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OPEN Refined annotations of intrahepatic
DATA DESCRIPTOR portal and hepatic veins from thin-
slice CT images

Matteo Salvi2*, Riccardo Gassino3, Marta Bianca Maria Ranzini(®?3, Giuseppe Ferillo*,
Luca Vacca?, Giuseppe Isu?, Claudio Orini*, Giuseppe Angileri*, Kristen Mariko Meiburger!
& Andrea Laghi*

Accurate segmentation of intrahepatic vessels in contrast-enhanced CT is limited by spatial resolution,
variable contrast timing, and the complexity of peripheral vascular anatomy. Public datasets such as
the Medical Segmentation Decathlon Task 08 include annotations of hepatic structures but provide
incomplete delineation of small-caliber portal and hepatic veins. This work describes HVA-CT (Hepatic
Venous Annotations CT), a dataset derived from the contrast-enhanced thin-slice CT volumes of the
Medical Segmentation Decathlon Task 08, in which intrahepatic venous structures were re-annotated
with more complete anatomical delineation. The dataset comprises refined three-dimensional
segmentations of portal and hepatic venous systems generated through a structured workflow
combining baseline model outputs, Al-assisted vessel branch identification, and expert review. For
each case, updated venous segmentation masks, liver segmentations, and a standardized tool for
intrahepatic vessel extraction are provided. The dataset is intended to support the development and
evaluation of automated methods for hepatic vessel segmentation and analysis.

Background & Summary

Accurate representation of intrahepatic venous anatomy on contrast-enhanced CT plays a central role in mul-
tiple hepatobiliary applications, including surgical planning, virtual hepatectomy, computational modeling,
and quantitative liver analysis"?. Detailed portal and hepatic vein reconstructions assist clinicians in evaluating
resectability’~® and estimating the future liver remnant’. The level of venous detail required depends on the pro-
cedure. For standard lobar or hemiliver resections, delineation of the major trunks and their first-order branches
is generally sufficient. Peripheral and segmental detail becomes important in parenchyma-sparing surgery, both
anatomical (segment-oriented) and non-anatomical (wedge) resections, and in the estimation of segmental
future-liver-remnant territories’; it is also central to living-donor liver transplantation, where the drainage ter-
ritory of the middle hepatic vein and its tributaries informs whether venous reconstruction is needed to avoid
graft congestion®. Accurate peripheral anatomy also helps anticipate which branches are at risk during resec-
tion, since division of an unrecognised branch may devascularise or bleed a segment?. Despite their clinical
relevance®, small-caliber intrahepatic vessels remain difficult to delineate reliably on routine contrast-enhanced
CT, leading to variability and partial coverage in existing annotations’. In parallel, a wide range of deep learning
methods have been proposed for hepatic vessel segmentation'®'!, including UNet variants'?, hybrid convolu-
tion-Transformer networks'®, and structure-aware architectures such as!*. These techniques increasingly target
fine-grained vascular topology, yet systematic benchmarking remains limited by the quality and completeness
of publicly available annotations'!. Several public datasets address liver imaging, but none offers a complete
representation of intrahepatic venous anatomy on clinical CT!!. Existing resources, including 3DIRCADb?®,
VascuSynth'¢, and large-scale collections such as LiVS!” or Medical Segmentation Decathlon (MSD) Task0881°,
either cover only a few subjects, rely on synthetic data, or mainly capture major venous trunks.
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CT spacing range
Dataset Year | Description # volumes | (mm) Labels Vessel annotations
3D IRCADb' 2010 1\fenous phase cpntrast-ephanced CT'for 2 0.56-0.96 (x,y); Liver, tumors, Portal and hepatic veins
iver segmentation algorithm evaluation 1.0-4.0 (z) vessels present and separated
Synthetic dataset for vascular tree Fully annotated vascular
VascuSynth'® 2013 | generation and segmentation algorithm | 120 1(xy)1(2) Vascular structures | trees; synthetic, non-
development clinical data
Livs" 2022 | CT dataset for liver vessel segmentation | 532 0.50-0.98 (x,y); Liver, vessels ~30 Shc_es anpotated per
0.63-5.0 (z) volume; partial 3D coverage
. . . . Single “vessel” class; large
MSD Task0815° | 2019 Multl»orga'.n abdominal CT 303 0.57-0.97 (x,y); Liver, tumors, trunks and proximal
segmentation benchmark 0.8-8.0 (z) vessels
branches only

