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Abstract: Objective: The aim of this study was to evaluate the residual volume of liver reserve function in liver cancer
patients using three-dimensional reconstruction technique (3D technology) and the indocyanine green (ICG) excre-
tion test. Methods: A retrospective analysis was conducted, and data were collected from 90 liver cancer patients in
Ganzhou People’s Hospital between January 2017 and December 2021. The control group underwent preoperative
resectability evaluation based on traditional two-dimensional images, whereas the experimental group underwent
digital three-dimensional reconstruction technique combined with indocyanine green (ICG) excretion test. The intra-
operative bleeding volume, accuracy of preoperative surgical planning, operation time, postoperative complication
rate, and perioperative mortality were compared between the two groups. Results: The assessment of resected liver
volume (resectability) in the experimental group was larger than in the control group (P=0.003). Moreover, the accu-
racy rate of preoperative surgical planning in the experimental group was higher than in the control group (P=0.014).
The intraoperative estimated blood loss favored the experimental group by a mean of 355 ml (P=0.02). Operative
time and hospital stay favored the experimental group by a mean time of 204 min (P=0.03). The positive rate of
liver resection margin and recurrence rate in the experimental group were lower than in the control group (P=0.021,
P=0.004). Moreover, the two groups differed after intervention in terms of AST (P=0.001), ALT (P=0.0001), TBIL
(P=0.001), and ALB (P=0.026). Conclusion: The combination of three-dimensional reconstruction technique and in-
docyanine green (ICG) excretion test provides accurate visualization of hepatic anatomy and improves the precision
of liver resection surgery, which is of great guiding value. This can optimize the preoperative evaluation and surgical
planning for liver resection, shorten the operation time, and reduce intraoperative bleeding volume.
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precision hepatectomy, primary liver cancer

Introduction cirrhosis [4]. However, due to varying preopera-
tive evaluation protocols and surgical capabili-
ties across different hospitals, many patients
who are suitable for partial hepatectomy

instead receive palliative treatments like TACE

Primary hepatocellular carcinoma (HCC) is a
highly prevalent cancer type with a poor prog-
nosis, often leading to death within weeks or

months of diagnosis. The incidence of liver can-
cer is particularly high in China, with an esti-
mated 1 million new cases added worldwide
each year [1, 2]. Currently, partial hepatectomy
is considered the most effective way to cure
liver cancer and offers patients the best chance
for a complete recovery [3]. In China, over 75%
of liver cancer cases occur in conjunction with

[5, 6]. Therefore, it is essential to ensure ade-
quate and precise preoperative evaluation and
hepatectomy techniques to improve the radical
resection rate and overall prognosis for liver
cancer patients.

Precision liver surgery has revolutionized the
field of hepatic surgery. With a focus on com-
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plete removal of target lesions, precision liver
surgery ensures the preservation of the re-
maining liver anatomic structure and optimizes
the functional liver volume while minimizing
surgical bleeding and systemic trauma inva-
sion, ultimately leading to the best rehabilita-
tion outcomes [7, 8]. However, the key to
achieving accurate hepatectomy lies in the
proper assessment of liver reserve function
and residual liver volume, as well as a thorough
understanding of intrahepatic and tumor ana-
tomic structures [9]. The ICG R15 (indocyanine
green retention rate at 15 minutes) is a quanti-
tative indicator that has been widely accepted
for assessing liver reserve function, and it has
been shown to be a prognostic factor for liver
cirrhosis patients undergoing hepatectomy
[10]. Many researchers have proposed safety
limit evaluation systems for hepatectomy
based on the ICG R15 [11, 12].

