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Summary
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relevant relations of 4. cystica in pigs — a corrosion cast study. Bulg. J. Vet. Med., 24, No 3,
317-323.

The aim of this study was to investigate the variations as well as the length of A. cystica and its
branches in pigs using corrosion casting method with the self-polymerising resin Duracryl® Plus. The
method included several steps: hepatectomy, precasting treatment, injection of Duracryl,
polymerisation of casting medium, corrosive treatment, cleaning of the corrosion casts, air-drying and
preservation of casts. The livers were collected from 12 male 6-month-old pigs (crossbred Land-
racexDanube White). With regards to the beginning of A. cystica, 4 variations were observed and
grouped as follows: variation A — 4. cystica detached from R. dexter medialis, together with R. quad-
ratus (variation Al), or alone (variation A2); variation B1 — A. cystica originated from A. gastroduo-
denalis, or was a branch of the common trunk (R. dexter) (variation B2). The metric data were proc-
essed by GraphPad Prism 6 for Windows. Clinically relevant relations between A. cystica, Ductus
cysticus, A. celiaca and R. sinister also were described. The new information received about the blood
supply of the gallbladder would contribute to the understanding of the etiology of postoperative com-
plications as a result of surgical interventions in this location and for their prevention.
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INTRODUCTION

The morphological studies of microcircu- tions of A. hepatica and its branches in

lation of extrahepatic bile ducts using va-
rious resins involved predominantly ani-
mal species such as the rabbit (Jackowiak
& Lametschwandtner, 2005), the guinea
pig (Akarinegjad & Lametschwandtner,
1992) and the rat (Gaudio et al., 1993).
Some authors identified anatomical varia-

domestic pigs using the advantages of
methods for making corrosion casts (Os-
man et al., 2008) and defined 4. cystica as
the main vessel supplying the gallbladder
and its excretory duct, with no informa-
tion about its length and branching. Ac-
cording to Tejaswi et al. (2013) however,
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this information is extremely valuable in
surgery where the knowledge of variations
of A. cystica and its branches would help
surgeons to prevent uncontrolled bleeding
from the vessels, which can be fatal du-
ring cholecystectomy. Moreover, accord-
ing to Park et al. (2005) the pig is a sui-
table species for experiments related to
development of new surgical techniques
that could be very useful for cholecystec-
tomy in humans. Making corrosion casts
of blood vessels and hollow organs in dif-
ferent species of animals and in humans,
facilitated not only the establishment of
their microanatomic and gross anatomical
features but also their topographic peculi-
arities (Hagras & Swielim, 1990; Gaudio
etal., 1993; Osman et al., 2008).

This study was performed to supple-
ment the information about the variations
and length of 4. cystica and its branches,
as well as to study the clinically relevant
relations between A. cystica, Ductus cysti-
cus, A. celiaca and R. sinister.

MATERIALS AND METHODS

Animals

A set of fresh liver with gallbladder, sto-
mach, spleen and cranial part of the duo-
denum was collected from 12 male 6-
month-old crossbred pigs (Landrace x
Danube White) at a slaughterhouse. The
study was supported by Scientific Project
Ne 19-15/Faculty of Veterinary Medicine,
Trakia University, Bulgaria.

Corrosion casting method

The corrosion casting method of Tsandev
et al. (2015) using the resin Duracryl®
Plus (Spofa Dental Product, Czech Re-
public) was adapted for preparing corro-
sion casts of blood vessels supplying the
aforementioned organs together with casts
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of bile ducts and gallbladder. Six sets of
organs were used for preparing corrosion
casts of arteries, veins, bile ducts and
gallbladder (Fig. 1) and 6 sets for corro-
sion casts of arteries and bile ducts with-
out the veins (Fig. 2).

Fig. 1. Corrosion cast of arteries (in red) and
veins (in blue) of porcine liver, stomach and

spleen together with bile ducts (in green) and
gallbladder (in green).

e Hepatectomy

Immediately after slaughtering a set of
fresh liver with gallbladder, stomach,
spleen and cranial part of the duodenum
were removed.

e Precasting treatment

The livers were perfused with saline
solution through a cannula placed into the
portal vein, celiac artery and common bile
duct using a syringe. After washing with
saline, the liver vascular system was again
clamped, a self-polymerising resin (cas-
ting medium) was tested.

e Injection of corrosion casting media

(Duracryl® Plus)

Bile ducts were washed with saline,
and then filled with resin during the ope-
ning of the Papilla duodeni major or ret-
rogradely through the bottom of the gall-
bladder, depending on the purpose of the
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Fig. 2. Corrosion cast of A. hepatica (1) bran-
ches. 2. R. sinister, 3. A. gastroduodenalis,
4. R. dexter, 5. R. dexter lateralis 6. R. dexter
medialis, 7. A. cystica, 8. left branch of 4. cys-
tica, 9. right branch of 4. cystica, 10. R. quad-
ratus, 11. D. choledochus, 12. D. cysticus, 13.
D. hepaticus communis.

