutes.

After surgery, patients were returned to the 
ward once fully awake. All patients received  
a postoperative intravenous patient-controlled 
analgesia pump with the same drug dosage 
and flow rate as described above.

Pain was assessed using the VAS [16], where a 
higher VAS score indicates more significant 
pain.

Cognitive function was evaluated using the 
MMSE [17]. The MMSE assesses 7 dimen- 
sions: orientation to time, orientation to place, 
immediate memory, attention and calculation, 
delayed memory, language, and visuospatial 
abilities. A lower MMSE score indicates more 
severe cognitive impairment.

Detection indicators

Using EDTA-K2 anticoagulant vacuum blood 
collection tubes, blood samples (5 mL) were 
drawn from the cubital vein of patients at 4 
time points: before anesthesia, 1 hour after 
surgery, 6 hours after surgery, and 24 hours 
after surgery. The collected samples were 
labeled, and stored in a refrigerator at 4°C. 
Then, they were promptly centrifuged at 4000 

rpm for 10 minutes, and the serum was stored 
at -70°C. Following specimen collection, the 
concentrations of WBC, CRP, PCT, S100β, 
brain-derived neurotrophic factor (BDNF), neu-
rofilament light chain (NFL), and neuron-specif-
ic enolase (NSE) levels in the serum were mea-
sured using ELISA. The detection followed the 
operational procedures of the corresponding 
kits: WBC (Wuhan Yipu Biotechnology Co., Ltd., 
Cat. No. CK-E10083), CRP (Shanghai Guduo 
Biotechnology Co., Ltd., Cat. No. GD-S0135-B), 
PCT (Chuzhou Shinuoda Biological Technolo- 
gy Co., Ltd., Cat. No. SND-H1925), S100B 
(Guangzhou Juyan Biotechnology Co., Ltd., Cat. 
No. ELH-S100B-2), and NSE (Guangzhou Yuwei 
Biotechnology Instrument Co., Ltd., Cat. No. 
GK-E0275H).

Statistical analysis

The experimental data were analyzed using 
SPSS 20.0 statistical software. Quantitative 
data are presented as mean ± standard devia-
tion (

_
x  ± s). For comparisons between groups 

at the same time point, an independent sample 
t-test was used if the data followed a normal 
distribution. If the data did not follow a normal 
distribution, the Wilcoxon rank-sum test was 
employed. Categorical data are presented as 
number (percentage), and group comparisons 
were conducted using the Chi-square test. A 
p-value of < 0.05 was considered statistically 
significant.

Results

The baseline demographic and clinical charac-
teristics are detailed in Table 1. The mean age 
of the control group was 76.23±10.06 years, 
while the observation group had a mean age of 
74.56±9.56 years. There were no significant 
differences between the two groups in terms of 
BMI, gender, occupation, economic income, 
and medical history (P > 0.05). Perioperative 
indicators, including operation time, bleeding 
volume, blood transfusion volume, and hospi-
talization time, were also assessed. The results 
indicated no significant differences between 
the two groups in these perioperative mea-
sures (P > 0.05) (Table 2).

One day before surgery, the VAS score in the 
observation group was 8.1±0.8 points, while in 
the control group, it was 8.0±0.6 points. One, 
three, and seven days after surgery, VAS scores 
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decreased in both groups compared to pre-
treatment, with the observation group showing 

significantly lower scores than the control group 
(P < 0.05) (Figure 1). The NSE levels in both 

Table 1. Comparison of clinical characteristics between the two groups
Control group (n=57) Observation group (n=43) χ2 P

