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Abstract

Background: We previously developed an image-guided navigation system (IG-NS)

using augmented reality technology for hepatobiliary and pancreatic (HBP) surgery.

This system superimposed a 3D model onto a stereoscope-captured surgical field G.e.,

scope method). Unfortunately, this method requires an expensive stereoscope, surgeons

have to shift their eyesight away from the surgical field, and the method has poor

controllability. Therefore, an IG-NS using a tablet PC (.e., tablet method) was

developed. The aim of the current study is to evaluate the efficiency of this novel

method.

Methods : We studied nine patients, for whom a 3D model was created from CT images.

After registration was performed, the 3D model was superimposed onto the surgical

field, which was captured by the tablet PC’s camera.

Results: IG-NS could be carried out with very little time lag. The visibility and

controllability of the tablet method were superior to those of the scope method. The

surgery for multiple metastatic liver carcinoma was especially useful due to easy

localization of the position of the carcinomas and vessels.

Conclusions: We successfully developed the tablet method and tested it in a clinical

setting. This system may contribute to surgical efficacy and improve the educational



effects.

Background:

Hepatobiliary and pancreatic (HBP) surgeries are characterized by complex anatomies

and procedures. Therefore, accurate simulation using a 3D organ model was developed

to improve the efficiency and to decrease the surgical risks involved!3. A system

wherein the organ model used for the simulation was superimposable onto the surgical

field would aid in improving the quality of surgery. Thus, an image-guided navigation

system (IG-NS) was developed, using augmented reality technology, and its usefulness

in HBP surgery was reported 47. In the aforementioned IG-NS, the surgical field was

captured using a rigid stereoscope (i.e., scope method), and a 3D organ model was

overlaid on the bedside monitor. However, the scope method has issues in terms of the

cost of the rigid stereoscope and controllability due to the presence of multiple cables

around the surgical field. In addition, the scope method requires surgeons to shift their

eyesight away from the surgical field to observe a navigation image displayed on the

bedside monitor.

To solve these problems, we developed a novel method of IG-NS using an inexpensive

tablet PC (i.e., tablet method) that enables easy recognition of the navigation image



intuitively on the surgical field without necessitating the shifting of the surgeon’s

eyesight away from the surgical field. A similar type of navigation surgery using a tablet

PC has been reported in neurosurgery11; however, no report has been found in the field

of abdominal surgery. Therefore, we report the usefulness of the tablet method that is

suitable for HBP surgery.

Patients and methods:

Of the 48 patients who underwent HBP surgery with the use of IG-NS at The Jikei

University Daisan Hospital, the tablet method was employed in nine patients (Table 1).

Operative procedures consisted of hepatectomy in seven and pancreatectomy in two of

these patients. Hepatectomy was undertaken for four patients with metastatic liver

carcinoma, one patient with hilar cholangiocarcinoma, one patient with hepatocellular

carcinoma, and one patient with gallbladder cancer. In addition, one patient with

pancreatic carcinoma and one with carcinoma of the papilla of Vater underwent

pancreatectomy.

This method involved preoperatively obtaining multi-detector computed tomography

images or EOB-MRI in a Digital Imaging and Communications in Medicine (DICOM)

format. The organs were then segmented in each image slice using the image analysis



software Analyze® (Mayo Foundation, Rochester, MN, USA) 1214 or VINCENT® (Fujifilm,

Japan)1516, Because a smaller amount of data was required for real-time navigation,

this data converted the segmented images into surface-rendering models, which were

also used for surgical planning and simulation. These models sent the data through the

hospital information technology network to a special operating room for use in IG-NS

[Fig. 1].

Before navigation, registration was performed for the paired-point method, which

means that an anatomical landmark on an actual organ was matched to the

corresponding point on the 3D organ model using a pointing device attached to an

infrared position marker. The selection of registration sites was performed by the

feature points of the organs and vessel bifurcations. A 3D positional measurement was

obtained using the position sensor Optotrak® (Northern Digital, Waterloo, Ontario,

Canada) installed in the special operating room. Using a Wi-Fi network, the results of

this positional measurement during IG-NS were transmitted to a tablet PC.