The digital three-dimensional (3D) reconstruc-
tion technique provides a clear and realistic dis-
play of the size, location, and shape of liver
tumors, as well as their spatial relationship with
the intrahepatic vascular and biliary systems
[13]. It can also perform individualized liver seg-
mentation based on the 3D images to reveal
the course of the Glisson system and the pre-
cise location of the tumor in the liver segment
relative to the blood vessels [14, 15]. The visu-
alization of intrahepatic and tumor anatomic
structures using digital 3D technology greatly
enhances the accuracy of surgical planning for
hepatectomy [16]. For instance, the clear dis-
play of the S4 hepatic vein provides a reliable
basis for performing right hemihepatectomy or
right third hepatectomy [17]. The imaging of the
right posterior inferior vein can prevent inadver-
tent resection of S7 and 8 tumors by enlarging
the right half of the liver, allowing for combined
resection instead to achieve radical resection
[17]. Similarly, the display of the portal vein
helps surgeons avoid injuring or cutting off the
right anterior branch during left hemihepatec-
tomy, which could otherwise lead to postopera-
tive liver failure and complications [18].

The digital three-dimensional (3D) reconstruc-
tion technique uses computer image process-
ing to transform 2D sectional image sequences
from ultrasound, computed tomography, and
magnetic resonance imaging into 3D images
that enable deep mining, prediction, and analy-
sis of massive image data files, leading to
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highly accurate diagnoses [19]. Compared to
traditional 2D imaging techniques, digital 3D
reconstruction provides a more intuitive, clear,
and multi-angled view that includes an intrahe-
patic vascular display system, allowing for pre-
cise identification of lesion locations, surgical
margins, and liver volume estimation. Further-
more, this technology enables surgical simula-
tions and is beneficial in preoperative evalua-
tions, surgical planning, and guidance for pre-
cise liver resection strategies. For instance,
Igami et al. employed 3D printed transparent
liver models to identify small liver cancers that
could not be detected by intraoperative ultra-
sound, demonstrating promising results for the
surgical removal of these tiny tumors [20].
While the digital 3D reconstruction technique
has shown excellent results in precision liver
surgery, it is still in the developmental stages,
and its efficacy and safety need to be further
investigated.

The objective of this study was to assess resid-
ual liver volume and liver reserve function in
patients with liver cancer, using both 3D tech-
nology and ICG R15 technology. The visualiza-
tion provided by 3D technology guides hepatec-
tomy surgical planning, leading to increased
rates of surgical resection and radical resec-
tion, as well as improved accuracy and safety
during surgery. This approach reduces surgical
trauma and postoperative complications in
liver cancer patients and decreases tumor
recurrence rates following surgery. Ultimately,
the findings of this study contribute towards
developing a more effective and streamlined
hepatectomy procedure for patients with liver
cancetr.

Data and methods
Study design and patients

This study was approved by the ethics commit-
tee of Ganzhou People’s Hospital and adopted
a retrospective cohort study design. Through
the electronic medical record system, 212
patients who underwent precision hepatecto-
my in primary liver cancer in Ganzhou People’s
Hospital from January 2017 to December 2021
were selected according to the following inclu-
sion criteria: 1) Patients with liver cancer
defined as detection of typical liver cancer
imaging features or blood indicators based on
the clinical criteria for probable liver cancer as
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Figure 1. The digital three-dimensional reconstruction technique. A, B: Digi-
tal three-dimensional visualization showed the spatial relationship between
the right portal vein branch and the right hepatic artery, as well as intrahe-
patic migration, which was consistent with that during the operation. C, D:
Digital three-dimensional visualization showed intrahepatic duct structure at
the level of liver transection. E, F: Digital three-dimensional visualization that
showed right posterior inferior hepatic vein was consistent with that during
operation. G, H: Digital three-dimensional visualization that showed guiding
surgical planning was consistent with the actual surgical findings.

described by the National Institute on cancer’s
Association [21]. 2) Patients aged >18 years. 3)
Patients with liver function Child Pugh grade A
or B, improved to grade A after short-term liver
protection treatment. 4) Patients without exten-
sive extrahepatic metastasis. 5) Patients with
less than 5 tumor lesions, confined to either
2-3 adjacent liver segments or half of the liver.
6) Patients undergo the ICG excretion test in
combination with either digital three-dimen-
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sional reconstruction tech-
nique or traditional two-
dimensional images, as a
form of preoperative evalua-
tion method. 7) Patients with
complete basic information
and laboratory examination
data.

