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Abstract

BACKGROUND

Traumatic brain injury (TBI) imposes a substantial societal and familial burden
due to its high disability and fatality rates, rendering it a serious public health
problem. Some patients with TBI have poor treatment outcomes and are prone to
postoperative delirium (POD), which affects their quality of life. Anxiety has been
linked to increased POD incidence in some studies, while others have found no
correlation.

AIM
To investigate the correlation of POD risk factors, preoperative inflammatory
factors, and mood disorders in patients with TBI.

METHODS

We retrospectively collected data on the treatment of 80 patients with TBI from
November 2021 to September 2023. Patients were grouped as POD and non-POD,
according to their POD status, and the general data of the two groups were
compared. Inflammatory factor levels were detected preoperatively, and the
Hamilton Depression Scale (HAMD) and Hamilton Anxiety Scale (HAMA) were
used to investigate the risk factors associated with POD in these patients. Logistic
regression was used to identify the independent risk factors.

RESULTS

Twenty-one patients (26.25%) developed POD, including 7, 10, and 4 cases of the
excitatory, inhibitory, and mixed types, respectively. There were 59 cases (73.75%)
in the non-POD group. Compared with the non-POD group, the POD group had a
significantly higher proportion of patients with low Glasgow Coma Scale (GCS)
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scores before admission, unilateral mydriasis, preoperative hemorrhagic shock, intraventricular hemorrhage (IVH),
and postoperative hyperglycemic hyperosmolar disease (P < 0.05). In the POD group, interleukin-6 (IL-6), human
tumor necrosis factor-a (TNF-a), myeloperoxidase levels, HAMA, and HAMD scores were higher than those in the
non-POD group (all P < 0.05). Logistic multivariate analysis showed that GCS score at admission, IVH, IL-6, TNF-q,
HAMA, and HAMD were independent risk factors for POD in patients with TBI (P < 0.05).

CONCLUSION
Low GCS score at admission, IVH, elevated IL-6 and TNF-a, other inflammatory indicators, anxiety, and
depression, can increase the risk of POD in patients with TBI after surgery.

Key Words: Inflammatory factors; Mood disorders; Traumatic brain injury; Postoperative delirium; Relevance; Risk factor
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Core Tip: Traumatic brain injury (TBI) is a common form of trauma caused by external violence, resulting in head and brain
injuries. TBI ranks second only to limb injuries in all body regions. It is a complex and severe injury with high disability and
mortality rates, often manifesting symptoms such as disturbed consciousness, neurological dysfunction, and increased
intracranial pressure, posing significant risks to patient safety. This study examines the risk factors for postoperative
delirium (POD) in patients with TBI, aiming to enable early intervention and reduce POD occurrence.
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INTRODUCTION

Traumatic brain injury (TBI), the most prevalent critical neurological condition, has a high mortality and disability rate,
imposing significant burdens on society and families and posing substantial challenges to medical and health
management[1]. Postoperative delirium (POD) is a common complication of TBI, characterized by fluctuations in
consciousness, inattention, and confusion. POD usually occurs 2-5 days after surgery[2]. POD has a high incidence in
patients with TBI, leading to long-term cognitive dysfunction, increased mortality risk, and significant impacts on patient
prognosis[3]. Currently, there is no specific drug for treating POD, emphasizing the importance of early identification of
high-risk patients. The etiology of POD includes various mechanisms, such as neuroinflammation, neurotransmitter
imbalance, changes in biological rhythm, and changes in brain metabolism. Many studies have shown the crucial role of
neuroinflammation in the onset and progression of POD[4-6]. In addition, psychiatric symptoms closely reflect the
metabolism and function of the nervous system, serving as reliable indicators of POD onset and progression. Previous
reports have indicated a significant association between anxiety and increased POD incidence, although some studies
failed to establish a correlation between the two[7,8]. Therefore, this study examined the associated risk factors for POD
in patients with TBI and investigated the correlation between preoperative inflammatory factors, emotional disorders,
and POD in this population to provide a reference for the pathological mechanism and clinical treatment of patients with
TBL

MATERIALS AND METHODS

General information
Eighty patients with TBI treated at Changde Hospital, Xiangya School of Medicine, Central South University (The First
People’s Hospital of Changde City) between November 2021 and September 2023 were included in the study.

