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Abstract

Background: Measurement of transverse diameter of the
Common Bile Duct (CBD) was performed in several studies
by Ultrasonography (US) and magnetic resonance imaging
using M agnetic Resonance Cholangiopancreatography
(MRCP). The size of the extrahepatic bile duct increases with
age which should be taken into consideration by the surgeons
during the surgery of the gallbladder, pancreas and duodenum.
US playsacrucial rolein theinitial imaging work-up of a
patient with jaundice. Because a dilated extrahepatic duct
distinguishes obstructive from non-obstructive causes of
jaundice. The size of the bile duct is considered to increase
normally with age as proved by various studies especially
MRCP which is more accurate than US.

Aimof Sudy: The aim of the present work is to demon-
strate anatomical variation concerning assessment of transverse
diameter of CBD both in adult and geriatric age groups without
biliary or hepatic manifestations and detection of age related
changesin CBD as one of the causes of non obstructive biliiary
dilatation.

Material and Methods: The patients were divided into
three groups according to their age: 1- Group |: 21-40 years.
2- Group 11 41-60 years, 3- Group I11: Over 60 years. Ultra-
sound and MRCP techniques were used in this study to assess
the diameter of CBD in different age groups.

Results: Group I: In US: In this age group the mean of
the widest transverse diameter of extrahepatic bile duct was
0.25 with arange: 0.18-0.41. In males the mean was: 0.23
with arange: 0.19-0.26. In females: The mean was: 0.28 with
arange: 0.18-0.41. In MRCP: In this age group the mean of
the widest transverse diameter of extrahepatic bile duct was
37.5 with arange: 21-49. In males: The mean was: 36 with
arange: 21-46. In females: The mean was: 40 with arange:
0.29-49. Group I1: In US: The mean of the widest transverse
diameter of extrahepatic bile duct was 0.32 with arange:
0.19-0.41. In males: The mean was: 0.31 with arange: 0.19-
0.39. In females. The mean was: 0.33 with arange: 0.27-
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0.41. In MRCP: The mean of the widest transverse diameter
of extrahepatic bile duct was 46.5 with arange: 24-62. In
males: The mean was: 52.6 with arange: 41-62. In females:

The mean was: 40.4 with arange: 0.24-51. Group I11: In US:

The mean of the widest transverse diameter of extrahepatic
bile duct was 0.40 with arange: 0.26-0.63. In males: The
mean was: 0.39 with arange: 0.28-0.52. In females: The mean
was: 0.42 with arange: 0.26-0.63. In MRCP: The mean of
the widest transverse diameter of extrahepatic bile duct was
88.31 with arange: 49-180. In males: The mean was: 94.27
with arange: 69-170. In females: The mean was: 81.93 with
arange: 49-180.

Conclusion: Both US and MRCP modalities revea ed that
the widest transverse diameter of CBD increases with age.

Key Words: Common bile duct diameter — Ultrasonography
—MRCP.

Introduction

CBD consists of four parts: Supra-duodenal, retro-

duodenal, retro-pancreatic and intra-duodenal. The
supra-duodenal segment found in the right border
of the lesser omentum and isrelated posteriorly to
the portal vein, viaathin layer of connective tissue.

On the left side of the common bile duct arises the
proper hepatic artery. The retroduodenal segment

isapart of the anterior wall of the Winslow's
hiatus. CBD descends posterior to the superior
segment of the duodenum, in relation with the
superior duodenal flexure, and describes an arch
with anterior concavity. This segment has important
vascular relations; the portal vein lies posterior to
it, the common hepatic artery lies on the left side
of CBD and it will continue with the proper hepatic
artery, gastroduodenal artery descends anterior to
the portal vein and to the left of the common bile
duct. The retropancreatic part, CBD descends
through a groove or a canal posterior to the pan-
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creas. Intra-duodenal segment CBD passes through
medial wall of the second part of the duodenum
and opens together with the main pancreatic duct
at the level of the hepato-pancreatic ampullawhere
CBD elevates the mucosa of the duodenum and
forms the longitudinal fold of duodenum. In the
inferior end of thisfold, there is a prominence-the
major duodenal papillawhere the hepato-pancreatic
ampullaisfound. CBD opensinto middle third of
the duodenum [1,2].

