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Abstract

The spleen is a highly vascular and fragile organ, often vulnerable to rupture following blunt abdominal trauma. However, certain underlying histopathological conditions can predispose the spleen to rupture even with minimal trauma or spontaneously. Therefore, the present study was undertaken to evaluate the gross and histomorphological features of ruptured spleens and identify any associated underlying pathology contributing to splenic rupture. Twenty six specimen of spleen which were resected / sent from autopsy were studied over a six year period. Gross examination focused on rupture grading, size, weight, and capsular integrity. Histopathological examination was done on H&E stained sections and Congo red was used for confirmation of amyloid deposits. Grade IV rupture was the most frequently observed (57.7%), followed by Grade III(23.1%) and V(11.5%). Red pulp congestion and hemorrhage were universally present (100%). Lymphoid hyperplasia was identified in 48% of cases, amyloid deposition in 12%, and neutrophilic perisplenitis in 36%. Fibrinoid necrosis and subcapsular inflammation were also noted in some cases. Histomorphological evaluation of ruptured spleens provides essential insights into both the extent of injury and underlying conditions that may contribute to rupture. This has significant implications for clinical and forensic assessment of spleen trauma.
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Introduction 
The spleen is a highly vascular organ that plays a vital role in both hematological and immunological functions, including the filtration of blood, sequestration of aged erythrocytes, and initiation of immune responses. Due to its anatomical location and fragile structure, the spleen is particularly vulnerable to injury during blunt abdominal trauma, such as those sustained in road traffic accidents (RTA)[1-3].
Though splenic rupture is a well-recognized surgical emergency and its clinical diagnosis and surgical management are well-documented, the histomorphological changes associated with splenic rupture remain underexplored in literature[4, 5]. Histopathological evaluation, particularly post-mortem, can uncover underlying pathological processes such as
 
lymphoid hyperplasia, amyloidosis, or chronic inflammation that may predispose the spleen to rupture[6, 7].
Understanding the microscopic patterns of ruptured spleens has significant clinical, surgical, and medicolegal implications[8]. It helps to differentiate between purely traumatic ruptures and those influenced by pre-existing disease, assists in accurate cause-of-death determination, and improves the pathological classification of splenic injuries[9, 10].
The present study was undertaken in response to this gap. Through a detailed gross and histomorphological analysis of specimen of spleen over a six year period, this study aimed to highlight salient pathological features and compare the findings with previously published literature. In doing so, it seeks to contribute to both forensic histopathology and trauma-based splenic pathology. Aim of the study was to explore the histomorphological changes associated with splenic rupture, to study in detail the gross and microscopic features of ruptured spleens in Hematoxylin and Eosin (H&E) stained sections and use special stains wherever necessary for further evaluation.
 
