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of' OPEN ACCESS ABSTRACT
Background: Cirrhosis is a chief cause of morbidity and mortality in patients with
Corresponding Author: chronic liver disease worldwide, accounting to about 2.2% global deaths. Of the

various morphological features and signs used to diagnose cirrhosis, the caudate-
right lobe ratio or Harbin’s Index has been found to show high specificity for
accurate diagnosis. Materials & Methods: 60 adult human cadaveric livers were
included in the study. The morphometric measurements of caudate lobe and right
lobe widths were performed using digital vernier calipers. The Harbin’s Index was
calculated as the ratio of caudate lobe width to width of right lobe of liver
respectively and the data was statistically analyzed. Results: The average width of
the caudate lobe was found to be 28.38 & 6.8 1mm, with values ranging from 12.36
mm to 45.6 mm respectively. Average right lobe width was found to be 93.62 +
11.18 mm with a range of 64.47 mm to 116.85 mm respectively. Harbin’s index
calculated as ratio of caudate to right lobe widths was found to show a mean value
0f 0.31 +0.09 with maximum value of 0.71 and minimum value of 0.16 respectively.
No statistically significant correlation was found to exist between caudate and right
lobe widths respectively. Conclusion: Cirrhotic livers often show right lobe atrophy
with compensatory hypertrophy of caudate lobe. Harbin’s Index values >0.65 have
been globally accepted as indicative of liver cirrhosis.
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INTRODUCTION:

The liver, the largest solid organ in human body, is affected by several pathologies and diseases. Among the various known
liver pathologies, cirrhosis is known to be a major culprit associated with deteriorating liver function, causing subsequent
morbidity and mortality. Cirrhosis has been ranked as a significant cause of mortality and morbidity, contributing to 2.2%
of deaths along with 1.5% of disability-adjusted life years globally (Cheemerla,2021). Histologically, the liver responds to
chronic liver injury with cirrhotic changes by forming regenerative nodules enclosed by fibrous bands, resulting in portal
hypertension and terminal stage liver disease (Schuppan,2008).

Though liver biopsy still reigns as the standard investigation of choice for diagnosis, it causes considerable discomfort to
the patient with its own fair share of complications as an invasive procedure. Hence the usage of non-invasive diagnostic
markers in liver cirrhosis has gained popularity and significance over the years. The caudate-right lobe ratio, known as
Harbin’s index is one such non-invasive diagnostic tool that has demonstrated relatively high specificity and accuracy in
the diagnosis of cirrhosis (Contractor, 2021). The present study is an attempt to morphometrically assess the Harbin’s index
in cadaveric livers and add to the presently existing data in scientific literature.

MATERIALS & METHODS:
The current research was carried out in Department of Anatomy, Institute of Medical Sciences, Banaras Hindu University
on donated cadavers for research purposes. The authors state that every effort was made to follow all local and international
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ethical guidelines and laws that pertain to the use of human cadaveric donors in anatomical research (Iwanaga,2022). This
was a descriptive observational study which was done on 60 adult cadaveric livers obtained from Anatomy Department
during routine teaching of undergraduate medical students. The liver specimens were removed en bloc from cadavers
during routine dissection classes along with the retro-hepatic segment of the inferior vena cava (IVC). Livers showing
evidence of disease, traumatic injury and surgical resection as well those which were distorted in shape were excluded
from the study. The 60 livers which were finally selected were then placed in anatomical position and the caudate and right
lobes of liver were identified.

Hepatic measurements were performed individually by both authors using vernier calipers (digital) and threads (cotton),
according to the method followed by Contractor et al (Contractor, 2021).

3 lines were marked on the liver using cotton threads as follows:

[Ref. Fig 1A]

*[VC — Inferior Vena Cava + MPV — Main portal vein

Fig.1A: Showing Various hepatic Measurements; 1B: Measurement of caudate lobe width; 1C: Measurement of
Right lobe width
(1) Line 1 (L1): passing through the right lateral margin of the main portal vein (MPV)
(i1) Line 2 (L2): passing through the medial most limit of caudate lobe, parallel to Line 1
(iii) Line 3 (L3): Perpendicular to both the above (lines 1 & 2), midway between MPV and IVC, up to the lateral
limit of right lobe

Caudate lobe width (CW), was measured as distance on line 3, between lines 2 and 1. [Ref. Fig 1B]

Right lobe width (RW), was measured as distance along line 3, from Line 1 up to the lateral most limit of the right lobe.
[Ref. Fig 1C]
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Statistical Analysis

Harbin’s Index was subsequently calculated as ratio of caudate lobe width to width of right lobe (CW/RW). The findings
thus obtained were documented and statistically analyzed using SPSS software, version 24. A two tailed bi-variate Pearson
correlation test was also run with caudate lobe width and right lobe width as two variables.

