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Abstract

Objective Hepatobiliary surgery bares obstacles to informed consent for the patients due to its complexity and related risk
of postoperative complications. 3D visualization of the liver has been proven to facilitate comprehension of the spatial
relationship between anatomical structures and to assist in clinical decision-making. Our objective is to utilize individual
3D-printed liver models to enhance patient satisfaction with surgical education in hepatobiliary surgery.

Design, setting We conducted a prospective, randomized pilot study comparing 3D liver model-enhanced (3D-LiMo) surgi-
cal education against regular patient education during preoperative consultation at the department of Visceral, Thoracic and
Vascular Surgery, University Hospital Carl Gustav Carus, Dresden, Germany.

Participants Of 97 screened patients, undergoing hepatobiliary surgery, 40 patients were enrolled from July 2020 to Janu-
ary 2022.

Results The study population (n=40) was predominantly of male gender (62.5%) with a median age of 65.2 years and a high
prevalence of preexisting diseases. Underlying disease, warranting hepatobiliary surgery, was malignancy in the majority of
cases (97.5%). Patients in the 3D-LiMo group were more likely to feel very thoroughly educated and exhibited a higher level
of satisfaction following surgical education than the control group (80 vs. 55%, n.s.; 90 vs. 65%, n.s.; respectively). Applying
3D models was also associated with enhanced understanding of the underlying disease with regard to amount (100% vs. 70%,
p=0.020) and location of liver masses (95 vs. 65%, p=0.044). 3D-LiMo patients also demonstrated enhanced understanding
of the surgical procedure (80 vs. 55%, n.s.), leading to better awareness for the occurrence of postoperative complications
(88.9, vs. 68.4%, p=0.052). Adverse event profiles were similar.

Conclusion In conclusion, individual 3D-printed liver models increase patient satisfaction with surgical education and facili-
tate patients’ understanding of the surgical procedure as well as awareness of postoperative complications. Therefore, the
study protocol is feasible to apply to an adequately powered, multicenter, randomized clinical trial with minor modifications.
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Liver surgery is one of the most technically challenging pro-  intrahepatic anatomy of the vasculature and biliary tree with
cedures in the field of abdominal surgery due to the complex  frequent variations. In the last decades, advancements in
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perioperative patient care have increased the safety of liver
resections [1, 2], directly increasing the number of patients
suitable for surgery. Simultaneously, advancements in resec-
tion techniques have let to more complex surgical proce-
dures. As a result, literacy of the proposed surgery as well as
the underlying disease become even more relevant to allow
for informed consent. Surgeons play an important role in this
process, satisfying the informational need of patients while
setting realistic expectations. Yet, opportunities to engage
the patients during preoperative consultation are frequently
missed [3-5].

3D visualization has gained broad applications in preop-
erative planning and intraoperative navigation particularly in
hepatobiliary surgery [6, 7]. Routine two-dimensional com-
puted tomography (CT) angiography provides a restricted
apprehension of spatial relation of anatomical structures [8].
Therefore, intraoperative ultrasound remains an indispen-
sable tool, but remains highly dependent on the surgeon’s
experience [6]. 3D visualization of the liver addresses these
hurdles [7]. With the development of 3D reconstruction
software and 3D printers, patient-specific 3D liver mod-
els become more accessible. [9] 3D-printed liver models
have already been applied to preoperative planning, surgi-
cal evaluation and intraoperative management of liver dis-
eases, thereby changing clinical practice [7, 10-12]. Virtual
or printed 3D liver models have proven to be more advan-
tageous to surgeons in visualizing the spatial relationship
between anatomical structures in comparison to two-dimen-
sional images [13, 14]. A recent systematic review by Emile
et al. showed positive effects of printed 3D models in surgery
of colon cancer with liver metastases- not only in resection
planning, but also in patient education [15]. Yang et al. used
patient-specific, printed 3D liver model in parental education
before liver surgery of children with hepatic tumors. Usage
of 3D models improved literacy of the liver anatomy, disease
characteristics and the proposed resection technique [16]. In
general, sufficient preoperative counseling, that satisfies the

patient’s informational curiosity, is benefiting post-operative
recovery in surgical patients [17].

While the educational benefit of 3D visualization in the
clinical setting for the operating surgeons- especially young
surgeons has been explored previously [13, 18], studies on
the potential benefit for patients in liver surgery are limited.
Here, we explore the application of individual 3D liver mod-
els during preoperative consultation to reinforce engagement
of the patient and thereby promote involvement in the deci-
sion-making process. We propose that individual 3D-printed
liver models subsequently result in superior patient satis-
faction with surgical consultation. Moreover, we suggest
that facilitated understanding of the surgical procedure also
influences the postoperative course through enhanced patient
compliance.

