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Abstract

Background/Objective: There is still insufficient awareness of the potential use of percutaneous
transhepatic intravascular access during cardiovascular interventions. This study aimed to evaluate
the anatomy of the hepatic and portal veins, verify existing literature descriptions of percutaneous
accesses to the hepatic veins, and explore the best transhepatic vascular approaches for each
individual. Methods: We recruited 100 healthy volunteers who underwent sonographic evaluation
of their hepatic and portal veins anatomy. The percutaneous transhepatic vascular access was
assessed according to cardiological guidelines. New potential access points to the hepatic and portal
veins were also evaluated. Results: Ultrasonographic evaluation of hepatic and portal veins anatomy
was successfully performed in all examinations. According to cardiological guidelines, the middle
hepatic vein was the most reliable structure for visualizing direction in both in-plane and out-of-
plane projections. Sonographic assessment of the optimal puncture site for hepatic or portal vein
access achieved a 100% success rate. The most reliable alternative puncture sites for transhepatic
intravascular access were identified as follows: the middle hepatic vein at the 7th intercostal space
along the midclavicular line, using a transducer positioned upward at a 60-degree angle, and the
right hepatic vein at the 9th intercostal space along the posterior axillary line, also using a 60-degree
upward transducer angle. Conclusions: Understanding variations in hepatic and portal veins
anatomy is essential for determining the most precise access points for intravascular interventions.
Ultrasonographic examination identifies more suitable personalized transhepatic access points than
previously described anatomic landmarks.

Keywords: precision medicine; interventional radiology; hepatic veins; cardiac -catheters;
ultrasonography

1. Introduction

Ultrasonography (US) is especially useful in percutaneous intravascular procedures as it
provides accurate real-time visualization of vascular structures, enabling precise insertion of
catheters or other instruments into the vessels, thereby reducing the risk of complications [1]. At the
end of the 20th century, percutaneous access to hepatic vessels was described as an alternative way
for percutaneous intracardiac interventions [2,3]. The femoral vein or internal jugular veins are the
current standard insertion sites; however, in cases of occlusion, agenesis, or other obstruction of these
veins, transhepatic accesses can be a safe and effective therapeutic option [4,5]. Some researchers
consider them to be a better option than standard insertion sites when performing single-access
intracardiac procedures, such as left atrial catheterization, or when multiple simultaneous accesses
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are required, such as bilateral pulmonary artery branch stenosis or closure of large atrial septal
defects without edge preservation [6].

Many physicians may not be aware of the possibility of using transhepatic access, while others
may avoid it due to concerns about potential complications such as intra/retroperitoneal bleeding,
hemobilia, pneumothorax, pleural effusions, perforation of gall bladder or portal vein (PV)
thrombosis [7]. Furthermore, reliance on experience from the literature alone may not always be
appropriate for each patient. Using US to visualize the vessel for transhepatic access can reduce the
risk of failure and facilitate the selection of the most optimal access point. In addition to cardiac
interventions, transhepatic approach can also be used to access the right anterior branch of the portal
vein (RAB) when performing balloon angioplasty in PV stenosis or thrombosis [8,9]. Using US it is
possible to personalize the best intravascular access points for specific intracardiac procedures. Our
study used US to assess the anatomy of hepatic and portal veins. We also evaluated previously
described access points and aimed to identify the best new accesses to the hepatic and the RAB
vasculature for each individual using ultrasonography.

2. Materials and Methods
2.1. Study Design and Participant Eligibility

The study involved 100 Caucasian participants, 59 of whom were female and 41 were male. The
inclusion criteria for the study was age between 18 and 65, while exclusion criteria included a history
of liver and/or bile duct surgery, liver and/or bile duct biopsy, and other procedures that could
potentially affect the anatomy of the studied area.

2.2. US Examination

The hepatic and portal veins variability and examination of access points were conducted using
LOGIQ F8 GE US with a 3Sc transducer (1-3MHz). Each examination was reviewed and approved
through consensus by all the authors. During the examination, the participants were in a semi-Fowler
position.

We identified the course of hepatic and portal veins and compared it according to the
classification described by Soyer et al. as in Figure 1 [10].
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Figure 1. Classification of hepatic veins based on Soyer et al. classification. RHV, right hepatic vein; MHV,
middle hepatic vein; LHV, left hepatic vein.