Inclusion criteria included: Age > 18 years, a definite history of trauma, and trauma onset within 24 hours before
admission.

Exclusion criteria were: Severe injury to other organs; the presence of hematological diseases, cancer, severe infections,
autoimmune diseases, liver and kidney dysfunction; poor heart, lung, liver, and kidney function; inability to tolerate
surgery or coagulation insufficiency caused by long-term use of antiplatelet or anticoagulant drugs; and death within 3
days after admission.

A postadmission computed tomography scan was required to confirm traumatic intracranial hematoma in all patients.
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Diagnostic criteria for delirium
The patients were assessed by a trained physician using the confusion assessment method, which involves evaluating the
following: (1) Acute changes in mental status; (2) Inattention; (3) Disorganized thinking; and (4) Change in consciousness
level. Delirium is diagnosed if any one of the following conditions is met: (1) and (2), plus (3), or (4)[9]. Delirium can
manifest in three types: Excited type: Increased activity, decreased ability to control activity, restlessness, and wandering;
Inhibitory type: Decreased activity, slowed-down behavior, decreased ability for environmental recognition, reduced
language quantity and speed, fatigue, and decreased arousal or autism; Mixed type: Alternating episodes of excitation
and inhibition.

Assessments began on the first day after the completion of surgery and were performed once daily until the patient's
discharge or death.

Inflammatory factor detection

On the morning after admission, 10 mL of fasting venous blood was collected from each patient after an 8-hour fasting
period and placed in a sodium citrate anticoagulant blood collection tube. After 15 min of centrifugation in a 3000 r/min
centrifuge, the supernatant was collected and stored at -20 °C until testing. Interleukin-6 (IL-6) and tumor necrosis factor-
o (TNF-o) levels in the samples were measured by a radioimmunoassay (ELISA kit), while serum myeloperoxidase
(MPO) levels were measured using an ultraviolet spectrophotometer.

Emotional disorder assessment

The Hamilton Depression Scale (HAMD, 17 items) was used to evaluate depression status and severity in patients with
TBI before surgery. Scores on the scale range from 0-34 points, with a HAMD score > 7 indicating depression[10].
Similarly, the Hamilton Anxiety Scale (HAMA, 14 items) was used to evaluate anxiety levels in patients with TBI. Scores
on this scale range from 0-56 points, with a HAMA score > 7 indicating anxiety[11].

Surgical methods

Surgical procedures were performed based on the location and volume of the hematoma. This involved making a surgical
incision, cutting through the scalp and muscles layer-by-layer, drilling a hole, milling the skull to remove the epidural
hematoma, cutting the dura to remove the subdural hematoma, and extracting the intracerebral hematoma under a
microscope. During surgery, the decision to remove the bone flap was made by the two doctors based on consensus and
the swelling of the brain tissue. For patients treated with decompressive craniectomy, a dural tension-relieving suture
was placed, a drainage tube was inserted, and the muscle scalp was sutured layer-by-layer. Postoperative care included
analgesia, sedation, fluid infusion, intensive care, anti-infection therapy, and rehabilitation.

Observational indicators

(1) General Information: Age, sex, body mass index (BMI), time from trauma to admission, Glasgow Coma Scale (GCS)
score on admission, intracranial pressure on admission, pupil change, preoperative hemorrhagic shock, hematoma
volume, midline shift, preoperative drilling and drainage, ventricular hemorrhage, basal cisterna compression, posto-
perative hyperglycemia, and hyperosmolality; (2) Inflammatory factors: IL-6, TNF-0, and MPO; and (3) Mood disorders:
HAMD and HAMA scores.

Statistical analysis

SPSS 27.0 was used to analyze the data of the study patients. The measurement data were expressed as mean * SD, and
comparisons between the two groups were performed using independent sample t-tests. The rate of count data was
expressed as percentages, and the chi-squared test was used for comparisons between groups. P < 0.05 was considered
statistically significant. Logistic regression analysis was used to analyze the correlation between the study variables, with
OR and 95%CI used to evaluate risk factors.