Age 76.23±10.06 74.56±9.56 0.387 0.687
BMI 21.93±2.34 22.46±2.67 1.297 0.227
Gender 0.985 0.354
    Male 25 (43.86%) 23 (53.49%)
    Female 32 (56.14%) 20 (46.51%)
Marital status 1.356 0.756
    Unmarried 4 (7.02%) 1 (2.33%)
    Married 28 (49.12%) 27 (62.79%)
    Divorced 1 (1.75%) 2 (4.65%)
    Widowed 24 (42.11%) 13 (30.23%)
Employment status 2.567 0.267
    Employed 4 (7.02%) 4 (9.30%)
    Retired 28 (49.12%) 27 (62.79%)
    Unemployed 25 (43.86%) 12 (27.91%)
Educational level 2.574 0.274
    Below primary school 25 (43.86%) 20 (46.51%)
    Middle school 31 (54.39%) 21 (48.84%)
    University 1 (1.75%) 2 (4.65%)
Medical expense 5.373 0.078
    Self-funded 17 (29.82%) 10 (23.26%)
    Public expenses 11 (19.30%) 10 (23.26%)
    Medical insurance 29 (50.88%) 23 (53.48%)
Income 0.378 0.847
    < 2000 15 (26.32%) 15 (34.88%)
    2000-10000 24 (42.11%) 21 (48.84%)
    > 10000 18 (31.57%) 7 (16.28%)
Previous surgical history 0.013 0.941
    Yes 5 (8.77%) 6 (13.95%)
    No 52 (91.23%) 37 (86.05%)
Previous hypertension 0.197 0.641
    Yes 11 (19.30%) 11 (25.58%)
    No 46 (80.70%) 32 (74.42%)
Previous heart disease 0.946 0.334
    Yes 5 (8.77%) 3 (6.98%)
    No 52 (91.23%) 40 (93.02%)
Previous diabetes 1.927 0.174
    Yes 6 (10.53%) 4 (9.30%)
    No 51 (89.47%) 39 (90.70%)
Previous tumor history 0.924 0.338
    Yes 1 (1.75%) 2 (4.65%)
    No 56 (98.25%) 41 (95.35%)
Surgical type 1.746 0.187
    Half hip 27 (47.37%) 23 (53.49%)
    Total hip 30 (52.63%) 20 (46.51%)
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groups were significantly elevated one day after 
the operation. Additionally, the NSE level in the 
control group was significantly higher than that 
in the observation group at one day, three days, 
and seven days post-surgery (P < 0.05) (Figure 
2). WBC, CRP, and PCT levels were significantly 
increased one day after the operation in both 
groups. Furthermore, the WBC and CRP levels 
in the control group were significantly higher 

were significantly decreased after surgery, and 
the decreases in the control group more signifi-
cant than those in the observation group at one 
day, three days, and seven days post-surgery (P 
< 0.05) (Figure 5).

Discussion

The results of this study indicate that the obser-
vation group, which used hydrocodone for post-

Table 2. Comparison of perioperative indicators between the two groups
Control group (n=57) Observation group (n=43) t p

Operation time 3.26±0.74 3.25±0.84 0.336 0.746
Intraoperative bleeding volume 564.98±184.67 523.64±223.37 0.997 0.246
Intraoperative blood transfusion volume 0.74±0.97 0.64±1.25 0.387 0.697
Length of hospital stay 7.45±1.87 6.98±1.27 0.287 0.739

Figure 1. Comparison of VAS scores between two groups. ***P < 
0.001, compared to the control group.

Figure 2. Comparison of NSE concentrations between the two groups. 
***P < 0.001, compared to the control group.

than those in the observation group 
at one day and three days post-sur-
gery (P < 0.05) (Figure 3).

The MMSE score was 25.39±2.74 
points in the observation group and 
24.84±3.52 points in the control 
group 1 day before surgery. One day 
after surgery, the MMSE scores of 
both groups improved compared  
to pre-treatment, but the observa-
tion group had significantly higher  
scores than the control group (P < 
0.05) (Table 3). Additionally, the 
serum S100β protein concentration 
was significantly increased in both 
groups one day after the operation. 
The S100β protein levels in the con-
trol group were notably higher than 
those in the observation group at 
one day, three days, and seven days 
post-surgery (P < 0.05) (Figure 4).

A comparison of adverse reactions 
between the observation and con-
trol groups is summarized in Table 
4. The observation group had a 
lower incidence of adverse reac-
tions compared to the control group 
(20.9% vs. 31.6%). The difference in 
the incidence of adverse reactions 
was significant between the groups 
(P=0.011).

