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Abstract
Background Subvesical bile ducts (frequently termed incorrectly “ducts of Luschka”) have gained increased clinical
recognition in the era of laparoscopic cholecystectomy. Though cited frequently and discussed in the literature, the original
description by Hubert von Luschka and many anatomic details of these subvesical bile ducts remain ill-defined.
Study design A systematic literature search was conducted including publications that described either radiographic features
or gross anatomy of bile ducts in close contact with the gallbladder fossa. Of 2,545 publications identified from electronic
databases, 116 met inclusion criteria.
Results Of 116 articles, 13 incorporated a prevalence study design. These 13 articles investigated 3,996 patients, of whom
156 were diagnosed with a subvesical duct for a prevalence of 4%. The prevalence in articles focusing on subvesical bile
ducts was greater than in articles studying biliary anatomy in general (10% versus 3%; p<0.0001). Furthermore, of 116
articles, 54 provided detailed anatomic information identifying 238 subvesical ducts, most of which represented accessory
ducts. The origin and drainage of these ducts were limited primarily to the right lobe of the liver, but great variation was seen.
The mean diameter of the subvesical ducts was 2 mm (range 1–18 mm).
Conclusions The term “ducts of Luschka” should be abandoned and should be replaced by the correct term of “subvesical
bile duct”. The variability in anatomic location of subvesical bile ducts puts them at risk during hepato-biliary operations. A
better understanding of ductal anatomy is elemental in preventing and managing operative injury to the subvesical ducts. This
review debunks common myths about the so-called “duct of Luschka” and offers a systematic overview of the anatomy of the
subvesical bile duct.
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Introduction
Despite being a common subject of discussion, many misperceptions exist about the “ducts of Luschka” or subvesical
bile ducts. Some think of them as small bile ducts that drain
directly into the body of the gallbladder; others consider
them to be networks of miniscule bile ducts between the
liver capsule and the gallbladder; while modern literature
suggests alternate explanations. With this lack of consensus,
clarification of anatomic details of subvesical bile ducts
appears necessary.
Though cited and discussed frequently in the literature,
the original description by the German anatomist Hubert
von Luschka is poorly referenced. In his famous textbook
of 1863, Luschka published in detail the anatomy of various
organ systems, including the liver, gallbladder, and biliary
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tree.1 Of particular interest, on pages 256 and 257 of his
textbook, Luschka described two different tubular structures
associated with the wall of the gallbladder. The first type of
tubular structure consisted of intra-mural glands draining
into the gallbladder lumen, later termed “Luschka crypts.”
The second type of tubular structure consisted of a network
of microscopic ducts within the soft tissue surrounding the
gallbladder. Translated from the original German version,
Luschka describes:
From these unquestionably glandular components of
the gallbladder [“Luschka crypts”] one must differentiate other hollow structures, which I never completely
missed in the already dense connective layer of its
wall, in particular also on the peritoneum covered side.
These are unequally wide ducts in form and size
roughly similar to Beal’s liver tubes that have multiple
anastomoses amongst each other and are here and
there provided with a piston-like attachment. In full
clarity, they only become apparent, when the connective fibers by addition of acetic acid become homogeneous. Their wall consists of a very tender base
membrane that from the outside has only sparse elongated nuclei resting upon. Their content consists of
isolated, larger, round cells with an obvious nucleus
that usually includes a larger nucleolus. In addition,
one encounters a molecular detritus that in parts represents the only content as well as numerous pigment
bodies that according to their behavior to nitric acid
were identified as bile pigment. I have not found an
open connection of these tubes with any space and I
am of the opinion that they represent metamorphosed
remnants attached to the wall of the gallbladder of the
embryologic basis of which the liver cell network
derived.1
While preparation of histologic specimens in the 1860s
cannot be compared to current standards, the findings of
ducts lined with cuboidal epithelium and filled with bile
pigment are suggestive of bile ducts, though the very real
possibility of preparation artifacts cannot be excluded. The
oddity is that according to Luschka, this network of ducts
surrounded the circumference of the gallbladder surface and
was present on the hepatic as well as peritoneal surface of
the gallbladder. Questions also arise about the suggestion
that this network of ducts is present to varying extents in
most people. From a modern perspective, it is likely that the
tubular structures Luschka observed represented lymphatic
vessels in the majority and in a few may have been aberrant
bile ducts.
Over the years, small subvesical bile ducts were termed
“ducts of Luschka” despite the discrepancy with Luschka’s
original publication. These unusual bile ducts have received
many acronyms, such as sub- or supravesicular ducts and
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were considered frequently to be aberrant ducts. Many
aspects of these subvesical bile ducts have been subject to
investigation and have been reported in the literature in
numerous confusing and contradicting descriptions. Yet, a
broadly accepted, fundamental understanding of subvesical
ducts is missing in the biliary lexicon, evident by the lack of
a common definition, clear anatomic details, and a systematic classification. The aim of this review is to clarify the
common myths associated with the subvesical bile ducts or
“ducts of Luschka” and to define the proper anatomy.