RESULTS

POD occurrence in patients with TBI

Among the 80 patients, 63 were male and 17 were female. Their ages ranged from 26 to 71 years, with a mean of 48.56 +
8.62 years. A total of 21 patients (26.25%) developed POD, including seven cases of excitatory type, 10 cases of inhibitory
type, and four cases of mixed type, while 59 cases (73.75%) were non-POD (Figure 1).

General data of patients with TBI

The proportion of patients with lower GCS scores before admission, unilateral mydriasis, preoperative hemorrhagic
shock, intraventricular hemorrhage (IVH), postoperative hyperglycemia, and hyperosmolarity was higher in the POD
group compared to the non-POD group (P < 0.05). Age, sex, BMI, time from trauma to admission, intracranial pressure on
admission, pupil changes, hematoma volume, midline shift, and preoperative factors such as drilling and drainage and
compression ring pool differences were not significant between the two groups (P > 0.05; Table 1).
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Table 1 General data of patients with traumatic brain injury, mean % SD/n (%)

Index POD group (n = 21) Non-POD group (n = 59) XAt P value
Age (year) 50.48 + 8.53 47.88 + 8.62 1188  0.239
Sex 0111  0.738
Male 16 (76.19) 47 (79.66)
Female 5(23.81) 12 (20.34)
BMI (kg/m?) 22.08 £2.23 22.50 +£2.76 0.631  0.530
Time from trauma to admission (minutes) 85.10 £15.51 83.39+12.13 0513 0.609
Admission GCS score (score) 7.770  0.005
<3 10 (47.62) 10 (16.95)
>3 11 (52.38) 49 (83.05)
Intracranial pressure at admission (mmHg) 52.95+10.73 49.85+10.73 1139  0.258
Pupil changes 4195  0.041
Single side scattered 7 (33.33) 35 (59.32)
Bilateral scattered 14 (66.67) 24 (40.68)
Prehemorrhagic shock 6.792  0.009
Yes 11 (52.38) 13 (22.03)
No 10 (47.62) 46 (77.97)
Hematoma volume (mL) 55.95 +12.36 53.49 +11.55 0.823 0413
Midline shift 1566  0.211
<10 mm 7 (33.33) 29 (49.15)
210 mm 14 (66.67) 30 (50.85)
Preoperative drilling and drainage 0.007  0.934
Yes 18 (85.71) 52 (88.14)
No 3 (14.29) 7 (11.86)
Ventricular hemorrhage 3.975  0.046
Yes 7 (33.33) 8 (13.56)
No 14 (66.67) 51 (86.44)
Compressed ring pool 0132  0.717
Compressed unilateral ring pool 9 (42.86) 28 (47.46)
Compressed bilateral ring pool 12 (57.14) 31 (52.54)
Postoperative high glucose hyperpermeability 8.366  0.004
Yes 8 (38.10) 6 (10.17)
No 13 (61.90) 53 (89.83)

POD: Postoperative delirium; BMI: Body mass index; GCS: Glasgow Coma Scale.

Preoperative inflammatory factor levels in patients with TBI

The IL-6 score was 21.62 *+ 5.68, the TNF-a score was 65.71 + 14.19, and the MPO score was 132.24 + 17.01 in the POD
group. IL-6, TNF-0, and MPO levels were higher in the POD group compared to the non-POD group (y* = 4.105, 2.948,
and 3.640, respectively, P < 0.05; Table 2).

Scores of anxiety and depression in the two groups

In the POD group, the HAMA score was 7.71 + 2.80, and the HAMD score was 7.57 + 2.34. Twelve patients (57.14%) had a
HAMA score of 7, and 14 patients (66.67%) had a HAMD score of 7. In comparison, the HAMA score for the non-POD
group was 5.86 + 2.91, and the HAMD score was 4.98 + 2.46. Twenty-one patients (35.59%) had a HAMA score of 7, and
13 patients had a HAMD score of 7. Compared to the non-POD group, the POD group had higher preoperative anxiety
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Table 2 Preoperative levels of inflammatory factors in both groups, mean * SD

Index POD group (n = 21) non-POD group (n = 59) tvalue P value
IL-6 21.62 +5.68 16.78 +4.22 4105 <0.05
TNF-a 65.71+14.19 56.19 +12.18 2.948 0.004
MPO 132.24 £17.01 115.19 £ 18.09 3.640 <0.05

POD: Postoperative delirium; IL-6: Interleukin-6; TNF-a: Tumor necrosis factor-o; MPO: Myeloperoxidase.

