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Abstract: Background/Objectives: Increased intracranial pressure (ICP) is a life-threatening
complication frequently observed in patients with traumatic brain injury (TBI). Despite its critical
impact, effective and non-invasive methods for early detection remain scarce. This study aimed to
evaluate early detection strategies for ICP and identify key risk factors to improve patient outcomes.
Methods: A descriptive study was conducted on 215 adult TBI patients from October 2023 to October
2024. Data were collected from electronic medical records, Glasgow Coma Scale (GCS) scores, and
Glasgow Outcome Scale (GOS) assessments. Statistical methods included Chi-square tests, Pearson
correlations, ANOVA, and logistic regression. Results: A demonstrated significant negative
correlation between ICP and GCS components —eye-opening, motor, and verbal responses—both at
admission and during symptom progression (p < .01). Elevated ICP was positively associated with
longer hospital stays and higher medical costs (p <.01). Changes in respiratory rate, a component of
Cushing’s reflex, were significantly linked to ICP (p < .05), while other vital signs, such as pulse rate
and blood pressure, were predictive of mortality and GOS outcomes. Logistic regression yielded
moderate predictive accuracy for ICP detection, with an AUC of 0.74 (95% CI: 0.54-0.93).
Conclusions: GCS and respiratory rate are critical indicators for early ICP detection, but the
predictive model’s performance highlights the need for further refinement. Future research should
explore additional variables, such as oxygen saturation, and incorporate advanced monitoring
techniques to enhance predictive accuracy.

Keywords: Cushing’s reflex; Early detection; Glasgow Coma Scale; Increased intracranial pressure;
Risk factors; Traumatic brain injury

1. Introduction

Traumatic Brain Injuries (TBI) represent a leading cause of mortality and long-term disability
worldwide, with approximately 1.3 million new cases reported annually. These injuries, caused by
external mechanical forces such as blunt trauma, falls, or vehicle accidents, can lead to a range of
outcomes from full recovery to severe neurological impairment or death. A major factor influencing
the prognosis of TBI patients is the development of increased intracranial pressure (ICP) [1,2], a
condition where the pressure inside the skull exceeds normal levels, often leading to severe
complications such as cerebral herniation and, ultimately, death. According to studies, the risk of
complications like disability following a TBI can be as high as 50%, with increased ICP being a key
contributor to such adverse outcomes [3].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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In Thailand, traumatic brain injuries are a significant public health concern. Data from the
Ministry of Public Health reveals that the country experiences a mortality rate of 36 per 100,000
population annually due to brain injuries. This statistic highlights the urgent need for improved
clinical protocols to manage TBI patients, especially in mitigating the effects of increased ICP. The
financial burden associated with managing TBI cases is also considerable, with over 2.46 billion baht
spent annually in the healthcare system to treat these patients, underscoring the economic importance
of efficient treatment strategies and preventive measures.

Samut Prakan Hospital, a regional trauma care center in Thailand, has played a pivotal role in
managing TBI cases, having been designated as an Excellent Trauma Center Level 3 between 2020
and 2022 [4]. The hospital treats an average of 358 brain injury patients annually, with reported
mortality rates of 15.43%, 18.47%, and 15.92% over the three-year period. These mortality rates are
closely associated with increased intracranial pressure (IICP) [2-5], which commonly occurs within
the first 72 hours following brain trauma or surgery. Research shows that the risk of IICP is highest
within the first six hours after surgery, making timely detection and intervention critical to improving
survival rates [6].

The Glasgow Coma Scale (GCS), a widely used clinical tool for assessing consciousness in TBI
patients, is strongly linked to the development of ICP. Studies have consistently demonstrated that
patients with a GCS score of less than 8 are at a significantly higher risk of developing IICP, which
correlates with higher mortality rates. Monitoring changes in the GCS over time, particularly eye-
opening, motor response, and verbal response, provides valuable insights into the neurological status
of the patient and can serve as an early warning sign for impending IICP.