study. The injection of the plastic material
was carried out after mixing of base and
catalyst at a ratio of 4:1, manually using a
syringe. In order to facilitate the differen-
tiation of arteries, veins and bile ducts,
they were filled with red, blue and yellow
or green colourant, respectively. The rate
of injection was 100 mL per 90 min.

e Polymerisation of casting medium

The injected organs were placed in a
water bath, left at room temperature for 48
hours until complete polymerisation.

e Maceration

Organs were macerated in 20% NaOH
solution at a temperature of 40 °C until
complete destruction of the soft tissues.

e Cleaning of the corrosion casts

For the complete removal of macera-
ted tissue, corrosion casts were washed
with running tap water.
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e Air-drying and preservation of casts in
90% alcohol

Macromorphometric methods

The studied macrometric parameters were
the length (in millimeters) of the blood
vessels supplying the gallbladder as well
as the distance (in millimeters) between A.
cystica and Ductus cysticus, between the
beginning of A. cystica and the origin of
R. sinister (A. hepatica), between the ori-
gin of A. cystica and gallbladder. Macro-
morphometric studies were carried out on
corrosion casts of the studied structures
using a caliper (accuracy 0.02 mm).

Statistical analysis

The means and standard deviations (SD)
were calculated using GraphPad Prism 6
for Windows (GraphPad Software, Inc.,
USA) statistical software.

RESULTS

The length of A. cystica and its branches
as well as the distance between 4. cystica
and Ductus cysticus, gallbladder, A.
celiaca, R. sinister were evaluated. The
length of A4. cystica and its branches was
as followed: 4. cystica — 55.61+7.89 mm,
Ramus dexter of A. cystica — 94.4945.34
mm, Ramus visceralis of A. cystica —
32.4942.26 mm, Ramus sinister of A. cys-
tica: 99.92+7.17 mm.

Combined corrosion casts from veins,
arteries and bile ducts were also made but
veins were not of interest in this study.
Clinically relevant relations between A.
cystica, Ductus cysticus, A. celiaca and R.
sinister were presented. It was measured
that the distance between 4. cystica and
Ductus cysticus (dorsal part) was 3.94+
1.63 mm, the distance between the origin
of A. cystica and the origin of 4. celiaca
was 101.08 + 9.99 mm, between the be-
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ginning of A. cystica and the origin of R.
sinister (A. hepatica) — 25.56+14.30 mm,
between the origin of A. cystica and the
gallbladder — 27.14+7.10 mm.

Concerning the branches of A. cystica,
when it passed along the D. cysticus, 3 to
4 thin branches (Rami ductus cysticus)
were identified. Near to the gallbladder
neck, A. cystica ramified into R. dexter
and R. sinister. Also, it was observed that
in 50% of cases a well-developed visceral
branch (Ramus visceralis — ramifying
within the visceral surface of the gallblad-
der) originated from the right 4. cystica
branch. The left A. cystica branch gave off
2 to 3 oblique branches on the parietal
surface of the gallbladder that anasto-
mosed with those of the right branch. On
the visceral surface of gallbladder, the
same number of tiny visceral branches
originating from Ramus dexter and Ramus
sinister of A. cystica also anastomosed.

With regard to the beginning of 4. cys-
tica, 4 variations were observed which
could be grouped as followed; variation A
— in 83% of cases, it detached from R.
dexter medialis passing behind the portal
vein and above the common hepatic duct,
of which 40% together with R. quadratus
(variation Al, Fig. 3), and 60% — alone
(variation A2, Fig. 4); variation B — in
17% of the cases A. cystica arose from
A. gastroduodenalis, of which 12% A.
cystica detached 3.07-3.53 mm from the
beginning of A. gastroduodenalis (varia-
tion B1, Fig. 5) and in 5% of the cases
A. cystica was observed as a branch of the
common trunk (R. dexter ramifying as
R. dexter lateralis et R. dexter medialis)
which originated from A. gastroduode-
nalis (variation B2, Fig. 6). In other cases,
when R. quadratus originated separately
from R. sinister (A. hepatica), it was not
accompanied by 4. cystica.
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Our results showed that R. dexter me-
dialis was the main vessel detaching from
A. cystica. In most cases (83%), R. dexter
medialis was directed cranially to D. he-
paticus communis, and in 17% of cases —
caudally.