Non-POD
W Excited delirium
Non-POD, Inhibited delirium, Inhibited delirium
59.74% 10.12% m Mixed delirium
POD,
21.26%

Figure 1 Development of postoperative delirium in patients with traumatic brain injury. POD: Postoperative delirium.

and depression (P < 0.05; Figure 2).

Multivariate Logistic regression analysis

The relevant univariate variables were included in the multivariate logistic regression analysis, and the variable
assignments are presented in Table 3. The optimal cutoff values of IL-6, TNF-a, and MPO were determined to be 17.5,
64.5, and 132.5, respectively. The results indicated that admission GCS score, IVH, IL-6, TNF-a, HAMA, and HAMD were
identified as risk factors for POD in patients with TBI (P < 0.05; Table 4).

DISCUSSION

As economic and transportation infrastructures develop rapidly, the incidence of TBI is increasing annually. TBI is
characterized by severe conditions, rapid progression, and high disability and mortality rates, presenting significant
challenges to neurologists[12]. Therefore, it is necessary to explore the prognostic factors affecting patients with TBI.

Relevant studies have highlighted that patients with TBI are prone to POD, which not only causes neurological
impairment but also increases the risk of other complications, prolongs the length of hospital stay, and leads to adverse
outcomes such as permanent cognitive impairment and death[13,14]. Reports indicate an overall incidence of POD of
23%, consistent with the 26.25% incidence observed in patients with TBI in our study and similar to previous studies[15,
16]. Recent studies have shown that POD is caused by dysregulation of basal neuronal activity secondary to systemic
disorders and is mainly associated with neuroinflammation[17]. Therefore, focusing on inflammatory factors and
responses can help elucidate the risk factors associated with POD in patients with TBI, thereby promoting TBI treatment
and improving patient prognosis.

This study’s results showed that the proportion of patients with a low GCS score before admission, bilateral pupillary
dilation, preoperative hemorrhagic shock, IVH, postoperative hyperglycemia, and hyperosmolarity was higher in the
POD group compared to the non-POD group.

The GCS is the basic tool used to assess consciousness alterations in patients with TBI, with a score of 3-5 points
indicating severe TBI. Patients with severe TBI experience rapid disease progression, severe secondary brain injury,
significant treatment difficulty, high mortality rates, and severe disability rates, leading to traditionally low expectations
for their treatment outcomes. This affects the patient’s family and even impacts the confidence of neurosurgeons[18,19].

During the progression of TBI, changes in the patient’s pupil are often indicative of the evolving condition. In healthy
individuals, the pupil is symmetrical, round, centered, and possesses a smooth edge, with a diameter of approximately
2.5 mm-4.0 mm under diffuse natural light.
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Table 3 Variable assignments

Index Assignment

POD circumstances 1=POD, 0 = non-POD
Admission GCS score 1=<3,0=>3

Pupil changes 1 = Bilateral scattered, 0 = Single side scattered
Prehemorrhagic shock 1=yes,0=no
Ventricular hemorrhage 1=yes,0=no
Postoperative high glucose hyperpermeability 1=yes,0=no

IL-6 1=2175,0=<175
TNF-a 1=26450=<645
MPO 1=21325,0=<1325
HAMA 1=>7,0=<7
HAMD 1=27,0=<7

POD: Postoperative delirium; GCS: Glasgow Coma Scale; IL-6: Interleukin-6; TNF-a: Tumor necrosis factor-o; MPO: Myeloperoxidase; HAMD: Hamilton
Depression Scale; HAMA: Hamilton Anxiety Scale.