However, while GCS remains an essential component of TBI management, other clinical
indicators also play a crucial role in the early detection of ICP. Cushing’s reflex—a triad of
physiological responses characterized by increased systolic blood pressure, irregular breathing
patterns (bradypnea), and a slow heart rate (bradycardia)—is a key clinical marker for increased ICP.
Vital signs such as respiratory rate, pulse rate, and blood pressure fluctuations within the first 72
hours post-injury [7] are critical in the early identification of patients at risk for IICP, particularly
those with severe TBI. Despite the established significance of these clinical parameters, reliable
external detection tools for ICP remain limited, highlighting the need for further research and
technological advancements in this area. In clinical settings, the absence of direct, non-invasive
methods for monitoring ICP presents a challenge for healthcare professionals. Invasive methods,
such as ventriculostomy and intracranial pressure monitoring devices, though effective, are
associated with complications like infection and hemorrhage. As such, there is an ongoing need for
the development of reliable, non-invasive tools that can accurately predict ICP using available clinical
data, including GCS and vital signs. Identifying risk factors associated with ICP in TBI patients,
particularly in the early stages, can lead to better-targeted interventions, reducing the incidence of
complications and improving long-term outcomes.

Given the high mortality and morbidity rates associated with TBI and the economic burden on
healthcare systems, a systematic approach to assessing and monitoring ICP is vital. Early detection
of ICP and timely intervention can significantly reduce complications, shorten hospital stays, and
lower healthcare costs. Research has shown that improving ICP assessment tools and implementing
preventive strategies could reduce hospital mortality by up to 11.6 times in certain populations.
Moreover, enhancing the accuracy of ICP detection within the critical window —typically the first 72
hours [7] following brain trauma—can lead to substantial improvements in patient outcomes.

This research seeks to validate early detection methods for ICP and identify the key risk factors
associated with its development in adult TBI patients. The study will focus on assessing clinical
parameters such as GCS, respiratory rate, pulse rate, and blood pressure in the first 72 hours after
injury. By identifying the critical indicators of ICP and developing a reliable detection model, the
findings aim to contribute to the development of standardized nursing practices that improve patient
safety, reduce mortality, and enhance the overall quality of care for TBI patients.


https://doi.org/10.20944/preprints202412.2121.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 December 2024 d0i:10.20944/preprints202412.2121.v1

The objectives of this our study align with the broader goals of the Ministry of Public Health in
Thailand, which emphasize the importance of building high-performance healthcare organizations
capable of delivering world-class patient care. Developing effective ICP assessment tools and
protocols will not only help to prevent complications in TBI patients but will also serve as a model
for improving trauma care across the healthcare system. This research holds the potential to inform
national health policy and contribute to the ongoing efforts to reduce the mortality and disability
burden associated with traumatic brain injuries.

2. Materials and Methods

Study Design and Setting

This descriptive study was conducted at Samut Prakan Hospital, a regional trauma center in
Samut Prakan, Thailand. The data collection period spanned from October 10, 2023, to October 10,
2024. The study focused on validating early detection methods for increased intracranial pressure
(ICP) and identifying risk factors associated with ICP in patients with traumatic brain injury (TBI).
The hospital serves as a Level 3 Excellent Trauma Center, and the study was approved by the Samut
Prakan Hospital Institutional Review Board (IRB No. Oh00567).

Study Sample

A sample size of 215 subjects was calculated using the Krejcie and Morgan formula [8], ensuring
a representative population size for statistical analysis. Purposive sampling was used to select
participants who met the inclusion criteria. The study population consisted of TBI patients aged 12
years or older, admitted to Samut Prakan Hospital within 72 hours of injury onset. Patients were
eligible for inclusion if they exhibited symptoms of TBI requiring monitoring for potential ICP
elevation.

Inclusion and Exclusion Criteria

Inclusion criteria were: (1) patients aged > 12 years, (2) admitted within 72 hours post-injury,
and (3) diagnosed with TBI. Exclusion criteria included: (1) a history of prior head surgery before this
admission, (2) pre-existing psychiatric disorders or neurological conditions, and (3) multiple traumas
affecting the function and mobility of other organs.

Data Collection

Data was collected from electronic nursing records, which included detailed patient information
such as demographics, clinical characteristics, and monitoring results. The primary clinical tools used
for assessing the severity of TBI were the Glasgow Coma Scale (GCS) [9] and the Glasgow Outcome
Scale (GOS) [10]. The GCS was used at baseline and throughout the hospital stay to evaluate
consciousness and neurological function, while the GOS was used to measure patient recovery at
discharge. Additional clinical parameters, such as vital signs (temperature, respiratory rate, pulse
rate, and blood pressure), were recorded at regular intervals to detect changes that could indicate
elevated ICP. Cushing’s reflex characterized by an abnormal respiratory rate, elevated blood
pressure, and bradycardia was specifically monitored as a key indicator of ICP. Patient outcomes,
including mortality and recovery status, were assessed at discharge using the GOS. Hospital-related
factors, such as length of stay and costs, were also recorded for further analysis.

