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A Morphological Study on Gross Anatomical Variations of Embalmed Cadaveric

Livers
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Abstract

Objective: To find out gross anatomical variations of embalmed cadaveric livers.

Methods: Present study was conducted in dissection halls of Anatomy departments of Allama Igbal Medical
College, Lahore, Sahiwal Medical College, Sahiwal and Fatima Jinnah Medical University, Lahore during
2016-2019. In this study, 74 livers were dissected out from embalmed cadavers and preserved in 10%
formalin. Different morphological variations were observed in livers which included presence of accessory
lobes, accessory sulci, notches, changes in size and shape of lobes. Liver specimens were photographed and
classified according to Netter's classification of morphological variations of liver.

Results: The hepatic morphological variations observed included accessory fissures in the right, left, caudate
and quadrate lobes of the liver, accessory lobes, elongated left lobe, hypoplastic left lobe, multiple deep
diaphragmatic sulci, pons hepatis, Reidel's lobe, notched borders and bilobed caudate lobe.

Conclusion: The knowledge of various variations in morphology of cadaveric livers may help the
radiologists to make accurate interpretation of the radiological images, thus minimizing the chances of
incorrect reporting. It may also be helpful to the hepatobiliary surgeons to be aware of the morphological

variations on the liver surface to avoid surgical complications.
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Introduction

he liver is the largest gland in the body and

occupies the right hypochondrium, epigastrium,
and left hypochondrium regions of abdomen. The
liver is about 2% of body weight in the adults, which
amounts to approximately 1800 gms in males and
1400 gms in females. The liver has a homogenous
parenchyma and is divided into four anatomical lobes
by peritoneal ligaments. Externally, falciform liga-
ment divides the liver into a larger right lobe and a
smaller left lobe.' Caudate and quadrate lobes may be
considered as the parts of the right anatomical lobe.”
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In 1897, Sir James Cantlie described the liver division
between the right and left lobes. Later, Claude
Couinaud (a French surgeon and anatomist) provided
additional insight and described the segments of liver
based on hepatic vasculature. According to Couinaud
classification, the liver is divided into 8 functionally
independent segments having their own blood inflow,
outflow and biliary drainage. In the center of each
segment, a branch of the portal vein, hepatic artery
and bile duct is present. These fundamental studies
provided a basic framework for surgical discussions
of liver anatomy.’ The peritoneum normally invagi-
nates into the parenchyma of liver forming sulci and
fissures. There are four normal fissures in human
liver: fissures for the ligamentum venosum, ligamen-
tum teres, and gallbladder and the transverse fissure.*

Liver development begins during 3rd week of
intrauterine life. Liver parenchyma is derived from
the endoderm of the foregut, whereas the stroma is
derived from the mesoderm. The hepatic diverti-
culum is derived from the caudal part of foregut, that
grows into the septum transversum, which is a
splanchnic mesodermal mass which extends between
the heart anlage and the mesentery. Septum transver-
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sum and cardiac mesoderm have inductive influence
for the development of hepatic diverticulum. Stromal
tissue of the liver develops from the septum transver-
sum and splanchnic mesoderm around gut. Septum
transversum hence divides the developing organ into
lobes and lobules making the connective tissue parts
of the liver. Initially the development of the liver
lobes is symmetric. As the development continues,
the growth of the right lobe accelerates and it is
difficult for the left lobe of liver to find adequate
space due to progressively developing gut.™"

Congenital hepatic anomalies are caused due to
defective development or excessive development of
the liver. Defective development of the left liver lobe
may lead to gastric volvulus while defective
development of the right lobe either leads to portal
hypertension or remains clinically latent. Anomalies
related to excessive development of the liver lead to
formation of accessory lobes of liver. In most cases,
the accessory liver lobe is found in the infra-hepatic
position. Riedel's lobe is one of the best-known
examples of a sessile accessory liver lobe." Torsion is
common in few cases where the accessory lobe has a
pedicle. While accessory lobes can simulate tumors,
there have also been some reports of hepatocellular
tumor.” Riedel's lobe corresponds to hypertrophy of
segments V and VI. It was first described by Corbin in
1830 and defined by Riedel in 1888 as a “round tumor
on the anterior side of the liver, the gallbladder, to its
right”. The prevalence of Riedel’s lobe ranges from
3.3-31%, with a higher incidence in women than in
13-15
men.

Methods

Present study was conducted in dissection halls of
Anatomy departments of Allama Igbal Medical
College, Lahore, Sahiwal Medical College, Sahiwal
and Fatima Jinnah Medical University, Lahore during
2016-2019. In this study, 74 livers were dissected out
from the embalmed cadavers and preserved in forma-
lin. Morphological variations such as changes in
shape and size of right, left, caudate and quadrate
lobes, presence of accessory lobes, accessory sulci,
abnormal processes and notches on right, superior
and inferior borders of livers were noted. Porta
hepatis, fossa for gall bladder, grooves for ligamen-
tum teres & ligamentum venosum were also observed
for any variation. Livers were photographed and

classified according to Netter’s classification of mor-
phological variations of liver.

Results

In the present study of the 74 liver specimens, 36
livers (48.6%) were observed with normal surfaces,

Table 1: Table 1. Netter's Classification of
Morphological Variations of liver”
Types

Description

Normal

Very small left lobe, deep costal impressions
Complete atrophy of left lobe

Transverse saddle like liver, relatively large left lobe

Type 1
Type 2
Type 3
Type 4
Type S
Type 6
Type 7

Tongue like process of right lobe
Very deep renal impression and corset constriction
Diaphragmatic grooves

fissures, and borders without any additional acce-
ssory fissures or malformations. Of the remaining 38
specimens, hepatic surface variations were documen-
ted and broadly grouped as having accessory fissures,
accessory lobes, presence of a pons hepatis, notching
ofborders.

