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ABSTRACT: Objectives: Anatomical knowledge regarding the external morphology of the spleen is essential for
surgical intervention and radiological diagnosis. A characteristic feature of the spleen is the presence of splenic
notches at the superior border; however, such notches rarely extend deep enough to be considered fissures or to
separate the spleen into multiple lobes. To date, there are very few cadaveric reports of splenic fissures. This study
aimed to examine the anatomy and morphological structure of spleens collected from cadavers in order to identify
the prevalence and clinical significance of splenic notches, fissures and lobation. Methods: This study was conducted
at the Department of Anatomy, Katuri Medical College and Hospital, Guntur, Andhra Pradesh, India. A total of 50
spleens were collected from cadavers over a period of seven years from 2012-2019 and examined to determine the
presence of splenic notches or fissures. Results: Of the 50 spleens, 40% had notches at the superior border, 10% had
notches at the inferior border and 50% had no notches at either border. Fissures were present in five spleens (10%);
of these, three showed incomplete fissures and the remaining two had complete fissures that divided the spleen
into two lobes. Conclusion: The findings of this study provide valuable information regarding the anatomy and
prevalence of splenic fissures and bilobed spleens. A bilobed spleen is a rare congenital malformation which should
be considered distinct from other known splenic anomalies. The presence of splenic fissures in bilobed spleens can
serve as a guide for surgeons during conservatory splenectomy procedures.

Keywords: Anatomic Variation; Spleen; Anatomy and Histology; Abnormalities; Congenital Abnormalities;
Splenectomy; India.
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ADVANCES IN KNOWLEDGE
The present stucly provides a complete anatomical description of splenic fissures and bilobed spleens collected over a seven-year period.

- Bilobed spleen is a rare congenital malformation which should be considered distinct from other known congenital defects of the spleen.

APPLICATION TO PATIENT CARE

- These findings will help radiologists to differentiate bilobed spleens from other adjacent solid masses. Moreover; splenic fissures represent avascular
Planes which can act as a guide for surgeons performing conservatory splenectomies following injury.

HE SPLEEN IS THE LARGEST LYMPHOID ORGAN
and is located in the left upper quadrant of the
abdomen."” Among adults, the spleen is wedge-
shaped, approximately 3 x 12 x 7 ¢cm in dimension and

150 g in weight and has a smooth serosal surface.
The organ has two surfaces, the visceral and parietal
surfaces, and three borders known as the superior,
inferior and intermediate borders."” In certain cases,
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the superior border can have between 2-4 notches
which arise during embryological development.'~*
In contrast, notches do not typically occur on the
intermediate or inferior borders.>

Splenic notches along the superior border are often
used as a clinical guide to palpate an enlarged spleen.?
However, in some variant spleens, the notches extend
as fissures on both the costal and visceral surfaces,
dividing the spleen into two or more lobes.> Moreover,
the presence of notches along the inferior border can
lead to complications in defining the borders of the
spleen and adjacent structures such as the stomach
and kidneys. In some cases, fluid can accumulate in
splenic fissures due to their depth and be misdiagnosed
as lacerations during radiological investigations.®

Blunt trauma of the abdomen most often involves
the spleen and leads to intraabdominal complications
such as haemorrhage and peritonitis. Although a
complete splenectomy is the treatment of choice for
splenic injuries, modern protocols advocate for a
partial splenectomy in less severe cases with a view
to preventing postoperative complications.”? From
this perspective, it is imperative that radiologists
and surgeons understand the complete anatomy of
the spleen—including the splenic artery, ligaments,
segments and lobes—and its position relative to other
surrounding structures.” However, few cadaveric
reports have been published describing splenic
fissures and bilobed spleens. Hence, the present study
was performed to identify and assess the clinical
significance of splenic notches, fissures and lobation
among spleens collected from cadavers over a seven-
year period.

Methods

The present study was conducted with specimens
collected between December 2012 and March 2019
at the Department of Anatomy of the Katuri Medical
College and Hospital in Guntur, Andhra Pradesh, India.
A total of 50 spleens were collected from cadavers of

unknown medical history over the study period. The
spleens were removed during routine dissection of
the abdominal region by cutting the splenic vessels
near the Zilum and carefully detaching the organ from
the peritoneum. Following removal, the spleens were
preserved in 10% formalin.

Each spleen was carefully examined to determine
the presence of splenic notches, fissures and lobation.
Spleens possessing abnormal notches, fissures and
more than one lobe were photographed. The data

were tabulated and subjected to further analysis using
an Excel spreadsheet, Version 2016 (Microsoft Corp.,
Redmond, Washington, USA). Subsequently, findings
were compared with those from previously reported
studies in the literature.

