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Abstract 
Background: Spontaneous intracranial hemorrhage (ICH) poses significant 

challenges in clinical management due to its diverse etiologies and potentially life-

threatening consequences. 

Objective: This study aimed to evaluate the role of cross-sectional imaging 

techniques, including computed tomography (CT) and magnetic resonance imaging 

(MRI), in characterizing the etiologies of spontaneous ICH. 

Methods: An observational study was conducted over 18 months at the Department 

of Radiodiagnosis, Krishna Institute of Medical Sciences deemed to be university, 

Karad. Patients referred for CT and MRI imaging due to suspected intracranial 

hemorrhage were included. Data were collected on patient demographics, 

hemorrhage characteristics, and imaging findings. 

Results: A total of 108 patients were included in the study, with diverse etiologies of 

spontaneous ICH observed. CT imaging facilitated the prompt identification of acute 

hemorrhage, while MRI provided superior soft tissue contrast and delineation of 

underlying structural lesions. Common etiologies identified included hypertensive 

hemorrhages, cerebral amyloid angiopathy, and vascular malformations. 

Conclusion: Cross-sectional imaging, encompassing CT and MRI modalities, plays a 

crucial role in characterizing the diverse etiologies of spontaneous ICH. These 

modalities provide valuable insights into hemorrhage morphology, underlying 

vascular abnormalities, and associated structural lesions, guiding personalized 

treatment strategies and improving patient outcomes. 

Keywords: Intracranial hemorrhage, Cross-sectional imaging, Computed 

tomography, Magnetic resonance imaging, Etiology 
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Introduction 
Spontaneous intracranial hemorrhages (ICH) represent a critical neurological emergency 

characterized by bleeding within the cranial vault without antecedent trauma. Despite 

advancements in medical imaging and therapeutic interventions, spontaneous ICH remains 

associated with high morbidity and mortality rates, posing significant challenges to clinicians 

worldwide. The etiology of spontaneous ICH is diverse, encompassing a wide spectrum of 

vascular and non-vascular causes, including hypertension, cerebral amyloid angiopathy, 

arteriovenous malformations, neoplasms, and coagulopathy. [1] 

Accurate identification and characterization of the underlying etiology are paramount for 

guiding appropriate treatment strategies and prognostication. Cross-sectional imaging 

techniques, particularly computed tomography (CT) and magnetic resonance imaging (MRI), 

play indispensable roles in achieving this objective. [2] While CT serves as the initial 

imaging modality of choice due to its widespread availability, rapid acquisition, and 

sensitivity in detecting acute hemorrhage, MRI offers superior soft tissue contrast and is 

instrumental in delineating underlying structural abnormalities. [3] 

Despite the pivotal role of cross-sectional imaging in diagnosing spontaneous ICH, a 

standardized approach to characterize its diverse etiologies is lacking. This leads to variations 

in clinical practice and diagnostic accuracy, impacting patient management and outcomes. [4] 

Therefore, there is a critical need to comprehensively review and analyze the contributions of 

CT and MRI in elucidating the underlying causes of spontaneous ICH. By doing so, we can 

enhance our understanding of this complex neurological condition and optimize diagnostic 

algorithms to improve patient care. 

This research aims to systematically review the role of cross-sectional imaging, specifically 

CT and MRI, in characterizing the diverse etiologies of spontaneous ICH. By synthesizing 

existing literature and analyzing comparative outcomes, this research seek to provide insights 

into optimizing diagnostic accuracy, guiding therapeutic interventions, and ultimately 

improving clinical outcomes for patients with spontaneous ICH. Through this endeavor, this 

research aims to address existing gaps in knowledge and contribute to the development of 

evidence-based approaches for managing this challenging neurological condition. 

Materials and Methods: 
This observational research was conducted at the Department of Radiodiagnosis, a tertiary 

care center, over an 18-month period from January 2021 to June 2022. The research design 

involved an observational approach spanning the designated period. Data collection occurred 

over the same duration, with the research being carried out at the Department of 

Radiodiagnosis within the tertiary care center. The data source comprised all patients referred 

to the department for CT and MRI imaging due to suspected intracranial hemorrhage. A total 

of 108 patients meeting the selection criteria were included in the research, with sample size 

determination based on the occurrence rate of spontaneous intracranial hemorrhage in the 

basal ganglia. However, due to the time-bound nature of the research, all eligible patients 

referred to the department during the research period were included. 

Selection criteria encompassed patients presenting with clinical symptoms indicative of 

intracranial hemorrhage. Exclusion criteria included patients with head injuries, intratumoral 

hemorrhage, or coagulation disorders undergoing thrombolytic therapy. Prior to 

commencement, ethical clearance was obtained from the Institutional Ethics Committee of 

the tertiary care center, and written consent was obtained from all eligible patients prior to 

their inclusion in the research. 
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Imaging equipment utilized included a Siemens Somatom Emotion 16-slice CT scanner for 

CT scans and a Siemens Magnetom Avanto (TIM+DOT) 1.5 Tesla MRI scanner for MRI 

scans. Standard protocols were followed for both CT and MRI imaging, with specific scan 

parameters tailored to each modality. Volume measurement of intracranial hemorrhage was 

estimated using a simplified method based on the ellipsoid formula. Statistical analysis 

involved data entry into Microsoft Excel, with various parameters including rates, ratios, and 

percentages calculated for analysis. 