Table 1. Overview of publicly available CT datasets with hepatic vessel annotations.

More recently, Xu et al.'* introduced multiclass reannotations of MSD Task08'®!? that substantially improve

the separation of portal and hepatic venous systems. However, like all available annotations for this dataset, these
labels still show limited coverage of fine peripheral vessels in thin-slice acquisitions. Our internal benchmark-
ing confirmed that many small intrahepatic branches visible on thin-slice Task08 scans were consistently not
included in any existing public annotations.

These observations motivated the creation of HVA-CT, a refined dataset comprising all MSD Task08'81°
volumes with thin-slice CT (<2mm; 61 cases), selected using an objective and reproducible criterion to ensure
reliable visualization and annotation of fine-caliber intra-hepatic vessels. Each case provides expert-validated
portal and hepatic vein segmentations refined through a human-AI workflow: Xu et al.* labels were used as
a baseline, an assistive model proposed vessel candidates, and radiologists reviewed, corrected, and completed
the anatomy in a 3D interface so that only human-approved structures are included. We also release per-case
liver masks generated using Totalsegmentator?® and an open-source intrahepatic vessel extraction based on?! to
standardize evaluation. Validation shows increased vessel completeness, especially in small peripheral branches,
while preserving major trunks, and reduces benchmarking bias by reclassifying many apparent “false positives”
against public annotations as true vessels.

All refined masks, liver segmentations, and reference code are publicly released. CT scans from the MSD
Task08'®1Y dataset are not redistributed and must be obtained from the original source (Medical Segmentation
Decathlon), but the refined masks align voxel-by-voxel with the official volumes, requiring no resampling.

HVA-CT provides a complete expert-validated intrahepatic vessel annotations currently available for the
widely used MSD Task08'#'? dataset. By improving the completeness and anatomical fidelity of venous labels on
thin-slice CT, this resource supports reproducible benchmarking, advances development of vessel-segmentation
models, and enables more accurate quantitative and computational studies in hepatic imaging.

Overview of Existing Public Liver Vessel Datasets
Several publicly available datasets include hepatic CT imaging, but they differ substantially in resolution, anno-
tation methodology, and the level of vascular detail. 3DIRCADb" provides venous-phase CT volumes with
manually curated portal and hepatic veins, although it includes only a small number of patients. VascuSynth'®
generates synthetic vascular trees with complete ground-truth topology, which is useful for algorithm develop-
ment but does not reflect the appearance of clinical CT data. Among larger collections, LiVS", and the MSD
Task08'%1° dataset all contain vessel annotations; however, these predominantly represent major venous trunks
or provide only partial 3D coverage. For MSD Task08'#1°, the more recent Xu et al.'* reannotations introduce
separate portal and hepatic vein labels and improve vessel-system separation.

Table 1 summarizes the main characteristics of these datasets, while Fig. 1 illustrates representative examples
from datasets with complete 3D vessel annotations, highlighting differences in image resolution, vascular detail,
and annotation completeness.

Methods

Source Dataset. All imaging data were obtained from the MSD Task08!%!® dataset, which provides
anonymized portal venous phase contrast-enhanced abdominal CT scans and associated organ and vessel labels.
TaskO08 includes 303 subjects acquired across multiple institutions, with substantial variability in slice thickness
and scanner protocols®.