Three types of PV variation were observed. First, which represents normal anatomy, the branch
that supplies the right lobe connects with the branch of the left lobe to form the PV. The second type
refers to the immediate trifurcation of PV into the left main portal branch, right posterior portal
branch, and right anterior portal branch. The third type describes a left main portal branch originating
from the RAB. We verified the previously described access points: 1. the 7th intercostal space in
anterior axillary line with transducer pointed at 90 degrees towards the skin; 2. the 8th intercostal
space in anterior axillary line with transducer pointed at 45 degrees looking superiorly; 3. below
costal arch in mid-distance between the xiphoid process and midaxillary line, with transducer
directed at the right atrium of heart; 4. below costal arch in anterior axillary line with transducer
directed at left shoulder joint [7,11,12]. Those access sites are presented in Figure 2.

Figure 2. Lines and puncture points of transhepatic percutaneous access described in the literature as projected
on a person’s chest. 1. the 7th intercostal space in anterior axillary line with transducer pointed at 90 degrees
towards the skin; 2. the 8th intercostal space in anterior axillary line with transducer pointed at 45 degrees
looking superiorly; 3. below costal arch in mid-distance between the xiphoid process and midaxillary line, with
transducer directed at the right atrium of heart; 4. below costal arch in anterior axillary line with transducer
directed at left shoulder joint.

After identifying the vessel along the anticipated needle path during the percutaneous
procedure, we assessed its position relative to the transducer. We then classified the approach as
either in-plane or out-of-plane. In the in-plane approach, the vessel was aligned with the transducer’s
long axis, allowing visualization of its course. In the out-of-plane approach, only a cross-sectional
view of the vessel was visible. Figures 3 illustrate the differences between these approaches. We then
measured the distance from the skin surface to the vessel and the vessel’s diameter.
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Figure 3. Hepatic vein suitable for percutaneous access visualized in-plane (a) and out-of-plane (b).

Afterward, we examined alternative access points to the middle hepatic vein (MHYV), right
hepatic vein (RHV), and RAB. For hepatic veins, we focused on the RHV and MHYV, as they provide
the most favorable angle for cardiac interventions. When identifying an alternative insertion point,
we prioritized vessels aligned with the transducer plane. The transducer was positioned upward for
hepatic vein identification and downward for the RAB. We selected vessels with the shortest distance
to the transducer, the largest diameter, and no overlapping vessels, bile ducts, or other structures
along the transducer axis.

3. Results

3.1. Hepatic Veins and Portal Vein Variations

Our study analyzed 100 participants aged 18 to 43 years (median age, 21 years). Table 1 presents
the characteristics of the study group.

Table 1. Characteristics of the study group.

Participants Value (n=100)

Male 41
Female 59

Age (year) 21.5 (£ 2.5)

Height (m) 1.7 (+ 0.08)

Weight (kg) 66 (+10.9)

BMI 21.8 (+2.6)

Surgical procedure in past

Appendectomy 3
Inguinal hernia 2
Pelvic peritonectomy 1
Varicocele 1

Age, height, weight, and BMI are present as mean and standard deviation.

The most common RHYV variation observed was a division of the main trunk into two
comparably sized branches, which joined the inferior vena cava (IVC) (47/100). In 44 participants, we
observed a single RHV with small segmental branches. In 8 subjects, we observed three main
branches of similar diameter, which joined together to form a short trunk leading to the IVC. In only
one case, we observed the independent outlet of two hepatic veins, both of which drain to the IVC at
the same level. Regarding the MHV and the LHYV, single hepatic veins that led to the IVC were most
frequently observed (in 64/100 and 66/99, respectively). In 36 cases of MHVs and 25 cases of LHVs,
there was an increase in the number of major hepatic veins that formed a common trunk to the IVC.
Out of these cases, 33 participants had two MHVs, and 21 had two LHVs. Additionally, the presence
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of 3 hepatic veins was identified in 3 cases involving MHVs and 4 cases involving LHVs. Among the
4 LHVs assessed, we observed an independent outlet of two veins to the IVC at the same level.
Furthermore, we assessed the arrangement of the PV division in the hepatic hilum for all subjects.
We observed the classic division of the PV into a right and a left branch in the majority of participants
(88/100). In 7 subjects, we observed a division of the PV into three main branches, two of which
diverged towards the right and one towards the left hepatic lobe. Additionally, in 5 participants, we
observed the division of the main trunk of the PV into two right segmental branches, with the left
branch then diverging from the RAB. The variability of hepatic veins and portal veins is summarized
in Table 2.

Table 2. Hepatic and portal veins variations.