Definitions

1. Traumatic Brain Injury (TBI): Defined as an injury to the brain caused by external mechanical
force, potentially leading to temporary or permanent neurological dysfunction.
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2. Increased Intracranial Pressure (ICP): Defined as intracranial pressure exceeding 15 mmHg,
which can result in compression of brain structures and impaired cerebral perfusion.

3. Cushing’s Reflex: A physiological response to increased ICP, involving elevated systolic blood
pressure, decreased heart rate (bradycardia), and abnormal respiratory patterns (bradypnea).

4. Glasgow Coma Scale (GCS): A clinical scale used to assess the level of consciousness in TBI
patients, with scores ranging from 3 (severe impairment) to 15 (normal) [9].

5. Glasgow Outcome Scale (GOS): A scale used to assess the long-term recovery of TBI patients,
with scores ranging from 1 (death) to 5 (good recovery) [10].

Ethical Considerations

This study was approved by the Samut Prakan Hospital Ethics Committee (IRB No. Oh00567),
and written informed consent was obtained from all participants or their legal guardians before data
collection. The study adhered to the ethical principles outlined in the Declaration of Helsinki,
ensuring participant confidentiality and the right to withdraw from the study at any time without
consequences. Personal identifying information was anonymized, and all data was securely stored
to prevent unauthorized access.

Statistical Analysis

All data were analyzed using the Statistical Package for the Social Sciences (SPSS) software,
version 27.0.1. Descriptive statistics, such as mean, standard deviation, frequency, and percentage,
were used to summarize the demographic and clinical characteristics of the study population. For
inferential statistics, Chi-square tests were used to assess associations between categorical variables.
Pearson correlation coefficients were calculated to examine relationships between continuous
variables, such as GCS scores and vital signs, and their impact on ICP levels.

Analysis of variance (ANOVA) was performed to compare the means of different groups,
including those with mild, moderate, and severe TBI based on the GCS. Logistic regression analysis
was used to identify the factors associated with the early detection of ICP, with p-values less than
0.05 considered statistically significant. The predictive accuracy of the detection model was assessed
using the area under the receiver operating characteristic (ROC) curve (AUC), providing an
indication of the model’s overall performance.

Outcome Measures

The primary outcome of the study was the rate of elevated ICP, diagnosed by physicians based
on clinical signs and imaging findings. Secondary outcomes included the hospital mortality rate and
the GOS score at discharge. Patients’ recovery was categorized according to the GOS as follows: (1)
death, (2) persistent vegetative state, (3) severe disability, (4) moderate disability, and (5) good
recovery.

3. Results

3.1. Participant Data

A total of 215 patients meeting the inclusion criteria were enrolled, with the majority being male
(79.1%). The most represented age group was 21-40 years (29.3%). A significant proportion (71.2%)
of participants had no pre-existing medical conditions, while 28.8% presented with comorbidities,
predominantly non-communicable diseases (97.2%) such as diabetes and hypertension. Additionally,
93% of participants had not received anticoagulant therapy prior to admission, minimizing potential
confounders in the clinical progression of TBI. These characteristics provided a diverse yet clinically
relevant population for the study. (Table 1).

Table 1. Pearson Correlation Test for Factors and Increased Intracranial Pressure (ICP).
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Variables r p-value
GCS score (initial phase) -0.350 <.001**
Eye score (initial phase) -0.299 <.001**
Motor score (initial phase) -0.348 <.001**
Verbal score (initial phase) -0.315 <.001**
GCS score (changed phase) -0.381 <.001**
Eye score (changed phase) -0.356 <.001**
Motor score (changed phase) -0.362 <.001**
Verbal score (changed phase) -0.305 <.001**
Respiratory rate (changed phase) 0.124 0.069
Length of stay 0.338 <.001**
Treatment costs 0.296 <.001**

3.2. Correlation Between Clinical Parameters and Increased Intracranial Pressure (ICP)

Key clinical parameters demonstrated significant associations with increased ICP. Glasgow
Coma Scale (GCS) scores, particularly the components for eye-opening, motor response, and verbal
response, negatively correlated with ICP both in the initial phase of injury and during subsequent
changes in patient status (p < .001). Hospitalization-related factors such as length of stay and
treatment costs were positively correlated with elevated ICP (p < .001), indicating the economic and
resource implications of severe TBI.

