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Abstract

BACKGROUND

With the continuous growth of the modern elderly population, the risk of fracture
increases. Hip fracture is a common type of fracture in older people. Total hip
arthroplasty (THA) has significant advantages in relieving chronic pain and promoting

the recovery of hip joint function.

AIM
To investigate the effect of ulinastatin combined with dexmedetomidine (Dex) on the
incidences of postoperative cognitive dysfunction (POCD) and emergence agitation in

elderly patients who underwent THA.

METHODS

A total of 397 patients who underwent THA from February 2019 to August 2022. We
conducted a three-year retrospective cohort study in Shaanxi Provincial People’s
Hospital. Comprehensive demographic data were obtained from the electronic medical
record system. We collected preoperative, intraoperative, and postoperative data. One
hundred twenty-nine patients who were administered Dex during the operation were
included in the Dex group. One hundred fifty patients who were intravenously injected
with ulinastatin 15 min before anesthesia induction were included in the ulinastatin
group. One hundred eighteen patients who were administered ulinastatin combined
with Dex during the operation were included in the Dex + ulinastatin group. The
patients’ perioperative conditions, postoperative Mini-Mental State Examination

(MMSE) scores, incidence of POCD, and serum inflammatory cytokines were evaluated.

RESULTS
There was a significant difference in the 24 h visual analogue scale score among the
three groups, and the score in the Dex + ulinastatin group was the lowest (P < 0.05).

Compared with those in the Dex and ulinastatin groups, the MMSE scores, incidence of
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POCD, levels of serum inflammatory cytokines and stress response-related indicators,
and observer’s assessment of the alertness/sedation score in the Dex + ulinastatin

group were significantly decreased at 2 and 4 d after the operation (all P < 0.05).

CONCLUSION
Ulinastatin combined with Dex can prevent the occurrence of POCD and emergence

agitation in elderly patients undergoing THA.
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Core Tip: In this study, we found a significant difference in the score of 24 h visual
analogue scale among the three groups, and the score in the dexmedetomidine (Dex)+
ulinastatin group was the lowest. Compared with the Dex and ulinastatin group, the
Mini-Mental State Examination scores, the incidence of postoperative cognitive
dysfunction (POCD), the levels of serum inflammatory cytokines, stress response-
related indicators, and observer’s assessment of the alertness/sedation score of the Dex
+ ulinastatin group were significantly decreased at 2 and 4 d after the operation. We
observed that ulinastatin combined with dexmedetomidine can prevent the occurrence
of POCD and the emergence of agitation in elderly patients undergoing total hip
arthroplasty.

INTRODUCTION
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Older adults are prone to fall because of their slow response and unstable gait. With the
continuous growth of the elderly population, the risk of fracture has increased. Hip
fracture is a common type of fracture in older peoplelll. Traditional conservative
treatment is prone to delay healing and cause muscle atrophy, joint stiffness, and other
problems, seriously affecting the quality of life of elderly patientsi2l. With the
improvement of modern surgical technology, an increasing number of elderly patients
with fractures choose surgical treatment3l. Total hip arthroplasty (THA) has significant
advantages in relieving chronic pain and promoting the recovery of hip joint functionl*l.
However, most elderly patients have chronic diseases, and their tolerance to surgery is
poor, so they are prone to various complications in the perioperative period, such as
postoperative delirium, cognitive dysfunction, and pressure soresl®l. The occurrence of
postoperative complications is closely related to the physical stress response, so
corresponding intervention measures should be taken perioperatively to reduce
postoperative stress reactions and the occurrence of complications in elderly patients.
Dexmedetomidine (Dex) is a specific Q2 adrenoceptor agonist that is effective for
surgical analgesia and sedationl®l. Dex can effectively relief postoperative pain and
reduce the stress reaction in elderly patients undergoing medullary joint replacement(7].
Emerging evidence suggests that intraoperative application of Dex can reduce the risk
of postoperative delirium and cognitive dysfunction!®l. Remarkably, it has been shown
recently that Dex can protect the nervous system by reducing surgical stress and
inflammatory responses!®l. Ulinastatin is a trypsin inhibitor that can effectively inhibit
the decomposition of many enzymes and the release of inflammatory Ectorslml. As
reported previously, ulinastatin reduced neuronal apoptosis by inhibiting inflammatory
factors such as interleukin (IL)-6, IL-8, and tumor necrosis factor (TNF)-a, thus relieving
postoperative cognitive impairment and reducing the incidence of postoperative
cognitive dysfunction (POCD)["'L. However, it is unclear whether the combination of
ulinastatin and Dex can further reduce the incidence of POCD in elderly patients
undergoing THA. Therefore, the aim of the current study is to evaluate the effect of