Results  
Table 1 presents the characteristics of patients with spontaneous intracranial hemorrhage 

(ICH) in the CT group. The mean age of patients in this group was 56.5 years, indicating that 

the population was predominantly middle-aged. Gender distribution revealed that 55% of 

patients were male, while 45% were female. Common locations of hemorrhage identified in 

the CT group included the basal ganglia, cerebellum, and frontal lobe. These findings suggest 

a diverse distribution of hemorrhage locations within this cohort. The mean volume of 

hemorrhage in the CT group was 40 cc, indicating moderate-sized hemorrhages on average. 

Overall, these characteristics provide valuable insights into the demographics and clinical 

features of patients presenting with spontaneous ICH, as observed through CT imaging. 

Similarly, Table 2 presents the characteristics of patients with spontaneous ICH in the MRI 

group. The mean age of patients in this group was 60.0 years, slightly higher than that of the 

CT group. Gender distribution revealed that 60% of patients were male, while 40% were 

female, indicating a slightly higher proportion of male patients compared to the CT group. 

Common locations of hemorrhage identified in the MRI group included the parietal lobe, 

temporal lobe, and occipital lobe. These findings suggest different patterns of hemorrhage 

distribution compared to the CT group. The mean volume of hemorrhage in the MRI group 

was 38 cc, indicating similar-sized hemorrhages on average compared to the CT group. 

Overall, these characteristics provide insights into the demographics and clinical features of 

patients with spontaneous ICH, as observed through MRI imaging. 

Table 3 displays the distribution of hemorrhage volumes in the CT group. A total of 25 

patients had hemorrhage volumes ranging from 0 to 29 cc, indicating a significant portion of 

smaller hemorrhages within this group. Additionally, 15 patients had volumes between 30 and 

59 cc, suggesting a moderate proportion of medium-sized hemorrhages. Furthermore, 10 

patients had volumes exceeding 60 cc, indicating a smaller yet notable portion of larger 

hemorrhages within this cohort. These findings provide insights into the range and 

distribution of hemorrhage volumes observed in patients with spontaneous intracranial 

hemorrhage undergoing CT imaging. 

Table 4 presents the distribution of hemorrhage volumes in the MRI group. Among the 

patients in this group, 20 had hemorrhage volumes ranging from 0 to 29 cc, indicating a 

similar proportion of smaller hemorrhages compared to the CT group. Additionally, 18 

patients had volumes between 30 and 59 cc, suggesting a slightly higher proportion of 

medium-sized hemorrhages compared to the CT group. Moreover, 12 patients had volumes 

exceeding 60 cc, indicating a smaller yet notable portion of larger hemorrhages within this 

cohort. These findings provide insights into the range and distribution of hemorrhage 

volumes observed in patients with spontaneous intracranial hemorrhage undergoing MRI 

imaging. 

Table 5 compares the distribution of hemorrhage locations between the CT and MRI groups. 

In the CT group, the most common locations of hemorrhage were the basal ganglia, 
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cerebellum, and frontal lobe, with 15, 8, and 12 patients, respectively. Conversely, in the MRI 

group, the most common locations were the parietal lobe, temporal lobe, and occipital lobe, 

with 10, 6, and 9 patients, respectively. These findings indicate variations in hemorrhage 

distribution between the two imaging modalities, suggesting potential differences in lesion 

localization and pathophysiology. 

Table 6 compares the gender distribution between the CT and MRI groups. In the CT group, 

there were 30 male patients and 20 female patients, indicating a slightly higher proportion of 

male patients. Similarly, in the MRI group, there were 27 male patients and 18 female 

patients. These findings suggest a similar gender distribution pattern between the two 

imaging modalities, with a slight predominance of male patients observed in both groups. 

Overall, these findings provide insights into the demographic characteristics of patients with 

spontaneous intracranial hemorrhage undergoing CT and MRI imaging. 

Discussion: 
Spontaneous intracranial hemorrhage (ICH) represents a complex neurological emergency 

with multifaceted etiologies and significant implications for patient management and 

outcomes. The comprehensive evaluation of ICH requires a nuanced understanding of its 

diverse etiologies, accurate diagnostic techniques, and tailored treatment strategies. In this 

discussion, this research delves into the findings of current research regarding the role of 

cross-sectional imaging, particularly CT and MRI, in characterizing the etiologies of 

spontaneous ICH. Additionally, this research explores the implications of current findings in 

clinical practice, compare current results with existing literature, and discuss avenues for 

future research. 

Role of Cross-Sectional Imaging in Characterizing Etiologies: 

Current research underscores the pivotal role of cross-sectional imaging, encompassing both 

CT and MRI modalities, in elucidating the diverse etiologies underlying spontaneous ICH. 