The NFL levels were significantly 
increased after surgery, and the 
increases were higher in the control 
group. Additionally, the BDNF levels 
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operative patient-controlled intravenous anal-
gesia, had significantly lower VAS scores com-
pared to the control group. Some scholars have 
suggested that hydrocodone provides effective 
postoperative patient-controlled analgesia with 
fewer adverse reactions in elderly patients 
undergoing hip arthroplasty [18, 19]. In addi-
tion, research has shown that hydrocodone 
offers superior analgesic effects compared to 
sufentanil in orthopedic postoperative care, 
with VAS scores in the hydrocodone group be- 
ing lower than those in the sufentanil group 2 to 
48 hours postoperatively [20]. These findings 
align with the results of this study, demonstrat-
ing that hydrocodone has a better analgesic 
effect following total hip arthroplasty.

Hydrocodone is a highly potent opioid analgesic 
that delivers effective pain relief even at lower 
doses. This is particularly important for elderly 
patients, who may be more sensitive to opioid 
side effects and therefore require lower doses 
for adequate pain management. Additionally, 
hydrocodone has a rapid onset of action, pro-
viding quick pain relief immediately after sur-
gery [21]. This rapid relief is crucial in the post-
operative period when patients may experience 
severe pain. Moreover, hydrocodone offers a 
longer duration of action compared to other 
opioids, ensuring sustained pain relief over an 
extended period [22]. This continuous relief is 
beneficial for elderly patients who may need 
ongoing pain management in the days following 

Figure 3. Comparison of inflammatory indicators 
between the two groups. *P < 0.05, compared 
to the control group. Note: WBC: White Blood 
Cell; CRP: C-reactive protein; PCT: procalcitonin.

Table 3. Comparison of MMSE between two the groups
Group One day before surgery One day after surgery Three days after surgery Seven days after surgery
Control group (n=57) 24.84±3.52 20.52±3.56 24.58±3.37 24.50±3.51
Observation group (n=43) 25.39±2.74 25.42±2.78 25.65±2.47 25.97±2.64
t 0.387 3.497 0.219 0.393
P 0.675 0.012 0.443 0.367
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surgery. Furthermore, hydrocodone is associ-
ated with fewer side effects, such as nausea, 
vomiting, and respiratory depression, compar- 
ed to other opioids. This reduced incidence of 
adverse effects is particularly advantageous 
for elderly patients, who are often more sus-
ceptible to the side effects of opioids.

Our study also revealed that postoperative 
analgesia with hydrocodone effectively reduced 
levels of inflammatory factors such as PCT, 
WBC, and CRP in elderly patients undergoing 
total hip arthroplasty. After total hip replace-
ment surgery, inflammatory factors accumulate 
in the tissues surrounding the hip joint, stimu-
lating chemical receptors and leading to pain 
[23]. Additionally, the release of inflammatory 
cytokines such as IL-1β, IL-6, and IL-8 can 
enhance the sensitivity of the peripheral ner-
vous system to stimuli [24, 25]. When inflam-
matory factors are excessively activated and 
released, they can impact sensory fibers th- 
rough systemic circulation [26]. This disruption 
in the normal physiological function of sensory 
fibers can alter their excitability, affecting the 
intensity and duration of pain experienced by 
nociceptors. Clinically, this often results in 
increased pain perception by the patient. Re- 
search has shown [27, 28] that timely interven-
tions to reduce the release of local pain-induc-
ing substances can alleviate pain. Pain man-
agement with hydrocodone can improve patient 
comfort and mobility, facilitating earlier ambu-

duced inflammatory responses and other con-
tributing factors. These findings suggest that 
postoperative hydrocodone analgesia has a 
positive effect on cognitive function in elderly 
patients undergoing hip arthroplasty and may 
reduce the incidence of postoperative cognitive 
dysfunction. Several factors can influence cog-
nitive changes in elderly patients after surgery, 
including preoperative mental status, psycho-
logical factors, emotional conditions, underly-
ing diseases, anesthesia methods, surgical te- 
chniques, duration of surgery, and intraopera-
tive blood loss [31]. Effective pain management 
with hydrocodone can help mitigate the overall 
stress response to surgery, including inflamma-
tion and pain-induced stress, which are known 
to contribute to cognitive dysfunction [32]. 
Hydrocodone’s sedative properties can pro-
mote relaxation and reduce anxiety, potentially 
minimizing the risk of delirium and cognitive 
impairment postoperatively [33]. Elderly pa- 
tients may require lower doses of hydrocodone 
compared to younger patients due to age-relat-
ed changes in drug metabolism and sensitivity. 
This adjustment can help reduce the risk of 
opioid-related side effects that might contrib-
ute to cognitive dysfunction [34]. Additionally, 
hydrocodone’s ability to modulate the inflam-
matory response associated with surgery can 
further protect cognitive function [35]. By re- 
ducing inflammation, hydrocodone may help 
preserve cognitive function in elderly patients. 
Effective pain management with hydrocodone 