ulinastatin combined with Dex on the incidences of POCD and emergence agitation. We
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also investigated the observer’s assessment of alertness/sedation (OAA/S) scale scores

of the elderly patients undergoing THA.

MATERIALS AND METHODS

Study design and patients

We conducted a three-year (February 2019 to August 2022) retrospective cohort study in
Shaanxi Provincial People’s Hospital. Comprehensive demographic data were obtained
from the electronic medical record system. The Ethics Committee of the Shaanxi
Provincial People’s Hospital permitted this study, which was carried out according to
the Declaration of Helsinki. We retrospectively reviewed the medical records of patients
who underwent unilateral THA.

The inclusion criteria in this retrospective study were as follows: (1) Patients
undergoing THA under general anesthesia in our hospital; (2) Patients aged 65 to 80
years old; (3) Patients with an American Society of Anesthesiologists (ASA) class I-11I;
and (4) Patients with a body mass index (BMI) 18-25kg/m2. We excluded: (1) Patients
with delirium or those diagnosed with dementia, depression, schizophrenia or epilepsy,
Parkinson’s disease, hypertension, coronary heart disease, diabetes, severe liver and
kidney dysfunction, or hearing impairment in the past; and (2) Patients with severe
hepatorenal dysfunction, severe malnutrition, blood coagulation disorders, and

immune system diseases.

Data collection

Preoperative information of qualified patients, including sex, age, BMI, ASA
classification, mental disease, and cognitive damage, was obtained from the medical
records. Intraoperative statistics were collected from anesthesia records, including
anesthesia and surgery method, operation time, intraoperative data, blood loss volume,
urine volume, and Dex and ulinastatin dosage. Postoperative data, including visual
analogue scale (VAS) scoresl!2l at 24 h after the operation, postoperative stress response

indicators [superoxide dismutase (SOD), malondialdehyde (MDA), Mini-Mental State
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Examination (MMSE) scores, OAA/S scale scores], serum myeloid cells-1 (STREM-1),
TNF-a, and IL-6, were collected. The MMSE scorel'3] included 10 points for orientation,
9 points for language and spatial structure, 5 points for attention and calculation, 3
points for recognition memory, and 3 points for memory, for a total of 30 points. Those
with a score 2 points lower than those before anesthesia were considered to have
cognitive impairment. The VAS score was evaluated by a visual analog scale, with a
total score of 10. The higher the score, the more severe the pain. The OAA/S sedation
scorel'l is divided into five levels: Level 1: The patient is unconscious and does not
respond to gentle tapping on the body but responds to noxious stimuli. Level 2: The
patient’s level of consciousness is vague but consciousness is not wholly lost, and there
is no response when the name is called loudly; Level 3: The level of consciousness is
vague but consciousness is not wholly lost, and there is a response to tapping the body;
Level 4: The patient’s level of consciousness is vague, and there is a response when
calling the name; Level 5: The patient is conscious and can respond to the questions

asked by the nursing staff.