Methods
Systematic Literature Search and Study Selection
A systematic literature search of electronic databases, including PubMed (National Library of Medicine), EMBASE
(Elsevier) and PubMed Central (National Library of Medicine), was conducted with the last search carried out on July
14, 2009. The term “bile duct(s)” was used in combination
with the following other search terms: “Luschka”, “subvesical/subvesicular”, “supravesical/supravesicular”, “accessory”, “aberrant”, “(chole)cyst(ic)ohepatic”, “hepat(ic)o
(chole)cystic”, “subserosal”, and “subcholecystic”. The literature search was performed without restriction of year of
publication. Studies were limited to the English language
and human studies. Original articles, review articles, editorials, and letters-to-the-editor were considered only if original patient data were provided by the author. Abstract
publications from local, national, or international meetings
were excluded. To be included in our review, the publication
had to describe radiographic features or gross anatomy of
bile ducts in close contact with the gallbladder fossa. Bile
ducts in close contact with the cystic duct but not the
gallbladder fossa and bile ducts whose relationship to the
gallbladder fossa was not specified were excluded. The
references of the selected studies were cross-searched for
additional relevant literature.
Data Collection
Only studies describing bile ducts traversing within or in
close contact with the gallbladder fossa were included,
including gallbladder interposition (i.e., the common hepatic
bile duct or both hepatic bile ducts draining into the gallbladder). For review of the prevalence of subvesical bile
ducts, only articles with population- or institution-based
prevalence study design were considered. This approach
mandated review of the biliary anatomy in the entire study
cohort. Studies that provided data on the incidence of operative injuries to subvesical bile ducts alone were not sufficient for prevalence assessment. For review of the anatomy
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of subvesical bile ducts, the studies had to report either the
origin or the endpoint of the duct. Studies that had insufficient anatomic details were excluded. For a bile duct to be
classified as “hepaticocholecystic duct”, evidence of the
duct draining into the gallbladder lumen was required; injury during cholecystectomy alone was not sufficient. The
term “accessory bile duct” was reserved for bile ducts supernumerary from the formal biliary anatomy. The term
“aberrant bile duct” was limited to bile ducts embedded in
connective tissue on the surface of the liver in the absence of
surrounding hepatic parenchyma.
The systematic literature search was performed by a single
investigator (T.S.). Of 2,545 publications identified from the
electronic databases, 116 met inclusion criteria for the systematic review (Fig. 1). Publications that met inclusion criteria for
systematic review were subject to data collection performed
independently by two investigators (T.S., D.B.A.).
Statistical Methods
The pooled results on overall prevalence and prevalence of
anatomic landmarks were described as a percentage or mean
unless specified otherwise. Each study was weighted
2545 potentially relevant studies identified

according to sample size. Chi-square test was used to compare results between groups.

