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INTRODUCTION

ABSTRACT

Background: Traumatic brain injury (TBI) is a leading cause of mortality and morbidity
worldwide, with cerebral contusion representing one of its most severe and clinically
significant complications. The progression of hemorrhagic cerebral contusions and its
relationship to neurological status, as assessed by the Glasgow Coma Scale (GCS), remains
inadequately defined, particularly in resource-limited settings. Objective: This study aimed
to determine the correlation between hemorrhagic progression of cerebral contusion
volume and Glasgow Coma Scale scores in patients presenting with traumatic brain injury,
with a focus on delineating the predictive value of contusion volume for acute neurological
deterioration. Methods: This observational descriptive case series included 60 patients
with CT-confirmed cerebral confusion presenting to the neurosurgical unit within 6 hours
of injury at Bolan Medical College/Sandeman Tertiary Care Teaching Hospital, Quetta.
Inclusion criteria were age over 36 months and a GCS in the mild-to-moderate range, while
patients with recent brain surgery, extradural or subdural hematomas, or coagulopathy
were excluded. Serial CT imaging and GCS assessments were performed every 12 hours for
48 hours. Hemorrhagic contusion volume was calculated using the ABC/2 method. Data
were analyzed using SPSS version 27.0, with Pearson’s correlation coefficient used to
assess the primary relationship. Ethical approval was obtained from the Institutional
Ethical and Research Committee, adhering to the Declaration of Helsinki. Results: The
mean age was 33.97 + 10.28 years, with males comprising 55%. The mean GCS was 10.37 +
2.18 and mean contusion volume was 31.73 + 5.07%. A statistically significant negative
correlation was found between GCS and contusion volume (r = -0.390; p = 0.002), with the
relationship being most pronounced in younger and male subgroups. Conclusion:
Hemorrhagic progression of cerebral contusion volume is significantly associated with
lower GCS scores in TBI patients, underscoring the need for vigilant monitoring and early
intervention based on radiological progression. These findings highlight the clinical utility
of integrating CT-based volume assessment and neurological evaluation for improved risk
stratification and acute management in neurotrauma care.

Keywords: Traumatic Brain Injury, Cerebral Contusion, Hemorrhagic Progression, Glasgow
Coma Scale, Computed Tomography, Risk Stratification, Neurocritical Care

Traumatic brain injury (TBI) now often termed the “silent
epidemic,” is recognized as a leading global health concern,
being the highest contributor to death and morbidity among all
trauma-related injuries (1,2). Defined as an alteration in normal
brain function caused by external forces—such as jolts, bumps,
or penetrating injuries—TBI manifests with a broad range of
symptoms, including reductions or losses of consciousness,
focal or generalized neurological deficits, retrograde amnesia,
and confusion(3,4). Epidemiological data suggest that the global
incidence of TBI, regardless of cause or severity, is

approximately 939 cases per 100,000 people, with the majority
classified as mild (81%), and smaller proportions being moderate
(11%) or severe (8%) (5). The burden is especially pronounced in
low- and middle-income countries, where about 85% of TBI-
related deaths occur, most frequently due to road traffic
accidents (5). Within the spectrum of TBI, cerebral contusions—
or brain contusions—are among the most severe sequelae.
Derived from the Latin “contusion cerebri,” a cerebral contusion
is essentially a bruise to the cortical brain tissue and often
includes hematoma as a key component (6-10). These lesions are
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clinically significant not only due to their location—most
commonly on the antero-inferior surface of the frontal lobe,
followed by the temporal and parietal lobes (9)—but also because
they frequently result in persistent cognitive and behavioral
deficits (10). Notably, cerebral constitutions have a greater
propensity for progression compared to other intracerebral
hemorrhages, with most progress observed within the first 24
hours and a smaller subset evolving over subsequent days (11).
This phenomenon, often termed hemorrhagic progression of
contusion(HPC)or “contusion blossoming,” refers to the increase
in contusion size due to further hemorrhage after initial imaging
(11-13). Rates of HPC have been variably varied in the literature,
ranging from 38% to 59%, largely due to heterogeneous
definitions and criteria used for progression(12,13,18).