For this work, we selected all Task08 volumes exhibiting thin-slice axial spacing (<2 mm). Thin-slice spacing
was the sole inclusion criterion, and was determined from the z-spacing reported in the original NIfTT headers.
These acquisitions provide more reliable visualization of fine intrahepatic branches and are therefore suitable for
detailed venous annotation. In total, 61 volumes met this requirement. All CT scans were used in their native
voxel grid, preserving the original orientation, spacing, metadata, and intensity distribution provided by the
Decathlon organizers.
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(d)

Fig. 1 Representative examples from publicly available liver vessel datasets. For each dataset, a CT slice and
the corresponding 3D vessel rendering illustrate differences in annotation style and vascular detail across
VascuSynth (a), MSD Task08 initial labels (b), 3DIRCADD (c), and Xu ef al.'* reannotations of the same MSD
case (d), with single-class vessel annotations in yellow, hepatic veins shown in blue and portal veins in green.

The original CT images are not redistributed in this release and must be downloaded from the official Task08
repository.

Initial Vessel Annotations. The starting point for refinement consisted of the publicly available Xu et al.!*
multiclass vessel annotations for Task08, distributed under an open license and available at VSNet/reannotated.
zip at main - XXYZB/VSNet. These annotations provide separate labels for the portal and hepatic venous systems
and were used as structured but incomplete baseline masks. While this annotations improves venous system
separation relative to the original Task08 labels, many peripheral intrahepatic branches remain incomplete due to
interpretation challenges on CT (Fig. 2). In our workflow, Xu et al.'* masks served solely as the initial anatomical
scaffold for expert review.

Internal Model for Candidate Vessel Detection. An internal vessel segmentation model developed by
Medics Srl (Turin, Italy) was used to assist the annotation workflow by identifying regions that might contain
additional portal or hepatic vessels not present in the baseline labels. The model is based on a 3D U-Net architec-
ture and produces three output classes (background, portal vein, hepatic vein). Its predictions were used only as
visual cues to help annotators locate structures of potential interest during review. The model did not modify any
label automatically, and all included vessels originate exclusively from expert assessment.

Overview of the Human-Al Collaborative Workflow. The refinement of the vessel annotations fol-
lowed a structured human-AI workflow designed to increase the completeness of intrahepatic branches while
preserving full expert control over the final labels (Fig. 3). Each case was reviewed starting from the Xu et al.'*
baseline masks.

Radiologists then reviewed the vessel tree using a custom visualization interface that displayed both the
initial mask and any candidate vessel-like regions identified by the assistive model. Candidate segments were
shown only where the initial annotation lacked vessels and were treated strictly as suggestions. During the
refinement process, annotators examined each candidate region and determined whether to accept, adjust, or
discard it based on the CT appearance. Experts could also add new branches manually when visible vessels
were absent from both the initial label and the candidate set. All decisions were based solely on radiological
assessment, and no model output was included without explicit expert verification. This workflow ensured that
the refined dataset captures fine-scale intrahepatic vessels while maintaining a consistent and expert-driven
annotation standard across all 61 cases.

Annotation Interface and Experts Protocol. The refined annotations were produced in two stages:
independent annotation by two radiologists, followed by adjudication by a senior radiologist. Both stages were
carried out in a custom 3D Slicer” module providing synchronized 2D and 3D visualization of the CT volume,
the initial vessel masks, and AI-proposed candidate branches.

In the annotation stage, working on one venous system at a time (Fig. 4a), annotators used voxel-level tools
(brush and eraser) and a tube-drawing tool that added vessels along their course without slice-by-slice delinea-
tion, and could reassign mislabeled voxels between the portal and hepatic classes. The brush and eraser worked
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case 33 case 171 case 172

CT slice (case #)

Initial annotation

Fig. 2 Initial annotations for three representative cases. Top: CT images. Bottom: initial vessel masks with red
arrows marking peripheral branches visible on CT but missing in the initial labels, motivating the refinement
workflow.