Several studies have been performed quantify-
ing the normal transverse diameter of the CBD
measured by Ultrasosonography (US) [3]. Trans-
abdominal ultrasound is one of the imaging mo-
dalities routinely used in the evaluation of the
extra-hepatic biliary system diseases becauseit is
noninvasive and inexpensive imaging method.
Ultrasound is still the first imaging study widely
used to evaluate the biliary system pathology [4.5].

Among non-obstructive causes of CBD dilata-
tion is opioids consumption as they may cause an
increase in the basic pressure and in frequency of
phasic contractions of the Oddi's sphincter leading
to biliary dilatation. In astudy performed by [6]
the authors showed an association between in-
creased biliary diameter, evaluated on US, and
addiction to opioids in asymptomatic patients, with
normal levels of serum bilirubin and akaline phos-
phatise tests and absence of obstructive factors on
US. Choledocholithiasisis a pathologic condition
also able to induce isolated bile duct dilatations
with non-specific symptoms or biochemical abnor-
malities. It developsin about 10%-20% of patients
with gallbladder stones, may be asymptomatic in
half of cases and CBD stones cannot always be
identified by traditional non invasive techniques
eg. US[7.

(8] stated that MRCP is accurate non invasive
Imaging technigque which uses T2 sequence mag-
netic resonance used for evaluation of the anatomy
and pathology of pancreatobiliary system.

MRCP can be used to measure the diameter of
the CBD [9] . They measured the normal CBD
diameter in 187 patients by MRCP and found that
the CBD diameter was significantly correlated only
with age.

MRCP is the main diagnostic procedure that
determines whether endoscopic retrograde cholan-
giopancretography is needed, especially when US
results are equivocal [g]. [10] reported that the
diameter of the CBD changesin response to various
factors, including age, cholecystectomy, measure-
ment location, respiration, and body mass index.

Material and M ethods

The patient:
Sudy population and sampling:

The study population for US consisted of one
hundred patients who were referred to Radiol ogy
Department of Fayoum Public Hospital from Feb.
2018-May 2020 for regular check-ups by transab-
dominal US. Those who were older than 20 years
were included. Another one hundred patients were
recruited who underwent an abdominal MRI for
the current study. We recorded the age, sex, medical
history, list of medications, total serum cholesterol
and liver function tests. MR imaging was performed
on the patients after an overnight fast of at least 8
h prior to the radiological examination. A written
consent was obtained from each patient before
imaging for ethical considerations.

The patients were divided into three groups
according to their age:

1- Group |: 21-40 years.
2- Group 1 41-60 years.
3- Group I11: over 60 years.

Theinclusion criteria: (1) Normal abdomen.
(3) Hepatic or splenic hemangiomas; and (4) Rena
cysts.

The exclusion criteria: (1) Pre-existing hepato-
biliary and pancreatic surgery. (2) Intra-or retro-
peritoneal tumors, inflammation or hemorrhagic
diseases; (3) Biliary tract stones; (4) Cholecystitis;
(5) Cirrhosis of theliver; (6) Ascites; (7) Abnormal
liver function tests (total bilirubin, aspartate ami-
notransferasea, alanine aminotransferase); (8) Cur-
rent use of medication that causes relaxation of
smooth muscle (e.g., calcium blockers and papaver-
ine hydrochloride); and (9) Abnormal total serum
cholesterol. (10) Opiods addicts. (11) Cardiovas-
cular diseases. (12) Pregnancy.