This study received ethical approval from the
College Ethics Committee of the Katuri Medical
College and Hospital. All cadavers included in the
study were unclaimed bodies issued by governmental
tertiary care hospitals for use in teaching and research.

Results

Of the 50 spleens, 20 (40%) had notches at the superior
border and five (10%) at the inferior border, while the
remaining 25 spleens (50%) had no notches at either
border. Fissures were observed in five spleens (10%).
Among those with splenic notches, the number of
notches varied from 2—4 at the superior border and
1-2 at the inferior border. Fissures were classified as
either complete or incomplete based on the depth
and extent of the opening. Complete and incomplete
fissures were observed in two (4%) and three (6%)
spleens, respectively.

In one spleen with a complete fissure, the cleft
extended from the superior to the inferior border of
the diaphragmatic surface, divided it into two lobes
(bilobed spleen) [Figure 1A]; moreover, each lobe had
a separate hilum, as shown on the visceral surface
[Figure 1B]. In another spleen, two notches were
observed at the inferior border on the diaphragmatic
surface [Figures 2A and B], one of which extended as a
fissure from the inferior border to the hilum, dividing
the spleen into two lobes that were visible only on the
visceral surface [Figures 2C and D]. In the remaining
three spleens, incomplete fissures of approximately 3—4
cm in length were visible on the diaphragmatic and
visceral surfaces, extending to a depth of approximately

. ! , ular plane

Figure 1: Photographs of the (A) diaphragmatic and (B)
visceral surfaces of a cadaveric spleen with a complete
fissure dividing the spleen into two lobes (i.e. a bilobed
spleen).

L = lobe; H = hilum.
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Figure 2: Photographs of the (A & B) diaphragmatic and (C & D) visceral surfaces of cadaveric spleens with notches
(arrows) on the inferior border. Using a hook retractor, the notches were found to extend in the form of a fissure from the
inferior border to the hilum.

H = hilum.

Figure 3: Photographs of the diaphragmatic surface of cadaveric spleens with incomplete fissures showing the fissures
(arrows) extending from either the (A) superior border or (B & C) inferior border to the diaphragmatic surface and a (D)
normal spleen without any notches or fissures.

A Splenic fissures

Splenic artery- # : Avascular plane

Figure 4: A: Schematic of a bilobed spleen with separate hila and polar artery branches. B: Model of a bilobed spleen
showing the avascular plane between the two lobes.

Table 1: Literature review of studies assessing the topic

s 0.5-1 cm without lobation [Figure 3A—C]. A repres-
of spleen segmentation :
L entative spleen with no fissures or notches at either border
Author and year of publication =~ Number of segments

is shown in Figure 3D for comparative purposes.

Redmond et al.** (1989) 2

Gutierrez Cubillos® (1969) 2—4

Gupta et al?' (1976) 2-4 Discussion

RS G ) > In humans, the spleen begins to develop during
Voboril” (1982) 6 the fourth week of gestation during mesenchymal
Present study (2020) 2 condensation in the dorsal mesogastrium of the lesser
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sac. Later, these mesenchymal cells differentiate to
form lobules which subsequently fuse together to form
a lymphatic organ, the spleen.>* The fusion of multiple
lobules leads to the formation of notches on the
superior border of the spleen.®? While the fetal spleen
is typically lobulated, the majority of these lobules
disappear before birth; however, some can persist and
be seen at the hilum as an accessory spleen. Accessory
spleens are one of the most frequent congenital splenic
anomalies and are sometimes located on the upper
pole of the kidney, thereby leading to misdiagnosis as a
renal mass or tumour.*

Splenomegaly is a symptom of various haematol-
ogical, immunological and infectious diseases. Clin-
ically, enlarged spleen is identified during palpation
due to the presence of notches on its superior border.?
Radiologically, splenic notches also help to differentiate
the spleen from other viscera in the left hypochondriac
region. Humans typically possesses 4-5 notches
along the superior border of the spleen, with the
presence of a greater number of notches indicating
its embryological persistence."” However, as reported
by Gandhi et al., some variant spleens can possess as
many as seven notches on the superior border. In the
present study, the maximum number of notches on the
superior border was four. Previous studies have shown
variations in the percentage of spleens possessing
notches along the superior border (50-98%).2>%1°
However, in the present study, the prevalence of
splenic notches was much lower (40%). Skandalakis et
al. reported that splenic notches indicate the entrance
of multiple arteries to the organ; as such, special care
should be taken to ligate these arteries during surgical
procedures involving the spleen.?