Run Internal Extract Candidate Save Refined
AI model Vessel Segments Vessel Mask

Merge Initial Mask
with AI Candidates

*

Fig. 3 Refinement workflow. Automated steps include Al-based candidate generation and mask merging. The

dashed region highlights the manual radiologist-driven steps (guided refinement and expert validation) leading
to the final refined vessel mask.

Multiuser Guided Final Validation and

Load CT volume [— Load initialmask [—> e o T

in both the 2D and 3D views, either restricted to the candidate regions or applied freely across the volume, so
annotators were not confined to the Al-suggested areas. Because refinement started from candidates rather than
a blank volume, annotation effort was concentrated on verification and correction rather than on locating and
tracing peripheral vessels from scratch.

In the adjudication stage, the senior radiologist viewed both readers’ annotations together, with all voxels
labeled differently by the two readers highlighted in pink (Fig. 4b). The senior resolved each disagreement by
removing these voxels or assigning them to the portal or hepatic class, and performed a final review of the com-
plete mask to confirm its overall anatomical consistency.
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Fig.4 Annotation and adjudication views. (a) Annotator view: each reader edits one venous system at a time
on synchronized 2D and 3D displays; the vessel class being edited (here hepatic veins, in blue) is shown together
with Al-proposed candidate branches in red. (b) Adjudication view: the senior radiologist sees both readers’
annotations together, with disagreeing voxels highlighted in pink for resolution.

Annotators. Annotations were performed by two radiologists from Humanitas University, each with 3 years
of experience in abdominal imaging. Both routinely interpret liver CT examinations and are familiar with hepatic
vascular anatomy and preoperative planning workflows. All cases were annotated independently by the two read-
ers; disagreements were resolved by a senior abdominal radiologist, blinded to reader identity, who also reviewed
each mask for overall consistency (as described above).

Annotation Guidelines. Annotators followed a written protocol that required labeling all CT-visible
intra-hepatic branches of the portal and hepatic venous systems. Extra-hepatic structures and non-vascular
elements were excluded. For faint, low-contrast, or otherwise ambiguous vessels, a branch was labeled only
when it satisfied the following criteria: (i) it was clearly traceable across contiguous slices; (ii) it showed ana-
tomical continuity with a parent vessel of the same system rather than appearing as an isolated fragment;
and (iii) its appearance was consistent with an enhancing vessel and distinguishable from imaging artifact,
partial-volume blurring, or adjacent parenchymal structures. Candidates that could not be confidently attrib-
uted to a vessel were left unlabeled, favoring specificity over completeness in ambiguous regions. Automated
structural checks flagged discontinuities or isolated fragments for review. Final masks represent the union of:
(i) initial vessels (Xu et al.'*) retained after review, (ii) accepted or corrected Al-proposed segments, and (iii)
manually added vessels.

Liver Mask Generation. To provide a consistent anatomical boundary for downstream analyses, liver masks
were independently generated from the original MSD Task08'%1° images using TotalSegmentator (v2.12.0)%.
These masks were not part of the vessel-annotation workflow described above; instead, they are released as com-
plementary data and are later used to define the intra-hepatic region required for the vessel-extraction procedure
described below.

Each mask underwent a brief visual check for large missing or spurious regions, such as an absent liver lobe,
extensive inclusion of adjacent organs, or coverage of only part of the parenchyma. No such cases were identi-
fied, and no manual corrections were applied, preserving reproducibility.

The final liver masks are included in the public release and remain voxel-wise aligned with the original MSD
Task08 volumes.
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Full vessel mask Simple intersection Custom extraction

(b) (©

Fig. 5 Comparison of intra-hepatic extraction strategies. (a) Full portal (light blue) and hepatic (blue)
vessel mask visualized with the liver surface (light red). (b) Simple vessel-liver intersection, which truncates
parenchymal branches and retains parts of the extra-hepatic trunk. (c) Proposed extraction method, which
removes the extra-hepatic trunk while preserving intra-hepatic vessels.

