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Abstract

BACKGROUND

Biliary dilation is frequently related to obstruction; however, non-obstructive
factors such as age and previous cholecystectomy have also been reported. In the
past two decades there has been a dramatic increase in opiate use/dependence
and utilization of cross-sectional abdominal imaging, with increased detection of
biliary dilation, particularly in patients who use opiates.

AIM

To evaluate associations between opiate use, age, cholecystectomy status,
ethnicity, gender, and body mass index utilizing our institution’s integrated
informatics platform.

METHODS

One thousand six hundred and eighty-five patients (20% sample) presenting to
our Emergency Department for all causes over a 5-year period (2011-2016) who
had undergone cross-sectional abdominal imaging and had normal total bilirubin
were included and analyzed.

RESULTS

Common bile duct (CBD) diameter was significantly higher in opiate users
compared to non-opiate users (8.67 mm vs 7.24 mm, P < 0.001) and in patients
with a history of cholecystectomy compared to those with an intact gallbladder
(8.98 vs 6.72, P < 0.001). For patients with an intact gallbladder who did not use
opiates (n = 432), increasing age did not predict CBD diameter (> = 0.159, P =
0.873). Height weakly predicted CBD diameter (r> = 0.561, P = 0.018), but weight,
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body mass index, ethnicity and gender did not.

CONCLUSION

Opiate use and a history of cholecystectomy are associated with CBD dilation in
the absence of an obstructive process. Age alone is not associated with increased
CBD diameter. These findings suggest that factors such as opiate use and history
of cholecystectomy may underlie the previously-reported association of
advancing age with increased CBD diameter. Further prospective study is
warranted.

Key Words: Biliary dilation; Opiate; Narcotic; Endoscopic ultrasound; Endoscopic
retrograde cholangiopancreatography; Bile duct

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: What is current knowledge? Biliary dilation is often related to an obstructing
process. Non-obstructive factors such as age and prior cholecystectomy have also been
associated with biliary dilation. Rates of opiate use have dramatically increased within
the United States over the past two decades. There has also been a dramatic increase in
utilization of cross-sectional abdominal imaging over the past two decades What is
new here. Opiate use is associated with biliary dilation in the absence of an obstructive
process. Increasing opiate use and increasing utilization of imaging are resulting in
increased incidental detection of biliary dilation leading to increased referrals for
endoscopic workup. Contrary to conventionally held views, our study indicates that age
alone is not associated with increased bile duct diameter. Increasing probability of
opiate use and cholecystectomy with advancing age may underlie the previously-
reported association of advancing age with increased bile duct diameter. Height is
weakly associated with increased bile duct diameter, consistent with an organ scaling
effect.
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High prevalence of biliary dilation in opiate users evaluated in the Emergency Department.
World J Hepatol 2020; 12(12): 1289-1298

URL: https://www.wjgnet.com/1948-5182/full/v12/i112/1289.htm

DOI: https://dx.doi.org/10.4254/wjh.v12.i12.1289

INTRODUCTION

Bile duct dilation is commonly related to an obstructive process such as a stone,
stricture or a mass. However, biliary dilation has also been associated with non-
obstructive factors such as advanced age and previous cholecystectomy!!. The role of
other patient factors such as height, weight, body mass index (BMI), and substance use
in modulating biliary dilation have not been well defined.

The opioid epidemic sweeping across the United States, has resulted in a 3-fold
increase in opiate prescriptions since 1999. Approximately 255.2 million opioid
prescriptions were reported in 2012, corresponding to a staggering 81.3 prescriptions
per 100 United States residents’l. Despite the high prevalence of opiate use in the
United States, the impact of opiates on bile duct diameter remains under-studied. Data
are limited to only a few case series, some of which suggest that opiate use may be
associated with dilatation of the bile duct in the absence of biliary obstruction®’!.
However, small sample size, and lack of controls have limited the generalizability of
these observations*l.