RESULTS:

The average width of the caudate lobe (CW) was found to be 28.38 + 6.81mm, with values ranging from 12.36mm to
45.6mm respectively. Average right lobe width (RW) was found to be 93.62 + 11.18mm and ranged from 64.47mm to
116.85mm respectively.

The mean value of Harbin’s index (CW/RW) was calculated to be 0.31 = 0.09 with minimum and maximum values of 0.16
and 0.71 respectively. Pearson correlation value was found to be 0.088. Although an extremely small positive correlation
can be seen, value is less than 0.1 and significance is 0.5 (>0.05). Therefore, the authors conclude that no statistically
significant correlation exists between the above two values. [Ref. Table 1]

Table No.1: Pearson Correlation between Right lobe width and Caudate lobe width

Right lobe width
Caudate lobe Width Pearson Correlation 0.088
Sig. (2-tailed) 0.504
N (sample size) 60

DISCUSSION:

The caudate-right lobe ratio, also known as Harbin’s index (Harbin,1980), was first demonstrated by Harbin et al in a radio-
pathological study on histologically proven cases of liver cirrhosis. Harbin observed a consistent finding of caudate lobe
enlargement with concomitant right lobar fibrotic shrinkage in cirrhotic livers of his study. The caudate-right lobe ratio,
was thus calculated as the ratio of width of caudate lobe to width of right lobe. Harbin concluded that a caudate-right lobe
ratio of < 0.6 shall be considered as within preferable range and that > 0.65 is indicative of liver cirrhosis, while values
between 0.6 to 0.65 are considered as borderline (Harbin,1980). The Harbin’s index has been found to be a very useful
non-invasive diagnostic tool for cirrhosis demonstrating 84% sensitivity, 100% specificity, and 94% accuracy respectively
(Bolog,2009).

In our study, Mean Harbin’s index was calculated as 0.31 + 0.09. The average CW and RW was measured as 28.38 +
6.81mm and 93.62 £+ 11.18 mm respectively. A comparison of our findings with studies done in other parts of India and

studies done worldwide has been presented in Table 2 (A &B).

Table No. 2: Comparative table showing findings of present study with other parts of India and world

Table 2A: Comparative table showing findings of present study with other parts of India

Present Roy & Basu, Contractor, Sagoo, 2018 Syamala,2019 Arora, 2016
Parameter stud 2022 2021 (Gujarat) | (Punjab) (Andhra (Bareilly)
y (West Bengal) J J Pradesh) Y
Sample Size 60 51 100 50 50 36
Mean Caudate | g 39 24.5+0.54 28.69+7.73 2744122 |258+075 |27
width (mm)
Mean Right
lobe width | 93.62 81+0.93 78.22+12.17 80.6 = 1.06 73.9+1.19 114.3
(mm)
Harbin’s Index | 0.31+0.09 | 0.30 0.38+0.12 0.34+0.15 0.17+0.08 0.16
Table 2B: Comparative table showing findings of present study with other populations of the world
Oguz & Sagoo Harbin,
Present g Gardner, 2019 | Tlione, 2019 | >80 1980
Parameter Gunduz, 2023 . .. 2018
study (Caribbean) (Nigeria) (North
(Turkey) (UK) .
America)
214 (107
Sample Size 60 196 56 cirrhotic, 107 | 25 65
controls)
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52.5 + 091

Mean Caudate (cirrhotic);

width (mm) 28.385 40.4 +0.59 32.17+6.30 378 + 056 23.6+0.75
(controls)