Of the superior sulci, 4 appeared to have deep multi-
ple diaphragmatic grooves, one of liver also had
hypoplastic left lobe (Fig 1). 10 livers were noted to
have accessory fissures on the right, left, caudate and
quadrate lobes (Figs. 2,3,4 and 5). Accessory lobes
were identified on 8 specimens (10.9%). Pons hepatis
were seen in 2 specimens, (Fig. 2). Notching on supe-
rior border were observed in 5 specimens (Fig 2,3)

Fig.1: Yellow Arrows (Deep Costal Sulci, Netter Type
2), Red Arrow (Hypoplastic Left Lobe)
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Fig.2: Green Arrow (Deep Notch on Superior
border), Yellow Arrows (Accessory Sulci on Right
lobe), Red Arrow (Pons Hepatis)

Fig.3: Green Arrows (Deep Notches on Superior

Border), Yellow Arrow (Accessory Sulcus & Bilobed
Caudate Lobe)

Fig.4: Red arrow (Tongue like Process of Right Lobe,
Netter Type 5), Yellow Arrow (Accessory Sulcus),
Green Arrow (Small Accessory Lobe), Blue Arrow
(Deep Renal Impression)

Fig.5: White Arrow (Transverse Saddle Type Liver,

Relatively Large Left Lobe, Netter Type 4), Yellow
Arrow (Sulcus on Right Lobe), Red Arrow (Bilobed
Small Right Lobe)

Fig.6: Red arrow (Lingular Process of Left Lobe)

Table 2: Gross artatomical Variation in Embalmed

Cadaveric Livers
;:) Variations 1:: ll::, 25: Percentage
1 Accessory lobes 8 10.8%
2 Accessory fissures 10 13.5%
3 Hypoplastic left lobes 3 4%
4 Reidel’s lobe 3 4%
5 Lingular process of left lobe 2 2.7%
6 Notches on superior borders 5 6.7%
7 Pons hepatis 2 2.7%
8 Deep renal impression on right 3 4%
lobe
9 Prominent and deep 4 5.4%
diaphragmatic fissures on superior
surface of liver
Discussion

Hepatic anomalies and variations are caused due to
defective development of the liver. In present study,
accessory lobes and accessory fissures were found in
10.8% and 13.5% cases respectively. Nayak carried
out a similar study in South Indian population. He
studied 55 formalin fixed livers for presence of
abnormal lobes, impressions, sulci and position of
gall bladder. In his study, 60% of liver specimens
were normal. 40% specimens showed variations of
lobes and fissures. Accessory lobes were found in
9.09% of cases.” In another study on 90 formalin
fixed livers, Joshi and colleagues found abnormal
shapes of the quadrate and caudate lobes. Accessory
fissures were more common in the right lobe. In 18%
livers, notching along the lower border of caudate
lobe was observed, a longitudinal fissure was found
in 30 % liver specimens, and prominent papillary
process was found in 32% of liver specimens.
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Presence of pons hepatis, bridging the left lobe and
quadrate lobe, was observed in 30 % of the livers
observed.” In present study, out of 74 livers studied,
only 2(2.70%)livers showed pons hepatis. Pons
hepatis was first identified by von Haller in 1743, as a
segment of hepatic tissue connecting the quadrate
lobe to the left lobe over fissure for ligamentum teres.
In another study, the pons hepatis refers to hepatic
tissue surrounding the inferior vena cava.”

Present study showed the presence of prominent
diaphragmatic sulci on the superior surface of the
liver in 5.4% cases. Machi et al in their study obser-
ved the diaphragmatic sulci in the superior surface of
the livers in 40% of cases at autopsy. All fissures were
located in the right lobe of liver and in 47% speci-
mens, they were multiple. These findings suggest that
the pressure exerted by the diaphragm as a whole may
be responsible for the formation of sulci at the level of
weak zones, represented by the portal grooves.”
Another study on cadaveric livers showed variations
in shape of the quadrate lobes with 40% being
rectangular, 30% being pear-shaped, 20% being
triangular and another 10% were square in shape. The
presence of accessory fissures on the diaphragmatic
surface of the liver were observed in 10%." In our
study, 4 (5.4 %) liver specimens showed prominent
and deep diaphragmatic fissures on superior surface
ofliver.

Gupta and colleagues observed that the liver surfaces
have 1-3 sulci distributed on all lobes in 70% liver
specimens demarcating the vascular segments, which
may help the surgeon during resection of liver.” In
another study, Othman et al studied 40 liver speci-
mens and the presence of accessory fissures were
evident in only 2 specimens (5%). The accessory
fissures were located in the inferior and posterior
surfaces of the right lobes.” In our study, 13.5% liver
specimens had accessory sulci.

The liver can present a number of congenital anoma-
lies. They include irregularities of the shape, impre-
ssions on the liver surface, number of lobes, the
presence of accessory lobes and accessory fissures.”*

Conclusion

Study of surface variations in morphology of liver can
help the surgeons to dissect in proper surgical planes
to make the resection safe. Clinicians, radiologists

and surgeons should be aware of such morphological
variations to prevent diagnostic and surgical misad-
ventures.
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