Results
Prevalence of Subvesical Bile Ducts
Of 116 articles which met inclusion criteria, 13 2–14 incorporated a prevalence study design. All 13 studies reported
data from original articles. The date of publication ranged
from 1937 to 2006. All articles had a study design based on
institutional prevalence; no population-based studies were
identified. Eleven articles involved anatomic screening performed on cadavers or operative specimens, while two
articles involved radiographic screening. These 13 articles
comprised 3,996 patients, of whom 156 were diagnosed
with a subvesical duct for a prevalence of 4%. The prevalence within each article ranged from 0.1% to 55% (median
5%). Only 4 of the 13 articles focused on the prevalence of
subvesical bile ducts as the primary end-point, while the
remaining studies were anatomic evaluations of biliary anatomy in general. The prevalence in the articles focusing on
subvesical bile ducts was greater than in the remaining
articles (10% versus 3%; p<0.0001).

from electronic databases

Anatomy of Subvesical Bile Ducts

1403 PubMed Central
580 EMBASE
562 PubMed
1299 studies excluded after screening of
titles and abstracts, due to:
804 basic science or animal studies
213 duplicates
182 non-English language
100 meeting abstracts
1246 studies retrieved for detailed evaluation
1145 studies excluded, due to:
1121 studies unrelated to subvesical
bile ducts (including not specifying
relationship to gallbladder fossa)
24 review articles without primary
patient data
15 studies added from reference lists of
retrieved studies
116 studies met inclusion criteria

13 studies included in systematic review of prevalence
(after exclusion of 103 studies due to non-prevalence study design)
54 studies included in systematic review of anatomy
(after exclusion of 62 studies due to insufficient anatomic detail)

Fig. 1 Selection of articles for inclusion in systematic review

Of 116 articles that met inclusion criteria, 54 3–11,13–57
provided detailed anatomic information on either the origin
and/or the endpoint of the bile ducts traversing in contact
with the gallbladder fossa. These 54 articles were published
between 1942 and 2008, including original articles or case
series in 49, letters-to-the-editor or brief communications in
4, and review articles with case series in one article. The
method of diagnosis included radiographic tests in 24
articles, gross or microscopic anatomic inspection in 17,
and a combination of both in 13. These examinations were
performed during either an operation in 30 articles, clinical
evaluation in 14, post-mortem examination in 5, or evaluation of operative liver specimens in 3; two articles used
more than one setting.
In these 54 articles, 229 patients were identified whose
description met inclusion criteria and the article provided
anatomic details (mean age at diagnosis 49 years, female
63%). Fifty-seven patients had an incidental finding of an
asymptomatic subvesical duct, while 25 were diagnosed after
injury to a subvesical bile duct, 7 had symptoms ostensibly
originating directly from the subvesical bile duct, and in 140,
the status of symptoms was unknown. Of these 229 patients, 9
had more than 1 subvesical bile duct for a total of 238
subvesical bile ducts. Of these 238 ducts, 54 represented
accessory bile ducts, 19 were main bile ducts, 3 were

J Gastrointest Surg (2012) 16:656–662

659

segmental or sectorial bile ducts, and 1 was an aberrant bile
duct network; exact classification was not possible in 161.
The origin and drainage of these ducts is listed in Table 1.
Although the gallbladder fossa straddles the right and left
anatomic lobe of the liver, 69% of subvesical bile ducts (43
of 62 with a known site of origin) originated from the right
lobe. Drainage into the right lobe occurred in 40% of subvesical bile ducts (86 of 215 with a known site of drainage),
while drainage into the gallbladder was the most common
site of final drainage (48%—i.e., hepaticocholecystic bile
ducts). Beyond this right-sided distribution, a common pattern was not detected, because subvesical bile ducts varied
in size, involved different duct classifications, and had different points of origin or drainage.
Further information about anatomic details remains scarce.
The diameter of the subvesical bile ducts was mentioned only
for 55 ducts. The average diameter in these 55 ducts was 2 mm
(range 1–18 mm). The length of the bile duct segment traversing along the gallbladder fossa was measured for only 33
ducts and was on average 35 mm (range 8–82 mm). Histologic details were only provided in two articles. The relation of
the subvesical bile duct to the liver capsule was not described
reliably with the exception of one article.