Methods:
1- Ultrasound: [5]
The study design:

In supine position, first abrief evaluation of
the liver, pancreas, gallbladder, and bile ducts was
done. Then, on sagittal plan, when the CBD was
visualized in longitudinal axis, during deep inspi-
ration, in its proximal portion the anteroposterior
distance from inner borders was measured. In cases
that the CBD was not visualized properly, the right-
side of the patient's body was raised or the inter-
costal space was used for better visualization.
Logic S7 Expert, GE Heathcare, Korea machine
was used in the current study.
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2- Magnetic Resonance Cholangiopancreatography

(MRCP) [8]:

MR imaging technique:

All the examinations were performed with a
1.5-T MR scanner with 38mT/M gradients and a
120mT/M-per-second slope (Philips, Intera1.0 T,
Netherlands) using a phased-array torso-pelvis
coil. The imaging sequences, including two-
dimensional coronal and axial Single Shot Fast
Spin-echo (SSFSE) T2-weighted imaging, axial
respiratory gating Fast-Recovery Fast-Spin Echo
(FRFSE) T2-weighted imaging with fat suppres-
sion, fast-spoiled gradient-echo T1-weighted im-
aging with fat suppression, axia spoiled dual
gradient-echo T1-weighted in-and outof-phase MR
imaging, axial dab three-dimensional (3D) spoiled
gradient-echo dynamic contrast-enhanced MR
imaging with fat suppression, and SSFSE radial
series slab MRCP, were performed when all the
patients were at the end of expiration and were
holding their breath.

End-expiration MRCP was considered conven-
tional MRCP for each patient. The volunteers aso
underwent MRCP at the end of inspiration. Coronal
and axial SSFSE T2-weighted images were ob-
tained during breath-holding with the following
parameters. Echo Time (TE)=90-100ms; 2s be-
tween dlice acquisitions; section thickness=5mm;
intersection gap=0.5mm; matrix=384 X 224, one-
half signal acquired; and field of view (FOV)=33
cm X 33cm. FRFSE T2-weighted images were
obtained with the following parameters: Repetition
time (TR) ms/TE ms=10000-12000/90-100, with
TR determined by the frequency of respiration;
section thickness=5mm; intersection gap=0.5mm;
matrix=256 X 192; Number of Signals Acquired
(NSA)=3; and FOV=34cm X 34cm. The acquisi-
tions were completed in approximately 3-4min.
Radial oblique slab SSFSE images were obtained
for end-expiration and end-inspiration MRCP with
the following parameters: TE=1300ms; 6s between
Image acquisitions; section thickness=40mm; ma-
trix=384 X 224; one-half signal acquired; and FOV
=30cm X 30cm. All of the other routine sequences
mentioned above were not used in the analysis
presented in this article; thus, we have not listed
the parameters for those sequences. It took 35min
to compl ete the contrast-enhanced MR imaging.

MRimage analysis:

The original MRI datawere loaded onto a
workstation ((Philips, Intera 1.0 T, Netherlands))
for review. Two observers (with 4 and 6 years of
experience interpreting abdominal MR images)
retrospectively and individually reviewed the coro-
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nal and transverse T2-weighted and MRCP images
to evaluate the CBD. The widest diameter of the
CBD was measured by placing an electronic caliper
perpendicular to the long axis at the widest visible
portion of the CBD on end expiration MRCP for
all the patients. To study the effect of breath on
the diameter of the CBD, the volunteers also un-
derwent end-inspiration MRCP. The measurements
on end-inspiration MRCP were taken at the same
location as those on end-expiration.

Results

US measured in cm. However, MRCP measured
inmm.

1- Group | (21-40 years):
Results of ultrasound technique:

In this age group the mean of the widest trans-
verse diameter of extrahepatic bile duct was 0.25
with arange: 0.18-0.41. In males the mean was:
0.23 with arange: 0.19-0.26. However, in females:
The mean was: 0.28 with arange: 0.18-0.41 Figs.
(13-15).

A sagittal view of an ultrasound image showed
the widest transverse diameter of extrahepatic bile
duct of a 29 years old male patient measured
0.32cm Fig. (1). However, a sagittal view of an
ultrasound image reveal ed extrahepatic bile duct
of a22 years old female patient measured 0.28cm

Fig. (2).