Material and methods
Study design

This study was designed as a prospective, non-blinded, ran-
domized controlled, monocentric pilot trial [19]. Patients
were prospectively randomized into an intervention
(3D-LiMo) group or control group using block randomiza-
tion technique with blocks of 5 patients each. Randomization
was performed by independent study nurses from the depart-
ments own center for clinical trials. Surgical education of
patients, randomized into the control group, was performed
using standard education sheets provided by Thieme (©
2022 Thieme Compliance GmbH) in addition to individual
drawing by the surgeons and CT or MRI 2D images. Patients
in the 3D-LiMo group received surgical education enhanced
by patient-specific 3D-printed liver model. Figure 1 displays
the time schedule of the study. Comprehension of the surgi-
cal procedure and satisfaction with patient education were
anonymously inquired through questionnaires at different
time points (Fig. 1). All questions were presented with 5
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Fig. 1 Flow diagram of the study protocol including time points of scheduled patient visitations, generation of the 3D liver models and data

acquisition
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answering choices: very true, true, undecided, not true, abso-
lutely not true. All aspects of the clinical trial were anony-
mously documented in the specific case report forms (CRFs)
at different timepoints (Fig. 1).

Patient population

97 patients, presenting in the outpatient clinic of the Sur-
gery Department in the University Hospital Dresden for
liver surgery between July 2020 and January 2022, were
screened for inclusion. Inclusion criteria implied age above
18 years, indication for liver resection and preoperative CT
imaging. In addition, a 2 weeks minimum time gap between
enrollment and preoperative consultation was required for
manufacturing of the 3D-printed models. A language bar-
rier, lack of compliance or cognitive impairment were con-
sidered exclusion criteria.

Virtual and printed 3D- liver models.

High resolution CT images with a maximum thickness of
5 mm and intravenous contrast medium were needed to iden-
tify and characterize the intrahepatic vessels (portal vein
and its branches, hepatic veins and their tributaries). 3D
reconstruction was carried out by MeVis (MeVis Medical
Solutions AG, Bremen, Germany) through its MeVis-Dis-
tant-Services (Fig. 2A). The STL files produced by MeVis
containing the parenchyma, hepatic veins, portal vein and
liver masses were modified using the Meshmixer (Autodesk,
California, USA) program. The reconstruction of the hepatic

parenchyma was transformed into a hollow object and about
one third of its ventral side was sectioned. Once the editing
was completed, it was exported as a single STL file. The
Ultimaker Cura 4.7 Software (Ultimaker, Utrecht, Nether-
lands) was used to generate the G-CODE files. Models were
printed on a scale of 1:1 using the Ultimaker S5 (Ultimaker,
Utrecht, Netherlands) (Fig. 2B, D). Polylactic acid (PLA)
tough white with a layer height of 0.2 mm was used for
the liver model and Polyvinyl alcohol (PVA) for its support
(Fig. 2C). 3D-printed parts were left overnight in a water
bath to remove the PVA.

Study endpoints

The primary endpoint of this study was patient satisfac-
tion with surgical education. Secondary endpoints included
understanding of the planned surgery, surgery length, con-
version to open surgery, postoperative blood transfusions,
postoperative morbidity and mortality, need of surgical
revision, postoperative interventions, postoperative length
of intensive care unit (ICU) stay and postoperative length
of hospital stay.

Statistics

The Kolmogorov—Smirnov test was used to assess distri-
bution of investigated parameters. Categorical and quan-
titative variables were analyzed using Fisher’s exact test
and unpaired t-test, respectively. Data was expressed
as meanz+standard deviation. Numeric variables were

Fig.2 A-B Virtual 3D liver model provided by MeVis ©, display-
ing the intrahepatic portal veins (PV), hepatic veins branching in the
inferior vena cava (VCI), as well as the liver tumor nodules; C-D
Hand-colored printed 3D liver model displaying dividing portal and

hepatic venous branches for demonstration purposes; E-F Person-
alized printed 3D liver model as used in the trial. Star symbol right
liver lobe
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expressed as median with interquartile range (IQR). The
values P <0.05 were considered statistically significant.
Statistical analysis was carried out using the software IBM
SPSS 25 (SPSS Statistics V25, IBM Corporation, Armonk,
New York).

Ethical aspects and trial registration

The study was conducted according to the Declaration of
Helsinki with waivers of informed consent of all patients.
Ethical approval by local ethics committee was obtained
before analysis (Number: BO-EK-168052020). The current
study was registered at the German Clinical Trials Register
(Deutsches Register Klinische Studien (DRKS)) with the
number DRKS00022397.

Results
Patient’s characteristics

N =40 patients were enrolled in this study and subsequently
equally randomized into two study groups (n =20 3D-LiMo

group and n=20 control group). The study population con-
sists of 62.5% male and 37.5% female patients with a median
age of 65.2 years. Patients showed a high prevalence of pre-
existing cardiovascular, gastrointestinal and endocrine dis-
eases (65, 50 and 35%, respectively, Table 1). The majority
of enrolled patients underwent any kind of previous surger-
ies (82.5%). 97.5% of enrolled patients suffered from malig-
nant disease. Main underlying diagnosis and indication for
surgery were colorectal liver metastases (52.5%) and hepa-
tocellular carcinoma (22.5%). The comparison of the two
groups revealed no significant difference in distribution of
basic characteristics (Table 1).

