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Topographic and anatomical features of intrahepatic bile ducts are an important aspect of surgery and gastroenterology.
Therefore, we have studied options for the formation of the right, left and common hepatic ducts using the method of macroscopic
preparation. It was determined that the common hepatic duct was formed from three ducts in 4 of 28 preparations, and from four
ducts in 15. The right hepatic duct is formed by the segmental ducts of the right inferior, superior, and caudate lobes, and the left
hepatic duct is formed by the segmental ducts of the left anterior, posterior, and quadrate lobes. In 28 preparations, 5 had no right
hepatic duct, 3 had no right upper segmental duct, 1 had the right hepatic duct receiving branches from the left hepatic and accessory
ducts, 3 had the ducts of the caudate lobe opening directly into the common hepatic duct, and 2 had accessory hepatic ducts.

Key words: intrahepatic bile ducts, method of macromicroscopic liver preparation, common hepatic duct, right and left
hepatic ducts, segmental bile ducts.
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TOIOI'PA®O-AHATOMIYHI OCOBJIMBOCTI ®OPMYBAHHA
BHYTPIIIHBOIIEYIHKOBOI ’)KOBUHOI NIPOTOKHU

Tonorpago-anatoMiuHi 0COOIMBOCTI BHYTPINIHBOIIEUIHKOBUX JKOBYHHX IIPOTOK € BAXIIMBUM AaCIIEKTOM Xipyprii Ta
ractpoeHtepororii. Tomy Hamu Oynu BUBYEHI BapiaHTH (popMyBaHHS MpaBoi, JIBOi Ta 3arajJbHOI MEYiHKOBIX MPOTOK METOIOM
MaKpOCKOIIIYHOTO NpenapyBaHHs. BeranopieHo, mo 3 28 mpenapariB 3arajbHa Ie4iHKoBa Npotoka y 4 Oyia yTBOpeHa 3 TPboX
OpoToK, ¥ 15 — 3 vorupbox mpotok. IlpaBa mediHKoBa HMpPOTOKAa yTBOPEHA CETMEHTAPHUMH IPOTOKAMH IIPABOI0 HIKHBOIO,
BEPXHBOIO Ta XBOCTAaTOI YaCTKOIO, a JIiBa IIEYIHKOBA IPOTOKA — CEMEHTAPHUMHU INPOTOKAMHM JIIBHX HEPeIHBOI, 33JHBOI Ta
KBaJIpaTHOI yacTKoo. 3 28 npenapariB y 5 Oyna BiICYTHS ITpaBa IIe4iHKOBA IIPOTOKA, ¥ 3-X — IIpaBa BEpXHsI CErMEHTapHa IIPOTOKa.
V¥ 1-ro — mpaBa ne4yiHKOBa IIPOTOKA OTPUMYBAja TUTKH BiJ JIIBOTO MEYiHKOBOI i JOMATKOBOI MPOTOK, ¥ 3-X — MPOTOKH XBOCTATOI
YaCTKHU BiAKpUBAJIHCS O€3M0CEPEIHBO B 3arajbHy MEYiHKOBY IIPOTOKY, y 2-X Biq3HAYAJHCS JOJATKOBI MEYiHKOBI IIPOTOKH.

KnrouoBi cioBa: BHYTPIIIHBOIIEUIHKOBI JKOBYHI ITPOTOKH, METOJ MaKpPOMIKPOCKOIIYHOTO IperapyBaHHs IEYiHKH,
3arajbHa MEYiHKOBA IPOTOKA, IIPaBa i JTiBa MEYiHKOBI MPOTOKH, CETMEHTAapHI )KOBYHI MPOTOKH.

Topographic and anatomical features of the intrahepatic bile ducts are an important aspect of
surgery and gastroenterology. They determine the location, relationship with vessels and other structures
of the liver. Intrahepatic bile ducts have a complex anatomical structure, which plays a key role in the
functioning of the liver and biliary system [5].