Outcome measures and statistical analysis

By examining the patients” electronic medical records, 576 elderly patients who
underwent THA in our hospital from February 2019 to August 2022 were selected.
Among them, 129 patients who were administered Dex 0.3 pg/kg/h during the
operation were included in the Dex group. One hundred fifty patients who were
intravenously injected with 10000 U/kg ulinastatin 15 min before anesthesia were
included in the ulinastatin group. During the operation, one hundred eighteen patients
who were administered 10000 U/kg ulinastatin (15 min before anesthesia) combined
with Dex 0.3 pg/kg/h were included in the Dex + ulinastatin group. Data were
evaluated by SPSS 22.0 (IBM Corporation). The categorical data are indicated as n (%),
and continuous variables are indicated as the mean + SD. Continuous variables were
compared with one-way ANOVA or the Mann-Whitney U test. Categorical variables

were compared with Fisher’s exact test. P < 0.05 was considered statistically significant.
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RESULTS

Patient inclusion process

The original investigation of our hospital’s electronic medical system showed that 576
patients underwent THA from February 2019 to August 2022. Fifty-eight patients who
were either under age 65 years or over 80 years were disqualified. After excluding 63
patients complicated with severe chronic physical diseases and 58 patients with
incomplete data, 397 patients were eligible for this study. A flowchart describing the

selection of patients included in this retrospective study is shown in Figure 1.

Patient characteristics

The Dex cohort (129 cases) consisted of patients who received Dex during the operation.
The ulinastatin cohort (150 cases) consisted of patients who received ulinastatin 15 min
before anesthesia. In the Dex + ulinastatin group, 118 patients received Dex (during the
operation) combined with ulinastatin (15 min before anesthesia). The descriptive
statistics between the three cohorts were not statistically significant (all P > 0.05, Table
1).

Comparison of perioperative conditions

Table 2 shows no significant difference in operation duration, intraoperative blood loss
volume, operation time, preoperative MMSE scores, infusion volume, total blood loss
volume, or urine volume among the three groups (all P > 0.05). There were significant
differences in VAS scores at 24 h after the operation among the three groups, and the

score was the lowest in the Dex + ulinastatin group (P < 0.05).

Comparison of MMSE scores
Compared with those of the Dex and ulinastatin groups, the MMSE scores of the Dex +
ulinastatin group were significantly decreased at 2 and 4 d after the operation (all P <

0.05, Table 3 and Figure 2A).
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Comparison of the incidence of POCD
Compared with that in the Dex and ulinastatin groups, the incidence of POCD in the

Dex + ulinastatin group significantly decreased at 2 and 4 d after the operation (all P <

0.05, Table 4 and Figure 2B).

Comparison of serum inflammatory cytokines

Compared with those in the Dex and ulinastatin groups, the levels of serum
inflammatory cytokines (sSTREM-1, TNF-a, and IL-6) in the Dex + ulinastatin group
were significantly decreased at 1, 3, and 7 d after the operation (all P < 0.05, Figure 3).

Comparison of stress response-related indicators and OAA/S sedation score on the first
day after the operation
As shown in Table 5, there were significant differences in SOD, MDA, and OAA/S

sedation scores among the three groups on the first day after the operation (all P < 0.05).

DISCUSSION
THA is a standard approach for the surgical treatment of hip paralysis that mainly
involves replacement of the damaged hip joint with an artificial hip!™®l. The efficacy and
safety of THA have improved in recent years. However, patients still have a particular
risk of postoperative complications, mainly due to various stress reactions caused by
bleeding intraoperatively, performing the operation, and making the surgical
incision['®l. Postoperative pain is a common complication after hip arthroplasty, and
pain can cause symptoms such as increased heart rate and high blood pressurel'7l.
Effective analgesic measures should be taken to prevent various complications caused
by postoperative stress reactionsl!8l.

Dex is an a2 receptor agonist with a high affinity for a2 receptors and is often used in
sedation therapy in the intensive care unit and surgery. The drug’s half-life is 6 min

after intravenous injection, excreted in urine after extensive metabolism, and the
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clearance half-life is two hours/!?l. Because the drug is injected through the kidney,
patients with impaired renal function may have more adverse reactions!2l. Therefore,
patients with hepatic and renal dysfunction were excluded from this study. Ulinastatin
is isolated in and excreted through human urine, and widely used because of its broad
spectrum of enzyme inhibition(?!l. Previous studies have shown that ulinastatin can
inhibit the organic inflammatory response and improve learning and memory
dysfunction by reducing the apoptosis of nerve cells, which is beneficial in reducing the
incidence of postoperative cognitive impairment in elderly patients/?2l. Combining two
drugs with the same effect has a synergistic effect. However, the effect of the
combination of Dex and ulinastatin on elderly patients undergoing THA remains
unknown. Therefore, this retrospective cohort study investigated the effect of Dex
combined with ulinastatin on the incidences of POCD and emergence agitation in
elderly patients who underwent THA.