Patients’ satisfaction with surgical education
and perception of the 3D liver model.

Immediately after surgical and anesthesiological education,
patient’s satisfaction was inquired via questionnaire. No
significant differences were observed with satisfaction with
overall medical care, medical care by surgeons or nurses,
surgical preparations in general and anesthesiological prepa-
rations (Table 2). Nevertheless, 25% more patients of the
3D-LiMo group felt very well educated about the planned
surgery in comparison to the control group. In addition, a

Table 1 Basic patient

o Total n=40 3D-LiMo n=20 Control n=20  p-value
characteristics
Gender [n (%)] 0.74
Female 15 (37.5) 7 (35) 8 (40)
Male 25 (62.5) 13 (65) 12 (60)
Median age [years (range)] 65.2 (27-81) 67.55 (30-81) 62.85 (27-79) 0.18
BMI [mean (SD)] 28.7 (5.4) 27.8 (5.4) 29.6 (5.4) 0.29
Pre-existing disease [n (%)]
Cardiovascular disease 26 (65) 14 (70) 12 (60) 0.51
Gastrointestinal disease 20 (50) 12 (60) 8 (40) 0.21
Endocrine disease 14 (35) 7 (35) 7 (35) n.s
Neurologic /psychiatric disease 6 (15) 1(5) 5(25) 0.18
Liver cirrhosis [n (%)] 2(5) 1(5) 1(5) n.s
Liver steatosis [n (%)] 7(17.5) 4 (20) 3(15) n.s
Regular alcohol consumption [n (%)] 14 (35) 4 (20) 10 (50) 0.11
Nicotine abuse [n (%)] 6 (15) 3(15) 3(15) n.s
Medication [n (%)]
ASS 5(12.5) 4(20) 1(5) 0.34
New oral anticoagulants 2(5) 1(5) 1(5) n.s
Warfarin 2(5) 2 (10) 0(0) 0.49
Insulin 2(5) 1(5) 1(5) n.s
Previous surgery [n (%)] 33 (82.5) 19 (95) 14 (70) 0.09
Colorectal (CR) liver metastases 21 (52.5) 10 (50) 11 (55)
Cholangiocarcinoma 3(7.5) 1(5) 3 (15)
Hepatocellular carcinoma 11 (22.5) 7 (35) 4 (20)
Liver metastasis other than CR 3(7.5) 2 (10) 1(5)
Hepatolithiasis 1(2.5) - 1(5)
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higher percentage of patients felt very satisfied with medical
care in the surgical outpatient clinical (90 vs. 65%, respec-
tively) and with the surgeons (85 vs. 65%, respectively)
in the 3D-LiMo group in comparison to the control group
(Table 2). We also inquired about patients’ perception of
the individual 3D-printed liver models. The majority of
patients from the 3D-LiMo group claimed a better under-
standing of the proposed liver surgery (very true—70%,
true—20%). Moreover, patients indicated an improved
feeling and enhanced security about the proposed surgical
procedure (very true—60%, true—30% vs. very true—65%,
true—>5%; respectively). Although the medical management
of all patients was identical, patients of the 3D-LiMo group
felt better taken care of due to the 3D liver model (very
true—70%, true—30%). We inquired about the occurrence
of anxiety and confusion in reaction to the 3D-printed liver
models. All patients of the intervention group denied the
occurrence of anxiety and confusion during preoperative
education due to the usage of 3D models (Table 2).

Patient’s apprehension of the underlying disease
and planned surgery

We evaluated patient’s understanding of the planned surgical
procedure following surgical education. First, patients had to
name the surgical procedure in their own words, we saw that
most patients referred to unspecific terms (e.g. removal of
mass) without clarifying mass count and location or type of
resection (52.5%, data not shown). When asked to pick the
correct type of liver surgery from a displayed list (atypical
resection, anatomic resection, hemi-hepatectomy, associat-
ing liver partition and portal vein ligation for staged hepatec-
tomy, left or right lobe), 80% of patients from the 3D-LiMo
group and 55% of the control group correctly selected the
surgical procedure (p =0.176). Although significance was
not reached due to small population size, application of the
3D model increased apprehension of the surgical procedure
by 25% (Table 2). Moreover, patients of the 3D-LiMo group
were significantly more often capable of selecting the cor-
rect number of liver masses as well as their in comparison to
the control group (p =0.02 and 0.044 respectively) (Table 2).

Surgical procedures and postoperative clinical
course

The control and 3D-LiMo groups displayed no differences
in the length of the operation, intraoperative blood loss and
other characteristics of the surgical procedure. Also, none
of the patients experienced adverse events during surgery
(Table 3). During 11 out of 40 surgeries, a change of surgi-
cal concept occurred (5 and 6 times in the 3D-LiMo and
control groups, respectively). Causes for change of concept

included open conversion, impossibility of curative resection
due to peritoneal carcinomatosis, small size of the potential
liver remnant or underestimated number or size of malignant
masses (e.g. additional colorectal liver metastases). Patients,
who experienced a deviation of their surgical concept in
comparison to the proposed procedure, were not excluded
from the study. All cancer patients were offered psychosocial
oncology support.