Damage to the epithelium of the bile duct mucosa caused by autoimmune imbalance, viral or
bacterial infection, toxic substances or developmental abnormalities leads to severe structural changes in
the liver, causing high mortality [12].

Liver cancer represents the third leading cause of cancer-related death worldwide.
Cholangiocarcinoma is the second most common type of liver cancer after hepatocellular carcinoma,
accounting for 10-15% of all primary liver malignancies. Both the incidence and mortality of
cholangiocarcinoma have been steadily increasing during the last decade. Moreover, most
cholangiocarcinoma’s are diagnosed at an advanced stage, when therapeutic options are very limited [13].

Bile duct variations can have significant clinical implications, particularly in hepatobiliary surgery
and interventional procedures. Variations in bile duct anatomy can increase the risk of bile duct injury
during procedures like liver transplantation, cholecystectomy, and hepatic resections [4] Unrecognized
anatomical variations may lead to bile leaks, strictures, or obstruction, requiring additional interventions
[10]. Knowledge of bile duct variations is essential for donor selection and surgical planning to ensure
successful graft function [6].

Pathology of the hepatobiliary system organs, which occur in humans in the form of gallstone
disease and other diseases, occupy one of the first places in surgical interventions on the abdominal organs.
A complete study of the biliary systems in mammals will help to find more effective methods of treatment
and prevention [3].

Detailed mapping of biliary anatomy is an essential preoperative requirement for the proper choice
of therapeutic approach as well as for reduction of iatrogenic biliary pathology which can negatively affect
the hepatobiliary surgery outcome. Thorough understanding and preoperative knowledge of liver anatomy,
including anatomical variants of vasculature and biliary system, is paramount [2]. Complications that arise
when a surgeon is unaware of their existence can be severe, with adverse impact on patient outcomes.
Historically, anatomical biliary variants were often underappreciated, and the prevalence is reported
inconsistently in the literature [9].
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The purpose of the study was to investigate the variants of formation of the right, left and common
hepatic ducts using the method of macroscopic liver dissection.

Materials and methods. The work was performed at Azerbaijan Medical University Department
of Human Anatomy and Medical Terminology. The object of the study was intrahepatic bile ducts taken
from 28 cadavers of mature age.

The study used the macromicroscopic dissection method. Using binocular loupes (Heine HRP Set
A (Germany), 3.5%, 4x, 6x magnification) we examined liver structures that were both visible and invisible
to the naked eye but were considered too large for the microscope.

The macromicroscopic dissection method is used for a detailed study of anatomical structures, their
topography and relationships with surrounding tissues. This method combines macroscopic and microscopic
examination, allowing for the isolation and analysis of individual elements of the organ. It is used in
morphological studies to identify features of the vascular network, biliary ducts and liver parenchyma [7].

The macromicroscopic dissection method is used for a detailed study of anatomical structures, their
topography and relationships with surrounding tissues. This method It is used in morphological studies to
identify features of the vascular network, biliary ducts and liver parenchyma [11].

This method consists of several stages: 1. Fixation of the organ — the liver is fixed in formalin or
another fixative solution to preserve the tissue structure. 2. Macroscopic dissection — layer-by-layer
isolation of large anatomical structures such as vessels, bile ducts and liver segments is performed.

A binocular magnifying glass was used to examine the liver's atomic structures, visible and
invisible to the naked eye but considered too large for the microscope. The cadavers' abdomens were
opened along the midline, and once the liver was located, it was separated and isolated from surrounding
structures (i.e., diaphragm, stomach, kidneys, and spleen).

The remaining peritoneum was separated from the hepatoduodenal ligament. The common bile
duct was found and followed to the porta hepatis. The hepatic and segmental ducts were cleared of
surrounding tissue. The liver tissue was separated with a special loop or forceps.

To create a background, black paper was placed under the ducts and photographs (camera model:
Canon EOS R + RF 100mm {/2.8L Macro IS USM (Japan)) of the preparations were taken. The shooting
was done at the limit of comparative magnification. The results of the study were recorded.