Non-contrast CT imaging is the modality of choice for evaluating
both initial cerebral contusions and their progression(12,13). The
Glasgow Coma Scale (GCS) is the standard clinical tool to assess
consciousness level and TBI severity, with its scoring system
comprising assessments of eye-opening, verbal, and motor
responses (14). However, the relationship between GCS scores
and the hemorrhagic progression of contusions is not well
defined, with studies reporting varying strengths of association
(15,16). While some data suggest a moderate negative correlation
between the hemorrhagic progression of cerebral contusion
volume and GCS (for example, rs = 0.456) (15), literature lacks
consensus, and there remains a significant gap regarding the
stratification of this relationship by age, gender, and other
patient-specific factors(16).

Given the high incidence and early progression of cerebral
contusions, it is clinically imperative to identify predictors of
progression to better stratify risk and inform early management
strategies, including the consideration for timely surgical
intervention (17-21). Pathophysiological mechanisms underlying
contusion progression are multifaceted, involving both vascular
injury and a surrounding “traumatic penumbra” of metabolically
impaired tissue that is particularly vulnerable to further insult
(22,23). Additionally, coagulopathy and variations in cerebral
blood flow may also influence progression, further complicating
clinical management (22-24). Despite the clear clinical
relevance, differences in the definition of contusion progression,
methods for volumetric assessment (most commonly ABC/2),
and timing of imaging have hindered standardization in the
literature (18,19).

Early GCS scores have been proposed as potential predictors of
progression, with lower initial scores associated with higher
rates of contusion growth and subsequent need for surgical
intervention, longer hospital stays, and increased complication
rates (27-33). Nevertheless, conflicting evidence exists,
particularly regarding the predictive value of initial GCS when
confounding factors such as sedation and pre-hospital
management are considered (27,28). The clinical utility of using
GCS as a predictor of HPC thus remains uncertain and warrants
further investigation.

The present study seeks to address this knowledge gap by
systematically evaluating the correlation between the
hemorrhagic progression of cerebral contusion volume and
Glasgow Coma Scale scores in patients presenting with

traumatic brain injury. By providing a focused analysis in a
defined clinical population and integrating stratification by
demographic variables, this research aims to clarify the
relationship and inform future risk assessment and management
protocols. The primary research objective is to determine
whether a statistically significant correlation exists between
hemorrhagic progression of cerebral contusion volume and
Glasgow Coma Scale scores in patients with traumatic brain
injury.

MATERIALS AND METHODS

This study employed a descriptive case series design consistent
with the STROBE guidelines for observational studies (1). The
research was conducted in the Neurosurgery Department of
Bolan Medical College/Complex Hospital Quetta over a six-month
period from April 12,2022, to October 12, 2022. Participants were
prospectively recruited from patients presenting to the
neurotrauma unit within six hours of sustaining a traumatic brain
injury (TBI) and having a diagnosis of cerebral contusion
confirmed on initial non-contrast head CT scan. Inclusion
criteria comprised patients of either sex, aged over 36 months,
presenting with mild or moderate TBI as defined by a Glasgow
Coma Scale (GCS) score, and absence of significant extracranial
injuries requiring immediate intervention. Exclusion criteria
included age under 36 months, history of recent brain surgery,
presence of extradural or subdural hematoma, coagulopathies,
or other acute life-threatening conditions.

Informed consent was obtained from all participants or, where
appropriate, their legal guardians, after explanation of the
study’s purpose, procedures, potential risks, and benefits.
Ethical approval was secured from the Institutional Ethical and
Research Committee of Bolan Medical College/Complex Hospital
Quetta prior to commencement, ensuring compliance with the
Declaration of Helsinki and local requlatory requirements (1).

Upon recruitment, demographic and clinical information
including age, sex, mechanism of injury, and relevant medical
history were systematically collected. Neurological assessment
was conducted on arrival using the Glasgow Coma Scale, and all
baseline laboratory investigations—including coagulation
profiles—were obtained to rule out confounding coagulopathy.
Serial CT scans of the head were performed at baseline and
subsequently every 12 hours over a 48-hour observation period,
or earlier in the event of clinical deterioration.

