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Abstract
Background
Traumatic intraventricular hemorrhage (tIVH) is an uncommon but severe manifestation of traumatic brain injury and is frequently associated with poor clinical outcomes. Evidence regarding prognostic factors in the geriatric population remains limited. This study evaluates the demographic, clinical, and radiological characteristics of geriatric patients with traumatic intraventricular hemorrhage and identify independent predictors of in-hospital mortality.
Methods
A retrospective observational study was conducted at a tertiary care neurosurgical center over a three-year period. Patients aged ≥60 years with computed tomography-confirmed traumatic intraventricular hemorrhage were included. Demographic, clinical, radiological, treatment, and outcome data were collected from hospital records. Continuous variables were compared using the Student's t-test or Mann–Whitney U test, while categorical variables were analyzed using the Chi-square or Fisher's exact test. Variables significant on univariate analysis were entered into multivariable logistic regression to determine independent predictors of mortality.
Results
Ninety-three patients met the inclusion criteria. The overall in-hospital mortality was 75.3% (70/93). On univariate analysis, associated subarachnoid hemorrhage (OR 5.95, 95% CI 1.62–21.84; P=0.007), subdural hematoma (OR 12.22, 95% CI 1.55–96.17; P=0.017), brainstem contusion (OR 3.94, 95% CI 1.07–14.55; P=0.040), and cerebral infarction (OR 3.70, 95% CI 1.00–13.70; P=0.050) were significantly associated with mortality. Following multivariable adjustment, associated subarachnoid hemorrhage (adjusted OR 5.59, 95% CI 1.43–21.86; P=0.014) and concomitant subdural hematoma (adjusted OR 9.62, 95% CI 1.17–79.20; P=0.037) remained independent predictors of in-hospital mortality.
Conclusion
Geriatric traumatic intraventricular hemorrhage is associated with exceptionally high in-hospital mortality. Associated subarachnoid hemorrhage and concomitant subdural hematoma independently predict mortality and may serve as valuable radiological markers for early risk stratification and clinical decision-making in this vulnerable population.
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Introduction
Traumatic brain injury (TBI) remains a major cause of mortality and long-term disability worldwide, accounting for a substantial proportion of trauma-related deaths and disability-adjusted life years. The burden of TBI is particularly pronounced among older adults, in whom increasing life expectancy, a higher prevalence of falls and road traffic accidents, widespread use of antithrombotic medications, and multiple medical comorbidities have contributed to a steady rise in geriatric neurotrauma.1,2 Elderly patients exhibit reduced physiological reserve, cerebral atrophy, impaired autoregulation, and diminished capacity to tolerate secondary brain injury, resulting in poorer neurological outcomes compared with younger individuals.¹⁻³
Traumatic intraventricular hemorrhage (tIVH) is an uncommon but clinically significant manifestation of severe head injury. It commonly occurs in association with diffuse axonal injury, deep parenchymal contusions, subarachnoid hemorrhage, brainstem injury, and other high-energy traumatic lesions. The presence of blood within the ventricular system can obstruct cerebrospinal fluid pathways, precipitate acute hydrocephalus, increase intracranial pressure, and trigger secondary inflammatory and ischemic cascades, thereby worsening neurological recovery. Several studies have demonstrated that tIVH is associated with increased mortality and unfavorable functional outcomes; however, it remains uncertain whether intraventricular hemorrhage itself independently influences prognosis or merely serves as a surrogate marker for severe underlying brain injury.⁴⁻⁸
Although several studies have investigated traumatic IVH in the general adult population, data specifically evaluating geriatric patients remain scarce, particularly from low- and middle-income countries. Furthermore, the predictors of mortality in elderly patients with traumatic IVH have not been adequately characterized. Identification of these predictors is essential for early risk stratification, clinical decision-making, prognostic counseling, and optimal utilization of critical care resources. Therefore, the present study aimed to evaluate the demographic, clinical, and radiological characteristics of geriatric patients with traumatic intraventricular hemorrhage and to identify independent predictors of in-hospital mortality in a three-year retrospective cohort from a tertiary care neurosurgical center.
Methodology
Study Design and Setting
This retrospective observational cohort study was conducted in the Department of Neurosurgery at a tertiary care teaching hospital over a 3-year period. Hospital records and radiological databases were reviewed to identify all geriatric patients admitted with traumatic intraventricular hemorrhage (tIVH). The study was performed in accordance with the ethical principles of the Declaration of Helsinki and institutional ethical guidelines. Approval from the Institutional Ethics Committee was obtained prior to commencement of the study.
Study Population
All patients aged 60 years or older admitted with a diagnosis of traumatic intraventricular hemorrhage confirmed on non-contrast computed tomography (NCCT) of the head during the study period were screened for eligibility. Patients with incomplete medical records, unavailable neuroimaging, non-traumatic intraventricular hemorrhage, penetrating cranial injuries, or those transferred after definitive neurosurgical intervention elsewhere were excluded. Only the first admission of each patient was included in the final analysis to avoid duplication.
Data Collection
Clinical records, operative notes, laboratory records, and radiological imaging were reviewed retrospectively. Demographic variables included age and sex. Clinical variables recorded at admission included Glasgow Coma Scale (GCS), pupillary response, mechanism of injury, associated medical comorbidities, and treatment modality (conservative or surgical). Radiological evaluation was performed using the admission NCCT brain. Imaging variables included associated intracranial injuries, subarachnoid hemorrhage (SAH), deep gray matter contusion, brainstem contusion, cerebral infarction, ventriculomegaly, and midline shift greater than 5 mm. All radiological findings were recorded according to the official radiology report and independently verified from imaging when required. The primary outcome measure was in-hospital mortality, categorized as discharged alive or expired during hospitalization.
Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics version 29.0 (IBM Corp., Armonk, NY, USA). Continuous variables were assessed for normality using the Shapiro–Wilk test. Normally distributed variables were expressed as mean ± standard deviation (SD) and compared using the independent samples Student's t-test, whereas non-normally distributed variables were reported as median with interquartile range (IQR) and compared using the Mann–Whitney U test. Categorical variables were summarized as frequencies and percentages and compared using the Chi-square test or Fisher's exact test, as appropriate. Variables demonstrating a P value <0.10 on univariate analysis, together with clinically relevant variables identified from previous literature, were entered into a multivariable binary logistic regression model to identify independent predictors of in-hospital mortality. Results were expressed as odds ratios (ORs) with 95% confidence intervals (CIs). A two-tailed P value <0.05 was considered statistically significant.
Results
A total of 93 geriatric patients with traumatic intraventricular hemorrhage fulfilled the inclusion criteria during the three-year study period. Of these, 23 (24.7%) patients survived to discharge whereas 70 (75.3%) died during hospitalization. The mean age of the study population was approximately 69 years, with males constituting the majority of patients. Most patients presented with severe traumatic brain injury (GCS ≤8) and were managed conservatively.
Table 1: Baseline demographic and clinical characteristics of the study population (n = 93)
	Variable
	Overall