The presence of notches along the inferior border
is a rare occurrence, with previous studies reporting
the incidence of this feature to be very low (4—8%).5**
In the current study, five spleens (10%) possessed
notches on the inferior border; in fact, in one case,
two notches were seen on the inferior border, one of
which extended as a fissure up to the /ilum, dividing
the spleen into two lobes on the visceral surface with
a single /ilum. This abnormal fissure could result from
a developmental defect during fusion of the splenic
lobules or due to the compression effect of adjacent
organs.® Such fissures may mimic a splenic tear or
laceration in cases of abdominal trauma, potentially
leading to diagnostic pitfalls. No notches were visible
on either border among the remaining spleens in the
current study (50%). The absence of notches has no
clinical relevance; from an embryological perspective,
this simply suggests the complete fusion of the splenic
lobules during fetal development.*

Splenic fissures are notches that extend to a depth
of 2-3 cm and can be seen on both the diaphragmatic
and visceral surfaces of the spleen.®'* The occurrence
of deep fissures on the diaphragmatic surface is
uncommon.®” In the present study, only one spleen
showed a complete fissure extending from the superior
to the inferior border of the diaphragmatic surface,
dividing the spleen into two lobes. Similarly, Das et al.
observed this feature in only 2% of cases.® Nayak et al.
reported a case in which a bilobed spleen was divided
by a single fissure on the costal/diaphragmatic surface,
with the presence of multiple kila.'* It would seem
that the occurrence of a complete fissure dividing the
spleen into two lobes is very rare.’®

Ultrasonography and computed tomography
(CT)—the modalities most commonly used for
imaging the spleen—typically show a homogenous
pattern.’® However, bilobed spleens may show a
mottled heterogeneous enhancement pattern (i.e. a
zebra-like pattern) during arterial-phase CT due to
variable blood flow rates through the sinuses of the red
pulp.’” This is a significant finding which can help to
distinguish normal and bilobed spleens. Furthermore,
bilobed spleens should be differentiated from a wide
variety of other congenital splenic anomalies such as
accessory spleens, splenunculi and other adjacent solid
masses. The medial lobe of a bilobed spleen is most
often misdiagnosed as a solid mass arising from the
gastric fundus, left adrenal gland, upper pole of the left
kidney or the body or tail of the pancreas; moreover,
it often displaces the left kidney to a lower position.’
Hence, clinicians should be aware of the possibility of
fissures dividing the spleen into two lobes, in addition
to other congenital anomalies, in order to successfully
differentiate bilobed spleens from the adjacent viscera.

The existence of splenic notches has long raised
questions regarding segmentation of the spleen. In
1870, researchers observed that the human spleen
consists of segments divided by fibrous septa, similar
to that seen in animals such as cats, dogs and horses.*®
Subsequently, in 1956, Braithwaite and Adams injected
radiopaque media into the spleens or tributaries of the
portal venous system of rats which confirmed that the
spleen consists of distinct segments, each of which
has its own dedicated arterial supply and venous
drainage.”” Despite multiple studies on this topic,
there is as yet no consensus regarding the precise
number of spleen segments in humans [Table 1].20-
Both Gutierrez Cubillos and Gupta et al. reported
the presence of 2-4 segments, while Mikhail et al.
revealed up to five individual lobes.?-2? Voboril found
as many as 10 distinct segments with a mean of six.”
Using a combination of gross dissection, casting and
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radiological methods, Redmond et al. claimed that the
spleen had three segments, consisting of one central
segment and one at each pole.*

Anatomical knowledge regarding splenic
vasculature is vital during surgeries involving the
spleen. In general, splenic vessels do not anastomose,
resulting in several vascular segments separated by
avascular planes.® During splenic lobectomies or
segmentectomies, the first step involves the ligation
of vessels in the injured lobe or segment.?** In the
current study, the bilobed spleen had a single fissure
resulting in two lobes, both of which were equal in
size and of a similar shape. The splenic artery arises
almost invariably from the coeliac axis along with
the left gastric and hepatic arteries.! In contrast, the
authors hypothesise that bilobed spleens have two
polar branches arising from the splenic artery, with
the single fissure representing the avascular plane of
division [Figure 4]. These avascular planes between
segments can be used to minimise blood loss during
subtotal splenectomies.” Moreover, splenic fissures in
bilobed spleens can serve as a guide to assist surgeons

in the ligation of vessels during partial splenectomies.

Conclusion

In cases of blunt abdominal trauma, knowledge of
the complete morphology and anatomy of abdominal
organs such as the liver, spleen, pancreas and kidneys
is vital. The present study describes the incidence of
notches, fissures and lobation in spleens collected from
cadavers over a seven-year period. Gross variations in
the presence of notches and fissures were observed
on both the visceral and diaphragmatic surfaces and
extending to various depths, sometimes dividing the
spleen into two separate lobes. Bilobed spleens are
one of the rarest types of congenital splenic anomalies.
These findings are valuable for distinguishing
splenic variations from other visceral abnormalities
in abdominal imaging and during conservatory

splenectomies.
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