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INTRODUCTION

The liver

originates  from

ABSTRACT

Background: The liver is the largest glandular organ in the right
hypochondriac region of the abdomen. The quadrate lobe (QL) is unique
amongst its five distinct anatomical lobes as it forms a single vascular segment
- segment IV. The morphometric study of the QL has many clinical
implications, ranging from surgical planning, and accurate diagnostic imaging
to identifying certain pathological conditions like liver cirrhosis, wherein the
QL undergoes atrophy. Its absence or hypoplasia may suggest abnormalities of
branches of the portal vein, hepatic artery, and bile duct specific to the lobe.
This study aims to determine the variations in the dimensions and features of
the QL of cadaveric livers.

Materials and Methods: Morphometric data (transverse diameter, maximum
length) of 24 cadaveric livers were recorded using a Vernier caliper and meter
scale. Any abnormal surface features of QL were also recorded.

Results: The most common shape of the QL was irregular (33.3%), followed
by quadrangular (16.7%) and rectangular (16.7%). The mean transverse
diameter was 3.8cm and the mean length of QL was 5.8cm. Pons hepatis was
recorded in 16.7% of cases, transverse fissures in 12.5%, oblique fissures in
37.5%, and tongue-like processes in 16.7%.

Conclusions: The knowledge of morphometric variations of QL becomes
important for planning surgical procedures like resection and liver transplant,
cholecystectomy, and laparoscopic procedures, to minimize iatrogenic injuries.
It is also essential for accurate interpretation of imaging studies.
Key-words: Quadrate lobe, Liver, Morphometry, Variation,
segment.

Coinuaud

can arise due to interruptions or deviations during
these developmental stages.?

Anatomically, it is divided into four primary lobes:
right, left, caudate, and quadrate. The quadrate lobe,

the endodermal

diverticulum in the foregut during the third week of
embryonic development. Interactions between
hepatic bud cells and the vitelline and umbilical
veins lead to the formation of hepatic sinusoids,
while hepatic cords form the liver parenchyma.lt! By
the third month of gestation, the liver occupies a
significant portion of the abdominal cavity, with the
left and right lobes nearly equal in size. As
hematopoietic activity shifts to the spleen and bone
marrow, the left lobe undergoes relative reduction in
size compared to the right. Variations in liver
morphology, including those of the quadrate lobe,

often less emphasized in anatomical studies, is
situated on the liver's inferior surface. It is bounded
anteriorly by the liver's free margin, posteriorly by
the porta hepatis (transverse fissure), on the left by
the fissure for the ligamentum teres, and on the right
by the gallbladder fossa.[®! According to Couinaud's
classification, which segments the liver based on
vascular supply and biliary drainage, the quadrate
lobe corresponds to segment IV. This classification
divides the liver into eight functionally independent
segments, each with its own vascular inflow,
outflow, and biliary drainage.!!
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The quadrate lobe, or the square lobe is situated on
the inferior surface of the liver, bounded anteriorly
by the free surface of the liver, posteriorly by the
transverse fissure, on the left by the fissure for
ligamentum teres and on the right by the gallbladder
fossa.l®! The quadrate lobe forms segment IV of the
liver, according to Couinaud's terminologies, which
divides the liver into eight segments based on the
presence of a separate branch of the artery, bile duct,
and tributary of the hepatic vein and the portal vein
to that part of the liver.!l The widespread
morphological variations of the liver occur primarily
due to the interruption in normal development of the
organ at a precise embryonic stage.l’! These
malformations mostly remain asymptomatic and are
revealed accidentally during autopsies or imaging
studies conducted for other visceral organ
disorders.l®l While the segmental anatomy of the
liver has been thoroughly examined, there is a lack
of research focusing on its surface variations. In
today's age of advanced imaging and minimally
invasive techniques, both radiologists and surgical
teams need to possess a comprehensive
understanding of the liver's normal anatomy and its
common variation. !

Hence the present descriptive study provides value
addition for expanding the medical literature on the
morphometry of the quadrate lobe, which is
shrouded in mystery and is yet to be explored in
detail.

MATERIALS AND METHODS

A cross-sectional observational study was conducted
from May 2023 to August 2023 on 24 adult human
cadaveric livers obtained during routine anatomical
dissections in the anatomy departments of anatomy
Akash Institute of Medical Sciences and Research
Center, Bangalore. The study aimed to analyze
morphometric variations of the quadrate lobe and
other surface features of the liver.

