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Abstract

Background: A bifid spleen is an exceptionally rare congenital anomaly resulting from incomplete fusion of splenic primordia
during embryonic development. Recognition of this variation is important to avoid diagnostic errors and surgical
complications.

Aim: To describe the morphology, vascular anatomy, embryological basis, and clinical significance of a rare bifid spleen
identified during routine cadaveric dissection.

Materials and Methods: A bifid spleen was observed in a formalin-fixed adult male cadaver during undergraduate dissection.
The spleen and its related vascular structures were carefully dissected and examined. As part of the study, splenic
morphology and vascular patterns were also evaluated in 25 cadavers.

Results: The spleen consisted of two well-developed lobes connected by a common hilar region. The splenic artery bifurcated
near the hilum into superior and inferior branches supplying each lobe independently. The pancreatic tail maintained its
normal relationship with the splenic hilum. The intact capsule, shared hilum, and common vascular supply confirmed a
congenital bifid spleen rather than an accessory spleen or post-traumatic change.

Conclusion: A true bifid spleen is an extremely rare developmental anomaly with important anatomical and clinical
implications. Awareness of this variation is essential for accurate radiological diagnosis and safe splenic, pancreatic, and
trauma-related surgical procedures.

Keywords: Bifid spleen; Bilobed spleen; Splenic artery; Anatomical variation; Cadaveric study; Embryology; Clinical
anatomy.

Introduction

The spleen is the largest secondary lymphoid organ and plays a vital role in immune surveillance, blood filtration,
and hematopoiesis. It develops from multiple mesenchymal condensations in the dorsal mesogastrium during
the fifth week of embryonic life. Incomplete fusion of these primordia may result in congenital anomalies such
as accessory spleens, persistent fetal lobulation, polysplenia, and the exceptionally rare bifid spleen. Although
accessory spleens are relatively common, a true bifid spleen is rarely reported and may present diagnostic
challenges during radiological evaluation or abdominal surgery. Awareness of such developmental variations is
important to avoid misdiagnosis and prevent surgical complications. The present study describes a rare
cadaveric case of a bifid spleen with an unusual arterial branching pattern and discusses its embryological basis
and clinical significance.

Aim

To describe the gross morphology, hilar vascular pattern, embryological basis, and clinical significance of a rare
congenital bifid spleen observed during routine cadaveric dissection, and to correlate the findings with available
anatomical literature.

Primary Objectives

1. To identify the morphological characteristics of a bifid spleen.

2. To study the branching pattern of the splenic artery supplying both splenic lobes.
3. To observe the venous drainage of the bifid spleen.

837

Adolescencia e Saude, vol. 21, No. 5s, p. 837-844



4. To examine the relationship of the spleen with adjacent abdominal Qis‘cetgi,'"bafticql_grly the pancreas and

stomach. . —
5. To distinguish a true bifid spleen from accessory spleen, splenosis, and traumati?sp_!enic division.
6. To discuss the embryological basis and clinical importance of this rare anatomical var"iatj_on.
The study objectives align with the observational framework described in the uploaded proposal, which includes
assessment of splenic morphology, dimensions, vascular anatomy, and developmental variations in cadaveric

specimens.

Materials and Methods

Study Design

The present study was conducted as a descriptive cadaveric observational study in the Department of Anatomy,
Nimra Institute of Medical Sciences, Vijayawada. Routine undergraduate dissection of embalmed human
cadavers was performed according to standard anatomical dissection procedures. During the study period, a
rare congenital anomaly involving the spleen was identified.

Study Material

One embalmed adult male cadaver was found to possess an unusual bilobed spleen.

After identification of the anomaly, the following structures were carefully dissected as a single specimen:
Stomach, Distal oesophagus, First part of duodenum, Pancreas, Coeliac trunk, Splenic artery, Splenic vein, Portal
venous tributaries, Short gastric vessels, Left gastroepiploic artery, Entire spleen.

The specimen was preserved for further anatomical examination and photographic documentation. These
procedures are consistent with the methods outlined in the uploaded proposal.

Inclusion Criteria

e  Formalin-fixed adult cadavers.

e  Cadavers with intact upper abdominal viscera.

e  Specimens showing complete preservation of splenic vasculature.