Registration accuracy was calculated as a fiducial registration error (FRE), which was

the root mean square between corresponding fiducial points. FRE was recorded in 46 of

48 patients, and was subsequently compared between the scope method (n = 37) and the

tablet method (n = 9) patients. A statistical analysis of FRE values was performed with



an unpaired t-test with unequal variance using software “Stata/SE 13®”.

The surgical field was imaged using the back-facing camera of a tablet PC (NEC,

Japan, CPU: Intel® Atom™ x7-Z8700, memory: 4GB) with an infrared position marker

[Fig. 2]. This tablet PC was sterilized using ethylene oxide gas on the day prior to

surgery. The 3D organ model was then superimposed onto the tablet PC display, which

captured the surgical field images in real time.

The operator could choose the arbitrary organs by himself on the touch panel [Fig. 3]. A

zoom function was also developed for observing the details of the navigation images in a

manner similar to that of an ordinary touch panel.

The navigation image was also transmitted to the bedside monitor via an ad hoc

wireless communication system using a Miracast adapter (Actiontec Electronics, CA,

USA) to ensure that the navigation image could be shared with staff, residents, and

students in the operating room [Fig. 4].

In addition, the tablet PC was equipped with an annotation function that allowed

characters and figures to be drawn freehand using the touch panel.

Results:

FRE was 7.4 mm for the tablet method, which was not statistically different from that of



the scope method (7.6 mm, P = 0.58). Like surgical cases reported previously by our

team, all patients underwent safe and margin-free operations with only a few

registration errors 67

The time required for navigation, including segmentation and registration, was

comparable to that of the scope method. Even when utilizing the Wi-Fi network, IG-NS

could be employed with very little time lag capable of interfering with the surgery.

Arbitrary selection of necessary organs on the touch panel of the tablet PC reduced

the functioning time. In the scope method, there were multiple cables (one light source

cable, one infrared position marker cable, and two video cables). In contrast, the tablet

method requires only a single, thin cable for the infrared positional marker, which

allows for smooth navigation from various angles [Fig. 5] [Movie 1]. Thus, the intuitive

visibility of the tablet display became more vivid than that of the scope method.

For patient 4, who underwent pancreaticoduodenectomy due to carcinoma of the

papilla of Vater, IG-NS contributed to the identification of the inferior

pancreaticoduodenal artery for ligation early in the procedure. In addition, we could

successfully perform pancreatectomy along the resection line that was preoperatively

planned [Fig. 6].

Patient 7 underwent surgery for metastatic liver carcinoma. Confirmation of the



location of the carcinomas and vessels was especially useful for multiple and peripheral

metastatic liver carcinomas because the surgeons could easily grasp the positional

relationship between a tumor and the vessels to facilitate margin-free surgery [Fig. 7].

Discussion:

The clinical application of the real-time navigation surgery using a rigid stereoscope has

been established. However, there are problems with the scope method in terms of eye

movement, controllability, and cost.

The scope method requires surgeons to alternately observe the bedside monitor and

the surgical field, which necessitates reorientation to each visual field during the

procedure. In contrast, surgeons can now observe the navigation image through the

tablet PC directly. IG-NS has become more practical as a result of this modification.

Controllability is important for the widespread use of IG-NS. In this regard, a tablet

PC that unites a camera, display, and computer has high controllability that is suitable

for use in our system. In particular, when observing overlaid images from any angle, the

overlaid images can respond well and follow the movements of the tablet PC to facilitate

intuitive understanding of the anatomy.

In the scope method, selection of the target organs for the operation is performed by



an engineer outside the surgical field. In contrast, the operator can choose the required

organs directly using the touch panel interface of the tablet PC. Thus, organ selection

can be easily and frequently made during surgery.

In the tablet method, the operator or assistant needs to hold the tablet PC directly to

control it. Therefore, the sterilization of the tablet PC is an issue. Covering the tablet

PC with a sterilized plastic bag makes it difficult to manipulate the touch panel directly

when the operator is wearing sterilized glovess. To solve this issue, the entire tablet PC

body was sterilized with ethylene oxide gas, which can be used for appliances that are

vulnerable to heat or moisturel”. In the near future, in order to free both hands of

operator, an articulating sterile mechanical arm may be needed to hold the tablet PC.