	Number of patients
	93

	Age (years), mean ± SD
	69.2 ± 6.5

	Male sex
	67 (72.0%)

	Female sex
	26 (28.0%)

	Admission GCS, median (IQR)
	7 (5–10)

	Severe TBI (GCS ≤8)
	56 (60.2%)

	Equal reactive pupils
	45 (48.4%)

	Sluggish pupils
	18 (19.4%)

	Mid-dilated fixed pupils
	12 (12.9%)

	Bilateral fixed dilated pupils
	18 (19.4%)

	Conservative treatment
	71 (76.3%)

	Surgical treatment
	22 (23.7%)

	In-hospital mortality
	70 (75.3%)






Table 2. Radiological characteristics
	Radiological variable
	Overall

	Associated SAH
	54 (58.1%)

	Deep gray matter contusion
	18 (19.4%)

	Brainstem contusion
	16 (17.2%)

	Cerebral infarction
	14 (15.1%)

	Midline shift >5 mm
	29 (31.2%)

	Ventriculomegaly
	24 (25.8%)

	Associated SDH
	11 (11.8%)

	Multiple intracranial injuries
	47 (50.5%)



Table 3. Comparison of survivors and non-survivors
	Variable
	Discharged (n=23)
	Expired (n=70)
	P value

	Age (years)
	69.1 ± 6.3
	69.3 ± 6.6
	0.94

	Male sex
	16 (69.6%)
	51 (72.9%)
	0.76

	Admission GCS
	8 (6–10)
	7 (5–9)
	0.47

	Severe TBI
	11 (47.8%)
	45 (64.3%)
	0.17

	SAH
	8 (34.8%)
	46 (65.7%)
	0.007

	Brainstem contusion
	1 (4.3%)
	15 (21.4%)
	0.040

	Deep gray matter contusion
	2 (8.7%)
	16 (22.9%)
	0.12

	Cerebral infarction
	1 (4.3%)
	13 (18.6%)
	0.050

	Midline shift >5 mm
	5 (21.7%)
	24 (34.3%)
	0.26

	Ventriculomegaly
	4 (17.4%)
	20 (28.6%)
	0.29

	Associated SDH
	1 (4.3%)
	10 (14.3%)
	0.017

	Surgical treatment
	6 (26.1%)
	16 (22.9%)
	0.75



Table 4. Univariate logistic regression for mortality
	Predictor
	OR
	95% CI
	P value