Discussion
Knowledge of the anatomy of the biliary tree with its wellknown tendency for structural variations is important to
Table 1 Anatomic and radiographic descriptions of 238 subvesical
bile ducts
Origin of subvesical bile duct
Gallbladder mesentery
Segmental duct
B4 segmental duct (n02)
B5 segmental duct (n020)
B6 segmental duct (n01)
Segment from right hepatic
lobe (n04)
Segment from left hepatic
lobe (n01)
Sectorial duct
Right posterior sectorial
duct (n04)
Right anterior sectorial
duct (n02)
Main duct
Common hepatic duct
(n010)
Right hepatic duct (n012)
Left hepatic duct (n03)
Unknown

Drainage of subvesical bile duct
3 Gallbladder
103
28 Segmental duct
9
B5 Segmental duct (n05)
B6 segmental duct (n04)
Sectorial duct
35
Right posterior sectorial
duct (n06)
Right anterior sectorial
duct (n029)
6 Main duct
68
Common hepatic duct
(n019)
Right hepatic duct (n042)
25

Left hepatic duct (n06)
Cystic duct (n01)
Unknown

176

23

surgeons operating in the right upper quadrant. One of the
more common anatomic variations of concern is the subvesical bile duct (incorrectly known as the “duct of
Luschka”). Subvesical bile ducts are important from a clinical perspective and pose a potential risk for injury during
gallbladder and hepatic operations. Recent studies suggest
that clinically relevant bile leaks complicate approximately
0.4–1.2% of cholecystectomies.58–61 Injury to a subvesical
duct is one of the most common causes of cholecystectomyassociated bile leak and occurs as often as major bile duct
injuries and leaks from the cystic duct stump.58–61 Indeed,
recent studies suggest that about 27% of clinically relevant
bile leaks are caused by inadvertent injury to a subvesical
bile duct 58–61; this finding provides an estimated incidence
of clinically relevant subvesical bile duct leaks after cholecystectomy in 1 of every 633 operations. With about
550,000 cholecystectomies performed annually in the United States,62 one would expect about 868 patients to be
affected in this country annually by clinically relevant injuries to a subvesical bile duct from this operation alone.
The true prevalence of subvesical bile ducts has been the
subject of considerable debate. In this systematic review, we
found an overall prevalence of subvesical bile ducts of 4%
in institution-based reports. Potential exists that this reported
prevalence overestimates the true prevalence, because only
studies with positive findings of subvesical ducts were included, while studies with negative results were not part of
this review. In contrast, the limited sensitivity of detecting
small subvesical bile ducts may result in an underestimation
of the true prevalence. Indeed, studies that focused on subvesical bile ducts were able to identify subvesical bile ducts
in 10% of the population, suggesting a true prevalence of
greater than 4%. Taking into consideration the prevalence of subvesical ducts found in this review and the
incidence of subvesical bile duct injuries described after
cholecystectomy,58–61 one can estimate that about 1 in
25 patients with a subvesical bile duct will suffer from
a potentially preventable and clinically relevant bile leak after
cholecystectomy. Actual injury to the subvesical bile duct is
likely to occur even more frequently, because many of these
injuries are thought to remain asymptomatic. Regarding management of subvesical bile duct injuries, this review demonstrated that not all such ducts are accessory ducts. The broadly
accepted intra-operative approach of ligation of small ducts