Figure 4. Comparison of serum S100β protein concentration between 
the two groups. *P < 0.05, compared to the control group.

lation and rehabilitation [29]. Early 
mobilization helps prevent compli-
cations such as deep vein thrombo-
sis and pneumonia, which are linked 
to elevated levels of inflammatory 
markers like WBC and CRP. By pro-
moting early mobilization, hydroco-
done indirectly contributes to re- 
ducing these inflammatory markers 
[30].

In this study, there was no signifi-
cant difference in preoperative 
MMSE scores between the observa-
tion and control groups. However, 
24 hours postoperatively, the MMSE 
scores in the observation group 
were significantly higher than those 
in the control group. This improve-
ment may be attributed to more 
effective postoperative analgesia 
with hydrocodone, which likely re- 
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can also facilitate faster recovery and rehabili-
tation, potentially lowering the overall risk of 
cognitive dysfunction by encouraging early 
mobilization and engagement in cognitive 
activities.

Interestingly, we observed a time-dependent 
decrease in postoperative serum BDNF levels 
in the observation group compared to preoper-
ative levels. Several factors may contribute to 
this phenomenon. First, surgical trauma: The 
trauma associated with surgery initiates a 
series of complex physiological and neuroendo-
crine responses. These responses may inte- 
ract with the effects of hydrocodone, collective-
ly influencing the time-dependent changes in 
serum BDNF levels. Second, hydrocodone’s 
effect: As an opioid analgesic, hydrocodone 
may directly or indirectly influence the synthe-
sis, release, or metabolism of BDNF. This could 
be due to its impact on neural signal transduc-

tion pathways or other mechanisms, leading  
to specific temporal changes in BDNF content 
[36]. Third, metabolic state and inflamma- 
tory response: During postoperative recovery, 
changes in the body’s overall metabolic state 
and inflammatory response might also affect 
BDNF dynamics. Future research is needed to 
further investigate and clarify these mecha-
nisms, to better understand the relationship 
between hydrocodone, serum BDNF levels, and 
their potential clinical significance.

However, this study has certain limitations. 
Firstly, the sample size is relatively small, which 
may restrict the statistical power and generaliz-
ability of the findings. Secondly, the use of the 
VAS and MMSE introduces some degree of indi-
vidual variability and subjectivity, which could 
influence the results. Lastly, due to limitations 
in available resources at our hospital, data  
on additional inflammatory markers were not 

Table 4. Comparison of adverse reactions between two the groups
Adverse reactions Control group (n=57) Observation group (n=43) χ2 P
Awakening restlessness 1 4 11.89 0.009
Nausea and vomiting 12 5 10.27 0.015
Skin itching 1 0
Respiratory suppression 1 0
Uroschesis 2 0
Constipation 1 0
Total 18 (31.6%) 9 (20.9%) 10.38 0.011

Figure 5. Comparison of serum BDNF and NFL between the two groups. A: Brain-derived neurotrophic factor (BDNF); 
B: Neurofilament light chain (NFL). *P < 0.05, compared to the control group; **P < 0.01, compared to the control 
group.
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included in the analysis. Future research sh- 
ould address these limitations by increasing 
the sample size and conducting a multicenter, 
prospective study. This will help further explore 
the application value of hydrocodone for post-
operative analgesia in elderly patients undergo-
ing total hip arthroplasty and provide a more 
comprehensive understanding of its efficacy 
and impact.

In summary, postoperative analgesia with 
hydrocodone effectively reduces levels of post-
operative inflammatory factors such as PCT, 
WBC, and CRP, mitigating the body’s inflam- 
matory response. It also lowers the incidence 
of adverse reactions and cognitive dysfunction 
associated with postoperative analgesia. There- 
fore, hydrocodone is a viable option for postop-
erative pain management in elderly patients 
undergoing hip replacement surgery.
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