. 723 + 1.03

Mean R.lght (cirrhotic);

lobe width | 93.62 88.6 +1.07 851 + 0.72 88.2+1.09

(mm) (controls)
0.72 + 0.06 0.83 £ 0.20

. (Cirrhotic), cirrhotic;
9

Harbin’s Index | 0.31 0.46 +0.08 0.34 £ 0.066 044 = 0.05 027+0.1 037 = 016

(controls) normal

The caudate lobe, which is classified as first Couinaud’s Segment, is unique in its vascular supply and biliary drainage,
being thus considered as an independent functional unit of liver. The bile duct, portal vein and hepatic artery form two
relatively constant right and left pedicles in the caudate lobe (Ilione,2019). As both hepatic lobes contribute to the formation
of caudate lobe in embryonic period, it receives vascular supply from both hepatic arteries and portal veins (Contractor,
2021). The caudate arteries arises from both left & right hepatic arteries, along with middle hepatic arteries when present
(Roy & Basu, 2022; Arora 2016). The left and right branches of the portal vein also contribute to the blood supply of the
caudate lobe. Up to 78% of the biliary drainage from the caudate lobe may be received by both left and right hepatic ducts
(Kumon,1985). The venous drainage also requires special mention. In addition to the three well known main hepatic veins
that open into the IVC, the venous blood from caudate lobe also flows into several minor hepatic veins that release into the
IVC independently of the main hepatic veins (Roy & Basu, 2022; Arora 2016). This unique caudate vascular anatomy with
inflow and outflow features establishes a system in which the caudate lobe is differentially affected in cirrhosis and other
liver pathologies.

Since caudate lobe is drained by multiple small veins opening directly into inferior vena cava, impeded blood flow through
hepatic veins in cirrhotic livers causes an upsurge of blood flow into the caudate lobe leading to hypertrophy frequently
associated with atrophy of the right or left lobes (Watanabe,1999). Also, the formation of cirrhotic nodules and fibrotic
changes along with development of portal hypertension compromises the blood supply resulting in atrophy of the right
lobe thus elevating the values of Harbin’s Index in cirrhotic patients. It has also been suggested that differences in various
hormones, hepatotropic and nutritional factors in portal circulation between caudate and other hepatic segments may further
contribute to hyperplastic changes in the caudate lobe (Becker,1986).

The caudate lobe has been known to have great regenerative capacity (de Hemptinne, 2024; Choi,2008 Van Minh,1992;
Kumon,1985). With its distinctive and well organised affluent and effluent blood flow mechanisms, the caudate lobe
functions like a backup liver, thus helping prevent hepatic failure with its own independent vascularization and ability for
regeneration (Choi,2008 Van Minh,1992). Studies have shown that caudate lobe size is consistent with hepatic functional
reserve in cirrhotic patients with enlarged caudate lobe being observed as a frequent finding in cases of compensated
cirrhosis as compared to decompensated cirrhosis (Schuppan,2008; Choi,2008; Kumon,1985). A relatively lesser
hypertrophied caudate lobe with right lobe atrophy in cirrhotic patients has been considered as an indication of impending
hepatic failure. This may attribute to the reason why caudate lobe hypertrophy and subsequently raised Harbin’s index
values may actually have a protective effect by preventing hepatic failure and is often seen in cases of compensated liver
cirrhosis. Measurement of the Harbin’s index can thus serve as an important tool for assessing hepatic functional reserve
in cirrhotic patients for deciding further course of therapy.

Limitations of the Study
Our study has been performed on cadaveric livers. A simultaneous correlation with radiological images of normal subjects

as well as chronic liver disease patients can offer greater clarity regarding the diagnostic significance of the Harbin’s Index.
The future of our research will be oriented in this direction.

CONCLUSION:

The Harbin’s index serves as a very useful non-invasive parameter in investigation and diagnosis of cirrhosis with great
specificity and accuracy. The present study has examined the values of Harbin’s index (caudate-right lobe ratio) in
cadaveric, normal livers of Eastern Uttar Pradesh population. A knowledge of these normal morphometric values can help
in quicker assessment and early diagnosis of cirrhotic liver disease, leading to improved clinical care and better treatment
outcome in the long run.
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List of Abbreviations
IVC — Inferior Vena Cava
MPV — Main Portal Vein
CW — Caudate lobe width
RW — Right lobe width
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