Intra-Hepatic Vessel Extraction Tool. To ensure consistent evaluation across cases, we provide a stand-
ardized tool that isolates the intra-hepatic portions of the portal and hepatic venous trees. The extraction relies
on the TotalSegmentator liver mask to define the parenchymal region (see Liver Mask Generation), addressing
the limitations of simple vessel-liver intersections, which often truncate peripheral branches or retain parts of
the extra-hepatic trunk (Fig. 5). Using an automated liver mask also avoids additional manual delineation and
ensures a reproducible intrahepatic boundary across all subjects.

For each venous class, the extraction procedure, adapted from the strategy used in?', consists of:

1. Erosion of the vessel mask d times (3 x 3 x 3 structuring element) to obtain a compact representation
dominated by the proximal trunk.

2. Identification of the largest connected component, corresponding to the extra-hepatic trunk.

3. Dilation of this component (same structuring element, repeated d + 2 iterations) to approximate the spa-
tial extent of the extra-hepatic region.

4. Intra-hepatic definition:

intrahepatic_class = (vessels_mask () liver_mask)\dilated_trunk

5. Optional removal of small isolated components below a user-defined threshold (e.g., <5 voxels).

This procedure is applied identically to the initial masks, the refined annotations, and all model predic-
tions used in technical validation. The implementation is publicly available to ensure reproducible intra-hepatic
evaluation.

Vessel Morphometrics. The initial and refined annotations were characterized using four vessel mor-
phology metrics: vessel volume, skeleton length, branch count and vessel radius. All four were computed
identically for every mask, so that initial and refined annotations are directly comparable. Vessel volume
was computed as the number of labeled voxels multiplied by the physical voxel volume, yielding volumes
in mm?®. The vessel skeleton was obtained by 3D morphological thinning (skeletonize from scikit-image?*).
Skeleton length was calculated as the total physical length of this centerline, obtained by summing the phys-
ical distances between adjacent skeleton voxels (26-connectivity), scaled by the voxel spacing, and reported
in millimeters. Branching complexity was assessed from the skeleton topology: branch points were identi-
fied as skeleton voxels with three or more neighbors, and the branch count was defined as the number of
connected skeleton segments remaining after branch-point removal. Vessel radius was estimated from the
Euclidean distance transform of the vessel mask (distance_transform_edt from SciPy*), accounting for
voxel spacing, with local radii sampled at the skeleton voxels and reported in millimeters; All computations
were performed in Python using scikit-image?* and SciPy*® and are available in the released code (see Code
Availability).

Ethics Statement. This work uses only publicly available, fully anonymized CT volumes from the Medical
Segmentation Decathlon (Task08)'®!°. No new patient data were collected. All annotations were performed on
de-identified images in compliance with the data license and without access to patient-identifying information.

Because the study consists solely of re-annotation and redistribution of labels for an openly available data-
set, it does not constitute human-subjects research and did not require approval from an ethics committee.
Radiologists from Humanitas contributed exclusively to image annotation and quality control and had no access
to personal health information. All refined annotations and associated tools are released under an open license
(CC BY-SA 4.0) to support reproducibility and community use.
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Data Records

All refined vessel annotations generated in this study are publicly available on Zenodo®® under the (https://doi.
org/10.5281/zen0do.19850108). The release includes expert-validated portal and hepatic vein masks, liver seg-
mentations, and minimal metadata required for reproducible use. The original CT scans from the MSD
Task08'®!? are not redistributed and must be obtained separately from Medical Segmentation Decathlon. The
dataset follows the directory structure below:

Folder Format | Description

hp_masks/ .nii.gz Refined 3D venous annotations (portal = 1, hepatic =2).
liver_masks/ .nii.gz | Companion liver masks generated with TotalSegmentator.
metadata/ json Image and annotations metadata

task08_case_list/ | .txt List of MSD Task08 included cases.