We excluded 1) patients who
are in poor condition or have
severe heart, lung, kidney, or
other important organ dis-
eases or may not be able to
undergo surgery due to their
health status, 2) patients
with liver function catego-
rized as Child-Pugh Grade C
or B who may not be able to
improve to Grade A even after
undergoing short-term liver
protection treatment, 3) pa-
tients with extensive intrahe-
patic or extrahepatic metas-
tasis, 4) patients with tumors
that have invaded the first
and second hepatic hilum, 5)
patients with recurrent liver
cancer, or 6) patients with
incomplete clinical data.

The dataset consisting of 90
patients was divided into two
groups, experimental (n=50)
and control (n=40), based on
the preoperative evaluation
method. The experimental
group was subjected to the
digital three-dimensional re-
construction technique com-
bined with indocyanine green
(ICG) excretion test. In this
process, the three-dimen-
sional models of patients
were observed from multiple
angles by the researcher, who also remem-
bered the preoperative surgical plan. Various
values such as total liver volume, segmental
volumes, liver parenchymal volume, tumor vol-
ume, estimated volume of resected liver,
reserved liver volume, and resection rate of
liver parenchyma were calculated (as shown in
Figure 1). The operation mode was determined
using the ICG 15 test. On the other hand, the
control group received preoperative resectabil-
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212 cases undergoing major
open abdominal surgery

152 cases

90 cases entered the
analysis

Experimental group (n=50) Control group (n=40)

ity evaluation based on traditional two-dimen-
sional images combined with indocyanine
green (ICG) excretion test. The surgeon made a
comprehensive assessment of various factors
such as the patient’s general condition, Child-
Pugh grade, portal hypertension, transaminase
level, hepatitis B DNA level, CT or MRI three-
phase enhanced scanning. This evaluation was
jointly completed by two chief physicians of
hepatobiliary surgery and one senior associate
chief physician of imaging specialty. Finally, the
hepatectomy plan was drawn up before the
operation. A flow diagram detailing the selec-
tion of patients is shown in Figure 2.

Data collection

Preoperative data of eligible patients, including
gender, age, BMI, comorbid conditions (coro-
nary heart disease, hypertension, diabetes,
coronary heart disease and smoking history)
were collected from the patient records.
Moreover, we recorded the 3D reconstruction
of thin slice CT data and indocyanine green
(ICG) excretion test.

Intraoperative data obtained from anesthesia
and medical records included intraoperative
estimated blood loss and operation time.

The clinical data of one day after surgery, which
comprised liver function, positive liver resec-
tion margin, recrudescence, and hospital stay,
and mortality within 30 days after surgery were
also extracted.

3514

Excluded(n=60):
- 27 cases aged < 18 years old
- 12 cases with extensive extrahepatic metastasis

- 9 cases with tumor invaded the first and second hepatic hilum

before the operation
- 7 cases with recurrent liver cancer

5 cases who undergo preoperative evaluation but did not

undergo surgery due to that the evaluation showed high risk

Excluded(n=62):
- 62 cases with incomplete clinical data

Figure 2. Flow chart showing recruitment.

Outcome measures

The primary indication included: resectability
and the accuracy of preoperative surgical plan-
ning, whichwere evaluated by 2D imaging and
3D combined with ICG 15.

The secondary indication included: Intrao-
perative bleeding volume; Operation time;
Postoperative complication rate; perioperative
mortality; RO resection rate; hospital stay;
survival rate; general characteristics of the
participants, ALT, AST, TBIL, and ALB of liver
function after operation. All indicators were
tested and evaluated before and one week
after operation.

Statistical analysis

SPSS13.0 statistical software was used for
data statistics. The ratio of rates between the
two groups was determined by x? test. The
measured data between groups were analyzed
by ANOVA. The correlation between the two was
expressed by contingency coefficient C. The
closer Cis to 1, the stronger the correlation is.
P<0.05 was considered significant.