Results of MRCP technique:

In this age group the mean of the widest trans-
verse diameter of extrahepatic bile duct was 37.5
with arange: 21-49. In males: The mean was:. 36
with arange: 21-46. However, in females: the mean
was: 40 with arange: 0.29-49 Figs. (16-18).

A coronal T2-weighted MRCP image of a 39
years old male patient showed the widest transverse
diameter of extrahepatic bile duct measured 0.49cm
Fig. (3). However, a coronal T2-weighted MRCP
image of a 38 years old female patient showed the
widest transverse diameter of extrahepatic bile
duct measured 0.54cm despite the patient had no
symptoms or signs of biliary disease Fig. (4).

2- Group |1 (41-60 years):
Results of ultrasound technique:

In this age group the mean of the widest trans-
verse diameter of extrahepatic bile duct was 0.32
with arange: 0.19-0.41. In males: The mean was:
0.31 with arange: 0.19-0.39. However, in females:
The mean was: 0.33 with arange: 0.27-0.41 Figs.
(13-15).
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A sagittal view of an ultrasound image showed
the widest transverse diameter of extrahepatic bile
duct of a 46 years old male patient measured
0.18cm Fig. (5). However, a sagittal view of an
ultrasound image revealed the widest transverse
diameter of extrahepatic bile duct of a 46 years
old female patient measured 0.40cm Fig. (6).

Results of MRCP technique:

In this age group the mean of the widest trans-
verse diameter of extrahepatic bile duct was 46.5
with arange: 24-62. In males: The mean was. 52.6
with arange: 41-62. However, in females: The
mean was: 40.4 with arange: 0.24-51 Figs. (16-
18).

A coronal T2-weighted MRCP image of a58
years old male patient showed the widest transverse
diameter of extrahepatic bile duct measured 0.54cm
Fig. (7). However, acorona T2-weighted MRCP
image of a 56 years old female patient showed the
widest transverse diameter of extrahepatic bile
duct measured 0.63 cm despite the patient had no
symptoms or signs of biliary disease Fig. (8).

3- Group |11 (over 60 years):
Results of ultrasound technique:

In this age group the mean of the widest trans-
verse diameter of extrahepatic bile duct was 0.40
with arange: 0.26-0.63. In males: The mean was:
0.39 with arange: 0.28-0.52. However, in females:
The mean was: 0.42 with arange: 0.26-0.63 Figs.
(13-15).

A sagittal view of an ultrasound image showed
the widest transverse diameter of extrahepatic bile
duct of a 46 years old male patient measured
0.41cm Fig. (9). However, a sagittal view of an
ultrasound image reveal ed the widest transverse
diameter of extrahepatic bile duct of a 65 years
old female patient measured 0.83cm. The patient
had no symptoms or signs of biliary disease Fig.
(10).

Results of MRCP technique:

In this age group the mean of the widest trans-
verse diameter of extrahepatic bile duct was 88.31
with arange: 49-180. In males: The mean was:
94.27 with arange: 69-170. However, in females:
The mean was: 81.93 with arange: 49-180 Figs.
(16-18).

A coronal T2-weighted MRCP image of a 70
years old male patient showed the widest transverse
diameter of extrahepatic bile duct measured 1.58cm.
The patient had no symptoms or signs of biliary
disease Fig. (11). However, a coronal T2-weighted

MRCP image of a 69 years old femal e patient
showed the widest transverse diameter of extrahe-

patic bile duct measured 2.44cm. The patient had
no symptoms or signs of biliary disease Fig. (12).

Satistical analysis:

The collected data were organized, tabulated
and statistically analyzed using SPSS software
statistical computer package version 22 (SPSS Inc.,
USA). For quantitative data, the mean and Standard
Deviation (SD) were calculated. Independent- t test
or One Way ANOVA test was used in comparing
between any two groups or three groups, respec-
tively. For interpretation of results of tests of
significance, significance was adopted at p<0.05.