During routine abdominal dissections, an incision
was made along the midline from the xiphoid
process to the pubic symphysis and extended
laterally on both sides at the levels of the xiphoid
process, umbilicus, and pubic symphysis to reflect
the skin into four flaps. Following this, the
superficial fascia, abdominal muscles, and parietal
peritoneum were carefully incised to expose the
liver. The liver was then mobilized by pulling it
downward, and the anterior layers of the coronary
and left triangular ligaments were divided. The
inferior vena cava (IVC) was identified between the
liver and diaphragm and separated. In cases where
the IVC was deeply embedded within the liver, a
segment of the IVC was excised along with the liver
specimen. The porta hepatis structures were exposed

and carefully cut close to their entry point. The liver
was then completely separated by detaching all its
peritoneal ligaments and folds before removal,
following the standard dissection technique
described in Cunningham’s Manual of Practical
Anatomy.

After extraction, the liver specimens were preserved
in 10% formalin. Each liver was carefully examined
for its normal external features, including borders,
surfaces, and lobes. Specimens displaying any
disease, surgical alterations, or damage were
excluded from the study to ensure anatomical
integrity.

Each liver was meticulously examined and special
attention was given to the quadrate lobe, assessing
its shape, dimensions, and surface features.
Parameters such as the transverse diameter and
maximum length of the quadrate lobe were recorded
using a Vernier caliper and meter scale. To ensure
accuracy, each measurement was taken three times,
and the mean value was calculated.

Additionally, the presence of pons hepatis, a band of
hepatic tissue bridging either the I\VC groove or the
groove for the ligamentum teres, was documented.
The pons hepatis bridging the IVC was categorized
as completely covering or partially bridging the
IVC. When it was present over the ligamentum
teres, it was classified as either open or closed based
on its length extending from the transverse fissure to
the anterior margin. The dimensions of pons hepatis
were also recorded using a Vernier caliper.

Each liver specimen was numbered, photographed,
and systematically documented, focusing on gross
morphology and specific features of the quadrate
lobe, including fissures, pons hepatis, and tongue-
like processes.

Statistical analysis was performed using SPSS
version 23.0 software. Quantitative data, including
the transverse diameter and maximum length of the
quadrate lobe, as well as the dimensions of pons
hepatis were presented as mean and standard
deviation. Qualitative data, such as the presence or
absence of pons, variations in fissures and tongue-
like processes, were expressed as frequencies and
percentages. Pearsons correlation coefficient was
used for establishing correlation  between
parameters. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

The most common variation in the shape of the
quadrate lobe was irregular (33.3%) followed by
quadrangular (16.7%) and rectangular (16.7%)
(Figure 1A to 1C). The other shapes observed were
triangular  (12.5%), narrow (12.5%), elongated
(4.2%), and trilobed (4.2%). [Table 1, Figure 1]

Table 1: Variations in Shape of Quadrate lobe in studied specimens.

Shape of Quadrate Lobe Number Percentage (%)
Irregular 33.33%
Quadrangular 16.67%
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Rectangular 4 16.67%
Triangular 3 12.50%
Narrow 3 12.50%
Elongated 1 4.17%
Trilobed 1 4.17%
Additional features found on the quadrate lobe (12.5%), tongue-like processes (16.7%), and pons
include oblique fissures (37.5%), transverse fissures hepatitis (16.7%). (Table 2, Figure 1).
Table 2: ?
Additional Feature Number Percentage (%)
Oblique fissures 9 37.50%
Transverse fissures 3 12.50%
Tongue-like processes 4 16.67%
Pons hepatitis 4 16.67%

The analysis of the measured parameters showed
that the transverse diameter ranged from a minimum
of 1.9 cm to a maximum of 6.1 cm, with a mean
value of 3.8 cm. The length varied between 4.5 cm
and 7.7 cm, with an average of 5.8 cm. Pearson’s

correlation coefficient was 0.48, suggesting a
moderate positive correlation between transverse
diameter and length. However, the p-value was
0.176, indicating that this correlation was not
statistically significant. [Table 2]

Table 2: Maximum and Minimum Values Recorded and Pearson’s Correlation Coefficient

Parameter Maximum Minimum Mean
Transverse Diameter 6.1 cm 1.9 cm 3.8cm
Length 7.7 cm 4.5 cm 5.8 cm

Pearson’s Correlation Coefficient = 0.48 , p=0.176 (Not significant)

Figure 1: Varying shapes of quadrate lobe: (1A)
Irregular shape (1B) Quadrangular shape (1C)
Rectangular-shaped. Presence of additional features
on quadrate lobe (1D) Oblique fissure (1E) Pons
Hepatis connecting the quadrate lobe to the left lobe
(1F) Tongue-like process.