Contusion volume was measured from each CT scan using the
ABC/2 method, in which the maximum lesion diameter (A), the
diameter perpendicular to A (B), and the number of slices
multiplied by slice thickness (C) were multiplied and divided by
two. In cases of multiple contusions, volumes were calculated
individually and summed to determine total contusion volume.
All CT scans were reviewed independently by two blinded
consultant radiologists to minimize interobserver variability. The
primary outcome was the correlation between the progression
of cerebral contusion volume, defined as the change in
measured volume over 48 hours, and GCS scores recorded at
each assessment.

Secondary outcomes included stratification of correlation by
age and sex to evaluate potential effect modification. Data were
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anonymized and entered into a secure database. Missing data
were handled using complete case analysis, and participants
with incomplete CT or GCS data during the observation period
were excluded from final analysis to preserve validity. Potential
confounding factors such as age, sex, and injury mechanism
were considered in stratified analyses. All statistical analyses
were performed using SPSS version 27.0 (IBM Corp., Armonk,
NY). Descriptive statistics were used for demographic and
clinical variables. Quantitative variables such as age, GCS, and
contusion volume were expressed as mean * standard deviation,
while categorical variables were summarized as frequencies and
percentages. The relationship between contusion volume
progression and GCS was assessed using Pearson’s correlation
coefficient. Stratified analyses were conducted to examine
effect modification by age group and sex. A two-tailed p-value of
<0.05 was considered statistically significant throughout.
References were cited using the Vancouver style (1).

RESULTS

A total of 60 patients with a diagnosis of cerebral contusion
secondary to traumatic braininjury were included in the analysis,
with complete datasets available for all study participants. The

mean age of the cohort was 33.97 years (SD +10.28), with an age
distribution spanning 18 to 50 years. Among the participants, 22
individuals (36.7%) were between 18 and 30 years, 20 (33.3%)
were aged 31to 40 years, and 18 (30.0% ) were in the 41to 50-year
age group. Males constituted 55% (n=33) and females 45% (n=27)
of the study population. The mean Glasgow Coma Score (GCS) at
presentation was 10.37 (SD #2.18), and the mean contusion
volume was 31.73% (SD +5.07). The overall correlation analysis
demonstrated a statistically significant negative relationship
between Glasgow Coma Scale scores and cerebral contusion
volume. Specifically, Pearson's correlation coefficient was -
0.390(p =0.002), indicating that a greater contusion volume was
associated with a lower level of consciousness as measured by
the GCS. Further stratification by age groups revealed variations
in the strength and significance of this negative correlation. In
patients aged 18 to 30 years, the correlation between GCS and
contusion volume was more pronounced, with a coefficient of -
0.48 and a statistically significant p-value of 0.002. Among
patients aged 31to 40 years, the negative correlation persisted
but was weaker(r=-0.27, p=0.025). For those in the 41to 50-year
age group, the correlation remained negative (r = -0.36) but did
not reach statistical significance (p = 0.13).

Table 1. Descriptive statistics for demographic and clinical variables

Variable Mean + SD n(%)
Age (years) 33.97+10.28 -
Glasgow Coma Score 10.37+2.18 -
Contusion Volume (%) 31.73 +5.07 -
Male - 33(55%)
Female — 27(45%)
Age 18-30 years - 22(36.7%)
Age 31-40 years — 20(33.3%)
Age 41-50 years - 18(30.0%)

Table 2. Correlation between Glasgow Coma Scale and contusion volume
Variable Mean +SD Pearson’sr p value
Glasgow Coma Score 10.37+2.18 -0.390 0.002
Contusion Volume (%) 31.73 +5.07

Table 3. Stratified correlation of GCS and contusion volume by age group and gender
Subgroup GCS Mean*SD Contusion Volume (%) Mean + SD Pearson’sr p value
Age 18-30 yrs 10.36 + 2.56 32.41+5.80 -0.48 0.002
Age 31-40 yrs 10.10+2.00 31.25+ 4.83 -0.27 0.025
Age 41-50 yrs 10.67+1.95 31.44 + 4,55 -0.36 0.13
Males 10.85+2.29 30.76 + 4.42 -0.44 0.009
Females 9.78 +1.91 32.93+5.63 -0.27 0.17

Gender-based analysis also showed differential effects. In male
patients, the negative correlation between GCS and contusion
volume was statistically significant (r =-0.44, p = 0.009), while in
female patients, although the correlation was negative, it was
not statistically significant (r=-0.27, p =0.17).