Additionally, perhaps in association with the ongoing national obesity epidemic,
rates of cholecystectomy have increased over time, with over 900000 annual
cholecystectomies currently performed in the United States'. Following
cholecystectomy, it is widely accepted that the bile duct increases in diameter!!. In
1894 Oddi postulated that the bile duct dilates following cholecystectomy so as to
serve as a reservoir of bile—the pressure of which must then overcome the biliary
sphincter pressure to enable bile to flow into the intestine®.. Despite the longstanding
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recognition of this phenomenon, systematic evaluations of the impact of
cholecystectomy on bile duct diameter have only emerged over the past 5 years?. The
extent to which other patient factors may modulate the occurrence and the degree of
biliary dilation following cholecystectomy remains to be determined.

Studies of the impact of aging on bile duct diameter in adults are similarly limited.
In children, bile duct diameter increases with advancing age in relative proportion to
a child’s growth curvel'. In adults, some studies with limited sample sizes have
suggested that common bile duct (CBD) diameter gradually increases with age in
healthy adults!"'"'?; however other studies have not demonstrated this trend!"’.

In parallel with the progressively aging population, the ongoing opiate and obesity
epidemics, and the rising rates of cholecystectomy, utilization of cross-sectional
abdominal imaging has more than tripled over the past two decades!“"l. An
unintended consequence of this escalating utilization of cross sectional imaging is
detection of incidental biliary dilation!"l. At our tertiary care academic endoscopy unit,
over the last decade, we have noted a 5-fold increase in referrals for endoscopic
evaluation of incidentally detected biliary dilation with normal bilirubin in opiate
users. Although the majority of these patients were referred for Endoscopic
Retrograde Cholangiopancreatography (ERCP), we opted to perform endoscopic
ultrasound (EUS) for these patients, as this is a lower risk procedure. However EUS
has not revealed pancreatic or biliary pathology in the vast majority of these patients.

Given the escalating endoscopic burden of this important problem, it would be
informative to determine when biliary dilation is within the range of expected
variation given the clinical context and characteristics of the patient, and when biliary
dilation is more pronounced than would be expected, implying obstructive pathology
which warrants further diagnostic evaluation. We therefore undertook a formal,
controlled study on over 1500 patients to evaluate factors such as opiate use, age,
cholecystectomy status, gender, ethnicity, height, weight and BMI which might predict
increased bile duct diameter in patients with normal liver function tests and no
visualized obstructive process on cross-sectional imaging.

MATERIALS AND METHODS

We utilized an informatics platform, the Stanford Translational Research Integrated
Database Environment (STRIDE) integrated standards-based platform!"’. This
informatics resource consists of integrated components including a clinical data
warehouse, which is based on the HL7 Reference Information Model, with clinical
information on over 2 million pediatric and adult patients cared for at Stanford
University Medical Center since 1995 and an application development framework for
building research data management applications and initiating queries on the STRIDE
platform!°.

Utilizing this STRIDE informatics platform and a retrospective cohort study design,
we evaluated a 20% sample of patients over 18 years of age presenting to our
Emergency Department (ED) for all causes over a 5-year period (2011-2016). We
identified patients who had undergone computed tomography (CT) or magnetic
resonance imaging (MRI) scans of the abdomen with documentation of CBD diameter,
and who had normal bilirubin with no evidence of biliary obstruction on imaging
using our institutional informatics platform. Opiate use status is a mandatory
question for all patients who are cared for in our ED. We extracted opiate use status
responses from the electronic medical record (EMR) for all patients. Gallbladder status,
age, gender, height, weight, BMI and ethnicity were also determined from the EMR.

Student’s t-test was performed using Microsoft Excel 2016 (Microsoft Corporation,
Redmond, WA). Reported p-values are 2-sided, and comparisons attained statistical
significance at P < 0.05. Linear regression analysis was conducted using standard
techniques and categorical age analysis was performed by comparison of
decades. This study was approved by the Stanford University Institutional Review
Board (Protocol No. 41605).

RESULTS

This study included 1685 patients, 46% female and 54% male. There were 867 patients
in the opiate user cohort and 818 in the non-opiate user cohort (mean age = 54.5 years
vs 58.6 years, P = 0.20). Gender did not predict CBD diameter (P = 0.12). Stated
ethnicity was only available for 56% of patients. For patients in whom ethnicity data
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were available, ethnicity did not predict CBD diameter (P = 0.09). Height and weight
data were available for 86% of patients in this sample. Height weakly predicted CBD
diameter (> = 0.561, P = 0.018), but weight and body mass index did not (r*=0.177, P =
0.29, ¥ = 0.210, P = 0.21, respectively).