Complications in the clinical postoperative course
occurred in both groups. Nevertheless, no significant dif-
ferences in the number of postoperative complications
between the two groups were observed (45% and 50% of
the 3D-LiMo or control group, respectively (Table 3)).
Complications included infected hematomas, bile leackage
or biloma, wound healing deficits, lymphatic fistula, burst
abdomen, COVID-19 infection, paralytic ileus, deep venous
thrombosis, lung embolism, pleural effusions, postoperative
bleeding, sepsis, liver failure and delirium. We also com-
pared length of ICU and total hospital stay and were not able
to detect distinctions (Table 3).

Postoperative patient satisfaction was assessed on the
day of dismissal from the surgical ward. The majority of
patients in the control and 3D-LiMo group were visited by
the operating surgeon before (70% and 61.1%, respectively)
and/ or afterwards (75 and 80%, respectively). Patients in the
3D-LiMo group were significantly more likely to correctly
answer, whether postoperative complications have occurred,
in comparison to the control group (94.4 vs. 68.4%, respec-
tively, p=0.52). No significant difference was detected when
comparing satisfaction with medical care and hospital stay
overall (Table 3).

Follow-up evaluation 4 to 12 weeks after hospital
discharge

No differences in the occasion of complications, recurrence
of cancer or death was assessed (Supplementary table 1).
First, we assessed that 95% of control population correctly
recalled the event of complications in comparison to 67%
of patients in the 3D-LiMo group. Second, we evaluated
patient’s health awareness and satisfaction at the time of
follow-up. 75% of control patients were very satisfied with
surgical education in retrospect while only 61% of 3D-LiMo
patients classified themselves of that kind. Nevertheless, the
rest of 3D-LiMo patients (39%) was still satisfied (Supple-
mentary table 1).

Discussion
The present study analyzes whether a personalized

3D-printed liver model manifests an educational ben-
efit to patients, encourages their involvement in the
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Table 2 Preoperative patient questionnaire

Total n=40 3D-LiMo n=20 Control n=20 p-value
Satisfaction
How thoroughly educated do you fell about the planned surgery? [ (%)]
Very well 27 (67.5) 16 (80) 11 (55) 0.15
Well 11 (27.5) 4 (20) 7 (35)
Undecided 2(5) - 2 (10)
How satisfied are you with medical care in the surgical outpatient clinic overall?
Very satisfied 31(77.5) 18 (90) 13 (65) 0.16
Satisfied 8 (20) 2 (10) 6 (30)
Undecided 12.)5) - 1(5)
How satisfied are you with medical care by the surgeons in the outpatient clinic?
Very satisfied 30 (75) 17 (85) 13 (65) 0.28
Satisfied 8 (20) 2 (10) 6 (30)
Undecided 2(5) 1(5) 1(5)
How satisfied are you with medical care by the nurses in the outpatient clinic?
Very satisfied 29 (72.5) 15 (75) 14 (70) 0.34
Satisfied 10 (25) 5(25) 5(25)
Undecided 12.5) - 1(5)
How satisfied are you with surgical preparations in general?
Very satisfied 29 (72.5) 15 (75) 14 (70) 0.60
Satisfied 10 (25) 5(25) 5(25)
Undecided 12.5) - 1(5)
How satisfied are you with preparations for anesthesia in the outpatient clinic?
Very satisfied 30 (75) 16 (80) 14 (70) 0.50
Satisfied 8(20) 3(15) 5(25)
Undecided 2(5) 1(5) 1(5)
Comprehension
Patient correctly specified the surgery in her/his own words [ (%)] 37 (92.5) 20 (100) 17 (85) 0.20
Patient selected the correct type of surgery from a presented list [n (%)] 27 (67.5) 16 (80) 11 (55) 0.18
Patient stated the correct amount of masses to be removed [n (%)] 34 (85) 20 (100) 14 (70) 0.020
Patient located the masses in the correct liver lobe(s) [n (%)] 32 (80) 19 (95) 13 (65) 0.044
Patient correctly knew whether surgery will be performed open or laparo- 38 (95) 20 (100) 18 (90) 0.50
scopic [n (%)]
3D liver model
Due to the 3D liver model, I have a better understanding of the surgical procedure
Very true 14 (70)
True 4 (20)
Undecided 2 (10)
Because of the 3D liver model, I have a better feeling about the planned surgery
Very true 12 (60)
True 6 (30)
Undecided 2 (10)
As aresult of the 3D liver model, I feel more secure about the planned surgery
Very true 13 (65)
True 5(5)
Undecided 2 (10)
Because of the 3D liver model, I feel better taken care of
Very true 14 (70)
True 6 (30)
Due to the 3D liver model, I am more frightened of the surgery
Not true 2 (10)
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Table 2 (continued)
Total n=40 3D-LiMo n=20 Control n=20 p-value
Absolutely not true 18 (90)
The 3D liver model confused me
Not true 1(5)
Absolutely not true 19 (95)

