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Dr. Liver: a User-Centered Liver Surgery Planning System

Image
Processing

Quantitative
Analysis

Anatomical
Visualization

Safe &
Rational
Surgery

 Volumetric measurement 
of the liver, vessels, tumors, 
liver segments, the remnant, 
and/or graft

 3D Reconstruction of the liver, 
vessels, and tumor(s) from CT 
volume dataset

 Liver anatomical segmentation
 Virtual resection simulation

 Location & size of the tumor(s)
 Vascular structure
 Liver segments
 Location, orientation, and 

shape of the Cutting plane
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Use Scenario: Overall

S1.1. Seed point selection

S1.2. Liver extraction

S1.3. Contour editing

S1.4. Update & save

S2.1. Mask the liver

S2.2. Seed point selection

S2.3. Vessel extraction

S2.4. Contour editing

S2.5. Update & save

S3.1. Seed point selection

S3.2. Tumor extraction

S3.3. Contour editing

S3.4. Update & save

Plane-based

S4.1.1. Plane generation

S4.1.2. Confirm segmentation

S4.1.3. Segment management

Sphere-based

S4.2.1. Load the liver

S4.2.2. Remove segment

S4.2.3. Update & save

S4.2.4. Segment management

Plane-based

S5.1.1. Load files

S5.1.2. Point selection

S5.1.3. Plane generation

S5.1.4. Volume calculation

Segment-based

S5.2.1. Load segments

S5.2.2. Cut by segments

Sphere-based

S5.3.1. Load the liver

S5.3.2. Liver resection

S5.3.3. Update & saveEntire processing time: 20 ~ 30 min 
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Use Scenario: Liver Extraction

S1(M). Seed point 
selection

• Multiple seed 
point selection
on liver using 
the mouse

S2(A). Liver 
extraction

S3(M). Contour    
editing

S4(A). Update & 
save

• Liver extraction 
using our hybrid 
method

• Liver contour 
verification

< 1 min < 2 min < 2 min < 1 min

• Liver contour 
editing using a 
scalable editing 
sphere

Total 2 ~ 3 min

• Update of the 3D liver
• Liver surface 

smoothing
• Liver extraction result 

saving
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User Interface: User-Friendly Features

3D view indication cube and 
resetting buttons

Hotkey menus

Hierarchical drop-
down menus

Procedure status 
indication coding

Procedure status 
color coding
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Advanced Features: MRI Analysis (1/3)

 Developed especially for visualization and volumetric measurement of bile duct in 
liver surgery planning
 Module 1: extraction of the liver, vessels, tumor(s) and bile duct from only MRI 
 Module 2: extraction of the liver, vessels, and tumor(s) from CT, extraction of 

the bile duct from MRI non-rigidly registered to CT 

Non-rigid 
registration

Liver, PV, HV, 
& HA 
reconstructed 
from CT

Bile duct 
reconstructed 
from MRI

CTMRI

Integrated 
result

Liver, PV, HV, 
HA, & BD (yellow) 
reconstructed 
from MRI

MRI
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Module 1: Analysis from Only MRI 
S1(SA). Liver  

extraction 
(MRI)

• Liver extraction 
using our 
proposed hybrid 
method

S2(SA). Vessel 
extraction 
(MRI)

S3(SA). BD 
extraction 
(MRI)

S4(SA). Surgery 
Planning

• Vessel extraction 
using our 
proposed method 
(long editing time 
due to low contrast 
of MRI)

3 ~ 5 min 15 ~ 20 min 2 ~ 3 min 1 ~ 2 min

• BD extraction 
using the same 
method as 
vessels

Total 30 min

• Resection simulation
• Volumetric

measurement
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Module 2: Non-Rigidly Registered CT & MRI
S2(SA). Liver  

extraction 
(CT)

S2(SA). Vessel 
extraction 
(CT)

S3(SA). BD 
extraction 
(MRI)

S4(SA). Surgery 
Planning

6 min 3 ~ 5 min 2 ~ 3 min 1 ~ 2 min2 ~ 3 min

Total 15 ~ 20 min

S1(A). Regis-
tration

• Liver extraction 
using our 
proposed hybrid 
method

• Vessel 
extraction using 
our proposed 
method

• BD extraction 
using the same 
method as 
vessels

• Resection simulation
• Volumetric

measurement

• Non-rigid 
registration 
between MRI & 
CT
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Advanced Features: Standard Liver Volume (SLV) Estimation

 Three regression equations used by Dr. Liver for SLV estimation

Author Regression models Adjusted
R2

Errors* Sample

Mean Median SD SE Nation Size Age

Yu et al. (2004) LV = 21.585 × BW0.732 × BH0.225 0.590 -27.96 -27.78 275.4 275.8 Korea 652
42.4
±

16.5

Urata et al. (1995) LV = 2.4 + 706.2 × BSA 0.962† 226.90 213.31 289.4 289.6 Japanese 96
11.1
±

8.8

Heinemann et al. 
(1999) LV = -345.7 + 1072.8 × BSA 0.300† -30.64 -29.88 281.5 281.7 Caucasian 1332