The mean CBD diameter was significantly higher in opiate users compared to non-
opiate users (8.67 mm vs 7.24 mm, P < 0.001, Table 1). The mean CBD diameter was
also significantly higher in patients with a history of cholecystectomy compared to
those with an intact gallbladder (8.98 mm vs 6.72 mm, P < 0.001). The lowest CBD
diameter was evident in patients with an intact gallbladder who did not use opiates,
with sequentially increasing diameters noted in patients with an intact gallbladder
who used opiates, and in those with prior cholecystectomy who did not use opiates,
with the largest mean CBD diameter observed in patients with a history of both
cholecystectomy and opiate use (Figure 1). Gallbladder status appeared to modulate
the effect of opiates on bile duct diameter. Among patients with an intact gallbladder,
opiate users had a CBD diameter that was 43.5% greater than non-opiate users. In
contrast, among patients with a history of cholecystectomy, opiate users had a CBD
diameter that was only 6.5% greater than non-opiate users (Table 1, Figure 1). When 7
mm was used as the threshold for normal bile duct diameter in all patients regardless
of age and cholecystectomy status, 72% of opiate using patients had biliary dilation, as
compared with only 27% of non-opiate using patients (Figure 2).

Importantly, increasing age did not significantly correlate with CBD diameter upon
analysis as a continuous variable (r> = 0.159, P = 0.873) or across age group categories (
P =0.217, Figure 3), for the population of patients with an intact gallbladder who did
not use opiates (n = 432). Increasing age weakly predicted (r* = 0.439, P = 0.027)
increased CBD diameter in patients with a history of opiate use and/or a history of
cholecystectomy (n = 1356). When all patient cohorts were grouped for analysis,
including opiate users and non-users, and patients with and without a history of
cholecystectomy (n = 1685), advancing age very weakly predicted (r* = 0.306, P = 0.038)
increased CBD diameter when analyzed as a continuous variable and across age group
categories (Figure 3).

DISCUSSION

Prescription and illicit use of opiates has increased dramatically over the last 2
decades, with the emergence and escalation of a nationwide opiate epidemic*’. The
number of cholecystectomies performed annually in the United States has increased by
more than 20%!], and utilization of abdominal imaging has also increased
approximately 3-fold over the same time period!"l. Age has previously been
considered a factor associated with biliary dilation'"" and the proportion of the
United States population aged over 65 has progressively increased and is projected to
continue increasing. We therefore sought to evaluate the impact of each of these
parameters on biliary dilation. It has been our impression that these concurrent
phenomena have led to the increasing incidental detection of bile duct dilation in
patients, which in turn is driving increased utilization of invasive, expensive and
potentially risky endoscopic procedures. In our own practice we have noted a 5-fold
increase in referrals for EUS and ERCP over the past decade, for patients with biliary
dilation and a normal total bilirubin. Over 60% of these referrals in 2018 had
concurrent opiate use. A few small previous case series have suggested that opiate use
may be associated with biliary dilation; however, small sample size, study populations
focused on opiate-dependent patients, confounding variables and lack of controls have
limited the generalizability of these observationstl.

Our study, the largest conducted to date evaluating the association between opiate
use and bile duct diameter, demonstrates that opiate use is a modulating factor
associated with biliary dilation in the setting of a normal bilirubin. Patients who have
both undergone cholecystectomy and use opiates have the largest CBD diameters
overall. The impact of opiate use on CBD dilation is most striking in patients with an
intact gallbladder. The opiate impact is muted in patients who have undergone
cholecystectomy, perhaps related to a ceiling effect, given the significant pre-existing
dilatory effect of cholecystectomy on the bile duct. We find that height is positively
correlated with CBD diameter, consistent with an organ scaling effect. Our data
indicate that patient weight, BMI, ethnicity and gender are not correlated with bile
duct diameter.