Exclusion Criteria

e Cadavers with previous abdominal surgery.
o Severely damaged abdominal viscera.

e Decomposed or partially dissected spleens.

Method of Observation

After exposure of the upper abdomen, the following observations were made systematically.

Morphological Parameters : Shape, Number of splenic lobes, External appearance, Capsule, Borders, Surfaces,
Splenic hilum, Position, Vascular Parameters, Origin of splenic artery, Course, Terminal branching, Hilar
branches, Venous drainage, Left gastroepiploic artery Short gastric arteries. The anatomical relations of the
spleen with stomach, pancreas, diaphragm, splenic flexure, left kidney were examined.

Documentation: Observations were recorded using digital photography, gross anatomical drawings, schematic
vascular diagrams, handwritten anatomical notes, Photographs were obtained before removal of the specimen

and again after complete dissection.
SFLEEN - UNIQ(JL: HILAR VASCULAR FPATTERN
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Results R

Gross Morphology - Routine dissection revealed an unusual spleen consisting of two well-developed splenic
lobes connected by a common hilar pedicle. ’
Unlike an accessory spleen, the two lobes were continuous through their hilar structures and appeared to
represent a single organ.

e The superior lobe occupied the normal anatomical position beneath the diaphragm.

e The inferior lobe was situated below the superior lobe within the left upper abdomen.

e Both lobes were enclosed within a continuous fibrous capsule.

e No accessory splenic nodules were identified elsewhere within the abdominal cavity.

External Features
e The diaphragmatic surfaces of both lobes were smooth and convex.
e The visceral surfaces showed normal impressions produced by surrounding abdominal viscera.
e No evidence of fibrosis, traumatic scarring, healed laceration, inflammatory adhesions was observed.
The external appearance strongly suggested a congenital anomaly rather than an acquired lesion.

Splenic Hilum - The hilum occupied the region between the two splenic lobes.
e Both lobes shared hilar vessels, connective tissue, lymphatics, neural plexuses
e The hilar arrangement indicated continuity of the two lobes.

Arterial Supply - One of the most remarkable findings was the arterial branching pattern.
e The splenic artery originated normally from the coeliac trunk. After following its characteristic tortuous
course along the superior border of the pancreas, it approached the splenic hilum.
e Immediately before entering the spleen, the artery divided into two major trunks.

Superior Trunk - The superior trunk supplied the upper splenic lobe.
e Before entering the superior lobe, it divided into ascending branch superior terminal branch had
additional hilar branches. These vessels supplied the superior splenic parenchyma.

Inferior Trunk - The inferior trunk continued inferiorly and entered the lower splenic lobe.

e |t supplied the lower lobe independently.

e No arterial communication between the superior and inferior terminal branches was identified
macroscopically.

e This vascular arrangement indicated independent arterial perfusion of each splenic lobe.

Left Gastroepiploic Artery - The left gastroepiploic artery arose normally from the splenic artery before its
terminal division.

e It descended towards the greater curvature of the stomach without showing any anomalous branching.
e This finding indicates that the bifid morphology did not alter the origin of this vessel.

Venous Drainage - The venous drainage corresponded closely with the arterial pattern.

e Separate venous tributaries emerged from superior splenic lobe & inferior splenic lobe

e  Both tributaries united near the hilum to form the splenic vein.

e The splenic vein continued posterior to the pancreas before contributing to formation of the portal vein.
No accessory venous channels were observed.

Relationship with the Pancreas

e Animportant anatomical observation was the close relationship of the pancreatic tail.

e The tail of the pancreas extended towards the inferior splenic lobe.

e [ts termination remained closely related to the common splenic hilum.

e This preserved anatomical relationship supports the developmental origin of the bifid spleen.
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Morphological Interpretation : The following observations support the diaghosis of a.true congenital bifid

spleen: _ .

e Presence of two large splenic lobes, Common fibrous capsule., Shared splenic hilum., Common splenic
artery., Separate superior and inferior hilar branches., Common splenic vein., Normal pancreatic
relationship., Absence of accessory spleens., Absence of traumatic separation., No evidence of splenosis.

e These findings favor incomplete embryological fusion of splenic primordia rather than accessory spleen

formation.