Results of the study and their discussion. The intrahepatic bile ducts include bile capillaries,
lobular, segmental, right and left hepatic ducts.

In the preparations of the intrahepatic bile ducts we have studied, the right hepatic duct is formed
by the right inferior and right superior segmental ducts. The right inferior segmental duct collects bile from
the inferior segments of the right lobe of the liver with its anterior inferior and posterior inferior terminal
branches. The right superior segmental duct is formed by the anterior superior and posterior superior
branches of the right and quadrate lobes of the liver in the diaphragmatic surface area.

The left hepatic duct is formed by the anterior left and posterior left segmental ducts, which in turn
are formed by the small ducts of the left lobe of the liver. The ducts of the quadrate lobe usually open into
the left hepatic duct from the front, and the ducts of the caudate lobe from the back.

The common hepatic duct is formed dichotomously from the right and left hepatic ducts. In 14 of
28 preparations, it was formed from three ducts, and in 4 preparations from four ducts. In one case, the
number of roots of the common hepatic duct reached six (Fig. 1).

PN AF B £ . The union of the ducts, regardless of their
' : number, occurs both straight and at an angle of
more than 90°.

At the anterior edge of the hilum of the liver,
the superior hepatic duct and the duct of the right
lobe, which carry bile from the diaphragmatic
segments, unite. The duct, which carries bile from
the inferior segments of the right lobe, opens into
the common trunk 1.2-1.5 cm below. In the
scattered form of the biliary trees, three branches
: (from the left hepatic, right inferior and right

Fig. 1. Formation of the common hepatic duct. 1. superior ducts or from the left and right hepatic

Common hepatic duct. 2. Hepatic ducts. ducts and the duct of the caudate lobe) open into the
common hepatic duct. We encountered the formation of the common hepatic duct from four ducts in two
preparations. Thus, in one case, the anterior and posterior superior branches of the left hepatic, right
inferior, right superior ducts open into the common hepatic duct, in other cases, the ducts of the left hepatic,
right inferior, right superior and caudate lobes open into the common hepatic duct.

In most cases, the right hepatic duct is wide and collects bile from the segments of the right lobe, as well
as from the quadrate and sometimes the caudate lobe. In our study, there was no right hepatic duct in 5 preparations.
In this case, the right inferior and right superior ducts open independently into the common hepatic duct.
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The number of branches of the right hepatic duct was usually 3—4. As a rule, these branches were
the right superior and right inferior ducts, and the ducts of the caudate lobe. The right inferior duct, which
receives bile from the segments of the right lobe of the liver, in most cases, the anterior and posterior
branches of this duct are observed to be long.

The right superior hepatic duct is most often formed on the inferior surface of the diaphragmatic
segments of the right lobe and on the superior surface of the quadrate lobe.

In 3 of 28 preparations, the right superior hepatic duct was absent. In one preparation, its anterior
and posterior superior branches opened independently into the right hepatic duct. The number of main
branches of the right superior hepatic duct, as a rule, did not exceed four or five.

The left hepatic duct is usually located at the anterior edge of the transverse fissure and above the
left lobular branch of the portal vein. In our study, the diameter of this duct was larger than the diameter of
the right hepatic duct in almost half of the preparations.

The left hepatic duct collects bile from all segments of the left lobe of the liver, most of the quadrate
lobe. This is explained by the fact that the main trunk of the left hepatic duct is longer and its branches are
relatively more numerous (on average from 5 to 7).

The largest root of the left hepatic duct is the left anterior duct, which collects bile from the anterior
half of the left lobe. In some cases, we observed branches flowing into this duct from the upper parts of the
left lobe. In 5 of 28 preparations, we were able to identify the left posterior duct, which collects bile from
the dorsal region of the left lobe.

In most cases, three bile ducts from the quadrate lobe enter the left hepatic duct. Depending on the
volume occupied by the liver parenchyma, the ducts of the quadrate lobe can be narrow or wide.