Age has long been held to modulate bile duct diameter — this conventional wisdom
is commonly asserted in radiology and gastroenterology textbooks. A standard
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Table 1 Common bile duct diameter varies with opiate use and cholecystectomy status

Cholecystectomy status  Non opiate users, mean (SD) CBD diameter in mm  Opiate users, mean (SD) CBD diameter in mm P value

All patients 7.24 (2.28), n =818 8.67 (1.89), n = 867 P <0.001
Gallbladder intact (n = 814)  5.58 (1.38), n =432 8.01 (1.83), n =382 P <0.001
Gallbladder absent (n = 871)  8.72 (1.86), n = 386 9.30 (1.72), n= 485 P <0.001

SD: Standard deviation; CBD: Common bile duct.

10

7 43.5%| - 1

Common bile duct diameter (mm)

Intact GB, No Intact GB, CCY, No Ccy,
opiates opiates opiates opiates

Figure 1 Common bile duct diameter varies with gallbladder and opiate use status. Bar graph depicting mean common bile duct (CBD) diameter for
groups categorized by gallbladder status and opiate use. The lowest CBD diameter is seen in patients with an intact gallbladder who did not use opiates, with
sequentially increasing diameters noted in patients with an intact gallbladder who used opiates, and in those with prior cholecystectomy who did not use opiates, with
the largest mean CBD diameter observed in patients with a history of both cholecystectomy. Trendline (red) depicts this trend, error bars depict standard deviation.
Calipers indicate percentage change between the means of indicated categories. GB: Gallbladder; CCY: Cholecystectomy.

Percentage of patients with biliary dilation

100
90
80
70
60
50
40
30
20
10

P <0.001

%

[l Oviate users [l No-opiate users

Figure 2 Percentage of patients with biliary dilation. Bar graph depicting proportion of all patients, regardless of age and cholecystectomy status, with
biliary dilation when 7 mm was used as the threshold for normal bile duct diameter. With this threshold of normal bile duct diameter, 72% of opiate using patients had
biliary dilation, as compared with only 27% of non-opiate using patients.
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radiology textbook, for example, indicates that an estimate of normal bile duct
diameter at a given age may be roughly derived from considering a 4 mm bile duct
diameter normal at age 40, and assuming a 1 mm increase in bile duct diameter for
each subsequent decade of lifel'”l. The proposed association between age and CBD
diameter was supported by a few limited studies conducted over 25 years ago, which
concluded that CBD diameter is age-dependent!**l. However, a subsequent small
prospective study did not demonstrate this association between age and bile duct
diameter!. Our large study has not demonstrated an independent role for age in
modulating CBD diameter in the absence of a history of cholecystectomy or opiate use.
Our data suggest for the first time that other factors which modulate CBD diameter
(cholecystectomy, opiate use) may account for the assertions in previous studies
regarding increasing bile duct diameter with age. Further prospective study of this
association is warranted.

Workup of incidentally detected biliary dilation in opiate users reflects yet another
previously-unrecognized cost of the opiate epidemic. In recent years, cross-sectional
imaging of the abdomen has supplanted abdominal radiography as the most
frequently reimbursed abdominal imaging study!”!. Integrated health care systems and
Medicare data demonstrate that for every 100 Medicare beneficiaries, over 50 CT
scans, 50 abdominal ultrasounds and 15 abdominal MRIs are performed annually!**.
A subset of these patients undergo this imaging for evaluation of non-specific
abdominal pain for which they may be prescribed opiates and may potentially then
develop associated biliary dilation. Incidental findings from these imaging studies
may then result in a cascade of healthcare expenses related to additional studies,
diagnostic workup, procedures and ongoing surveillance, each with associated patient
anxiety and the potential for adverse events!'’.

In this era of escalating health care costs, our study indicates that the detection on
imaging of incidental bile duct dilation without a visualized obstructing process in
known opiate users with normal liver function tests may not require expensive and
potentially risky endoscopic evaluation. However, the complexity of the problem of
incidentally detected biliary dilation must also be acknowledged. The rising rates of
Non Alcoholic Fatty Liver Disease (NAFLD) and increased rates of statin utilization in
the United States population result in associated liver function tests (LFT)
abnormalities in up to 20% of NAFLD patients**! and around 3% of statin users*.
LFT abnormalities in these and in similar scenarios will impact the workup of patients
referred for workup of incidental biliary dilation.