Discussion

The present cadaveric study describes a rare congenital bifid spleen characterized by two well-developed splenic
lobes connected by a common hilar region and supplied by independent superior and inferior arterial branches
arising from a common splenic artery.

The specimen preserved a continuous fibrous capsule, shared hilar architecture, normal venous drainage, and
maintained its anatomical relationship with the tail of the pancreas. These features support the diagnosis of a
true bifid spleen, distinguishing it from accessory spleens, splenosis, and acquired post-traumatic splenic tissue.
The study proposal emphasizes that congenital variations of the spleen are clinically important because they
may lead to diagnostic confusion during imaging studies and influence surgical management. It also proposes
that persistent fetal lobulation may contribute to the development of a bilobed spleen.

Normal Embryological Development of the Spleen

e The spleen is unique among abdominal organs because it develops entirely from mesenchymal tissue rather
than from the primitive gut tube.

e During the fifth week of intrauterine development, mesenchymal condensations appear within the dorsal
mesogastrium. These condensations enlarge, become vascularized, and normally fuse into a single splenic
primordium.

e The spleen subsequently migrates to the left upper quadrant as the stomach rotates and the dorsal
mesogastrium elongates. The developmental sequence summarized here is consistent with the
embryological outline presented in the uploaded proposal.

e During fetal life, the developing spleen exhibits multiple lobules separated by shallow grooves. Normally
these lobules fuse almost completely before birth, leaving only one or more notches on the superior border
as remnants of fetal lobulation.

e Failure of complete fusion of these embryonic splenic nodules gives rise to a spectrum of congenital
anomalies that include:

e  Persistent fetal lobulation, Accessory spleen, Bifid spleen, Polysplenia, Rarely, complete absence of the
spleen (asplenia)

The present specimen most likely represents incomplete fusion of adjacent splenic primordia during

embryogenesis, resulting in persistence of two major splenic lobes.

Developmental Basis of the Present Specimen

The present specimen provides anatomical evidence supporting incomplete embryological fusion rather than
formation of an accessory spleen. Several observations support this developmental interpretation : Continuous
fibrous capsule, Common hilar attachment, Shared arterial origin, Shared venous drainage, Normal pancreatic
relationship, Absence of isolated splenic nodules, No evidence of previous trauma.

Unlike accessory spleens, which arise as separate nodules of splenic tissue, the present specimen represents
persistence of two embryonic splenic masses that remained connected throughout development. This
interpretation is also consistent with the hypothesis stated in the uploaded proposal that the bilobed
morphology may result from developmental factors affecting splenic lobulation.

Comparison with Accessory Spleen

e Accessory spleen is the commonest congenital anomaly of the spleen.

e Itisreported in approximately 10-30% of individuals in anatomical and radiological studies.

e  Typical accessory spleens are: Round or oval, Small, Completely separate, Encapsulated, Located near the
splenic hilum or pancreatic tail, Supplied by a separate vascular pedicle

e In contrast, the present specimen demonstrated: Two nearly equal-sized lobes, Common hilar continuity,
Continuous capsule, Shared splenic artery, Shared splenic vein
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e Therefore, the anomaly cannot be classified as an accessory spleen.

Comparison with Persistent Fetal Lobulation : Persistent fetal lobulation usually -ﬁ'ro_d_uces shallow external
grooves or exaggerated notches on the splenic surface. Internally, however, the spleen ré"ma‘ins a single organ.
The present specimen differs because:

e Complete separation into two major lobes occurred.

e Both lobes possessed independent vascular supply.

e Abroad hilar bridge remained between them.
Thus, the anomaly represents a more advanced developmental variation than simple fetal lobulation.

Distinction from Splenosis : Splenosis represents autotransplantation of splenic tissue following trauma or
splenectomy. Characteristic features include: Multiple nodules, Variable sizes, Absence of normal hilum, Blood
supply from surrounding tissues.

The present specimen showed none of these characteristics. Instead, it demonstrated: Normal hilar anatomy,
Normal splenic artery, Normal splenic vein, Intact capsule, Normal anatomical location. Therefore, splenosis can
be confidently excluded.