As reported previously, ulinastatin has an excellent anti-inflammatory response,
reduces the level of inflammatory mediators, relieves postoperative pain, and reduces
the postoperative stress response. The clearance rate of the drug in elderly patients is
slower than that in young patients, and because the kidney does not metabolize the
drug, it can be used even if it the patient has impaired renal function(®l. In this study,
we observed that the combination of ulinastatin and Dex could effectively reduce the
stress response and improve the quality of life of patients after the operation. The VAS
scores of the Dex + ulinastatin group were lower than those of the ulinastatin or Dex
group at 24 h after the operation, indicating that the analgesic scheme of ulinastatin
combined with Dex could effectively relieve postoperative pain symptoms in elderly
patients who underwent total joint replacement. Furthermore, emerging evidence
suggests that oxidative stress is closely related to various postoperative
complications?4. The serum MDA level could reflect the body’s oxidation reaction, and
SOD is an oxygen-free radical scavenging enzyme that can improve the body’s
antioxidant capacityl»l. The OAA/S sedation score mainly reflects the sedation of

patients after the operation/?l. In this study, there were significant differences in SOD,
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MDA, and OAA/S sedation scores among the three groups on the first day after the
operation, indicating that preemptive analgesia with ulinastatin combined with Dex
could effectively reduce the postoperative stress response and improve the sedation
effect.

Previous studies have shown that systemic inflammatory response syndrome caused
by surgical trauma, postoperative pain, body stress, and the release of different types of
cytokines play an essential role in the development of perioperative neurocognitive
impairment!?’]. The body’s immune system can be activated by surgical trauma, leading
to a robust inflammatory responsel2l. Therefore, the levels of inflammatory factors in
surgical patients” central nervous system and peripheral tissues increase. At the same
time, surgery can lead to enhanced production of proinflammatory cytokines, such as
plasma IL-6 and IL-1(3, and the degree of increase is related to the decline in cognitive
function?’l. Changes in cerebral oxygenation during THA may cause different degrees
of nerve injury and induce POCDI3l. Therefore, how to reduce the incidence of POCD
in elderly patients undergoing THA and improve their quality of life in their later years
is particularly important. Our results found that compared with those of the Dex and
ulinastatin groups, the MMSE scores of the Dex + ulinastatin group were significantly
decreased at 2 and 4 d after the operation, suggesting that preinjection of Dex and
ulinastatin might play a significant role in preventing POCD and that the combined
infusion is more helpful in preventing the occurrence of early POCD. A prophylactic
combination of Dex and ulinastatin during knee arthroplasty in older adults is
beneficial in reducing the incidence of POCD. The possible mechanism is that Dex
inhibits excessive stress responses, such as inhibiting the concentration of plasma
cortisol and reducing the damage of catecholamines to brain nerves. At the same time,
ulinastatin protects the brain by inhibiting the release of proinflammatory cytokines (IL-
6, IL-8, TNF-a, among others).

This study also has some limitations. At present, multiscale combined evaluation is
recommended for the diagnosis of POCD. This study used the MMSE scale to evaluate

cognitive function, and some postoperative patients with cognitive impairment may not
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have been identified. Therefore, whether there are other mechanisms by which Dex
combined with ulinastatin reduces the incidence of POCD in elderly patients

undergoing THA should be further studied.