Table 4 Multivariate logistic regression analysis

Index B SE Wald x P value OR 95%Cl
Admission GCS score 2.232 1.058 4.453 0.035 9.321 1.172-74.105
Pupil changes 1.060 0.955 1.230 0.267 2.886 0.444-18.770
Prehemorrhagic shock 1.365 1.109 1.516 0.218 3.918 0.446-34.444
Ventricular hemorrhage 2.878 1.151 6.249 0.012 17.777 1.862-169.742
Postoperative high glucose hyperpermeability 1.123 1.366 0.676 0.411 3.075 0.211-44.755
IL-6 2.538 1.104 5.291 0.021 12.659 1.456-110.082
TNF-a 2.344 1.062 4.867 0.027 10.421 1.299-83.616
MPO 0.713 1.108 0.414 0.520 2.039 0.233-17.887
HAMA 2.127 1.020 4.349 0.037 8.394 1.137-61.993
HAMD 2421 1.081 5.011 0.025 11.256 1.352-93.735

GCS: Glasgow Coma Scale; IL-6: Interleukin-6; TNF-a: Tumor necrosis factor-a; MPO: Myeloperoxidase; HAMD: Hamilton Depression Scale; HAMA:

Hamilton Anxiety Scale.

Mydriasis occurs when the iris dilator muscle contracts, causing the pupil to dilate beyond 5 mm in diameter. Bilateral
mydriasis indicates bilateral nerve damage, which is a serious consequence of increased intracranial pressure resulting
from various diseases, such as cerebrovascular disease and encephalitis, leading to poor patient prognosis[20,21].

Patients with TBI are prone to developing hemorrhagic shock. During this state, tissue perfusion decreases, leading to
cellular anaerobic metabolism, elevated lactic acid levels, and metabolic acidosis. If left untreated, this condition can lead
to organ failure or even death[22]. Some studies have pointed out that massive parenchymal hemorrhage or intracranial
hematoma may compress the ventricular system, leading to IVH[23]. IVH is a type of large-scale intracerebral hemo-
rrhage, and is considered to be a dynamic process. The initial hemorrhage may develop immediately after the formation
and expansion of an hematoma, leading to the expansion of edema in the surrounding brain tissue. After hematoma
formation, the ventricles will fill up with blood” instead, which will cause different degrees of damage to the brain tissue
of the patient. IVH will also lead to ischemia of the tissue surrounding the hematoma and cause secondary brain injury.
In addition, IVH itself may aggravate brain tissue damage, further increase the risk of preoperative hemorrhagic shock
and endangering the safety of the patient. The incidence of IVH in patients with traumatic injuries to the brain exceeds
30%, and the mortality rate is as high as 50%[24].

Patients with craniocerebral trauma often experience blood glucose elevation, peaking approximately 12-24 hours after
injury and manifesting as a hyperglycemic hyperosmolar state. The primary mechanisms behind this phenomenon
include nerve stimulation, damage to hormone-secreting structures such as the hypothalamus and pituitary gland, and
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Figure 2 Anxiety and depression scores of the patients in both groups. POD: Postoperative delirium; HAMA: Hamilton depression scale; HAMD:
Hamilton anxiety scale.

the body's stress response, resulting in increased secretion of glucagon, catecholamines, and glucocorticoids. Simultan-
eously, hyperglycemia and hyperosmicity can aggravate nerve damage through lactic acidosis, electrolyte imbalances,
and hyperosmolar coma, leading to a poor patient prognosis[25].

In the multivariate analysis of this study, GCS scores at admission and IVH were identified as risk factors for POD in
patients with TBI. Conversely, the P values of bilateral pupil dilation, preoperative hemorrhagic shock, postoperative
hyperglycemia, and hyperosmolarity were greater than 0.05, which were largely related to insufficient sample size or
sampling bias.

The neuroinflammation theory states that inflammatory mediators can compromise the blood-brain barrier, infiltrate
the central nervous system, and prompt microglia to produce inflammatory factors that induce central neuronal and
synaptic damage, eventually leading to neuroinflammation and POD. This study found that, compared with the non-
POD group, the POD group exhibited higher preoperative levels of IL-6, TNF-a, and MPO. Furthermore, the multivariate
analysis showed that IL-6 and TNF-a were the influencing factors of POD in patients with TBI.