Results
Clinical data of the participants

Table 1 shows characteristics of the partici-
pants. Among those cases, we excluded: 27
cases aged <18 years old; 12 cases with exten-
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Table 1. Comparison of clinical data between the two groups

Experimental group (n=50) Control group (n=40) t/x? P

Age (years) 45.1+12.3 42.5+11.47 2.25 0.65
Sex 1.156 0.64

Male (n%) 29 (58.0%) 24 (60.0%)

Female (n%) 21 (42.0%) 16 (40%)
BMI 19.4+1.66 19.1+1.76 5.74 0.21
Hemoglobin (g/L) 120+145 123+148 5.64 0.22
Platelet count (x10/L) 1104152 117+203 743 0.13
Creatinine (u mol/L) 51+68 52471 5.72 0.31
PT (sec) 13.4+15.2 13+14.2 2.43 0.62
INR 1.02+1.21 0.99+1.11 3.12 0.609
Smoking 16 (32.0%) 16 (40.0%) 2.71 0.35
Cerebral infarction 7 (14.0%) 7 (17.5%) 2.96 0.33
Hypertension 17 (34.0%) 17 (42.5%) 1.79 0.26
Diabetes 10 (20.0%) 11 (27.5%) 1.29 0.19
Coronary heart disease 4 (8.0%) 6 (15.0%) 2.48 0.32

Note: Significant difference defined as P<0.05.

Table 2. Comparison of perioperative related indexes between two groups

Experimental group (n=50) Control group (n=40) t P
Intraoperative estimated blood loss (ml) 355.1+213.14 435.44231.16 -2.23 0.02
Operation time (min) 204.3+64.13 295.6+45.17 -2.17 0.03
Hospital stay 8.82+1.06 11.34+2.98 7.985 0.01

sive extrahepatic metastasis; 9 cases with
tumor invaded the first and second hepatic
hilum before the operation; 7 cases with recur-
rent liver cancer; 5 cases who undergo preop-
erative evaluation but did not undergo surgery
due to that the evaluation showed high risk;
and 62 cases with incomplete clinical data.
Finally, a total of 90 cases were included,
involving 50 patients in the experimental group
with a mean age (45.1+12.3) years old, and 40
in the control group with a mean age of
(42.5+11.47) years old. There was no signifi-
cant difference between the two groups in
terms of gender, smoking, cerebral infarction,
hypertension, diabetes, coronary heart dis-
ease, hemoglobin, BMI, platelet count, albu-
min, TB, DB, ALT, AST, creatinine, PT orINR level.

Comparative perioperative indexes between
the two groups

The intraoperative estimated blood loss
favored the experimental group by a mean of
355 ml (P=0.02) (Table 2). Operative time and
hospital stay favored the experimental group by
a mean time of 204 min (P=0.03).
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Comparison of postoperative complications

There were significant differences between the
two groups in terms of the symptoms of bile
leakage of liver wound (P=0.018), postopera-
tive bleeding (P=0.034), hepatic failure (P=
0.026), incision infection (P=0.029), pulmonary
infection (P=0.031) and rash (P=0.022) (Table
3).

Comparison of liver function

As shown in the Table 4, there were significant
differences between the two groups after
intervention in terms of AST (P=0.001), ALT
(P=0.0001), TBIL (P=0.001), and ALB (P=
0.026) (Table 4). This indicated that liver func-
tion was more improved in the experimental
group after intervention.

Comparison of positive margin of liver resec-
tion, recurrence rate, and mortality

The positive rate of liver resection margin and
recurrence rate in the experimental group were
lower than in the control group (P=0.021,
P=0.004) (Table 5).
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Table 3. Comparison of postoperative complications between the two groups