In terms of syntopic relations of A.
cystica to D. cysticus two variations were
identified. In the first variation type (92%
of cases), 4. cystica originated from R.
dexter medialis and from A. gastroduode-
nalis on the left side of the sagittal plane,
passed through the terminal part of D.
cysticus where was the confluence of D.
cysticus and D. hepaticus communis. It
then passed on the left of D. cysticus and
caudally to V. portae and D. hepaticus
communis. The second variation type (8%
of cases) represented the origin of 4. cys-
tica from the common trunk of R. dexter
lateralis and R. dexter medialis. In this
case, the beginning of A. cystica was lo-
cated on the right of the sagittal plane
which passed near the end of D. cysticus.
Then A. cystica was directed ventrally,
passing cranially to D. choledochus, par-
allel to and on the right of the excretory
duct of the gallbladder to the place of its
division into two main branches.

DISCUSSION

In terms of A. cystica origin, unlike Os-
man et al. (2008) who claimed that in
40% of cases it originated from R. dexter
and in the rest of cases — from R. quadra-
tus, we confirmed the statement of Barone
(1996) that in most of cases (83% in the
current study) R. dexter medialis detached
from A. cystica. According to Nomina
Anatomica Veterinaria (2017) A. cystica
originates from R. dexter medialis in pigs,
in carnivores — from Rami sinistri media-
les, in ruminants — from R. dexter, in the
ox — from 4. gastroduodenalis.
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Fig. 3. Variation of 4. cystica beginning (A1)

Fig. 5. Variation of 4. cystica beginning (B1) Fig. 6. Variation of 4. cystica beginning (B2)

1. A. hepatica, 2. R. sinister, 3. A. gastroduodenalis, 4. R. dexter medialis, 5. R. quadratus, 6. A.
cystica, 6'. R. sinister A. cysticae, 6°'. R. dexter A. cysticae, 7. R. dexter, 8. R. dexter lateralis, 9.
Rami parietalis of R. dexter and R. sinister A. cysticae, 10. R. visceralis of R. dexter A. cysticae, 11.
Rami ductus cysticus; DHC: Ductus hepaticus communis, DCH: Ductus choledochus; DC: Ductus

cysticus; VF:Vesica fellea.
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In the current study, we observed that A.
cystica originated not only from R. dexter
medialis but from other arteries such as 4.
gastroduodenalis and R. dexter. We agree
with Osman et al. (2008) that R. dexter
(ramifying mainly into R. dexter medialis
et lateralis) existed in pigs. However, in
this study, R. dexter was not always pre-
sent. In humans, mostly A. cystica is re-
leased from the right branch (R. dexter) of
A. hepatica propria (Vankov & Ovcha-
rov, 2016). Regarding the beginning and
the angioarchitectonics of the A. cystica,
other authors reported 8 different types of
arterial supply to the gallbladder in hu-
mans (Poston & Blumgart, 2003). Unlike
humans, our study showed 4 variations of
A. cystica origin in swine: from R. dexter
medialis alone or together with R. quadra-
tus, from A. gastroduodenalis and from R.
dexter. In 83% of the examined cases, A.
cystica was released directly from R. dex-
ter medialis, which was in contrast to the
study of Osman et al. (2008), where A.
cystica was detached from R. dexter in
40% of pigs. The current corrosion cast
study in domestic pigs, gave for the first
time detailed information about the archi-
tectonics of the 4. cystica branches: Ra-
mus dexter and Ramus sinister ramifying
mainly on the parietal surface of the blad-
der and less on its visceral surface, which
anastomosed with branches of the Ramus
visceralis — a well-developed branch of
the R. dexter (A. cystica), ramifying wi-
thin the visceral surface of the gallbladder.
The right and left branches of the 4. cys-
tica released oblique branches on the pa-
rietal surface of the gallbladder showing a
wavy course that allowed them to adapt to
the changes in the volume of the gallblad-
der in its filling with bile. Data on the
length of corrosion casts of 4. cystica and
its branches as well as the distance be-
tween A. cystica and Ductus cysticus, gall-
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bladder, A. celiaca, R. sinister (A. he-
patica) are also reported for the first time.

The data regarding the anatomical
variations of 4. cystica and its branches
supplement the information in Nomina
Anatomica Veterinaria (2017). They can
be useful for researchers using pigs as
experimental models in developing new
surgical methods associated with chole-
cystectomy in humans (Park ef al. 2005).
As Park et al. (2005) reported, for chole-
cystectomy, surgical steps include identi-
fication and exposure of the gallbladder;
identification and exposure of the cystic
duct and artery in order to facilitate dis-
section; haemostasis, including clipping of
the cystic artery and cystic duct as well as
gallbladder removal.

CONCLUSION

This study provided new information
about the macrovascularisation of the
gallbladder, which together with the im-
portance of pigs as experimental animals
could be useful in developing new surgi-
cal techniques facilitating cholecystec-
tomy. This information would also con-
tribute to the understanding of the etio-
logy of postoperative complications as a
result of surgical interventions in this lo-
cation and their prevention.
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