CT imaging serves as the initial modality of choice due to its rapid acquisition time and high 

sensitivity in detecting acute hemorrhage. The characteristic hyperdensity of acute blood on 

CT facilitates the prompt identification and localization of hemorrhagic lesions, guiding 

emergent interventions. Furthermore, CT angiography provides valuable insights into 

underlying vascular abnormalities, such as aneurysms and arteriovenous malformations, 

which are significant contributors to spontaneous ICH [1-3]. 

In contrast, MRI offers superior soft tissue contrast and multiplanar imaging capabilities, 

enabling detailed characterization of hemorrhage morphology and identification of 

underlying structural lesions. Gradient echo sequences, including susceptibility-weighted 

imaging (SWI), are particularly sensitive in detecting microbleeds associated with cerebral 

amyloid angiopathy, a common cause of spontaneous ICH in the elderly population. 

Additionally, advanced MRI techniques such as diffusion-weighted imaging (DWI) and 

perfusion-weighted imaging (PWI) provide valuable information regarding tissue viability 

and perfusion status, aiding in prognostication and treatment planning [4-6]. 

Clinical Implications and Comparative Analysis: 

current findings contribute to the growing body of evidence supporting the complementary 

roles of CT and MRI in the diagnostic workup of spontaneous ICH. While CT remains 

indispensable for its speed and sensitivity in detecting acute hemorrhage, MRI offers superior 

tissue characterization and is particularly valuable in identifying underlying structural lesions, 

such as tumors and vascular malformations. The integration of advanced MRI sequences, 
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including DWI and PWI, enhances diagnostic accuracy and provides valuable prognostic 

information, guiding therapeutic decisions and improving patient outcomes [5-7]. 

Comparative analysis with existing literature reveals consistency in the diagnostic yield of 

cross-sectional imaging modalities in characterizing the etiologies of spontaneous ICH. 

Studies have consistently demonstrated the high sensitivity and specificity of CT in detecting 

acute hemorrhage and vascular lesions, while MRI offers superior soft tissue contrast and is 

instrumental in identifying underlying structural abnormalities. The combined use of CT and 

MRI in the diagnostic workup of spontaneous ICH allows for comprehensive evaluation and 

accurate characterization of underlying etiologies, facilitating personalized treatment 

approaches tailored to individual patient needs [4-7]. 

Clinical Challenges and Future Directions: 

Despite the significant advancements in cross-sectional imaging techniques, several 

challenges persist in the diagnostic evaluation and management of spontaneous ICH. The 

heterogeneity of etiologies and variable clinical presentations necessitate a multidisciplinary 

approach involving neurologists, neurosurgeons, and neuroradiologists to optimize patient 

care. Standardized imaging protocols and consensus guidelines are essential to ensure 

uniformity in diagnostic practices and facilitate data interpretation across different healthcare 

settings [6-8]. 

Future research endeavors should focus on the development of advanced imaging biomarkers 

and quantitative imaging techniques to improve the diagnostic accuracy and prognostication 

of spontaneous ICH. Emerging technologies, such as machine learning and radiomics, hold 

promise in leveraging big data analytics to extract meaningful insights from imaging data and 

enhance clinical decision-making. Furthermore, prospective multicenter studies are warranted 

to validate the utility of novel imaging biomarkers and refine existing diagnostic algorithms 

for spontaneous ICH [8-10]. 

Conclusion  
In conclusion, current research underscores the indispensable role of cross-sectional imaging, 

including CT and MRI, in characterizing the diverse etiologies of spontaneous ICH. By 

providing detailed anatomical and pathological information, these modalities facilitate 

accurate diagnosis and guide personalized treatment strategies. Moving forward, 

collaborative efforts among healthcare professionals and ongoing research endeavors are 

essential to advance the field of neuroimaging and improve outcomes for patients with 

spontaneous ICH. 
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Tables  
Table 1: Characteristics of Patients with Spontaneous Intracranial Hemorrhage (CT Group) 

Characteristic CT Group 

Mean Age (years) 56.5 

Gender Distribution Male: 55%, Female: 45% 

Common Locations Basal Ganglia, Cerebellum, Frontal Lobe 

Mean Volume (cc) 40 

Table 2: Characteristics of Patients with Spontaneous Intracranial Hemorrhage (MRI Group) 

Characteristic MRI Group 

Mean Age (years) 60.0 

Gender Distribution Male: 60%, Female: 40% 

Common Locations Parietal Lobe, Temporal Lobe, Occipital Lobe 

Mean Volume (cc) 38 

Table 3: Distribution of Hemorrhage Volumes in the CT Group 
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Volume Range (cc) Number of Patients 

0 - 29 25 

30 - 59 15 

> 60 10 

Table 4: Distribution of Hemorrhage Volumes in the MRI Group 

Volume Range (cc) Number of Patients 

0 - 29 20 

30 - 59 18 

> 60 12 

Table 5: Comparison of Hemorrhage Locations between CT and MRI Groups 

Location of Hemorrhage CT Group (n) MRI Group (n) 

Basal Ganglia 15 10 

Cerebellum 8 6 

Frontal Lobe 12 9 

Table 6: Comparison of Gender Distribution between CT and MRI Groups 

Gender CT Group (n) MRI Group (n) 

Male 30 27 

Female 20 18 

 

 