Material and Methods
This observational study, comprising both retrospective and prospective components, was conducted over a six-year period (2020–2026) in the Department of Pathology. All splenic rupture cases sent for histopathological evaluation during this time were included. The specimens consisted of both autopsy-derived spleens and splenectomy samples obtained following road traffic accidents, clinically diagnosed as splenic rupture, regardless of patient age or sex. Splenectomy done for other causes were excluded.
For retrospective cases, tissue blocks and slides were retrieved from departmental archives and necessary information was obtained from the records. Each specimen underwent detailed gross examination, splenic size, weight, capsular integrity, rupture grade, hemorrhage, and other macroscopic changes were noted. Specimens were then sectioned longitudinally from the hilum to the superior pole at 1 cm intervals (grossing protocol was followed as per the guidelines described in Shameem Shareef’s Manual of Surgical Pathology Grossing Techniques)[10]. Representative bits for study were routinely processed. H&E stained sections were studied, Congo red stain was done in which amyloidosis was suspected. On H&E all microscopic slides and gross samples were examined and reviewed by senior pathologists.
Findings were documented, grouped based on rupture grading, and correlated with histopathological features. All results were compiled and analyzed. Ethical clearance for the study was obtained from the Institutional Ethics Committee, and proper anonymization protocols were followed for use of archived autopsy material.
Results
A total of 26 ruptured spleen  were analyzed, of which 22 (84.6%) belonged to males and 4 (15.4%)  females, with a male-to-female ratio of 5.5:1. The most common age group was 31–50 years (10 cases, 38.4%), followed by 21–30 years (7 cases, 26.9%), 51–70 years (5 cases, 19.2%).
All cases had a history of blunt abdominal trauma sustained in road traffic accidents (RTA). Among the 26 specimens, 19 (73.1%) were obtained from autopsies and 7 (26.9%) were post-operative splenectomy specimens. Gross examination revealed capsular rupture in all cases, with variable degrees of hemorrhage. Grade IV rupture was the most common, seen in 15 cases (57.7%), followed by Grade III in 6 cases (23.1%), Grade V in 3 cases (11.5%), and Grade II in 2 cases (7.7%) ([Fig. 1] a-f).
Fig. 1: a,b - RTA with blunt injury, Grade III/Grade IV splenic injury; c- hemoperitoneum secondary to splenic injury (IV/V); d,e- RTA with Grade IV/V splenic rupture; f-Blunt injury with Grade IV splenic Injury 
	Sl. No.	Size (in cms)	Gross Findings	Microscopy
	1	7x5.5x3	Congestion and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	2	9x6x3	Inferomedial border laceration and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	3	11.5x7.5x4	Anterior surface laceration and haemorrhage.	Hemorrhage, homogenous eosinophilic deposits in arterioles
	4	12x9.5x5	Focal area of haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	5	7x6x4	Breach of capsule and haemorrhage.	Hemorrhage, Neutrophilic infiltrate at the ruptured area
	6	12x6x4	Breach of capsule and haemorrhage.	Hemorrhage, Neutrophilic infiltrate at the ruptured area
	7	11.5x7x5.5	Anterior and posterior surface laceration and haemorrhage.	Hemorrhage, homogenous eosinophilic deposits in arterioles
	8	10x6x4	Breach of capsule and haemorrhage.	Hemorrhage, Neutrophilic infiltrate at the ruptured area
	9	8x6x4	Breach of capsule and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	10	12x8x4	Breach of capsule and haemorrhage with perisplenitis.	Hemorrhage, Lymphoid follicle hyperplasia
	11	7x5x3	Congestion and haemorrhage.	Hemorrhage, Neutrophilic infiltrate at the ruptured area
	12	14x5x3	Posterior tear and haemorrhage.	Hemorrhage, homogenous eosinophilic deposits in white pulp
	13	10x7x2	Congestion and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	14	11x7x3	Posterior surface laceration and haemorrhage.	Hemorrhage, Neutrophilic infiltrate at the ruptured area
	15	14x9x3.5	Haemorrhage.	Hemorrhage, Neutrophilic infiltrate at the ruptured area
	16	14x9x6	Anterior laceration and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	17	9.5x5x4	Haemorrhage.	Hemorrhage, homogenous eosinophilic deposits in white pulp
	18	9x7x3.5	Breach of capsule and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	19	7x5.5x3	Breach of capsule , Congestion and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	20	9x5x4	Congestion and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	21	11x7x3	Congestion and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	22	8x6x4	Congestion and haemorrhage.	Hemorrhage, Neutrophilic infiltrate at the ruptured area
	23	10.5x6x3	Congestion and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	24	8x5x4	Congestion and haemorrhage.	Hemorrhage, Neutrophilic infiltrate at the ruptured area
	25	9x6x3	Congestion and haemorrhage.	Hemorrhage, Lymphoid follicle hyperplasia
	26	9.5x5x4	Congestion and haemorrhage, anterior surface laceration.	Hemorrhage, Neutrophilic infiltrate at the ruptured area

Table 1: Gross and microscopic features 
Spleen weights ranged from 90–250 grams. Weight of 22 spleens (84.6%) were within normal limits (90–140 g), 3 (11.5%) were mildly increased (150–200 g), and 1 case (3.9%) showed significant increase (250 g).
On microscopy, all 26 cases (100%) showed red pulp congestion and hemorrhage at the rupture site. Additional histopathological findings included [Table. 1] were lymphoid hyperplasia ([Fig. 4] a,b) in 13 cases (50%), amyloid deposition ([Fig. 2] a-e) in 3 cases (11.5%), neutrophilic perisplenitis in 9 cases (34.6%), subcapsular neutrophilic infiltrates ([Fig. 3] a,b) in 4 cases (15.4%), fibrinoid necrosis in 2 cases (7.7%), 
 