Variation type RHV MHV LHV PV
1 44 64 66 88
2 47 33 8 7
3 8 3 21 5
4 1 - 4 -

Variation type according to Soyer et al. classification. PV, portal vein.

3.2. Accesses Based on Cardiological Guidelines

The results of the percutaneous hepatic vein access sites described in the literature are presented
in Table 3. The highest number of out-of-plane accesses was achieved with access number 1. In other
cases, in-plane accesses were obtained more frequently. Among the selected access points, regardless
of the plane in which the vessel was located, we were most successful in visualizing the direction of
the MHV. The RHV was most frequently visible in access number 4. At access point 3, we commonly
observed the large intestine, which lay along the transducer axis, rendering percutaneous access
impossible.

Table 3. Literature access results.

Access 1. Access 2. Access 3. Access 4.
Total in-plane 16 32 21 22
Total out-of-plane 45 7 1 5
Vessel depth (mean 5 ;5 6.0 (£1.3) 6.6 (£1.3) 6.3 (£1.0)
in cm)
Vessel width
essel width (mean ) 1 ) 0.5 (0.2) 0.5 (0.1) 0.5 (0.1)

in cm)

Localization of the transhepatic accesses according to the literature described in the main text. All mean values

in cm with standard deviation in brackets.

3.3. Evaluation of Transhepatic Accesses

In our search for transhepatic vascular accesses, we found that the success rate of locating
suitable access in the cephalic plane was significantly higher than reported in the literature. Certain
locations were identified as more reliable for detecting veins in all the vessels examined in our study.
For the MHYV, the 7th intercostal space at the midclavicular line, with the transducer positioned
upward at a 60-degree angle, appeared optimal. For the RHV, the 9th intercostal space at the
midaxillary line, with the transducer positioned upward at a 60-degree angle, was identified as the
most favorable site. Similarly, for the RAB, the preferred location was the 8th intercostal space in the
anterior axillary line, with the transducer positioned downward at a 75-degree angle. The results of
the most frequently obtained locations of alternative accesses are shown further on charts in Figures
4a, 4b and 4c. Measurements of those vessels are presented in Table 4.
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Figure 4. a. Alternative accesses to the middle hepatic vein. b. Alternative accesses to the middle hepatic vein. c.

Alternative accesses to the middle hepatic vein.

Table 4. Measurements of vessels acquired in sonographic assessment regardless of accesses described in

literature.
MHYV (94/100) RHYV (99/100) RAB (93/100)
Vessel depth (mean in 6.1 (+1.0) 6.5 (x1.1) 5.5 (+0.8)
cm)
Vessel Wiitrg (mean in 0.5 (:0.2) 0.6 (+0.6) 0.6 (+0.1)

RAB, right anterior branch of portal vein. All mean values in cm with standard deviation in brackets.

4. Discussion

The variability of the hepatic veins and portal system is critical for liver surgery, including
parenchymal resection or transplantation [13]. For instance, access to the RAB is crucial, as it drains
the largest liver segments (V and VIII) and is employed in PV recanalization following stenosis [9].
Furthermore, it is instrumental in performing intravascular interventions, with the RHV and the
MHYV being the most suitable for transjugular intrahepatic portal systemic shunt placement [14].
However, knowledge about variations of these significant vessels is not well established. It is essential
to note that different authors describe various hepatic variations, depending on the study design,
imaging modality used, and the relevance of each variation to specific interventions. When obtaining
intravascular access to the liver for a cardiovascular intervention, the optimal course of the selected
vessel for the specific intervention should be considered first and foremost. This information can be
easily obtained using ultrasonography, enabling an individualized approach for each patient. In
assessing the hepatic vasculature, we have followed the description of hepatic venous variability by
Soyer et al. In contrast to that study, we made a distinction between two vessels that collected blood
from a given liver segment, even if their diameters were not the same. Soyer et al. excluded vessel
types that did not have the same diameter, treating them as one main vessel and the others that drain
into it. In intravascular access to the hepatic veins, the diameter of the vessel through which the
catheter is inserted is of secondary importance, as all those vessels are usually large enough to fit
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standard intravascular instrumentation. The angle at which the selected liver vessel is in relation to
the target cardiovascular structure and the direction of the vessel in question appear to be much more
important. Therefore, access to the MHYV is typically utilized for atrial septostomy procedures and
RHYV access is commonly employed for interventions involving the tricuspid valve. We confidently
modified the Soyer et al. classification to achieve a more adequate classification of hepatic vein
variations in relation to cardiac interventions. Knowledge of the anatomical variability of the hepatic
veins system and the use of US may allow for safe achievement of the chosen intravascular access,
optimize the duration of the procedure, and reduce the risk of complications.