decision-making process and thereby enhances patient’s
satisfaction. As surgical procedures of the liver have become
more complex and are frequently associated with postop-
erative complications, we applied patient questionnaires to
examine the level of surgical comprehension and level of
satisfaction with surgical education when 3D liver models
were applied in addition to preexisting informational sheets.
Overall, patient satisfaction with preoperative prepara-
tions was very high in general (Table 2, 75 vs. 70% in the
3D-LiMo or control groups, respectively). Most patients
were either very satisfied or satisfied with surgical (Table 2;
totalized 95% in either study groups) and anesthesiological
care (Table 2; totalized 95% in both groups). Although no
significant differences were observed with satisfaction with
overall medical care, surgical and anesthesiologic prepa-
rations; we observed higher percentages in the 3D-LiMo
group in comparison to the control group. 80% of patients
in the 3D-LiMo group felt very thoroughly educated about
the planned surgical procedure in comparison to 55% in the
control population (Table 2). This trend was also visible in
higher satisfaction with the surgical outpatient clinic (90
vs. 65% in the 3D-LiMo and control groups, respectively;
Table 2) and the surgeons (85 vs. 65% in the 3D-LiMo and
control groups, respectively; Table 2), which might be indi-
rectly linked to the printed liver model. Interestingly no dif-
ference in percentages was observed with satisfaction with
the nurses and preparations in general. We did not observe
a saving of time due to the application of the 3D models
during preoperative consultation.

The current study revealed that surgical education
applying 3D models was associated with enhanced disease
understanding as 3D-LiMo patients were significantly more
likely to correctly point out the number of liver masses (100
vs. 70% in the 3D-LiMo and control groups, respectively;
p=0.02; Table 2) as well as their location (95 vs. 65% in
the 3D-LiMo and control groups, respectively; p =0.044;
Table 2). 3D-LiMo patients also demonstrated enhanced
understanding of the surgical procedure as they were more
likely to correctly select the surgical procedure from a dis-
played list (80 vs. 55% in the 3D-LiMo and control groups,
respectively; Table 2). The need for interventions to improve
preoperative decision-making and manage postoperative
expectations has been addressed by previous studies [4,
5]. The application of visual and haptic 3D liver models

could play a pivotal role in engaging patients in preopera-
tive decision-making process and prepare them for expected
and unexpected outcomes. When questioned about the post-
operative clinical course, patients of the 3D-LiMo group
revealed a significantly increased awareness for the occur-
rence of postoperative complications (94.4% vs. 68.4% in
the 3D-LiMo and control groups, respectively; p=0.052;
Table 3). Although no significant differences in the postoper-
ative occurrence of complications or post-operative recovery
were detected, we do suggest that enhanced health literacy
leads to increased patient compliance. The level of literacy
and satisfaction of patient’s knowledge on their disease and
the planned surgical procedure is positively correlated with
the length of hospitalization and the incidence of postopera-
tive complications in general surgery patients [17, 20]. To
our knowledge, no clinical studies evaluating this influence
on patients undergoing liver surgery exists yet. We suggest
that the small study population is responsible for the lack of
a difference in postoperative outcome in our study.

We were not able to detect an effect of the 3D model
on patient satisfaction at the end of the hospital stay or at
the follow-up appointment. We suggest that satisfaction lev-
els at these time points are more dependent on the medical
care at the surgical ward including nurses and physicians,
occurrence of complications and the overall success of the
surgery. The two study groups did not display a significant
difference in morbidity, mortality, length of intensive care
unit or total hospital stay.

The present study has limitations. First, the pilot trial
design of the study leads to a small study population of 40
patients in total. This small number of enrolled patients
lowered the likelihood of detecting significant differences.
Nevertheless, this study serves as proof of principle for the
application of 3D liver visualization during preoperative
consultation and the justification of future clinical studies.
Second, this study was conducted as a single center expe-
rience. Nevertheless, as we aimed to assess educational
benefit and satisfaction in patients, we suggest that this
limitation did not affect our results and conclusions. Third,
the high requirements of the CT scan and time expenditure
of generating the 3D-printed models individually for each
patient resulted in low recruitment rates. Resource-intensive,
patient-specific 3D models pose an additional expenditure to
hospitals. Despite this direct increase in financial costs, we
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Table 3 Specification of surgical procedure, postoperative clinical course and postoperative patient questionnaire

Totaln=40  3D-LiMon=20 Controln=20 p-value

Specification of surgical procedure

Surgical procedure [n (%)] 0.44
Atypical resection 12 (30) 7 (35) 5(25)
Anatomical resection 7(17.5) 3(15) 4 (20)
Bisegmentectomy 5(12.5) - 5(25)
Right hemihepatectomy 5(12.5) 3(15) 2 (10)
Left hemihepatectomy 2(5) 2 (10) -
ALPPS 6 (15) 3(15) 3(15)
Exploratory laparotomy 3(7.5) 2 (10) 1(5)
Mean time of operation [mean (SD) in min] 230.7 (115.8) 249.8 (141.8) 211.5 (81.7) 0.30
Mean intraoperative blood loss [mean (SD) in ml] 711.0 (768.5) 683.2 737.5(735.2) 0.87
(821.4)
Surgical approach [n (%)]
Open 33 (82.5) 18 (90) 15 (75)
Laparoscopic 3(7.5) - 3(15)
Open conversion 4 (10) 2 (10) 2 (10)
Change of surgical concept [ (%)] 11 (27.5) 5(25) 6 (30) n.s
Count of Pringle maneuver [n (%)] 0.70
0 21 (52.5) 12 (60) 9 (45)
1-3 17 (42.5) 8 (40) 9 (45)
>3 2(5) - 2(10)