perisplenic inflammation in 2 cases (7.7%) and no significant pathology 4 cases (15.4%).
Discussion 
The spleen is one of the most frequently injured solid organs in blunt abdominal trauma, accounting for up to 42% of such injuries[1]. Its anatomical position, friable capsule, and rich vascularity make it particularly prone to rupture in high-impact injuries such as road traffic accidents (RTA).  
Fig. 2: a,b,c - showing deposits begin in the walls of arterioles of white pulp extending out - replace follicles [H & E x 40]; d - Salmon pink to red amyloid deposits; e - Apple green birefringence on Polaroid microscopy [Congo Red x 40]Fig. 3: a, b - Neutrophilic infiltrate may be seen subcapsularly and along the edges of the tear [H and E x 40]Fig. 4: a,b- Lymphoid hyperplasia [H and E x 40]In our study, 100% of the cases (n = 26) were associated with blunt trauma due to RTA, consistent with findings by Fomin et al.[2] in their post-mortem analysis of traumatic splenic injuries.
A marked male predominance (84.6%) was observed, which corresponds with the findings of Al-Kindi et al.[9], who noted that young to middle-aged males were at highest risk which is probably attributed to increased occupational exposure and usage of vehicles in this age group.
Grade IV ruptures were most frequent (57.7%) in our series, reflecting the severity of trauma encountered. This observation aligns with Farhi and Ashfaq[3], who documented that higher-grade ruptures are common in traumatic spleens. Interestingly, 84.6% of spleens weighed within the normal range, supporting earlier assertions that splenomegaly is not essential for rupture. However, Parsons et al.[4] noted that even mild enlargement may predispose the spleen to injury under pressure.
Microscopically, all cases (100%) showed red pulp congestion and hemorrhage. Lymphoid hyperplasia was present in 50% of cases ([Fig. 4] a,b), comparable to reports by Farhi et al.[3], indicating underlying immune activation. In 11.5% of cases, amyloid deposits were identified by Congo red staining. This finding resonates with Renzulli et al.[5], who highlighted that amyloid infiltration compromises tissue elasticity and may predispose to spontaneous rupture, even in trauma-dominant settings.
Other histological features included neutrophilic perisplenitis (34.6%), subcapsular inflammation (15.4%), and fibrinoid necrosis (7.7%). These patterns suggest a spectrum of acute and chronic inflammatory responses. Dalrymple et al.[6] emphasized the importance of such histologic evidence in distinguishing between pre-existing disease and trauma-induced changes, especially in forensic practice.
Presence of perisplenic inflammation in one case aligns with the insights of Byard et al.[7], who proposed that capsular thickening or adhesions may hint at silent, prior trauma or ongoing low-grade inflammation. This reinforces the value of thorough histopathological examination in both clinical and medico-legal contexts.
This comparative analysis confirms that our results are in line with existing literature, while also highlighting the importance of histomorphology in detecting predisposing conditions especially in autopsy cases where aetiology needs to be established for legal and clinical reporting.
Limitations of the Study
	Limited Sample Size and Single-Centre Design. Although the study included 26 cases over six years, the sample size remains modest for drawing broad epidemiological conclusions. Being conducted in a single tertiary-care centre may also limit generalizability to other populations or trauma settings.

	Lack of Statistical Analysis. Due to the descriptive nature of the study, no advanced statistical correlations were performed. Potential associations between histological features and clinical variables (e.g., age, rupture grade) could not be statistically validated.

	Retrospective Data Retrieval Bias. Some cases (before 2023) were retrospective, and relevant clinical history or injury details were incomplete or missing in archived records, potentially influencing clinicopathological correlation.

	Lack of Clinical Follow-Up. As most specimens were derived from autopsies or emergency splenectomies, patient follow-up data was unavailable. Therefore, correlations with prognosis, outcomes, or recurrence could not be assessed.


Conclusion
Histomorphological evaluation of ruptured spleens offers critical insights beyond gross examination alone. In this study, all cases were associated with blunt trauma following road traffic accidents, with red pulp congestion and hemorrhage being universal findings. However, the identification of additional features such as lymphoid hyperplasia, amyloid deposition, and perisple- nitis underscores the potential role of underlying pathological conditions in contributing to splenic fragility.
These findings highlight the importance of detailed microscopic examination in distinguishing between purely traumatic ruptures and those complicated or predisposed by pre-existing disease. Such differentiation is essential not only for accurate clinical management, but also for forensic investigations, where establishing the cause and context of rupture can have legal implications.
The study reinforces that routine histopathological analysis should be considered a vital step in the evaluation of all ruptured spleens — especially in autopsy practice — to ensure that hidden disease processes are not overlooked.
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