Literature provides descriptions of intercostal and subcostal access points. However, many
studies lack precise information on needle placement [15]. In our research, most access points were
intercostal, while the subcostal approach also appears to be adequate. The subcostal approach
minimizes the risk of injury to the neurovascular bundle and reduces the likelihood of pleural
complications. Nevertheless, it may be associated with an increased risk of accidental colon puncture.
The intercostal space and line in which puncture should be made is dependent on patients’
anatomical characteristics. The most common access was found for RHV, MHV, and RAB in the 9th,
7th, and 8th intercostal spaces, respectively. Authors usually do not note the angle of puncture in any
measurable manner. In our opinion, standardized data on angles could potentially be useful in future
procedures. Furthermore, a consensus on vascular patterns and nomenclature should be established
to enable more standardized and measurable data comparison.

In our study, the out-of-plane access appeared easier to achieve than the in-plane approach.
Therefore, we decided to compare our findings regarding this access with the literature. It was
revealed that out-of-plane access was easier to obtain only at the 7th intercostal space and along the
anterior axillary line. A recent study reported that the short-axis out-of-plane technique is associated
with a higher incidence of posterior wall puncture [16]. Therefore, heightened procedural awareness
and care are essential when performing these interventions. The literature identifies hemorrhage as
the most frequent complication associated with percutaneous transhepatic venous access. In the
study by Qureshi et al., 124 transhepatic procedures were performed, with major adverse events
reported in only 10 cases, comprising 6 instances of bleeding and 4 cases of heart block. Importantly,
the study concluded that these diagnostic and interventional procedures did not result in a higher
incidence of complications compared to procedures involving central venous line placement alone
[17]. There is a notable lack of studies directly comparing transhepatic in-plane and out-of-plane
vascular access techniques. However, several studies investigating vascular access in other
anatomical regions, such as the jugular vein, subclavian vein, and femoral vein, have reported no
significant differences in efficacy or complication rates between in-plane and out-of-plane
approaches [18,19]. When selecting the optimal needle insertion site, priority should be given to the
orientation and angle of the target vessel, ensuring alignment for a precise approach. Additionally, it
is essential to verify that no other vessels and/or bile ducts lie within the projected path of the needle.
Based on these considerations, we propose that transhepatic in-plane access represents the preferred
option.

Ultrasonographic examination enabled a personalized approach, and in most cases, the target
vessel was successfully identified. The results of our study regarding access points for the
transhepatic approach seem to be generally consistent with the literature. The transhepatic
intravascular access to MHV in the 7th intercostal space, at the midclavicular line, with the transducer
positioned upward at 60 degrees, and the RHV in the 9th intercostal space in the posterior axillary
line with the transducer positioned upward at 60 degrees angle appear to be new potential solutions
for cardiac intravascular interventions. These results may assist in identifying the appropriate vessel
during intravascular procedures. However, in our opinion, individualized ultrasonographic
evaluation is superior and provides the highest number of suitable transhepatic access points for
transhepatic procedures.

The present study is subject to a few limitations. In this study, we followed the classification
proposed by Soyer et al., which may not be the most precise. Furthermore, due to discrepancies in
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the vascular patterns previously described, it is challenging to compare our findings with those of
other studies. Our study group is characterized by a limited range of age and BMI, which precludes
us from providing a comprehensive representation of the variations that may be encountered in
patients. The study does not include a detailed comparison with traditional vascular access methods,
such as femoral or jugular vein approaches, as it was not the aim of this study.

5. Conclusions

Ultrasonographic evaluation enables a personalized identification of transhepatic access points,
offering a greater number of suitable options compared with previously described anatomical
landmarks. When selecting intravascular access for each individual, the vessel’s course and the
needle-insertion angle are critical factors that should always be considered in relation to the
localization of the intervention. By providing direct visualization of relevant anatomical structures,
ultrasonography facilitates individualized procedural planning and may minimize the risk of
complications during percutaneous transhepatic intravascular interventions.
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The following abbreviations are used in this manuscript:

IvC Inferior vena cava

LHV Left hepatic vein

MHV Middle hepatic vein

PV Portal vein

RAB Right anterior branch of the portal vein
RHV Right hepatic vein

us Ultrasonography
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