Experimental group (n=50)  Control group (n=40) X? P
Bile leakage of liver wound 2 (4.0%) 3 (7.5%) 8.98 0.018
Postoperative bleeding 6 (12.0%) 7 (17.5%) 7.88 0.034
Hepatic failure 2 (4.0%) 10 (25.0%) 8.58 0.026
Incision infection 3 (6.0%) 5 (12.5%) 7.45 0.029
Pulmonary infection 9 (18.0%) 11 (27.5%) 6.84 0.031
Total (occurrence rate) 22 (44.0%) 36 (90.0%) 8.98 0.022
Table 4. Comparison of liver function between the two groups after intervention
Time Experimental group (n=50) Control group (n=40) t P

ALT (U/L) Before intervention 75.17+11.32 73.08+11.28 0.029 0.977

After intervention 42.25+2.33 61.74+5.62 21.007 0.0001
TBIL (M mol/L)  Before intervention 19.88+2.63 19.78+2.71 0.174 0.863

After intervention 22.25+0.65 28.77+1.02 31.749 0.001
AST (U/L) Before intervention 43.21+10.65 43.18+10.58 0.013 0.990

After intervention 29.32+6.52 36.48+7.69 4.657 0.001
ALB (g/L) Before intervention 38.12+5.32 38.07+5.22 0.044 0.965

After intervention 35.65+10.02 31.32+7.52 2.265 0.026
R15 (%) Before intervention 7.1+8.1 6.915.2 0.064 0.668

After intervention 16.65+10.1 11.324+9.5 3.245 0.013
AR15 - 9.6+8.8 4.4+3.9 5.784 0.001

Note: AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TBIL: total bilirubin; ALB: albumin.

Table 5. Comparison of positive margin of liver resection, recurrence rate, and mortality between the
two groups

Experimental group (n=50)  Control group (n=40) X? P
Positive liver Resection margin 0 (0.00%) 5(11.63%) 5.309 0.021
Recurrence 4 (9.30%) 15 (34.88%) 8.174 0.004
Death 2 (4.65%) 6 (13.95%) 2.205 0.138

Table 6. Comparison of accuracy between the two groups

Experimental group (n=50) Control group (n=40) X2 P
Assessment of resected liver volume 255.32+81.2 201.32+91.5 13.345 0.003
Remaining (functional) liver volume 869.6+58.8 877.4+78.9 2.784 0.121
Actual resected liver volume 246.23+71.3 253.32+61.5 2.205 0.138
Accurate resection rate 48 (96%) 27 (67.5%) 9.194 0.014

Comparison of accuracy of the two groups nique combined with indocyanine green (ICG)
excretion test could improve the accuracy of

The assessment of resected liver volume preoperative surgical planning.

(resectability) in the experimental group was

larger than in the control group ((255.32+81.2)
vs. (201.32+91.5), P=0.003); moreover, the
accuracy rate of preoperative surgical planning
in the experimental group was higher than con-
trol group (P=0.014) (Table 6), indicating the
digital three-dimensional reconstruction tech-
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Discussion

Surgery is the primary treatment for primary
liver cancer, such as hepatectomy. This involves
removing the liver segment, liver lobe, or semi-
liver and any other tissues that contain tumors,
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while retaining enough normal liver tissue to
maintain liver function [22]. However, tradition-
al hepatectomy can leave large surgical trauma
that affects the patient’s postoperative recov-
ery and liver function, leading to a poor progno-
sis [23]. In recent years, there has been a
shift towards precision and minimally invasive
surgery in hepatobiliary surgery. By proposing
preoperative accurate evaluation and individu-
alized programs, surgeons can avoid intraoper-
ative injuries and reduce intraoperative bleed-
ing, while providing maximum protection to the
liver [24, 25]. The digital liver 3D reconstruction
system enables doctors to achieve quantitative
analysis of liver data, and make precise surgi-
cal planning based on analysis results, for sur-
gery to be performed in accordance with the
previously proposed plan [26-29]. With digital
three-dimensional reconstruction technology,
doctors can understand the residual volume of
the patient’s liver before surgery, observe the
tumor position and intrahepatic vessel dis-
placement from multiple angles, simulate the
cutting of tumor tissue, and timely adjust the
surgical plan, all of which improves the safety
of surgery [30]. Results show that laparoscopic
precision hepatectomy based on digital three-
dimensional technology significantly reduces
intraoperative blood flow when compared to
laparoscopic precision hepatectomy alone.
Precise preoperative evaluation based on
three-dimensional reconstruction technology
provides a reference for planning laparoscopic
precision hepatectomy, maximizing the remov-
al of lesions, reducing damage to surrounding
organs, retaining normal liver tissue to the max-
imum extent, reducing bleeding, and shorten-
ing hospital stay and anal exhaust time.