DISCUSSIONS

The liver is a large glandular organ, primarily
performing the function of bile secretion and
modifying certain blood constituents that pass
through it. It consists of five anatomically distinct
lobes: the right lobe, left lobe, caudate Ilobe,
quadrate lobe, and the Spigelian lobe. !

Variations in the morphometry of the quadrate lobe
are rare, and often asymptomatic. They are usually
accidental finds in autopsies or imaging studies.
Congenital variations of the liver often involve
changes in the vascular system and biliary tree of
the hepatobiliary system. The common variations
that occur as a result, are deformation of the lobes,

atrophy or reduced size of the lobes, agenesis, and
hypoplasia.l'l Some of the most common hepatic
variations observable during clinical examination
include accessory hepatic fissures/sulci, accessory
lobes, and the pons hepatis. Acquired diaphragmatic
and ligamentous abnormalities may be induced by
the neighbouring structures during the lifetime,
while accessory fissures discovered in the adult are
due to the persistence of such fissures past the post-
natal reformation of the liver. Acquired liver defects
also impact external morphology, but their clinical
effects are usually dormant unless triggered by
factors like torsion, trauma, or tumors.[*2

As the diagnosis and treatment of liver pathologies,

such as laparoscopic  procedures including
hepatectomy and ablation, largely rely on
radiological imaging, a comprehensive

understanding of the liver's anatomical variations is
crucial for surgeons and radiologists. The shape of
the quadrate lobe seems to vary over a wide range,
which is a significant clinical criterion that may lead
to erroneous diagnosis and unfavourable surgical
outcomes. A narrow quadrate lobe, or one of size
smaller than usual may create confusion during
imaging studies where the lobe may be mistaken for
the fissure for ligamentum teres which is closer to
the left border of the gallbladder fossa.[*3]

The liver, gallbladder, and bile duct system originate
from the hepatic diverticulum, a ventral outgrowth
from the distal part of the foregut, during the fourth
week of embryonic development. Adequate levels of
fibroblast growth factors (FGFs), secreted by the
developing heart, trigger the formation of the
hepatic  diverticulum. The proliferation and
differentiation of hepatic progenitor cells into
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hepatocytes is facilitated by the Wnt/beta-catenin
signalling pathway.*!

From the fifth to the tenth week of gestation, the
liver grows rapidly, coming to occupy a significant
portion of the upper abdominal cavity. The volume
of oxygenated blood entering the liver from the
umbilical vein influences the liver’s growth and
segmentation into functional units.™® Under non-
pathological conditions, the liver develops
homogenous parenchyma and is partitioned into its
functionally and anatomically distinct lobes by
peritoneal and ligamentous connections. This
knowledge helps prevent incorrect interpretations in
diagnosis and ensures accurate treatment planning
and execution.®l

In the present study, the most common shape of the
quadrate lobe was irregular (33.3%), followed by
quadrangular (16.7%) and rectangular (16.7%),
which is in contrast to previous studies, such as the
study by Sambhav et al which reported the
variations in the shape of the quadrate lobe as
quadrangular in 25%, triangular in 17.5%,
rectangular in 15%, irregular in 12.5%, narrow in
7.5%, elongated in 5%, bilobed in 5% and absent in
2.5% of the cases studied.*"]

In another study by Reddy N et al the shape of the
quadrate lobe was recorded as quadrangular in 85%
of cases and rectangular in 10% of cases. Other
shapes that were also noted include triangular, pear-
shaped, and bell-shaped.[8]

Joshi SD et al (2009) noted that 66% of cases
showed rectangular quadrate lobes while 6% were
characterized as narrow. However, there was no
differentiation between the quadrangular and
rectangular shapes of the lobes in this study. [