The operator or assistants wearing sterilized gloves could hold and control the

interface on the touch panel with a degree of sensitivity similar to that without gloves.

The tablet PC did not malfunction as a result of sterilization. Additionally, due to the

adverse effects, such as surgical site infection, did not result from the sterilization.

However, an increase in the rate of infection could occur if the same technique were

tested using a bigger sample size. Therefore, it may be better to change gloves after

touching the tablet PC.

When comparing the cost, the stereoscope costs USD 30,000, while the tablet PC can
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be bought for approximately USD 600. In addition, the tablet PC can be easily

purchased commercially.

A limitation of this method is that no one except for the operator and assistants can

view the navigation image on the tablet display. Therefore, the navigation image was

transmitted from the tablet screen to the bedside monitor through an ad hoc connection.

All co-medical staff and students in the operating room could now see the navigation

image using this interface. Information sharing due to the annotation function also

improved the educational effects.

Another drawback of the tablet method is that stereopsis could not be acquired.

Further improvement of navigation surgery is needed for a tablet PC with stereoscopic

vision. However, the high controllability in terms of being able to observe the navigation

images from various angles seems to fully compensate for this lack of stereopsis.

The assessment of the surgical outcome after using IG-NS is very complicated, and it

remains difficult to identify objective parameters. The FRE accuracy seemed to be the

only objective method for appreciating the superiority or inferiority of each system.

Therefore, novel assessment tools should be developed to evaluate the utility of the

surgical modality.

Since this study included only a small sample size, this technique needs to be tested
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in future studies that involve case-control trials.

Conclusion:

IG-NS using the tablet method as surgical-assistance equipment appears to be a

superior and more effective tool for HBP surgery compared to the scope method.
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Table 1: Characteristics of patients

15

Age SEX | Diagnosis Operative procedure FRE [TNM classification
(years) (mm) [Stage(UICC)
70 M Metastatic liver carcinoma Liver subsegmentectomy(S3) 10.25 [V

80 M Metastatic liver carcinoma Liver subsegmentectomy(S8) 3.561 [V

71 M Pancreatic carcinoma Distal pancreatectomy 7.81 (OB

70 F Carcinoma of the papilla of Vater | Pancreaticoduodenectomy 1.1 B

82 F Gallbladder carcinoma Liver subsegmentectomy (S4a+5) | 8.64 IV

58 M Hilar cholangiocarcinoma Left hepatic lobectomy 7.77 (IB

78 M Metastatic liver carcinoma Partial liver resection 10.51 IV

73 M Hapatocellular carcinoma Right hepatic lobectomy 7.04 |[IIA

76 F Metastatic liver carcinoma Extended posterior hepatectomy | 9.94 |IV

M: Male F: Female FRE: Fiducial Registration Error
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Figure legends:

Fig. 1: Special operating room for IG-NS

This room is equipped with an optical location sensor and bedside monitors.

Fig. 2: Tablet PC with an infrared sensor marker

Fig. 3: The choice of organs displayed on the tablet PC

A surgeon can choose and display arbitrary organs for the operation using the swipe and

touch function on the touch panel of the tablet PC.

a: All of the organ models are superimposed.

b: A doughnut editable chart-like selection interface is displayed.

c¢: The selective organ models are superimposed.

Fig. 4: Ad hoc connection between the tablet PC and bedside monitor

Since the tablet PC can only be viewed by the operator and assistants, the

superimposed image was transferred from the tablet PC to a bedside monitor using a
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Miracast adapter via an ad hoc connection. Annotation function (1) of the tablet PC can

also be used as an educational tool for staff, residents, and medical students.

Fig. 5: Displays from various directions in real-time

Since the position of the tablet is measured with the infrared position marker, the tablet

PC can be moved freely to obtain optimal navigation images.

Fig. 6: Navigation image for patient 4

a: Preoperatively estimated transection line of the pancreas is indicated on the 3D

organ model.

b: All of the segmented models are overlaid on the surgical field.

c¢: The tumor, pancreas, and transection line are displayed.

Fig. 7: Multiple metastatic liver carcinomas for patient 7

a: 3D organ model (red: tumors, green: hepatic veins, purple: portal vein, light yellow:

hepatic artery).

b: 3D organ model overlaid on the surgical field (white arrow: tumors).
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