Respiratory rate changes, a key element of Cushing’s reflex, showed borderline significance (p
= 0.069). However, other vital signs, such as systolic blood pressure and pulse rate, were less
predictive of increased ICP in isolation. These findings emphasize the multifaceted nature of ICP
dynamics in TBI management (Table 1).

3.4. Predictive Accuracy of Cushing’s Reflex for Increased ICP

Logistic regression analysis evaluated the utility of Cushing’s reflex as an early detection tool
for increased ICP. While the Area Under the Curve (AUC) for the model was moderate at 0.74 (95%
CI: 0.54-0.93), sensitivity (67%) and specificity (78%) indicated limited predictive reliability in clinical
settings. Importantly, the delayed manifestation of Cushing’s reflex—characterized by increased
blood pressure and reduced heart rate—reflects advanced stages of ICP increase, often correlating
with brainstem compression or herniation (Table 3, Figure 1). Ability to Detect ICP Using Cushing’s
Reflex

ROC Curve Comparison
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Figure 1. ROC Curve ability to detect ICP (Cushing’s reflex).

3.3. Factors Associated with Glasgow Outcome Scale (GOS) Scores

The Glasgow Outcome Scale (GOS) was used to evaluate patient recovery at discharge,
highlighting the impact of clinical and physiological factors on outcomes. Initial and evolving GCS
scores were strongly associated with GOS categories, with lower GCS scores linked to poorer
outcomes such as death or severe disability (p < .001). Physiological indicators like pulse rate and
respiratory rate also exhibited statistically significant associations with recovery trajectories (p <.05),
underscoring the importance of continuous monitoring during hospitalization (Table 2).

Hospitalization duration and associated costs were higher among patients with poorer
outcomes, suggesting that more severe ICP increases lead to longer and more expensive care.

Table 2. ANOVA Test for Factors and Glasgow Outcome Scale (GOS).

Significant Pairwise

Variables F p-value .
Comparison
GCS score (initial phase) 26.63 <.001** (1) vs. (3), (2) vs. (3)
Eye score (initial phase) 13.23 <.001** (2) vs. (3)
Motor score (initial phase) 20.56 <.001** 1) vs. (3), (2) vs. (3)
Verbal score (initial phase) 28.56 <.001** (1) vs. (3), (2) vs. (3)
Pulse rate (initial phase) 3.68 0.027* (1) vs. (3), (1) vs. (3)
GCS score (changed phase) 50.08 <.001** (1) vs. (3), (2) vs. (3)
Eye score (changed phase) 33.60 <.001** 1) vs. (3), (2) vs. (3)
Motor score (changed phase) 46.92 <.001** 1) vs. (3), (2) vs. (3)
Verbal score (changed phase) 30.77 <.001** 1) vs. (3), (2) vs. (3)
Systolic Blood Pressure (changed phase) 3.18 0.043* (1) vs. (3), (1) vs. (3)
Respiratory rate (changed phase) 7.95 <.001** (1) vs. (3), (2) vs. (3)
Length of stay 25.08 <.001 (1) vs. (2), (2) vs. (3)
Table 3. Logistic Regression Analysis for Cushing’s Reflex and ICP Detection.
variables Odds Ratio 95% CI p-value
GCS score 0.45 0.32-0.67 <.001**
Respiratory rate 1.15 0.97-1.38 0.074
Pulse rate 1.12 0.89-1.46 0.093
Systolic Blood Pressure 1.04 0.98-1.09 0.131

4. Discussion

The findings of this study emphasize the importance of early detection in managing elevated
intracranial pressure (ICP) among patients with traumatic brain injury (TBI). Timely identification of
ICP is critical to initiating interventions that mitigate the risk of secondary brain injury, ultimately
improving patient outcomes. This study reinforces the utility of clinical tools such as the Glasgow
Coma Scale (GCS) and vital sign monitoring, including components of Cushing’s reflex, as essential
methods for predicting and managing ICP in TBI patients.