All files are voxel-wise aligned with the corresponding Task08 CT volumes and require no resampling.

Metadata File. A single JSON file (metadata.json) summarizes key properties for all 61 cases. For each sub-
ject, the file includes:

Category Field name Description
case_id Original Task08 subject identifier.

Acquisition metadata | spacing_x, spacing_y, spacing_z | Physical voxel spacing in millimeters.
dim_x, dim_y, dim_z Image dimensions (number of voxels).
portal_voxels Number of voxels labeled as portal veins.
hepatic_voxels Number of voxels labeled as hepatic veins.

Annotation metadata vessel_voxels_total Total number of venous voxels (portal + hepatic).
liver_voxels Number of voxels included in the liver mask.
portal_skeleton_length_mm Length of the portal vein skeleton in millimeters.
hepatic_skeleton_length_mm Length of the hepatic vein skeleton in millimeters.

This metadata file allows users to easily explore acquisition variability, stratify analyses, and design preproc-
essing pipelines without manually parsing individual NIfTT headers.

Technical Validation

We assessed the refined annotations along two axes: their reliability, established through inter—observer agree-
ment between the two independent radiologists, and the anatomical improvement they provide, quantified
through structural and topological metrics before and after refinement. Complete structural and class-specific
analyses were computed on the full vessel masks, while the intra-hepatic analyses were performed after trunk
removal using the standardized extraction method described above. The pre-refinement annotations are those
of Xu et al.*, which are, to our knowledge, the most complete publicly available portal/hepatic labeling of MSD
Task08'%1%; because HVA-CT refines these same masks on the same images, the metrics reported below consti-
tute a direct, voxel-aligned quantitative comparison against the current state-of-the-art public annotation. A
visual example of the initial and refined vessel masks is provided in Fig. 6.

Inter-observer Agreement. The reliability of the refined annotations was assessed by comparing the two
radiologists’ independent annotations before senior adjudication. Because both readers started from and pre-
served a shared baseline mask, agreement computed over the full mask is dominated by unchanged voxels and
overstates concordance. We therefore restricted the comparison to the refined region, the voxels each reader
added or modified relative to the baseline, which reflects the annotation decisions actually made during refine-
ment. Agreement in this region was high: the median Dice was 0.991 for both the portal (IQR 0.976-0.997) and
hepatic (IQR 0.978-0.997) venous systems, and pooled agreement gave a Cohen’s & of 0.948.

Most cases showed near-perfect overlap, and the disagreements that did occur were concentrated in a small
number of cases. These fell into two categories. Most concerned which vessels to include: short terminal or
peripheral branches identified by only one reader, or small boundary differences. A second, less frequent cat-
egory concerned the portal or hepatic label itself: in 19 of 61 cases the two readers assigned different labels to
some voxels. These label disagreements are the more consequential kind, because the portal or hepatic label
determines which venous system a vessel belongs to, and an incorrect label can make the local anatomy implausi-
ble. All disagreements were resolved by a senior abdominal radiologist, blinded to reader identity, who assigned
a single, anatomically consistent labeling; the adjudicated masks form the released annotations. Figure 7 shows
a representative case, illustrating disagreements from terminal-branch detection, boundary variation, and label
assignment, together with the adjudicated mask.

Structural Comparison Across Annotation Sets.  Structural metrics computed on the full vessel masks
show that the refined annotations recover additional intra-hepatic branches while preserving the overall vascu-
lar architecture. Table 2 reports increases in vessel volume, skeleton length, and branching complexity, with the
largest relative gains observed in topology-sensitive measures. The relatively small increase in vessel volume is
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Fig. 6 Initial and refined vessel annotations for a representative MSD Task08 case. (a—c) Initial annotations of
portal (green) and hepatic (blue) veins shown as a CT slice, full 3D vessel mask, and intra-hepatic vessels after
trunk removal in an alternative 3D view. (d-f) Corresponding portal (light blue) and hepatic (dark blue) refined
annotations, illustrating increased branch completeness and improved intra-hepatic detail.