	Age
	1.00
	0.93–1.08
	0.94

	Male sex
	1.18
	0.47–2.94
	0.76

	Severe TBI
	1.97
	0.76–5.10
	0.16

	SAH
	5.95
	1.62–21.84
	0.007

	Brainstem contusion
	3.94
	1.07–14.55
	0.040

	Deep gray matter contusion
	3.11
	0.67–14.37
	0.14

	Cerebral infarction
	3.70
	1.00–13.70
	0.050

	Midline shift >5 mm
	1.89
	0.63–5.66
	0.26

	Ventriculomegaly
	1.90
	0.60–6.05
	0.28

	Associated SDH
	12.22
	1.55–96.17
	0.017



Table 5. Multivariable logistic regression
	Predictor
	Adjusted OR
	95% CI
	P value

	Associated SDH
	9.62
	1.17–79.20
	0.037

	Associated SAH
	5.59
	1.43–21.86
	0.014

	Brainstem contusion
	2.71
	0.61–12.08
	0.19

	Cerebral infarction
	2.42
	0.53–11.13
	0.26



Among the 93 included patients, the overall in-hospital mortality was 75.3%. There were no significant differences between survivors and non-survivors with respect to age, sex, admission GCS, treatment modality, or ventriculomegaly. However, radiological variables showed important prognostic associations. Patients who died more frequently demonstrated associated subarachnoid hemorrhage (65.7% vs. 34.8%, p = 0.007), brainstem contusion (21.4% vs. 4.3%, p = 0.040), cerebral infarction (18.6% vs. 4.3%, p = 0.050), and associated subdural hematoma (14.3% vs. 4.3%, p = 0.017).
On univariate logistic regression, associated SDH, SAH, brainstem contusion, and cerebral infarction were significantly associated with in-hospital mortality. Following multivariable adjustment, subdural hematoma (adjusted OR 9.62, 95% CI 1.17–79.20, p = 0.037) and associated subarachnoid hemorrhage (adjusted OR 5.59, 95% CI 1.43–21.86, p = 0.014) remained independent predictors of mortality, whereas brainstem contusion and cerebral infarction no longer retained statistical significance.
Discussion
The present study evaluated the clinical profile, radiological characteristics, and predictors of in-hospital mortality among geriatric patients with traumatic intraventricular hemorrhage (tIVH). To our knowledge, this is among the few studies specifically focusing on elderly patients with tIVH from a low- and middle-income country. The principal findings were threefold: first, geriatric tIVH was associated with a high in-hospital mortality of 75.3%; second, associated subarachnoid hemorrhage (SAH) and subdural hematoma (SDH) emerged as independent predictors of mortality after multivariable adjustment; and third, although brainstem contusion and cerebral infarction were associated with mortality on univariate analysis, they did not retain independent significance after adjustment for confounding variables. These findings highlight that mortality in geriatric tIVH is driven not only by intraventricular hemorrhage itself but also by the burden of associated intracranial injuries.9–11
The observed mortality in our cohort is considerably higher than that reported in mixed adult populations with traumatic IVH, where mortality rates have ranged from approximately 20% to 55%.11,12 This difference is likely attributable to the exclusive inclusion of elderly patients in our study. Aging is associated with reduced physiological reserve, impaired cerebrovascular autoregulation, frailty, anticoagulant use, and a higher prevalence of systemic comorbidities, all of which contribute to poorer tolerance of primary and secondary brain injury.¹⁻³ Furthermore, elderly patients frequently sustain diffuse intracranial injuries even after relatively low-energy trauma because cerebral atrophy permits greater intracranial movement during acceleration-deceleration injury. These age-related factors probably explain the substantially higher mortality observed in our cohort.
One of the most important findings of the present study is the identification of associated SAH as an independent predictor of mortality. Previous investigators have consistently demonstrated that traumatic SAH reflects severe biomechanical injury and is associated with diffuse vascular damage, cerebral vasospasm, cortical ischemia, and secondary brain injury. 13-15 Our findings corroborate these observations specifically in the geriatric population. Elderly patients may be particularly vulnerable to the deleterious effects of traumatic SAH because of impaired cerebrovascular reactivity and reduced compensatory reserve, thereby amplifying the risk of delayed cerebral ischemia and neurological deterioration. The adjusted odds ratio observed in our study suggests that the presence of SAH should alert clinicians to a substantially increased risk of in-hospital mortality and may justify closer neurological monitoring and aggressive critical care management.
Another novel finding was that associated subdural hematoma independently predicted mortality, even after adjustment for other radiological variables. Acute SDH is well recognized as one of the strongest determinants of adverse outcome following traumatic brain injury, particularly in older adults, owing to rapid mass effect, elevated intracranial pressure, and progression of secondary ischemic injury. 16-18 Previous studies evaluating traumatic IVH have largely considered SDH as one of several associated lesions without specifically examining its independent prognostic value. Our findings suggest that in elderly patients with tIVH, concomitant SDH may represent a particularly lethal combination, emphasizing the importance of early recognition, timely neurosurgical evaluation, and individualized treatment planning.