Summarizing the description of the architecture of the intrahepatic bile ducts, it can be noted that
the right hepatic duct receives mainly branches of the right hepatic duct, and in rare cases, branches of the
left hepatic and accessory ducts. Bile secretion from the parenchyma of the quadrate lobe is carried out by
branches of both the right and left hepatic ducts. The left lobe of the liver secretes bile only into the left
hepatic dust. The quadrate and caudate lobes can be divided into right and left halves based on the
distribution of bile ducts in them.

In 3 out of 28 preparations, the ducts of the caudate lobe open directly into the common hepatic
duct. In our study, in 2 preparations, additional hepatic ducts were identified that participate in the outflow
of bile from the caudate lobes. Thus, in one preparation, the additional duct connected with the common
hepatic duct, which collects bile from the visceral segments of the right lobe. In the other preparation, the
additional duct drained bile from the parenchyma surrounding the gallbladder bed.

In 9 preparations, the branches of the right hepatic duct did not participate in the drainage of bile
from the caudate lobe, and in 4 preparations the same picture was observed for the left hepatic duct. In 7
preparations, branches were observed that, flowing into one of the lobar ducts, went together with the blood
vessels to the opposite trunk and collected bile from the opposite part of the lobe. In more than half of these
cases, the inversion branches flowed into the right inferior or right hepatic duct.

In our material, in 8 cases the branches of the right hepatic duct did not participate in the drainage
of bile from the caudate lobe, and in 2 cases the same picture was observed for the left hepatic duct.

In 18 preparations, bile from the quadrate lobe entered the left hepatic duct through three ducts, the
branches of which were also found at the lower surface of the left lobe. According to the volume occupied
in the liver parenchyma, the ducts of the quadrate lobe could be either narrow or wide.

In one preparation, the accessory duct flowed into the trunk of the common hepatic duct, collecting
bile from the visceral segments of the right lobe. In another case, the accessory duct flowed into the right
hepatic duct and diverted bile from the parenchyma surrounding the gallbladder bed. The inconsistency of
the branching of the bile ducts of almost all bile drainage basins and the presence of inversion ducts indicate
the need for individual planning of both external and internal bile secretion, especially if the block that
caused mechanical jaundice is located intrahepatically.

We did not find a topographic correspondence between the intrahepatic branches of the portal vein
and the branches of the right hepatic duct. Moreover, in 7 cases, a complete divergence of the branching of
the right trunk of the portal vein and the right hepatic duct was detected.

Thus, the results of an anatomical study of 28 liver preparations show that there are various variants
of the formation of bile ducts.

Li X. et al. (2022) used a computer-assisted surgery (CAS) system to create three-dimensional
models of the biliary tract in 50 Chinese patients and investigated the variation in intrahepatic bile duct
branching in the context of three-dimensional reconstruction of the biliary tract. The bile ducts were
classified according to the union of the right posterior, right anterior sectoral, and left hepatic ducts, as well
as the presence or absence of an additional common hepatic duct [8].

According to Bashir O, et al. (2025), the following variant of the anatomy of the intrahepatic bile
ducts is quite common. Thus, in 15 % of cases, the right posterior sectoral duct opens into the left hepatic
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duct. In 6 % of cases, the right anterior sectoral duct opens into the left hepatic duct. In 12 %, the right
posterior sectoral duct opens into the right anterior sectoral duct. In 11 %, there is a “triple fusion” — the
fusion of the right anterior sectoral duct, the right posterior sectoral duct and the left hepatic duct with the
formation of a common hepatic duct. In 2 %, there is an additional hepatic duct [3].

El Hariri, M., et al. (2019) found that variations in bile duct anatomy can significantly impact
hepatobiliary surgical techniques and patient outcomes. The study classified biliary variants based on the
Huang classification and highlighted the importance of preoperative biliary mapping to reduce
complications [4].

Uysal F. (2014) study examined the frequency of bile duct variations in over 1,000 patients using
magnetic resonance cholangiopancreatography (MRCP). It found that trifurcation was the most common
anatomical variation, followed by an aberrant right biliary duct draining into the common hepatic duct. The
study emphasized the importance of recognizing these variations for liver transplantation and surgical
planning [14].