Occurrence of intraoperative adverse events - - -
Postoperative clinical course

Postoperative ultrasound [n (%)] 21 (27.5) 10 (50) 11 (55) n.s
Postoperative computed tomography (CT) [1n (%)] 20 (50) 12 (55) 9 (45) n.s
Occurrence of postoperative ascites [n (%)] 12 (30) 7 (35) 5(25) n.s
Postoperative blood transfusions [mean (SD) in units] 1.75 (7.4) 3.1(10.3) 0.4 (1.0) 0.25
Postoperative complication [n (%)] 19 (47.5) 9 (45) 10 (50) 0.5
Postoperative intervention [n (%)] 9 (22.5) 4 (20) 5(25) 0.50

PTCD* 1 1 -

Upper endoscopy, ERCP* 3 3 -

Interventional angiography 3 2 1

US- or CT-guided drainage* 5 1 4

Portal vein embolization 2 1 1
Occurrence of surgical revision [n (%)] 6 (15) 4 (20) 2 (10) 0.66
Postoperative mortality [n (%)] 2(5) 2 (10) - 0.24
Length of intensive care unit stay [mean (SD) in days] 2.7 (8.2) 43(11.4) 1.1 (1.6) 0.21
Length of hospital stay [mean (SD) in days] 17.6 (13.7) 20.1 (16.1) 15.0 (10.5) 0.43
Patient satisfaction n=38 n=18 n=20
Preoperative visitation by operating surgeon [n (%)]: 25 (65.8) 11 (61.1) 14 (70) 0.41
Postoperative visitation by operating surgeon [7 (%)]: 31 (77.5) 16 (80) 15 (75) 0.66
Satisfaction with medical care at the ward? [n (%)]

Very satisfied 20 (52.6) 9 (50) 11 (55) 0.76

Satisfied 15 (39.5) 7 (38.9) 8 (40)

Undecided 2(5.3) 1(5.6) 1(5)

Dissatisfied 1(2.6) 1(5.6) -
Satisfaction with care by physicians at the ward? [n (%)]

Very satisfied 28 (73.7) 13 (72.2) 15 (75) 0.56

Satisfied 8 (21.1) 4(22.2) 4(20)

Undecided 1(2.6) - 1(5)
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Table 3 (continued)

Totaln=40  3D-LiMon=20 Controln=20 p-value

Dissatisfied 1(2.6) 1(5.6) -

Satisfaction with care by the nurses at your ward? [n (%)] 0.22
Very satisfied 25 (68.4) 11 (61.1) 15 (75)

Satisfied 9(23.7) 4(22.2) 5(25)
Undecided 3(7.9) 3(16.7) -

Satisfaction with your hospital stay overall? [n (%)] n.s.
Very satisfied 20 (52.6) 10 (55.6) 10 (50) 0.93
Satisfied 16 (42.1) 7(38.9) 9 (45)

Undecided 2(5.3) 1(5.6) 1(5)

Patients’ comprehension n=38 n=18 n=20

Patient correctly stated whether the surgery was carried out as planned? [n (%)] 31 (83.3) 16 (88.9) 15 (78.9) 0.66

Patient correctly recalled the occurrence of postoperative complications? [n (%)] 30 (81.1) 17 (94.4) 13 (68.4) 0.052

*PTCD percutaneous transhepatic cholangiography, ERCP endoscopic retrograde cholangiopancreatography, US ultrasound, CT computed

tomography

suggest that application of 3D models reduce overall costs
of hospitalization eventually. Despite our focus on improve-
ment of patient’s literacy of their disease and the planned
surgical procedure, we see the advantage of 3D models
in their diverse application. Individualized 3D anatomi-
cal models of the liver can improve pre-operative planning
through enhanced visualization of the specific patient’s liver
anatomy and facilitated comprehension of anatomic relation
of tumors to the intrahepatic vasculature [21]. In addition to
pre-operative planning, 3D visualization can be used for nav-
igation during liver resection. In comparison to regular 2D
visualization, application of 3D models positively impacts
the operation itself by decreasing blood loss, operation time
and the occurrence of postoperative complications [22, 23].