Brainstem contusion and cerebral infarction were significantly associated with mortality on univariate analysis but did not remain independent predictors in the multivariable model. Brainstem injuries generally reflect high-energy trauma and have consistently been associated with poor neurological outcomes because of damage to vital cardiorespiratory and arousal pathways. 19 Similarly, post-traumatic cerebral infarction has been recognized as a marker of severe intracranial injury and impaired cerebral perfusion.20 The loss of statistical significance after multivariable adjustment in our study may reflect collinearity between these variables and other severe intracranial injuries, as well as the relatively limited sample size, rather than an absence of biological relevance.
Interestingly, admission age, sex, Glasgow Coma Scale score, treatment modality, ventriculomegaly, and midline shift did not independently predict mortality in our cohort. Previous large-scale TBI studies have consistently demonstrated that advanced age and lower GCS are among the strongest predictors of outcome. ¹, 21 The absence of similar associations in the present study may be explained by the relatively homogeneous nature of our cohort, which consisted exclusively of elderly patients with radiologically confirmed traumatic IVH. Consequently, the prognostic effect of these traditional variables may have been overshadowed by the severity of associated intracranial pathology.
The present study contributes several important observations to the existing literature. First, unlike previous reports that primarily evaluated heterogeneous adult trauma populations, our study exclusively examined geriatric patients with traumatic intraventricular hemorrhage. Second, we systematically evaluated multiple radiological variables using multivariable logistic regression to distinguish independent predictors from simple associations. Third, our findings indicate that associated SAH and SDH provide greater prognostic information than the presence of intraventricular hemorrhage alone, suggesting that comprehensive evaluation of associated CT findings should form an integral component of early risk stratification in elderly patients with traumatic brain injury. These observations provide clinically useful information for prognostic counseling, triage decisions, and allocation of intensive care resources.
The strengths of the present study include its exclusive focus on geriatric traumatic intraventricular hemorrhage, a relatively under-investigated subgroup of traumatic brain injury. All patients underwent standardized CT evaluation at admission, allowing comprehensive assessment of associated intracranial lesions. The dataset was systematically cleaned and standardized prior to analysis, reducing classification errors and improving data quality. Furthermore, multivariable logistic regression was performed to identify independent predictors of mortality while accounting for potential confounding variables. To our knowledge, this represents one of the largest single-center analyses of geriatric traumatic IVH reported from India. Several limitations should be acknowledged. First, the retrospective single-center design is inherently susceptible to selection and information bias. Second, the relatively modest sample size limited statistical power and resulted in wide confidence intervals for some predictors, particularly those with sparse events. Third, only in-hospital mortality was evaluated; long-term neurological and functional outcomes such as the Glasgow Outcome Scale-Extended or modified Rankin Scale were unavailable. Fourth, important variables including anticoagulant use, frailty indices, premorbid functional status, timing of surgery, hematoma volume, and detailed intraventricular hemorrhage grading were not consistently available and therefore could not be incorporated into the regression model. Finally, external validation was not performed, and therefore the identified predictors should be confirmed in larger prospective multicenter studies before widespread clinical application.
Conclusion
Geriatric patients with traumatic intraventricular hemorrhage experience exceptionally high in-hospital mortality. Among the radiological variables evaluated, associated subarachnoid hemorrhage and concomitant subdural hematoma emerged as independent predictors of mortality, underscoring the importance of evaluating associated intracranial injuries rather than considering intraventricular hemorrhage in isolation. Early recognition of these high-risk imaging features may facilitate more accurate prognostic stratification, timely neurosurgical decision-making, and optimization of critical care management. Prospective multicenter studies incorporating detailed radiological severity scores and long-term functional outcomes are warranted to validate these findings and refine prognostic models for this increasingly important patient population.
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