CONCLUSION

In summary, ulinastatin combined with Dex can reduce the incidence of POCD in
elderly patients undergoing THA, and the mechanism may be related to the reduction
in plasma levels of sTREMI, IL-6, and TNF-a. In addition, we also observed that
applying ulinastatin combined with Dex can reduce postoperative pain and improve

the postoperative stress response in elderly patients undergoing THA.

ARTICLE HIGHLIGHTS

Research background

Most elderly patients are prone to various complications in the perioperative period,
such as postoperative delirium and cognitive dysfunction. Cognitive dysfunction
seriously affects the postoperative rehabilitation of patients, prolongs hospital stay,
increases the incidence of postoperative complications and mortality, in addition to a
serious decline in personal quality of life, but also increases the burden of the family
and society. Many researchers believe that advanced age and “major surgery” are
important risk factors for cognitive dysfunction in patients undergoing non-cardiac
surgery. Therefore, cognitive dysfunction is an important issue in the medical field at
present, and the study of the occurrence factors, pathogenesis, effective prevention, and

treatment of cognitive dysfunction is an important topic in the field of anesthesiology.

Research motivation

It is unclear whether the combination of ulinastatin and dexmedetomidine (Dex) can
further reduce the incidence of postoperative cognitive dysfunction (POCD) in elderly
patients undergoing total hip arthroplasty (THA). Therefore, the current study aims to

evaluate the effect of ulinastatin combined with Dex on POCD and emergence agitation.
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Therefore, solving these problems could effectively improve the postoperative stress
response and improve the sedation effect for elderly patients undergoing THA. This is
the first study to explore the effect of ulinastatin combined with Dex on POCD and

emergence agitation in elderly patients undergoing THA.

Research objectives

In view of the high incidence of POCD in elderly orthopedic patients, this study will
compare the effects of two anesthetic methods on the early cognitive function of elderly
patients after THA, and explore the related factors, to provide some guidance for the
anesthetic mode and anesthetic management of clinical orthopedic surgery in the
future. The purpose of this study is to provide clinical basis for the selection of

anesthesia in elderly patients undergoing hip arthroplasty.

Research methods

In this study, we collected the postoperative data, including visual analogue scale (VAS)
scores at 24 h after operation, postoperative stress response indicators [superoxide
dismutase (SOD), malondialdehyde (MDA), Mini-Mental State Examination (MMSE)
scores, observer’'s assessment of alertness/sedation (OAA/S) scale], serum myeloid
cells-1 (sTREM-1), tumor necrosis factor-a (TNF-a), and interleukin-6 (IL-6). A total of
129 patients administrated with Dex 0.3 pg/kg/h during the operation were included
in the Dex group. One hundred fifty patients who were intravenously injected 10000
U/kg of ulinastatin 15 min before anesthesia were included in the ulinastatin group.
One hundred eighteen patients who were administrated with 10000 U/kg of ulinastatin
(15 min before anesthesia) combined with Dex 0.3 pg/kg/h during the operation were

included in the Dex + ulinastatin group.

Research results
The findings of this study demonstrated that ulinastatin combined with Dex could

reduce the incidence of POCD in elderly patients undergoing THA, and the mechanism

12 /13




might be associated with the lessening of plasma levels of sSTREMI, IL-6, and TNF- a.
Moreover, the combination of ulinastatin and Dex can reduce postoperative pain and
improve postoperative stress response in elderly patients undergoing THA. Our results
validated that the combination therapy can effectively improve the cognitive function of

nervous system after operation and improved the quality of life for patients.

Research conclusions

This is the first study explored the efficacy of ulinastatin combined with Dex on POCD
and emergence agitation in elderly patients undergoing THA. We collected the
postoperative data, including VAS scores at 24 h after operation, postoperative stress
response indicators (SOD, MDA, MMSE scores, OAA/S scale, sTREM-1, TNF-a), and
IL-6. The results of this study not only demonstrate that combination therapy can
reduce postoperative cognitive impairment, but also find that the mechanism may be

related to the reduction of plasma levels of STREM1, IL-6, and TNF-a.
Research perspectives

In future research, we will focus on the specific mechanisms related to the combined

therapy through in vitro and in vivo experiments.
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