(9

Fig. 7 Inter-observer comparison and senior adjudication for a representative case. (a,b) Independent

annotations from radiologist 1 and radiologist 2, with portal veins in green and hepatic veins in blue; red circles
mark disagreements. (c) Overlay of both annotations, with differing voxels in pink and the same regions circled.

(d) Senior-adjudicated mask (the released annotation), with portal veins in light blue and hepatic veins in dark blue.

expected, as the refinement process primarily adds thin peripheral branches that contribute little to total volume
but substantially increase skeleton length. To further localize where these differences occur, Fig. 8 shows the dis-
tribution of skeleton voxels across radius bins. The refined masks exhibit clear improvements in the small-radius
range (0-2 mm), corresponding to thin peripheral vessels that were only partially captured in the initial annota-
tions, while medium- and large-radius bins remain nearly unchanged, confirming preservation of major venous
structures. All reported differences between initial and refined metrics were statistically significant (Wilcoxon
signed-rank test, p <0.001).

Class-Specific Improvements (Portal vs Hepatic Veins).  Portal and hepatic veins were analyzed sepa-
rately using the full vessel masks. Both venous systems exhibit comparable improvements following refinement,
with increases in skeleton length, branch counts, and enrichment of small-radius branches (Table 3).
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Fig. 8 Skeleton voxel counts across radius bins for the initial (gray) and refined (light blue) annotations.
Paired boxplots represent the per-subject distribution within each radius interval. The refined annotations

show significantly increased counts in the smaller radius bins (0-2 mm), indicating improved recovery of thin
peripheral branches (¥**p < 0.001).

Metric Initial dataset (mean+SD) | Reannotations (mean+SD) | A mean (%)
Vessel volume [mm?] 157782+ 33599 168707 £33873 +6.92
Skeleton length [mm] 395441260 575241545 +45.47
Branch count 188+76 296+94 +57.82

Table 2. Structural and topological metrics for the initial and refined vessel annotations across all 61 cases (full

masks). Mean = standard deviation are reported for each metric, together with the relative change in the mean
after refinement (A mean %).

Initial dataset | Reannotations
Metric (mean + SD) (mean + SD) A mean (%)
Portal Vessel volume [mm3] | 58495+ 18296 | 62649+18491 | +7.10
Hepatic | Vessel volume [mm3] 99287 +23223 | 106057 +23871 | +6.82
Portal Skeleton length [mm] | 1834756 2607 + 848 +42.18
Hepatic | Skeleton length [mm] | 2120+ 667 3145+939 +48.33
Portal Branch count 81+42 128 £52 +57.15
Hepatic | Branch count 10645 168 +62 +58.33

Table 3. Class-specific structural metrics for portal and hepatic veins before and after refinement. Mean + standard
deviation are reported for each metric, together with the relative change in the mean (A mean %).

Both venous systems show comparable patterns of refinement, indicating consistent improvements across
portal and hepatic vessels.

Intra-Hepatic Analysis After Trunk Removal. To evaluate differences restricted to the parenchymal vas-
culature, we repeated the analysis on the intra-hepatic vessels only, obtained after applying the trunk-removal
procedure (see Intra-Hepatic Vessel Extraction Tool). Within this region, the effects of refinement are more
pronounced. As shown in Table 4, intra-hepatic vessel volume, skeleton length, and branch counts all increase,
reflecting improved recovery of distal branches. Notably, the volume increase is more substantial than in the
full-mask analysis, because removing the large extra-hepatic trunk eliminates a dominant structure that remains

unchanged across both annotation sets; as a result, the contribution of the newly recovered peripheral branches
becomes more apparent.

Consistency Check. As a supporting check, complementing the annotation workflow and the analyses
above, we assessed whether the refined annotations are coherent with vessels predicted by a separate segmenta-
tion model. An additional vessel segmentation model was used solely as a diagnostic tool to compare prediction
overlap with the initial and refined annotations; the results should not be interpreted as an evaluation of model
performance.