A cadaveric study analyzed 50 liver specimens and identified accessory hepatic and cystic ducts in
4 % of cases. It also found abnormal low fusion of the cystic duct with the common hepatic duct in 2 % of
cases. The study highlighted how these anomalies could contribute to postoperative complications if not
properly identified [10].

Detailed mapping of biliary anatomy is an essential preoperative requirement for the proper choice
of therapeutic approach as well as for reduction of iatrogenic biliary pathology which can negatively affect
the hepatobiliary surgery outcome. Thorough understanding and preoperative knowledge of liver anatomy,
including anatomical variants of vasculature and biliary system, is paramount [2].

The obtained data on the variation of intrahepatic bile duct anatomy may be useful during
procedures such as liver transplantation, cholecystectomy and liver resection. Data on the topographic-
anatomical variations of intrahepatic bile ducts are necessary for donor selection and surgical planning to
ensure successful graft function.

Conclusions

1. The common hepatic duct was formed from three ducts in 4 of 28 preparations, and from four
ducts in 15. In one case, the left hepatic, right inferior, right superior ducts opened into the common hepatic
duct, and in another case, the left hepatic, right inferior, right superior, and caudate ducts opened into the
common hepatic duct. In one preparation, the number of roots of the common hepatic duct reached six.

2. The right hepatic duct was formed from the inferior and superior segmental ducts and caudate
ducts collecting bile from the right lobe of the liver, and the left hepatic duct from the anterior and posterior
segmental ducts of the left lobe of the liver, and the quadrate segmental ducts. In five preparations, the right
hepatic duct was absent. In this case, the right inferior and right superior ducts opened independently into
the common hepatic duct.

3. In 3 of 28 preparations, there was no right superior hepatic duct. In this case, its anterior and
posterior superior branches opened independently into the right hepatic duct. The number of main branches
of the right superior hepatic duct, as a rule, did not exceed four or five.

4. In 1 of 28 preparations, the right hepatic duct receives branches from the left hepatic and
accessory ducts.

5.1In 3 of 28 preparations, the ducts of the caudate lobe open directly into the common hepatic duct.
In 2 preparations, in addition to the accessory ducts, auxiliary hepatic ducts were identified, which
participate in the outflow of bile.
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Changes in the blood parameters of newborn rabbit offspring whose prenatal development occurred under conditions of
hypokinesia at various stages of pregnancy were explored. The changes in blood parameters were also observed to affect the
viability of the offspring, depending on the pregnancy stage affected by hypokinesia. It was found that the embryonic stage is the
most sensitive period, as the number of offspring born during this stage was lower compared to the control group. Based on our
experiments, it can be stated that the most resilient stage in terms of offspring number is the fetal stage of pregnancy. The
reproductive performance of female rabbits exposed to hypokinesia during this stage was similar to that of the control group and
was approximately 90 %. It should be noted that the reduced viability of the newborn offspring is associated with profound changes
in the vascular system of the “mother-fetus” system. Unlike pregnant rabbits that underwent gestation under normal conditions,
newborns whose prenatal development occurred under hypokinetic conditions at different stages of pregnancy showed alterations
in leukocyte formula parameters, platelet concentration, and erythrocyte sedimentation rate. The results of our research indicate
that the investigation of erythrocyte and leukocyte formulas during pregnancy may be useful for implementing early preventive
measures to mitigate the adverse effects of hypokinesia. These findings provide an important scientific foundation for studying the
impact of restricted movement — hypokinesia — on reproductive health in space and for preserving the reproductive functions of
animals and humans during future space missions.