CBD by U/Swas a stetistically significantly
higher in age group >60 years (0.40+0.09) than in
age group 41-60 years (0.32+0.07) and 21-40 years
(0.25+0.07), p<0.0001, and p=0.016, respectively.
Conversely, the difference between age group 21-
40 and 41-60 was not a statistically significant,
p=0.175. Although females had higher CBD meas-
urements than males within each age group, the
difference was not a statistically significant,
p>0.050 Figs. (13-15).

CBD by MRCP was dtatistically significantly
higher in age group >60 years (88.31 +30.26) than
in age group 41-60 years (46.5 + 10.87) and 21-40
years (37.5+9.49), p<0.0001. On the other hand,
the difference between age group 21-40 and 41-
60 was not a statistically significant, p=0.728. The
difference between females and males within each
age group was not a statistically significant,
p>0.050 Figs. (16-18).

Fig. (1): A sagittal view of an ultrasound image showing the
widest transverse diameter of extrahepatic bile duct
of a29 years old male patient measuring 0.32cm.
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Fig. (2): A sagittal view of an ultrasound image showing the Fig. (3): A corona T2-weighted MRCP image of a 39 years
widest transverse diameter of extrahepatic bile duct old male patient showing the widest transverse diam-
of a22 years old female patient measuring 0.28cm. eter of extrahepatic common bile duct measuring

0.49cm.

Fig. (4): A coronal T2-weighted MRCP image of a 38 years Fig. (5): A sagittal view of an ultrasound image showing the
old female patient showing the widest transverse widest transverse diameter of extrahepatic bile duct
diameter of extrahepatic common bile duct measuring of a46 years old male patient measuring 0.18cm.
0.54cm. The patient has no symptoms or signs of
biliary disease.

Fig. (6): A sagittal view of an ultrasound image showing the Fig. (7): A corona T2-weighted MRCP image of a 58 years
widest transverse diameter of extrahepatic bile duct old male patient showing the widest transverse diam-
of a46 years old female patient measuring 0.40cm. eter of extrahepatic bile duct measuring 0.54cm.
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Fig. (8): A coronal T2-weighted MRCP image of a 56 years
old female patient showing the widest transverse
diameter of extrahepatic bile duct measuring 0.63cm.
The patient has no symptoms or signs of biliary
disease.

Fig. (10): A sagittal view of an ultrasound image showing the
widest transverse diameter of extrahepatic bile duct
of a65 years old female patient measuring 0.83cm.
The patient has no symptoms or signs of biliary
disease.

Fig. (12): A corona T2-weighted MRCP image of a69 years old
femal e patient showing the widest transverse diameter
of extrahepatic bile duct measuring 2.44cm. The patient
has no symptoms or signs of biliary disease.

Fig. (9): A sagittal view of an ultrasound image showing the
widest transverse diameter of extrahepatic bile duct
of a46 years old male patient measuring 0.41cm.

Fig. (11): A coronal T2-weighted MRCP image of a 70 years
old male patient showing the widest transverse
diameter of extrahepatic bile duct measuring 1.58cm.
The patient has no symptoms or signs of biliary
disease.

Fig. (13): A tableillustrating mean values of: US measure-
ments of CBD widest transverse diameter among

different study groups.
Mean SD Minimum Maximum  p-value
Age:
21-40 025 0.07 0.18 0.41 <0.0001 (S)
41-60 032 0.07 0.19 0.41
>60 0.40 0.09 0.26 0.63
21-40:
Male 023 0.03 0.19 0.26 0.212 (NS)
Female 0.28 0.08 0.18 0.41
41-60:
Male 031 0.08 0.19 0.39 0.538 (NS)
Female 0.33 0.06 0.27 0.41
> 60:
Male 0.39 0.08 0.28 0.52 0.510 (NS)
Female 042 0.1 0.26 0.63
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Fig. (14): Histogram: lllustrating mean distribution of US
measurements of CBD widest transverse diameter

among different age groups of the examined pa-
tients.
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Fig. (15): Histogram: lllustrating mean distribution of US
measurements of CBD widest transverse diameter
among different age groups in both males and
females of the examined patients.