and reconstruction of larger ones appears appropriate, recognizing that there is a potential risk for undrained hepatic segments. Hence, knowledge about the proximal and distal
anatomy of the injured subvesical bile duct may prove quite
crucial.
Anatomic knowledge about the subvesical bile duct is
confounded by a multitude of different descriptions of these
subvesical bile ducts in the literature, and no standardized
definition exists or is accepted universally. Through the
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information gathered in this systematic review, the following conclusions became evident: the subvesical bile duct is a
topographic description of a bile duct (or bile ducts) which
run in contact with the gallbladder fossa. In general, most
subvesical bile ducts are part of the biliary system of the
right hepatic lobe. This description can encompass different
types of bile ducts, including (1) superficial variations of
segmental and sectorial bile ducts, (2) superficial or intercommunicating accessory bile ducts, (3) hepaticocholecystic ducts, and (4) aberrant bile ducts (Table 2; Fig. 2). A
reliable statement about the prevalence of each anatomic
subtype cannot be made due to the expected presence of a
strong publication bias with a tendency to publish case
reports with rather rare and curious abnormalities/anomalies. Also, the prevalence of small aberrant bile ducts is
expected to be underreported because most will not appear
on radiographic imaging and, in the case of an operative
injury, many will likely not cause a clinically relevant or
even recognized bile leak. Bile ducts in close contact with
the cystic duct but not the gallbladder fossa should be
considered separately from subvesical bile ducts. Although
Table 2 Types of subvesical bile ducts
1) Segmental or sectorial subvesical bile duct
Definition: bile duct with unusual superficial course in proximity to
gallbladder fossa, but otherwise typical anatomy
Typical location: right posterior segmental or sectorial duct draining
separately into main duct; the entire duct can run superficial to the
gallbladder (especially in intra-hepatic gallbladders) or only part
of the duct can arch or loop toward the gallbladder
Prevalence: common
2) Accessory subvesical bile duct
Definition: bile duct supernumerary from the formal biliary tree
Typical location: originating from the right posterior or right
anterior sector draining into a main bile duct while coursing along
the gallbladder fossa
Prevalence: likely the most common type
Subtype: intercommunicating accessory subvesical bile duct
(accessory duct between major intra-hepatic biliary channels)
3) Hepaticocholecystic bile duct
Definition: bile duct that drains directly into the gallbladder
Typical location: sectorial bile duct from the right lobe draining into
the gallbladder
Prevalence: as a curious anatomic variant, its prevalence is likely
over-reported in relation to other types of subvesical ducts
Subtype: gallbladder interposition (common hepatic duct or both
hepatic ducts draining into gallbladder; very rare)
4) Aberrant subvesical bile duct
Definition: network of small bile ducts within the connective
tissue/capsule of the gallbladder fossa
Typical location: in the peri-hepatic connective tissue of the
gallbladder fossa; usually ending blindly in the periphery but
connecting with intra-hepatic bile ducts centrally
Prevalence: rare
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Fig. 2 Types of subvesical bile ducts: type 1—segmental or sectorial
subvesical bile duct, type 2—accessory subvesical bile duct, type 3—
hepaticocholecystic bile duct, type 4—aberrant subvesical bile duct