Key words: hipokinesia, embryo, pre-fetal growth, prenatal period.
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JOCJIKEHHSA TEMATOJIOITYHHUX MTOKA3HUKIB IOTOMCTBA KPOJIUKIB
3 JTOCBIJIOM ITPEHATAJIBHOI TTIHOKIHE3II

JlociukeHO 3MiHH TIOKA3HHUKIB KPOBI HOBOHAPOPKEHOTO TIOTOMCTBA KPOJIMKIB, PEHATAILHUH PO3BUTOK SIKMX BiOyBaBCs B
YMOBax TilOKiHe3ii Ha pi3HHUX eTarax BariTHOCTI. Big3HadeHo, 1o 3MiHM B IapaMeTpax KpoBi TaKOXK BIUIMBAIOTH HA JKUTTE3NATHICTH
MOTOMCTBA 3aJICKHO BiJl CTaJil BariTHOCTI, KA 3a3Hala TiNOKiHe3ii. BCTaHOBICHO, 10 eMOPIOHATIBHUI €Tall € HAWOUTBII Yy TIINBUM
HepioZIoM, OCKUIBKH KUIBKICTh HApOIPKEHOTO IIOTOMCTBA B LieH Iepioft Oyia HIDKUOIO MOPIBHSIHO 3 KOHTPOJIBHOI rpymoto. Ha mincrasi
MPOBEICHNX EKCIICPUMEHTIB MO)KHa CTBEpPDKYBATH, 1[0 HAHOUIBII CTIIKUM 3 TOYKM 30py KIJIBKOCTI MOTOMCTBA € (heTalbHUIA eTar
BariTHOCTI. PenpoayKTuBHa 31aTHICTh CAMOK KPOJIUKIB, SIKi 3a3HaJIH TIMOKiHe3il B el nepiof, Oya MopiBHSIHHA 3 KOHTPOJIBHOIO TPYIIO0
i craHoBua 6mu3bko 90 %. Crift 3a3HAYUTH, IO 3HIDKESHHS JKUTTE3IAaTHOCTI HOBOHAPOHKEHOTO MOTOMCTBA OB SI3aHE 3 IIMOOKUMU
3MiHaMH B CYJHMHHiH cHCTeMi «MaTH-TuTiny. Ha BigMiHy Bin BariTHUX KpOJHIlb, SIKi BUHOLTYBAJIM IIOTOMCTBO B HOPMAJIbHUX YMOBAX,
HOBOHAPOJDKEHI, NPEHATAIBHHI PO3BUTOK SIKMX IIPOXOAWB B TIMOKIHETHYHMX yMOBAaX Ha PI3HUX €Talax BariTHOCTI, JEMOHCTPYBaIn
3MIiHH B ITapamMeTpax JISHKOLUTapHO! (OpMyIH, KOHIIEHTpaIlii TPOMOOIMTIB 1 IIBUAKOCTI OCINAHHS epUTPOLMTIB. Pe3ynbrary HaIoro
JIOCITI/KEHHST CBIT4aTh PO Te, [0 BUBYCHHS EPUTPOLUTAPHOT Ta JISHKOLMTAPHOT (POPMYJI I1iJT 4ac BariTHOCTI MOk OyTH KOPHCHHUM ISt
peanmizamii paHHIX Mpo(QITAKTHYHUX 3aXOJiB 3 METOK IOM SIKIICHHS HECTPHATIMBHX HACTIIKIB TimokiHesil. LIi jani € BaxIMBOIO
HayKOBOO OCHOBOIO JIJIsl BUBYCHHSI BILTHBY OOMEKEHOI Py XJIMBOCTI — MIOKiHE3il — Ha pepo/IyKTHBHE 3710pOB’sI B KOCMOCI Ta 30epekeHHs
penpoayKTUBHHX (DYHKIIIi TBAPHH 1 JTIOAMHY MiJ Yac MaiOy THIX KOCMIYHHX MICIH.

KurouoBi cioBa: rinokiHesis, eMOpioH, npedeTansHuil pO3BUTOK, TPEHATATBHUN IePio.

Hypokinesia is characterized by a prolonged and considerable reduction in the range of movement
[13]. From both a biological and medical perspective, the issue of mobility is particularly important during
pregnancy. Summarizing the results of studies on the responses of the nervous and muscular systems, it
should be noted that under conditions of experimental hypokinesia, distinct and polymorphic neurological
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