Differential Diagnosis During Imaging

e Recognition of a bifid spleen is particularly important for radiologists.

e On ultrasonography or computed tomography, the inferior splenic lobe may mimic:

e  Pancreatic tail tumour, Left adrenal tumour, Enlarged lymph node, Renal mass, Gastric stromal tumour,
Splenic abscess

e  Failure to recognize continuity between the two lobes may result in unnecessary investigations or surgical
exploration.

e Modern multidetector CT and MRI with multiplanar reconstruction can demonstrate: Common splenic
capsule, Shared hilar vessels, Continuity of splenic parenchyma

These features allow differentiation from pathological masses : Surgical Importance, Knowledge of splenic

vascular variations is essential during: Splenectomy, Partial splenectomy, Distal pancreatectomy, Gastric

surgery, Trauma surgery

Organ transplantation : In the present specimen,

e The splenic artery divided into two major trunks supplying each lobe independently.

e  Failure to recognize this branching pattern could lead to: Intraoperative hemorrhage, Incomplete
splenectomy, Residual functioning splenic tissue, Ischemia of preserved splenic tissue.

e The proposal similarly notes that anomalous splenic tissue may persist after splenectomy and contribute
to recurrent symptoms if not identified and removed.

Relationship with the Pancreatic Tail

e One particularly interesting observation was the normal relationship of the pancreatic tail with the inferior
splenic lobe.

e The pancreatic tail extended toward the common hilum in the expected anatomical position.

e This suggests that: pancreatic development occurred normally,, splenic rotation was preserved,only fusion
of splenic primordia was altered.

The finding strengthens the hypothesis of isolated abnormal splenic morphogenesis rather than generalized

foregut maldevelopment.

Vascular Pattern

e One of the most significant findings in this study was the hilar branching pattern.

e The splenic artery divided into: Superior hilar trunk & Inferior hilar trunk

e Each trunk independently supplied one splenic lobe. Such a pattern is advantageous during partial
splenectomy because each lobe could theoretically be devascularized separately while preserving the other
lobe. However, surgeons must identify these branches carefully to avoid inadvertent ischemia or
hemorrhage.

Comparison with Previously Reported Cases
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Congenital anomalies of the spleen encompass a wide spectrum of deve_l‘ob'rnentafl_ variations, including
persistent fetal lobulation, accessory spleens, wandering spleen, polysplenié,"-and asplenia:-Among these, e
accessory spleens are the most frequently encountered, whereas true bifid sp'i’éen. remains exceedingly
uncommon. The uploaded proposal notes that accessory spleens are generally located né‘ar__g single anatomical
site and that multiple or unusual splenic variations are rare, emphasizing the importance of recognizing these
anomalies during anatomical examination and clinical practice.
Most published reports describe bifid spleen as an incidental finding during cadaveric dissection, abdominal
surgery, or cross-sectional imaging. However, many of these reports focus primarily on external morphology,
with limited information regarding detailed hilar vascular anatomy.
The present specimen contributes additional anatomical observations by demonstrating:

e Two well-developed splenic lobes.

e A continuous splenic capsule.

e A common splenic hilum.

e Independent superior and inferior arterial trunks.

e Converging venous drainage into a single splenic vein.

e Preservation of normal relationships with the pancreatic tail and stomach.
These findings provide a more comprehensive anatomical description than many previously reported cases and
may aid in differentiating a true bifid spleen from other congenital or acquired conditions.

Radiological Implications : Recognition of this anomaly is particularly important in diagnostic imaging. During
ultrasonography, computed tomography (CT), or magnetic resonance imaging (MRI), the inferior splenic lobe
may be mistaken for:

e pancreatic tail neoplasm,

e adrenal mass,

e enlarged lymph node,

e renal lesion,

e  gastric stromal tumour,

e retroperitoneal tumour.
Failure to recognize continuity between the two splenic lobes may lead to unnecessary investigations, image-
guided biopsies, or surgical exploration.
Careful evaluation of the following imaging features is therefore recommended:

e continuity of splenic parenchyma,

e common splenic capsule,

e hilar vascular continuity,

e enhancement characteristics similar to the main spleen.
The proposal similarly highlights that accessory or anomalous splenic tissue may mimic neoplasms or lymph
node enlargement on imaging and should be considered during differential diagnosis.