Within the intrahepatic region, predictions showed higher spatial agreement with the refined labels than with
the initial annotations (Table 5), with precision increasing from 0.764 to 0.962. This indicates that many structures
previously counted as false positives against the initial labels correspond to vessels now included in the refined
dataset. This supports the internal consistency of the refined annotations rather than assessing model performance.
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Initial dataset | R ions

Metric (mean =+ SD) (mean =+ SD) A mean (%)
Vessel volume [mm?] | 46823 +17865 | 57324416054 | +22.43
Skeleton length [mm] |2736+1121 437141299 +59.77
Branch count 145465 241483 +66.59

Table 4. Structural and topological metrics restricted to the intra-hepatic vessels after trunk removal.
Mean =+ standard deviation are reported for the initial and refined annotations, together with the relative change
in the mean (A mean %).

Initial dataset | Reannotations
Metric (mean + SD) (mean + SD)

Dice score | 0.671£0.074 0.782£0.089
Precision 0.764+0.138 0.962+0.023
Recall 0.6324+0.121 0.671+0.128

Table 5. Overlap metrics from an independent segmentation model, comparing agreement with the two
annotation sets. Values (mean + SD) represent averages across the portal and hepatic classes.

Usage Notes

The refined vessel masks are released in NIfTI format and are voxel-wise aligned with the original MSD
Task08'3'® CT volumes. Users should download the corresponding CT scans from the Medical Segmentation
Decathlon repository and can load the masks directly without resampling or reorientation.

An optional tool is included for extracting the intrahepatic portions of the vessel trees using the liver masks
provided. Applying this step is recommended when computing intrahepatic metrics or comparing model pre-
dictions to the refined annotations, as it removes extrahepatic trunks and yields a consistent definition of the
parenchymal vasculature.

Potential use cases include training or evaluating vessel segmentation models, computing vascular topology
descriptors, and performing quantitative liver analyses that depend on portal or hepatic venous anatomy. Several
characteristics should be taken into account when reusing this dataset. The annotations represent vessels visible
on contrast-enhanced CT and are intended as an imaging reference rather than anatomical ground truth; vessels
below the resolution or contrast threshold of the acquisition are not represented. The dataset comprises 61 cases
from a single source (MSD Task08) and was restricted to thin-slice acquisitions (<2 mm), a choice made to
maximize the visibility and annotation fidelity of fine peripheral vessels, which are less resolvable at coarser slice
spacing. It is therefore not representative of the full range of clinical slice thicknesses. Models trained on it are
expected to be most reliable on thin-slice data and to degrade under the domain shift introduced by thicker-slice
acquisitions, where increased partial-volume averaging lowers vessel-parenchyma contrast, with the smallest
peripheral branches being the most affected.

Data availability
All refined venous annotations, companion liver masks, metadata, and case lists generated in this study are
publicly available on Zenodo under the dataset: https://doi.org/10.5281/zenodo.19850108.

The release includes expert-validated portal and hepatic vein masks (hp_masks.zip), liver masks generated
with TotalSegmentator (liver_masks.zip), subject-level metadata (metadata.json), and the full list of included
MSD Task08 cases (task08_case_list.txt).

The original CT images from the Medical Segmentation Decathlon Task08 are not redistributed and must be
obtained separately through the MSD repository (http://medicaldecathlon.com/).

Code availability

All code used for intra-hepatic vessel extraction, structural metric computation, and segmentation metric
evaluation, is provided as part of the dataset (https://doi.org/10.5281/zenod0.19850108) in the HVA_CT_
accompaning_code.zip file. The 3D Slicer annotation module used during dataset refinement is proprietary and
not required to reproduce the final labels. For this reason, it is not part of the public release. All refined vessel
masks and all tools required for evaluation are freely provided.
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