50.6
±

18.9

*Differences between actual LV data and corresponding regression estimates
†Values reported by Heinemann et al. and Urata et al.
BW: body weight, BH: body height, BSA: body surface area
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Advanced Features: Risk Prediction

 Risk prediction equation added to Dr. Liver proposed by Yamanaka et al. (1994)

Y = -84.6 + 0.933 PHRR + 1.11 ICG R15 + 0.999 age
where: PHRR = parenchymal hepatic resection rate

ICG R15 = indocyanine green dye retention rate 15 minutes after injection 
of 0.5 mg/kg

Y > 55: risky
45 < Y < 55: borderline
Y < 45: safe

Yamanaka et al. (1994)
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Surgery Planning for LDLT
S1(M). Data 

Preparation

• Data transfer 
from PACS

• Data cut

S2(SA). Liver 
extraction

S3(SA). PV & HV 
extraction

S4(SA). Surgery 
Planning

• Liver extraction 
using our 
proposed hybrid 
method

1 ~ 2 min 2 ~ 3 min 2 ~ 3 min 1 ~ 2 min

• Vessel 
extraction using 
our proposed 
method

• Exclude vessels
from the liver

Total 5 ~ 7 min

• Resection simulation
• Volumetric

measurement
• Print the liver surgery 

planning results

PACS Dr. Liver
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Graft Weight Estimation by Dr. Liver

 Proposed a regression model for graft weight estimation from preoperative vein 
free graft volume

GW = 29.1 + 0.943 × GVw/o_vein (Adj. R2 = 0.94)

Methods

PNUYH Data (n = 20) CBNUH Data (n =23)

Absolute Error 
(AE; g)

Percentage of 
AE (PAE)

Percen-
tage of 
PAE > 
10%

AE
(g) PAE Percen-

tage of 
PAE > 
10%Mean

(SD) SE Mean
(SD) SE Mean

(SD) SE Mean
(SD) SE

Lemke et al. (2006) by 
GVw_vein

36.6
(22.5) 5.0 5.8%

(4.1%) 0.9% 15.0% 45.5
(32.9) 6.9 6.1%

(4.1%) 0.9% 17.4%

Yoneyama et al. (2011) 
by GVw_vein

34.2
(26.4) 5.9 5.0%

(3.5%) 0.8% 10.0% 42.0
(36.8) 7.7 5.7%

(4.9%) 1.0% 13.0%

SyngoVia 52.5
(49.7) 12.4 8.3%

(7.1%) 1.8% 31.3% - - - - -

Proposed by GVw/o_vein
16.3

(12.6) 2.8 2.6%
(2.2%) 0.5% 0.0% 21.5

(16.5) 3.4 3.0%
(2.3%) 0.5% 0.0%
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Demo: Surgery Planning for LDLT
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Surgery Planning for Tumor Resection
S1(M). Data 

Preparation

• Data transfer 
from PACS

• Data cut

S2(SA). Liver 
extraction

S3(SA). PV & HV 
extraction

S4(SA). Tumor 
extraction

• Liver extraction 
using our 
proposed hybrid 
method

< 1 min 2 ~ 3 min 2 ~ 3min 1 ~ 2 min2 ~ 3min

• Vessel extraction 
using our proposed 
method

• Exclude vessels
from the liver

Total 8 ~ 13 min

• Resection simulation
• Volumetric

measurement
• Print the liver surgery 

planning results

S5(SA). Surgery 
Planning

• Tumor extraction 
using the same 
method as liver 
extraction 
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Demo: Surgery Planning for Tumor Resection
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Future Work: Automatic Liver Reconstruction

 Currently, user interaction such as seed point selection is needed for liver 
extraction ⇒ Surgeons don’t like it.

 Through histogram analysis of CT images, ROI can be automatically detected 
and used as seed for extraction of the liver, vessels, and tumors.

Abdominal CT Histogram

Liver

Kumar & Moni, 2010
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Future Work: Intraoperative Navigation

 Develop higher accuracy registration algorithms to synchronize preoperative 
surgery planning results (from Dr. Liver) with the real liver during surgery 
 Visualize vital structures such as vessels and tumors invisible during surgery
 Support more safe and accurate liver surgery

Markers on/in patient

Portable HD web 
camera for video-

taking

Display 
monitor

PC
• Preoperative surgery 

planning results from 
Dr. Liver

• Registration of virtual 
structure to real liver

• Overlaid view of 
virtual structure with 
real liver 
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Future Work: 3D Printing of the Liver

 Develop a module to support 3D printing of the liver, vessels, tumor(s) and 
surgery planning results obtained from Dr. Liver
 Intuitive visual inspection of the liver, vasculature structures, tumor location and size, 

and cutting plane
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Q & A



22

Research Work Conducted by Dr. Liver

1) Prediction of Postoperative Liver Function After Tumor 

Resection by RLV/TFLV and RLV/SLV

2) Graft Weight Estimation
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Prediction of Postoperative Liver Function After 
Tumor Resection by RLV/TFLV and RLV/SLV 
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