Biochemical Significance of the Bifid Spleen

e Altered Iron Recycling : Reduced splenic function may impair iron recycling and hemoglobin breakdown,
causing mild changes in iron and bilirubin metabolism.

e Reduced Immune Function : Compromised splenic tissue may decrease cytokine production and immune
cell activity, increasing susceptibility to infections.

e  Persistent Splenic Function After Splenectomy : An unrecognized splenic lobe may continue blood
filtration and immune activity, affecting platelet count and reducing the effectiveness of splenectomy.

Surgical Significance

Knowledge of rare splenic variations is essential during upper abdominal surgery.

The present vascular arrangement has several operative implications.

e Splenectomy - If one splenic lobe is mistaken for an accessory spleen or overlooked during surgery, residual
functioning splenic tissue may remain after splenectomy. Such residual tissue may continue to perform
hematological and immunological functions and, in certain clinical conditions, contribute to persistent or
recurrent disease.
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e  Partial Splenectomy - Independent arterial branches supplying the superior and inferior lobes suggest that
selective vascular ligation may be technically feasible. Understanding this anatomy may assist.surgeons in
preserving viable splenic tissue during spleen-conserving procedures. N\

e Distal Pancreatectomy - Because the tail of the pancreas remained closely related to the common splenic
hilum, surgeons performing distal pancreatectomy should be aware that unexpected splenlc morphology
may alter hilar dissection and increase the risk of vascular injury.

e Trauma Surgery - In patients with splenic trauma, failure to recognize a bifid spleen could result in
incomplete assessment of splenic injury or residual bleeding from an unrecognized lobe.

The proposal likewise emphasizes the importance of identifying anomalous splenic tissue during splenectomy

to prevent persistent symptoms and surgical complications.

Clinical Significance : The present case has important implications across multiple medical specialties.
e Anatomists - Provides a valuable teaching specimen for gross anatomy.
e Enhances understanding of congenital splenic development.
e Demonstrates persistence of embryonic lobulation.
e Radiologists - Prevents misinterpretation of a bifid spleen as an abdominal mass.
e Improves confidence in reporting unusual splenic morphology.
e  General Surgeons - Assists in accurate preoperative diagnosis.
e Facilitates safer splenectomy and spleen-preserving surgery.
e  Reduces the risk of hemorrhage through awareness of hilar branching.
e Helps prevent incomplete removal of splenic tissue.
e  Gastrointestinal Surgeons
e Assists in planning procedures involving the stomach, pancreas, and splenic hilum.
e Minimizes inadvertent injury to variant splenic vessels.
e  Transplant Surgeons
e Highlights the need for careful assessment of hilar vascular anatomy during organ procurement and
transplantation.

Strengths of the Study : The present investigation has several strengths.
e Detailed gross anatomical dissection preserving the entire splenic vascular pedicle.
e Documentation of both arterial and venous anatomy.
e Correlation of morphology with embryological development.
e Consideration of radiological and surgical relevance.
e High-quality cadaveric photographs supporting anatomical observations.
e Comparison with related congenital anomalies to facilitate differential diagnosis.

Conclusion

The present cadaveric study documents a rare congenital bifid spleen characterized by two well-developed
splenic lobes connected through a common hilar region and supplied by independent superior and inferior
terminal branches of the splenic artery. The continuity of the fibrous capsule, preservation of the hilar
architecture, shared venous drainage, and normal anatomical relationship with the pancreatic tail strongly
support the diagnosis of a true bifid spleen rather than an accessory spleen, splenosis, or post-traumatic splenic
tissue.

The findings reinforce the concept that incomplete fusion of embryonic splenic primordia may result in
persistence of major fetal lobes into adult life. Such developmental anomalies, although uncommon, have
important implications for radiological interpretation, abdominal surgery, splenic trauma management, and
anatomical education.

From a clinical perspective, recognition of a bifid spleen is essential to prevent diagnostic errors during cross-
sectional imaging, avoid unnecessary invasive procedures, and facilitate safe surgical planning. Careful
evaluation of the splenic hilum and vascular branching pattern should therefore form an integral component of
preoperative assessment in patients undergoing splenic or pancreatic surgery.

The study also highlights the continuing importance of cadaveric dissection in identifying rare anatomical
variations that may not be readily recognized in routine clinical practice. Further multicentric cadaveric and
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radiological studies are warranted to establish the true incidence, embryological basis,. and clinical relevance of
bifid spleen. D SR eppge
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