Conclusion

In conclusion, individual 3D-printed liver models increase
patient satisfaction with surgical education immediately
following patient education. Besides this comforting value,
liver models implicate an educational benefit for patients
and reinforce patients’ engagement in the decision-making
process. Patients of the 3D-LiMo group were significantly
more likely to correctly state the number and location of
liver masses. Enhanced understanding of the surgical proce-
dure in the 3D-LiMo group transferred into a higher aware-
ness of postoperative complications. As a result, the current
study protocol is feasible to apply to an adequately powered,
multicenter, randomized clinical trial with minor modifi-
cations. Based on our finding, we strongly recommend the
application of 3D-printed models during patient education
whenever available.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-023-09915-w.

Author contributions CR: designed the clinical trial. All authors con-
tributed to the study conception. Material preparation, data collection
and analysis were performed by CR, SD, EGB, SG and FO. The first
draft of the manuscript was written by EGB and CR and all authors
commented on previous versions of the manuscript. All authors read
and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript.

Declarations

Disclosure Dr. med. Esther Giehl-Brown, Dr. med. Sandra Dennler, Dr.
med. Sebastian A. Garcia, Dr. med. Danilo Seppelt, Dr. med. Florian
Oehme, Dr. med. Johannes Schweipert, MHBA, Prof. Dr. med. Jiirgen
Weitz, MSc and PD Dr. med. Carina Riediger, MSc, have no conflicts
of interest or financial ties to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Yang S, Lin H, Song J (2021) Efficacy and safety of various pri-
mary treatment strategies for very early and early hepatocellular

@ Springer


https://doi.org/10.1007/s00464-023-09915-w
http://creativecommons.org/licenses/by/4.0/

4554

Surgical Endoscopy (2023) 37:4545-4554

10.

11.

13.

carcinoma: a network meta-analysis. Cancer Cell Int 21(1):681.
https://doi.org/10.1186/s12935-021-02365-1

DelPiccolo N, Onkendi E, Nguyen J et al (2020) Outcomes of
minimally invasive versus open major hepatic resection. J Lapar-
oendosc Adv Surg Tech A 30(7):790-796. https://doi.org/10.1089/
lap.2019.0615

Braddock C, Hudak PL, Feldman JJ, Bereknyei S, Frankel RM,
Levinson W (2008) “Surgery is certainly one good option”: qual-
ity and time-efficiency of informed decision-making in surgery.
J Bone Joint Surg Am 90(9):1830-1838. https://doi.org/10.2106/
JBJS.G.00840

Nabozny MJ, Kruser JM, Steffens NM et al (2017) Patient-
reported limitations to surgical buy-in: a qualitative study of
patients facing high-risk surgery. Ann Surg 265(1):97-102.
https://doi.org/10.1097/SLA.0000000000001645

Steffens NM, Tucholka JL, Nabozny MJ, Schmick AE, Brasel
KJ, Schwarze ML (2016) Engaging patients, health care profes-
sionals, and community members to improve preoperative deci-
sion making for older adults facing high-risk surgery. JAMA Surg
151(10):938-945. https://doi.org/10.1001/jamasurg.2016.1308
Hackl C, Bitterer F, Batista Platz, da Silva N, Jung EM, Schlitt
HJ (2020) Intraoperative ultrasound in visceral surgery. Chirurg
91(6):474-480. https://doi.org/10.1007/s00104-020-01142-6
Fang C, AnJ, Bruno A et al (2020) Consensus recommendations
of three-dimensional visualization for diagnosis and management
of liver diseases. Hepatol Int 14(4):437-453. https://doi.org/10.
1007/s12072-020-10052-y

Haberman DM, Andriani OC, Segaran NL et al (2022) Role of CT
in two-stage liver surgery. Radiographics 42(1):106—124. https://
doi.org/10.1148/rg.210067

Wang Y, Zhang Y, Peitgen HO et al (2012) Precise local resection
for hepatocellular carcinoma based on tumor-surrounding vascular
anatomy revealed by 3D analysis. Dig Surg 29(2):99-106. https://
doi.org/10.1159/000336289

Igami T, Nakamura Y, Oda M et al (2018) Application of three-
dimensional print in minor hepatectomy following liver partition
between anterior and posterior sectors. ANZ J Surg 88(9):882—
885. https://doi.org/10.1111/ans.14331

Kuroda S, Kobayashi T, Ohdan H (2017) 3D printing model of
the intrahepatic vessels for navigation during anatomical resection
of hepatocellular carcinoma. Int J Surg Case Rep 41:219-222.
https://doi.org/10.1016/j.ijscr.2017.10.015

. Mise Y, Hasegawa K, Satou S et al (2018) How has virtual hepa-

tectomy changed the practice of liver surgery?: experience of 1194
virtual hepatectomy before liver resection and living donor liver
transplantation. Ann Surg 268(1):127-133. https://doi.org/10.
1097/SLA.0000000000002213

Oshiro Y, Mitani J, Okada T, Ohkohchi N (2017) A novel three-
dimensional print of liver vessels and tumors in hepatectomy. Surg
Today 47(4):521-524. https://doi.org/10.1007/s00595-016-1383-8

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

Zein NN, Hanouneh IA, Bishop PD et al (2013) Three-dimen-
sional print of a liver for preoperative planning in living donor
liver transplantation. Liver Transpl 19(12):1304—1310. https://doi.
org/10.1002/1t.23729