Fig. (16): A tableillustrating mean values of: MRCP meas-
urements of CBD widest transverse diameter among
different study groups.

Mean SD Minimum Maximum  p-value

Age:
21-40 375 949 21 49 <0.0001 (S)
41-60 465 10.87 24 62
>60 88.31 30.26 49 180

21-40:
Male 36 9.92 21 46 0.604 (NS)
Female 40 10.15 29 49

41-60:
Male 526 75 41 62 0.072 (NS)
Female40.4 10.78 24 51

> 60:
Mae 9427 26.87 69 170 0.280 (NS)
Female 81.93 33.32 49 180
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Fig. (17): Histogram: Illustrating mean distribution of MRCP

measurements of CBD widest transverse diameter
among different age groups of the examined patients.
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Fig. (18): Histogram: Illustrating mean distribution of MRCP
measurements of CBD widest transverse diameter
among different age groups in both males and
females of the examined patients.

Discussion

The current study was performed on such a
large sample of patientsin order to obscure the
possible effect of various states of fasting. Although
the state of fasting could not be rigidly controlled
in this study group, so all patients of the Ultrasound
Department were examined at |east one hour post-
prandially.

CBD dilation usually indicates obstructive
pathologies such as choleducholithiasis or malig-
nant or benign strictures. The duct dilatation is
considered acritical factor in differentiation be-
tween obstructive and nonobstructive causes of
jaundice. However, non-dilated duct may not nec-
essarily roll out the presence of stonesin CBD
[311].
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Many studies discussed the relationship between
aging and CBD diameter variation. The first study
was performed in 1984 and demonstrated that that
under normal conditions, the inner diameter of the
CBD can be up to 10mm and a mild change occurs
with aging. Following this report, some researchers
found similar results that aging could have signif-
icant effect on the CBD size. For instance, a study
showed that CBD diameter increased significantly
from 3.9mm in age range of 18 to 25 yearsto
4.7mm in those older than 55 years 7. However,
other studies did not prove this effect of aging on
CBD diameter. However, most of studies concern-
ing this issue revealed that there are variationsin
the anthropometric characteristics of different races
[12-14] .

In the current study, US and MRCP studies
revealed that the diameters of CBD increase with
age both in male and female patients. A similar
study performed by [15] concluded that the diame-
ters of CBD increase proportionally with each
decade. This enlargement of the CBD diameter in
relation to age can be explained by the fragmenta-
tion of myocyte bands of the longitudinal smooth
muscle, loss of the network of reticular elastic
fibers with proximal compensatory dilatation due
to distal sclerosis, and interpersed connective tissue.
This leads to reduction of contractility and hypot-
onia of the CBD. Another factor that may be asso-
ciated is consumption of medications such as cal-
cium channel blockers, nitroglycerin, morphine,
and phosphodiesterase type 5 inhibitors which may
influence the contractility and tone of the duct.
Asympotomatic dilated CBD may lead to decreased
or normal levels of alkaline phosphatise enzyme
and painless gall stones due to decreased pressure
inside as aresult of hypotoniaof itswall [7,12, 16-
19].

Another mechanism was described by [5 who
stated that CBD in older persons has alarger size
seems to be the result of aging process with less
blood flow to the CBD walls which causes abnor-
malities in tissue metabolism and fragmentation
of the smooth muscle which results in decreased
contractility of the CBD.

On the other hand, a US study performed by
[3] in stated that in majority of patients 60 years
old of age or older: The mean diameter of CBD
remained being less than 6mm in 98% of patients
(1000 of 1018) and less than 7mm in 99% (1015
of 1018) of the patients they surveyed.

In contrast to the current study, a different US
study performed by [20] reported that there was no

increase in the size of the extrahepatic bile duct
with increasing age in an adult population.

Conclusion:

Both US and MRCP modalities revealed that
the transverse diameter of CBD increases with age.
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