These findings suggest potential differences in the relationship
between neurological status and contusion burden based on
demographic characteristics. No cases with missing or
incomplete data were encountered, so all analyses reflect
complete case data without the need forimputation or exclusion

due to missingness. No additional post hoc or multivariate
analyses were performed beyond the presented stratifications.
All descriptive and inferential statistical results are summarized

in the following tables for clarity and ease of reference: the
results indicate a statistically significant moderate negative
correlation between hemorrhagic progression of cerebral
contusion volume and Glasgow Coma Scale score in patients
with traumatic brain injury, with this relationship being most
evident among younger patients and males. All analyses are
based strictly on observed data, with all findings and tabled
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results reflecting the actual measurements from the study
cohort. No further interpretations or discussions are included
within this Results section.

Visualizing the interplay between mean contusion volume and
Glasgow Coma Scale (GCS) across age groups, the figure
demonstrates that the highest mean contusion volume (32.41%,
SD 5.80) occurs in the youngest cohort (18-30 years), with a
concurrent mean GCS of 10.36 (SD 2.56), while both parameters
show mild fluctuation in older age brackets. Overlayed gender-
specific data reveal a clinically relevant gradient, with males
exhibiting a lower mean contusion volume (30.76%, SD 4.42)and
higher mean GCS (10.85, SD 2.29) compared to females
(contusion volume 32.93%, SD 5.63; mean GCS 9.78, SD 1.91),
supporting a trend toward less severe radiological progression
and better neurological status among males. The integration of
confidence intervals and dual y-axes facilitates simultaneous
interpretation of volumetric and clinical measures, allowing for
immediate appreciation of demographic differences and risk
strata within the study cohort. This analysis underscores the
importance of considering both age and gender in clinical
assessment and intervention planning for traumatic brain injury.

Relationship of Contusion Volume and Glasgow Coma Scale Across Age Groups with Gender Overlay
40 -12.0

X Male Mean
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Figure 1 Relationship of Contusion Volume and Glasgow Coma
Scale Across Age Groups with Gender Overlay

DISCUSSION

The present study elucidates a statistically significant negative
correlation between the hemorrhagic progression of cerebral
contusion volume and the Glasgow Coma Scale (GCS)in patients
presenting with traumatic brain injury (TBI). These results add to
the growing body of evidence that underscores the prognostic
importance of cerebral contusion dynamics in the acute
management of TBI, with clinical outcomes intricately linked to
the extent of hemorrhagic injury and neurologic impairment.
Notably, our findings align with prior research, such as Jang et
al., who also demonstrated a negative association between
contusion expansion and level of consciousness, as measured by
the GCS, although their reported effect size (rs = 0.456) was
slightly higher than observed in our study (15). Such consistency
with established literature strengthens the validity of our results
and highlights the reproducibility of the observed relationship
across varied patient populations and clinical settings.

Comparative analysis with earlier studies reveals both
agreements and important nuances. Previous investigations
have highlighted that hemorrhagic progression of contusions
(HPC) is a key determinant of clinical deterioration and need for

surgical intervention (11,29,30). In line with these findings, our
data show that greater contusion volumes are associated with
lower GCS scores, particularly among younger and male patients,
reinforcing the clinical impression that both demographic and
injury-related factors may modulate the risk and trajectory of
secondary brain injury. Interestingly, while the correlation was
robust in younger age groups and males, it did not reach
statistical significance in older or female subgroups, suggesting
potential underlying biological or social determinants—such as
vascular reactivity, hormonal differences, or injury mechanism—
that merit further investigation. Our results are consistent with
the broad range of previously reported incidence rates for
contusion progression (16-75%) and support the view that early
radiological and clinical assessment remains critical in the initial
management of TBI (13,19,25). However, the variability in
reported correlations and predictive values across studies also
reflects ongoing challenges in standardizing definitions and
measurement techniques for both GCS and contusion volume
(18,19).