According to relevant research [31], postopera-
tive recurrence and metastasis of liver cancer
patients may be related to the surgical margin.
However, there is no consensus on a safe mar-
gin for early hepatectomy in patients with pri-
mary liver cancer. Improper selection of the
margin may lead to recurrence and affect
patient prognosis. While radical resection of
tumors requires a larger cutting edge for thor-
ough removal of focus tissue, a large cutting
edge in primary liver cancer patients can
reduce liver volume and damage liver function,
leading to decompensation [32]. Thus, accu-
rately grasping the scope of hepatectomy has
always been a focus of clinical research [33,
34]. Laparoscopic precise hepatectomy imple-

3517

mented in this study, assisted by digital three-
dimensional reconstruction technology, helps
to fully understand the spatial relationship
between vascular system and tumor, achieve
more accurate anatomical hepatectomy,
reduce the positive rate of liver resection mar-
gin, and improve survival rates [35-37]. Results
showed that laparoscopic precise hepatectomy
based on digital three-dimensional reconstruc-
tion technology led to lower rates of positive
margins and recurrence when compared to the
control group, indicating improved prognosis
for patients with primary liver cancer. Moreover,
the surgical scheme can be optimized under
the guidance of digital three-dimensional
reconstruction technology, enabling more accu-
rate and reliable handling of sectional blood
vessels and bile duct structures to reduce liver
damage. Comparison of liver function indica-
tors further showed that postoperative ALT,
TBIL, and AST were lower in the observation
group than the control group, while ALB was
higher, suggesting that laparoscopic precise
hepatectomy with digital three-dimensional
reconstruction technology can improve liver
function.

ICG uses infrared rays to monitor the concen-
tration of light-absorbing substances in the
blood, and indocyanine green is a superior red-
light-sensitive dye that accurately measures
the concentration of indocyanine green in the
blood, reflecting the functional state of liver
cells [38]. Factors affecting ICG clearance rate
include blood flow velocity, liver cell function,
and number. Liver reserve function post-hepa-
tectomy mainly depends on the reserve func-
tion of the original liver before surgery and the
weakening of liver function due to the operation
[39]. Surgery affects residual liver reserve func-
tion mainly through two aspects: ischemia-
reperfusion injury caused by blocking blood
flow to reduce bleeding during surgery and
hypoxia injury caused by intraoperative bleed-
ing [40]. Currently, ICG is widely used to evalu-
ate preoperative liver reserve function. In this
study, there was no significant difference in
preoperative R15 between the two groups, indi-
cating equivalent liver reserve function before
surgery. Post-surgery, AR15 in the control group
was significantly higher than the experimental
group (P<0.05), indicating a protective function
on liver reserve function in the experimental
group.
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Undoubtedly, our investigation has certain limi-
tations. First, this study is retrospective, and
data sources are limited by the medical record
system. As a result, some significant medical
record data of patients were not included,
including control of concomitant diseases,
trends in laboratory test indicators, types and
dosages of drugs, course of treatment, and
emotional and psychological state of patients
at the onset of symptoms. Second, as the
research population originates from a single
hospital, the study has certain constraints.
Therefore, a large-scale multicenter study is
necessary for further validation.

In summary, the combination of digital three-
dimensional reconstruction technique with the
indocyanine green (ICG) excretion test for pri-
mary liver cancer offers several advantages.
It helps to shorten the operation time and
minimize bleeding during the procedure.
Furthermore, it enables more precise resection
of lesions resulting in a greater improvement in
liver function while protecting the residual liver
more accurately and safely.
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