rare, it is important to recognize gallbladder or cystic duct
duplications which can present with an “additional duct” in
the cholecystohepatic triangle of Calot. While these duplications can sometimes mimic subvesical ducts, they need to
be considered separately as well.
Detailed histologic descriptions of subvesical ducts are
for the most part absent. It is a frequent perception that
subvesical ducts, different from the classic portal triad of
larger segmental bile ducts, are not accompanied by a portal
vein and hepatic artery, which are usually only absent with
septal and interlobular bile ducts that are typically less than
0.3 mm in diameter.63 The origin of this perception is not
entirely clear, because the published literature does not
provide adequate documentation or information to make this
conclusion. The presence of peri-biliary glands, which are
usually seen in the segmental bile ducts but not in septal and
interlobar ducts,63 is unknown for subvesical bile ducts.
Furthermore, the association of subvescial bile ducts with
the liver capsule (intra- versus extra-hepatic) is also unclear.
Little is known also about the etiology of subvesical bile
ducts. It is conceivable that subvesical bile ducts may represent a congenital variation or an acquired condition. First,
autonomous embryologic growth of bile ducts from the
ductal plate during early development forming variations
of new bile ducts in atypical locations is a commonly stated
theory on the embryologic development of subvesical bile
ducts.8 These variations are thought to originate from the
liver anlage, but theoretically they could also originate from
the gallbladder anlage itself, which would explain a potential anatomic course outside the liver capsule. Such new
growth of bile ducts must be of congenital origin, because
developed bile ducts can either vanish or hypertrophy due to
environmental factors, but it is thought that totally new bile
ducts cannot be produced de novo.64 The theory of autonomous
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growth does not explain why these bile ducts occur at
this particular location and have not been recognized in
various other areas of the liver, with the exception of
aberrant bile ducts in the peri-hepatic ligaments or pericholecystic tissue. Regarding an acquired condition, one
theory states that subvesical bile ducts might be normally developed peripheral bile ducts located in an area
where liver parenchyma regressed as part of the hepatic
remodeling.8 Also, it is possible that detectable subvesical
bile ducts are the result of hypertrophy of parenchymal
branches caused by local inflammation, like cholecystitis.
Overall, it is conceivable but unproven that bile ducts
close to the liver surface are probably common in other
areas of the liver as well, but due to lack of their clinical
relevance, such bile ducts have not received the same
amount of attention or scrutiny.
In respect to Luschka’s publication, reports of networks
of ducts on the mesenteric and peritoneal surface of the
gallbladder similar to Luschka’s description have been
reported in the older literature.65 It is conceivable that the
earlier reports of “bile duct networks” were in fact pericholecystic lymphatic vessels. Hence, we believe that
Luschka did not describe any subvesical biliary conduits.
The term “duct of Luschka”, therefore, provides an imprecise description and should be avoided completely. In our
opinion, the term “subvesical bile duct”, which has already
been proposed by several authors in the past, appears more
appropriate. Nevertheless, the term “subvesical bile duct”
can also have limitations in providing sufficient information, because this term focuses only on the relationship to
the gallbladder. We suggest reserving the use of this term
only when further detailed anatomy is unknown. In patients
where more precise anatomy is known, a more detailed
description should be used, e.g., “subvesical segment V bile
duct” or “subvesical accessory right posterior sectorial bile
duct” or “subvesical aberrant bile duct.” Note that the term
“hepaticocholecystic bile duct” does not require the addition
of the adjective “subvesical” but should include its origin, e.
g., “right lobar hepaticocholecystic bile duct.” In accordance
with this review, a proposed definition of the “subvesical
bile duct” should include “any bile duct traversing in close
contact with the gallbladder fossa.”
In summary, subvesical bile ducts represent a plethora of
various anatomic variations which have in common that a
part of the bile duct traverses in close contact with the
gallbladder fossa. While the traditional teaching typically
only includes hepaticocholecystic and aberrant bile ducts,
bile ducts near the gallbladder fossa are comprised of four
types. They can be categorized into (1) segmental or sectorial subvesical bile ducts, (2) accessory subvesical bile
ducts, (3) hepaticocholecystic bile ducts, and (4) aberrant
subvesical bile ducts. Although the gallbladder fossa borders on both the right and left lobe of liver, there is a
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tendency for subvesical bile ducts to originate from and/or
drain into the right lobe. Like most intra-hepatic bile ducts,
subvesical bile ducts are rather small in diameter measuring
on average 2 mm in size, which makes them difficult to
identify on preoperative imaging; though great variations in
size can occur. Vigilance of these anatomic variations is
crucial to minimize the risk of operative injury, particularly
during cholecystectomy. We believe that most subvesical
bile ducts (type 1 and 2) are injured when surgeons deviate
from proper anatomic planes; rarely injury of subvesical bile
ducts (type 3 and 4) is inevitable.
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