The literature on the dimensions of the quadrate
lobe, namely, the transverse diameter and maximum
length, seems to be quite scant. However, Sambhav
K et al recorded the maximum length of the
quadrate lobe to range from 2.8 to 10.3cm, and the
transverse diameter to vary between 1.5 to 5.3cm.[*]
The average maximum length recorded by Reddy N
et al was 5.5cm, and the average transverse diameter
was 2.8cm. These values correspond with those
found in the present study, namely the mean
maximum length being 5.8cm and the mean
transverse diameter being 3.8cm. 8]

Pons hepatis was first described in 1743 as a hepatic
bridge or “pont hepatique” - a segment of hepatic
tissue that bridges over the fissure for ligamentum
teres to connect the quadrate lobe and the left lobe.
The presence of pons hepatitis makes it difficult to
visualize the fissure for ligamentum teres normally,
potentially leading to misinterpretation of the
dimensions of the left and right lobe in imaging
studies.?

The presence of pons hepatis was recorded by
several authors and the occurrence of this feature
was found to be within the same frequency in the
present study also. The percentage incidence of
Pons Hepatis recorded in the present study closely
correlated to that recorded in the 2017 study by
Joshi MM et al.?!l 1t has been clinically observed
that metastatic hepatomas originate from the pons
hepatis and that this bridging structure serves as a
site for harboring peritoneal disseminated tumor
cells. The pons hepatis also is significant as a
landmark for cryo-reductive surgeries of the liver.
Various studies have reported the prevalence of
pons hepatis to range from 4-22%. [Table 3]

Table 3: Occurrence of Pons Hepatis as reported by various authors

Serial Number Occurrence of Pons Hepatis
1 Sangeetha A et al® 6%
2 Sambhav K et al'’ 5%
3 Reddy N et al'® 32.5%
4 Joshi SD et al"® 30%
5 Joshi MM et al*! 13%
6 Patil S et al* 10%
7 Singh HR et al® 22.86%
8 Mehare T et al** 9.09%
9 Saritha S et al* 4%
10 Kumar BS et al*® 10%
11 Present Study 16.7%
CONCLUSION vascularization, which can aid during resection

The presence of accessory fissures on the surface of
the quadrate lobe holds great clinical significance.
Fissures on the diaphragmatic surface were
previously thought to be caused by the diaphragm's
muscular invaginating into the liver on the costal
surface. However, recent radiological research has
demonstrated that they are surface portal fissures.
These fissures may result from various conditions
like gastric volvulus, diaphragmatic hernia, portal
hypertension, etc. They are markers of hepatic
“weak zones,” that is, areas with low

procedures. Accessory fissures pose as sources of
errors in diagnostic imaging, where fluid
accumulation in the fissures may be misinterpreted
as a liver cyst, intrahepatic hematoma, or liver
abscess. In the present study, it was found that
oblique fissures appeared in 37.5% of cases while
transverse fissures were found in 12.5% of the
specimens observed. Joshi MM et al in 2017
recorded the presence of accessory fissures in a total
of 34% of quadrate lobes, without differentiating as
oblique or transverse fissures.?! Patil S et al noted
the presence of accessory fissures on the right lobe,
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quadrate lobe, and caudate lobe. A complete
transverse fissure was observed in 4% of cases,
dividing the quadrate lobe into a superior and
inferior lobe.?2 The incidence of fissures on the
surface of the quadrate was found to be 56.25% in
the study by Reddy N et al,l'”1 and Singh HR et
al,® recorded the presence of fissures on the
quadrate lobe in 32.9% of cases. The total
occurrence of fissures on the quadrate lobe in the
present study (45.8%) is consistent with the findings
in other studies.

Tongue-like  processes, another  source  of
misinterpretation of the imaging studies, were
observed and recorded by a few authors. In 20
(25%) livers, a well-demarcated tongue-like
projection was observed on the quadrate lobe,
delineated by a curved fissure by Reddy N et al 8l
A prominent papillary process was observed in 5
(5%) of the livers by Joshi MM et al,’?* while Joshi
SD et al,* reported a higher incidence, with
prominent papillary processes seen in 33% of the
livers in their study. A tongue-like projection was
observed in 5 (7.14%) specimens, in a 2018 study
by Singh HR et al.2®l In the present study, tongue-
like processes were observed in 16.7% of cases.
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