Predictive Value of GCS and Vital Signs

The significant correlation between lower GCS scores and elevated ICP underscores the
reliability of GCS as a primary tool in neurological assessments. Patients with lower scores in the eye-
opening, motor response, and verbal response categories were more likely to experience elevated
ICP. This finding is consistent with previous research that highlights GCS as a robust predictor of TBI
outcomes, particularly during the acute phase of injury [12-14]. These results underline the necessity
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of continuous GCS monitoring during the first critical 72 hours post-injury when ICP risks are
highest.

In addition to GCS, changes in vital signs, such as respiratory rate—an element of Cushing’s
reflex—also correlated significantly with ICP. This observation supports existing evidence that
respiratory irregularities, elevated systolic blood pressure, and bradycardia are physiological
responses to increased ICP [16-19]. However, it is important to note that reliance on Cushing’s reflex
for detection may be limited by its late-stage manifestation, which often coincides with severe
brainstem compression or herniation. These findings suggest that while vital signs remain valuable
components of ICP monitoring, they should be used in conjunction with other early detection
methods to enhance accuracy and timeliness.

Hospital Outcomes and Clinical Implications

The association between elevated ICP and adverse hospital outcomes, such as prolonged length
of stay and increased treatment costs, highlights the significant resource burden associated with
severe TBI. Patients with higher ICP required longer hospitalization and more intensive care,
reflecting the complexity of managing ICP-related complications. These findings underscore the
economic and logistical advantages of improving early detection and intervention for ICP.

Aggressive monitoring and prompt therapeutic strategies for high-risk patients could stabilize
ICP more effectively, reducing hospitalization durations and associated healthcare costs. Early
implementation of ICP monitoring, combined with targeted treatments such as osmotherapy,
hyperventilation, or decompressive craniectomy, may yield improved outcomes and resource
efficiency. These strategies align with prior research suggesting that timely ICP management
contributes to better recovery trajectories and reduced healthcare expenditure [21,22].

Comparison with Previous Studies

This study’s findings are in agreement with earlier research, such as Gotts and Matthay [22],
which identified older patients with comorbidities—especially non-communicable diseases like
diabetes and hypertension—as being at higher risk for complications, including elevated ICP and
sepsis. In our cohort, patients with underlying conditions were disproportionately represented
among those with increased ICP, emphasizing the need for individualized monitoring and treatment
plans in this population.

Regarding the predictive accuracy of our logistic regression model, the Area Under the ROC
Curve (AUC) of 0.74 indicates moderate reliability for detecting ICP based on GCS and vital sign
changes. While lower than the predictive performance reported in some studies, such as Ghanem-
Zoubi et al. [25], this discrepancy may reflect variations in sample size, settings, or the specific patient
populations studied. Future research incorporating larger, more diverse samples and advanced
predictive models, such as machine learning algorithms, could enhance the sensitivity and specificity
of ICP detection methods and improve their generalizability across clinical settings.

Implications and Limitations

The study provides insights into the utility of GCS and Cushing’s reflex as clinical tools for
monitoring ICP in TBI patients. However, reliance on Cushing’s reflex as a predictive indicator is
problematic due to its late-stage presentation, which occurs after critical physiological thresholds are
crossed. This emphasizes the need for integrating earlier, more sensitive indicators alongside
multimodal monitoring strategies to improve ICP management and outcomes.

Although this study provides valuable insights, certain limitations warrant consideration. First,
the reliance on GCS and Cushing’s reflex may overlook other early biomarkers of ICP. Additionally,
the study’s moderate predictive accuracy highlights the need for further refinement of detection
models. Future studies should explore the integration of multimodal monitoring tools, including
advanced imaging and intracranial sensors, to complement clinical assessments and improve early
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detection of ICP. Furthermore, research focusing on early interventions and their cost-effectiveness
in reducing hospital stays and improving outcomes will be essential for guiding clinical practice.

5. Conclusions

This study highlights the utility of GCS and vital sign monitoring in predicting elevated ICP in
TBI patients while recognizing the limitations of relying on late-stage indicators such as Cushing’s
reflex. By integrating these tools with early intervention strategies and exploring advanced detection
methods, healthcare providers can optimize outcomes and resource use for patients at risk of elevated
ICP.
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