IL-6 is an important cytokine that promotes the production of C-reactive protein and fibrinogen, playing a key role in
inflammatory responses. It is produced in response to infection or inflammation, leading to a rapid elevation in IL-6
Levels in a short time, peaking within 2 hour. This increase is consistent with the severity of inflammation[26,27].
Monocyte macrophages produce TNF-a, which is expressed only in small amounts in the brain tissue of healthy
individuals. While moderate expression of TNF-o has a defensive effect, excessive expression may cause neurotoxicity.
Studies have shown that TNF-a levels increase significantly during trauma and inflammatory response, followed by
swelling and even necrosis of nerve cells in patients[28,29]. MPO is a functional activation marker of neutrophils and
plays a role in the production and regulation of inflammatory responses in the body. Neutrophil infiltration is one of the
main factors in the inflammatory response in patients with craniocerebral injuries. In states of inflammation and oxidative
stress, MPO catalyzes reactions that generate excessive oxidants to protect the body. However, when the body's
antioxidant defense range is exceeded, oxidative stress and tissue damage occurs, aggravating disease progression[30].
IL-6 and TNF-0, much like MPO, exhibit the capacity to promote the secretion of trophic factors by human glial cells to a
certain extent, thereby promoting the repair of nerve tissue. However, overactivation of these factors induces chemokine
release, triggering local inflammatory cascade burst reactions[31]. Therefore, monitoring these inflammatory factors can
effectively evaluate the degree of the inflammatory response in patients.

Studies have found that compared with patients without depression, those with depression are nearly 1.3-9 times more
likely to develop delirium, and a history of depression and the presence of subclinical depression levels are both high-risk
factors for POD[32]. This study also found that the HAMA and HAMD scores and the proportion of patients with anxiety
and depression in the POD group were higher than those in the Non-POD group, which is consistent with the results of
the previously mentioned studies[32]. Multivariate analysis demonstrated that HAMA and HAMD scores were risk
factors for POD in patients with TBI. Previous studies have also identified a correlation between depression and POD. On
the one hand, depression has a certain predictive effect on POD. Depressed patients often show symptoms such as low
mood, loss of interest, and sleep disorders, which may further affect their mental state and cognitive function, and
increase the risk of POD. On the other hand, some epidemiological studies have included delirium as a risk factor for
postoperative depression[33,34]. Thus, both may have similar pathophysiological mechanisms. Functional imbalances of
dopaminergic and cholinergic neurotransmitters involved in delirium, abnormal stress, and the inflammatory response of
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the hypothalamic-pituitary-adrenocortical axis are also considered to be related to depression[35]. Recent studies have
suggested that anxiety and delirium are associated with inflammatory cytokines. Therefore, anxiety is proposed as a new
predictor of POD[36]. After migration, peripheral inflammatory cytokines interact with microglia, causing an inflam-
matory response and the onset of delirium. However, excessive anxiety can lead to tachycardia, hypertension, and
arrhythmia, which in turn induce inflammatory responses. In addition, it has been reported that preoperative anxiety can
lead to short- and long-term adverse consequences after surgery, such as complications, psychological distress, increased
need for analgesics and anesthetics, and decreased quality of life and cognitive ability, which are not conducive to patient
recovery[37]. Therefore, preoperative intervention and treatment of patients with emotional disorders can help to
improve their psychological state, reduce the strees response to the surgery and the incidence of POD, and improve their
experience during the surgical procedure and postoperative recovery. Previous studies have shown that preoperative
treatment of emotional disorders can improve the psychological resilience of the patients and reduce their stress response,
allowing them to cope better with the stress and challenges that having surgery entail, and improving their prognosis[38].

CONCLUSION

This study analyzed the risk factors related to POD in patients with TBI. We explored the correlation between
preoperative inflammatory factors, emotional disorders, and POD in patients with TBI with the aim of reducing the risk
of POD. The results showed that GCS score at admission, IVH, IL-6, TNF-a, HAMA, and HAMD were risk factors for
POD in patients with TBI. Clinicians can observe the occurrence of these indicators and implement early interventions for
high-risk patients, thereby improving their prognosis.
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