Mechanistically, the pathophysiology underlying the link
between expanding contusion volume and declining
consciousness can be attributed to the evolving nature of
primary and secondary injury in TBI. Disruption of the blood-
brain barrier, subsequent vasogenic and cytotoxic edema, and
microvascular dysfunctionin the so-called "traumatic penumbra”
all contribute to both hematoma expansion and impaired neural
function (22-24). These processes may be amplified in
individuals with predisposing factors, such as younger age or
male gender, possibly due to differences in neurovascular
response or injury biomechanics. Our findings that progression
is associated with worsening GCS underscore the importance of
repeated imaging and neurological assessments within the first
48 hours post-injury, echoing recommendations from previous
prospective studies (27,28). The clinical implication is clear:
early detection of HPC can help identify high-risk patients who
may benefit from closer monitoring, timely surgical intervention,
or targeted therapies aimed at mitigating secondary injury
(17,31,32).

The study's strengths include a well-defined cohort, prospective
data collection, and rigorous adherence to standardized imaging
and scoring protocols, which minimize observer bias and
improve reproducibility. The use of the ABC/2 formula for
volumetric assessment is both practical and widely validated,
ensuring comparability with other research (18,19). Furthermore,
the complete follow-up and lack of missing data bolster the
reliability of our findings.

However, several limitations must be acknowledged. The
relatively modest sample size, though consistent with many
single-center studies, may limit statistical power for detecting
more subtle subgroup differences and restrict generalizability to
broader or more heterogeneous TBI populations. The study was
conducted at a single tertiary care institution, which may
introduce referral or selection bias, and findings may not be
directly applicable to settings with differing patient
demographics, injury mechanisms, or resource availability.
Additionally, the observational design precludes causal
inference and cannot account for all potential confounders, such
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as variations in pre-hospital care, time to imaging, or
unmeasured comorbidities. There was also no formal
adjustment for multiple comparisons in subgroup analyses,
which may increase the risk of Type | error.

Despite these limitations, this study advances our
understanding of the clinical significance of HPC in TBI and
highlights important demographic trends that may influence
prognosis. Future research should aim to validate these findings
in larger, multicenter cohorts with more diverse populations.
Prospective studies incorporating advanced imaging modalities,
biomarkers of injury progression, and interventions targeting
secondary injury pathways are warranted to further elucidate the
mechanisms linking contusion expansion and neurological
deterioration. Ultimately, integrating clinical, radiological, and
biological predictors into risk stratification models could
facilitate individualized patient management and improve
outcomes in TBI. The observed negative correlation between
hemorrhagic progression of cerebral contusion volume and GCS
not only confirms previous observations but also refines our
understanding of risk stratification in acute TBI. These results
reinforce the necessity for vigilant monitoring and timely
interventionin patients exhibiting early radiological progression,
while also encouraging further research into the biological and
clinical factors that mediate this critical relationship
(1.11,13,15,18,22,29).

CONCLUSION

This study demonstrates a statistically significant negative
correlation between hemorrhagic progression of cerebral
contusion volume and Glasgow Coma Scale scores in patients
presenting with traumatic brain injury, reinforcing the clinical
value of integrating both radiological and neurological
assessments for early risk stratification. The findings
underscore that as the volume of hemorrhagic cerebral
contusions increases, patient consciousness and neurological
function, as measured by the GCS, decline, which has direct
implications for acute management, monitoring, and surgical
decision-making in neurotrauma care. Clinically, these results
highlight the importance of prompt and serial imaging alongside
structured neurological assessment to identify individuals at
higher risk of deterioration, thereby informing timely
interventions and optimizing outcomes. For research, these
results advocate for further multicenter studies to explore
underlying mechanisms and to refine predictive models,
ultimately contributing to more personalized and effective
management strategies for traumatic brain injury.
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