Additionally, valid concerns of referring and consulting physicians should be
acknowledged. Sensitivity for detection of pancreatic adenocarcinoma, ranges from
76%-96% for CT* and from 83%-93.5% for MRI'], with higher sensitivity
corresponding with larger masses”**l. Additionally, in 5.4%-18.4% of patients with
pancreatic malignancy, the lesion is isoattenuating relative to the background
pancreas, with smaller lesions more likely to be isoattenuating*. Furthermore,
cholangiocarcinoma, another concerning potential etiology of biliary obstruction and
resultant dilation, often does not present as a mass on cross-sectional imaging and may
be only partially occlusive, with incipient obstruction resulting in biliary dilation
before significant LFT abnormalities develop-*l. Taken together, these limitations of
cross sectional imaging, and the implicit potential for missed malignant lesions,
prompt referring physicians to request additional evaluation for patients with
incidental biliary dilation and biliary specialists to proceed with additional endoscopic
evaluation.

Limitations of this study include its retrospective nature, reliance on data from the
electronic medical record and reliance on reports from multiple radiologists for
documentation of bile duct diameter. However, the large sample size should
neutralize these effects. Due to limitations in opiate type, duration and use pattern
details included within the electronic medical record, it was not possible to associate
these parameters with CBD diameter. Prospective study of these phenomena would be
informative to construct recommendations for when endoscopic evaluation of biliary
dilation is most appropriate in the setting of these study limitations.

CONCLUSION

In conclusion, our data indicate that opiate use is associated with bile duct dilation in
the absence of an obstructive process. We confirm that a history of prior
cholecystectomy is associated with increased CBD diameter. We demonstrate that, in
adult populations, height positively correlates with CBD diameter. Finally, we
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Figure 3 Overall (all groups combined

), age weakly predicts common bile duct diameter, suggesting that cholecystectomy status and

opiate use may be more common in older individuals and this may be driving previously-described associations between age and biliary
dilation. A: Advancing age weakly predicts increased CBD diameter in all patient groups combined; B: Age is not predictive of CBD diameter in patients with an

intact gallbladder who do not use opiates.
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demonstrate that advancing age does not independently predict a larger CBD
diameter in our analysis, and previously-reported associations of advancing age with
larger CBD diameter may be attributable instead to other variables such as
cholecystectomy and opiate use. Our data suggest that incidentally detected biliary
dilation without a visualized obstructive process in the setting of normal bilirubin in
known opiate users may not require expensive and potentially risky endoscopic
evaluation.

ARTICLE HIGHLIGHTS

Research background

Bile duct dilation is often related to an obstructive process such as a stone, stricture or
a mass. The role of other patient factors such as height, weight, body mass index, and
substance use in modulating biliary dilation have not been well defined.

Research motivation
In the past two decades, both opiate use/dependence and utilization of cross-sectional
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abdominal imaging have sharply increased. We have noted an increase in referrals to
our academic tertiary care medical center for incidentally detected biliary dilation,
particularly in patients who use opiates.

Research objectives

Our goal was to evaluation associations between opiate use, age, cholecystectomy
status, ethnicity, gender, and body mass index to understand how these factors may be
related to biliary dilation.

Research methods

We evaluated associations between opiate use, age, cholecystectomy status, ethnicity,
gender, and body mass index utilizing our institution’s integrated informatics
platform. We evaluated 1685 Emergency Department patients (a 20% sample from
2011-2016) who had undergone cross-sectional abdominal imaging and had normal
total bilirubin.

Research results

Diameter of the common bile duct was significantly higher in opiate users compared
to non-opiate users (8.67 mm vs 7.24 mm, P < 0.001) and in patients with a history of
cholecystectomy compared to those with an intact gallbladder (8.98 vs 6.72, P < 0.001).
For patients with an intact gallbladder who did not use opiates (n = 432), increasing
age did not predict common bile duct (CBD) diameter (r* = 0.159, P = 0.873).

Research conclusions

A history of cholecystectomy and opiate use are associated with common bile duct
dilation in the absence of an obstructive process. Age alone does not appear to be
associated with increased common bile duct diameter.

Research perspectives

These findings suggest that factors such as opiate use and history of cholecystectomy
may underlie the previously-reported association of advancing age with increased
CBD diameter. Future prospective study would be desirable to expand upon these
findings.
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