Emile SH, Wexner SD (2019) Systematic review of the applica-
tions of three-dimensional printing in colorectal surgery. Colorec-
tal Dis 21(3):261-269. https://doi.org/10.1111/codi.14480

Yang T, Tan T, Yang J et al (2018) The impact of using three-
dimensional printed liver models for patient education. J Int
Med Res 46(4):1570-1578. https://doi.org/10.1177/0300060518
755267

Koivisto JM, Saarinen I, Kaipia A et al (2020) Patient education
in relation to informational needs and postoperative complications
in surgical patients. Int J Qual Health Care 32(1):35-40. https://
doi.org/10.1093/intghc/mzz032

Baimakhanov Z, Soyama A, Takatsuki M et al (2015) Preoperative
simulation with a 3-dimensional printed solid model for one-step
reconstruction of multiple hepatic veins during living donor liver
transplantation. Liver Transpl 21(2):266-268. https://doi.org/10.
1002/1t.24019

Thabane L, Ma J, Chu R et al (2010) A tutorial on pilot studies:
the what, why and how. BMC Med Res Methodol 10:1. https://
doi.org/10.1186/1471-2288-10-1

Wright JP, Edwards GC, Goggins K et al (2018) Association of
health literacy with postoperative outcomes in patients undergoing
major abdominal surgery. JAMA Surg 153(2):137-142. https://
doi.org/10.1001/jamasurg.2017.3832

Yang T, Lin S, Xie Q et al (2019) Impact of 3D printing technol-
ogy on the comprehension of surgical liver anatomy. Surg Endosc
33(2):411-417. https://doi.org/10.1007/s00464-018-6308-8
Fang CH, Zhang P, Zhou WP et al (2020) Efficacy of three-
dimensional visualization technology in the precision diagnosis
and treatment for primary liver cancer: a retrospective multi-
center study of 1 665 cases in China. Zhonghua Wai Ke Za Zhi
58(5):375-382. https://doi.org/10.3760/cma.j.cn112139-20200
220-00105

Lang H, Radtke A, Hindennach M et al (2005) Impact of virtual
tumor resection and computer-assisted risk analysis on operation
planning and intraoperative strategy in major hepatic resection.
Arch Surg 140(7):629-38. https://doi.org/10.1001/archsurg.140.7.
629. (discussion 638)

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1186/s12935-021-02365-1
https://doi.org/10.1089/lap.2019.0615
https://doi.org/10.1089/lap.2019.0615
https://doi.org/10.2106/JBJS.G.00840
https://doi.org/10.2106/JBJS.G.00840
https://doi.org/10.1097/SLA.0000000000001645
https://doi.org/10.1001/jamasurg.2016.1308
https://doi.org/10.1007/s00104-020-01142-6
https://doi.org/10.1007/s12072-020-10052-y
https://doi.org/10.1007/s12072-020-10052-y
https://doi.org/10.1148/rg.210067
https://doi.org/10.1148/rg.210067
https://doi.org/10.1159/000336289
https://doi.org/10.1159/000336289
https://doi.org/10.1111/ans.14331
https://doi.org/10.1016/j.ijscr.2017.10.015
https://doi.org/10.1097/SLA.0000000000002213
https://doi.org/10.1097/SLA.0000000000002213
https://doi.org/10.1007/s00595-016-1383-8
https://doi.org/10.1002/lt.23729
https://doi.org/10.1002/lt.23729
https://doi.org/10.1111/codi.14480
https://doi.org/10.1177/0300060518755267
https://doi.org/10.1177/0300060518755267
https://doi.org/10.1093/intqhc/mzz032
https://doi.org/10.1093/intqhc/mzz032
https://doi.org/10.1002/lt.24019
https://doi.org/10.1002/lt.24019
https://doi.org/10.1186/1471-2288-10-1
https://doi.org/10.1186/1471-2288-10-1
https://doi.org/10.1001/jamasurg.2017.3832
https://doi.org/10.1001/jamasurg.2017.3832
https://doi.org/10.1007/s00464-018-6308-8
https://doi.org/10.3760/cma.j.cn112139-20200220-00105
https://doi.org/10.3760/cma.j.cn112139-20200220-00105
https://doi.org/10.1001/archsurg.140.7.629
https://doi.org/10.1001/archsurg.140.7.629

	3D liver model-based surgical education improves preoperative decision-making and patient satisfaction—a randomized pilot trial
	Abstract
	Objective 
	Design, setting 
	Participants 
	Results 
	Conclusion 

	Material and methods
	Study design
	Patient population
	Virtual and printed 3D- liver models.
	Study endpoints
	Statistics
	Ethical aspects and trial registration

	Results
	Patient’s characteristics
	Patients’ satisfaction with surgical education and perception of the 3D liver model.
	Patient’s apprehension of the underlying disease and planned surgery
	Surgical procedures and postoperative clinical course
	Follow-up evaluation 4 to 12 weeks after hospital discharge

	Discussion
	Conclusion
	Anchor 23
	References




