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Abstract—Segmentectomy using indocyanine green (ICG) has 

become a primary treatment option to achieve a complete 

resection and preserve lung function in early-stage lung cancer. 

However, owing to lack of appropriate intraoperative imaging 

systems, it is a huge challenge for surgeons to identify the 

intersegmental plane during the operation, leading to poor 

prognosis. Thus, we developed a novel wireless wearable 

fluorescence image-guided surgery system (WFS) for fast and 

accurate identification of intersegmental planes in human 

patients. The system consists of a handle, light source, Google 

glass and laptop.  Application software is written to capture 

clear real-time images and Google glass is adopted to display 

with augmented reality. Twelve in vivo studies of pulmonary 

segmentectomy in swine by intravenous injection of ICG were 

conducted to test the performance of the system. A distinct 

black-and-white transition zone image was observed and 

displayed simultaneously on the Google glass in all swine. The 

results demonstrated that surgeons using WFS can effortlessly 

and quickly discern intersegmental planes during the operation. 

Our system is enormously potential in helping surgeons to 

precisely identify intersegmental planes with mobility and 

high-sensitivity. 

I. INTRODUCTION 

Lung cancer is one of the primary causes of cancer-related 
death all over the world. Nowadays, lobectomy is the regular 
treatment for lung cancer. However, from the trails of the 
Japan Clinical Oncology Group 0802 study and the Cancer 
and Leukemia Group B 140503 study, segmentectomy has 
become a more effective treatment for certain small, 
early-stage lung cancer [1-3]. To achieve complete 
segmentectomy, it is vital to detect the   intersegmental plane 
precisely. Conventionally, the resected segment inflation 
method is used to delineate segmental lines by temporarily 
re-inflating the lung by clamping and unclamping the 
corresponding bronchus. However, this method usually 
obstructed the view of the target segment and it is not suitable 
for patients with emphysema. Therefore, a novel technique by 
transbronchial or intravenous injection of indocyanine green 
(ICG) [4-6] has drawn the attention of relevant researchers. 
Nevertheless, serious absence of high-quality intraoperative 
fluorescence imaging system has severely hindered the further 
development of this method.   
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Although plenty of instruments, like magnetic resonance 
imaging (MRI), has been applied to assist surgeons in tumor 
preoperative diagnosis, there remains a serious lack of 
intraoperative tumor surgery devices, especially fluorescence 
imaging systems [7]. To address these challenges above, an 
intraoperative navigation technology with near-infrared (NIR) 
fluorescence imaging methods has become a 
heated-discussion international point [8-11]. Lots of imaging 
systems have been developed recently. But these systems 
mainly achieve human-computer interaction by the computer 
screen display, which may divert surgeons’ attention from 
surgery field. 

Recently, a wearable real-time fluorescence imaging and 
display system, named the fluorescence goggle, has been 
developed for locating tumor margins instantly [12]. However, 
clinical practicality of the goggle system is not optimal 
because it blocks the surgeon’s vision. Therefore, we 
developed a novel wireless wearable fluorescence 
image-guided surgery system (WFS), which combined the 
mobility of the goggle system and the sensitivity of other 
imaging systems.  

Our special design makes WFS capable of being readily 
used in real-time intraoperative image-guided surgery. Firstly, 
NIR light exited by a light source transmits through a filter, 
illuminates the target and then is collected by the NIR camera 
installed in the handle. An application is written to capture 
real-time images. Finally, the result is displayed on the Google 
glass in real-time mode at video-rate capacity of 20 frames per 
second, which is achieved by synchronizing the Google glass 
with the laptop. The sensitivity and mobility of our system are 
evaluated in pre-clinical ICG experiments. In conclusion, the 
results manifest that WFS is qualified of providing surgeons 
with real-time intraoperative images to precisely and 
objectively identify intersegmental planes. 

II. MATERIALS AND METHODS 

A. Wireless wearable fluorescence image-guided surgery 

system design 

WFS was developed by the Key Laboratory of Molecular 
Imaging of Chinese Academy of Science based on our 
previous studies [13-15]. To optimize the performance of 
WFS, the whole system was composed by the following four 
modules: light source module (LSM), signal acquisition 
module (SAM), image processing module (IPM), and 
wearable display module (WDM). The framework diagram 
was illustrated in Figure. 1 and the picture of WFS were 
illustrated in Figure. 2.   
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Figure 1. The framework diagram of WFS 

 

Figure 2. The picture of WFS. There are four parts as follows: a handle, 
NIR excitation light source, Google glass and laptop. 

LSM. LSM includes a NIR excitation light source (center 
wavelength 785nm, maximum power 2W), which is used to 
excite fluorophores to emit light of a different wavelength. 

SAM. SAM consists of a handle, fluorescence filter 
(wavelength 810-870 nm), C mount lens (f/1.4 12.5 mm) and 
NIR charge-coupled (CCD) device camera. The function of 
this module is to capture distinct NIR images of surgery field. 

IPM. IPM includes a laptop and an application software 
named MFVC (Molecular fluorescence View Capture) 
installed in the laptop. With the aid of MFVC, this module 
mainly performs image enhancement, mage transmission and 
data storage automatically.  

WDM. WDM is composed by the Google glass (the 
developer Explorer units version 2), which is connected with 
the laptop through Wi-Fi. Thus, the Google glass can realize 
video synchronization with the laptop. So the result can be 
displayed on the prism screen instantly [16]. Moreover, the 
high-definition camera is capable to take photos and record 
videos conveniently by voice control.  

B. Google glass video synchronization design 

Google glass was initially released by Google in February 
2013. The device is composed by many parts, such as a small 
prism screen mounted directly above the right eye, a camera 
and a central processing unit. Wearing it, subscribers can 
easily watch movies, take photos and access the Internet etc. 
Moreover, a combination control method of head gestures, 
voice commands and touch commands is adopted. However, it 
fails to realize video signal synchronization with the computer. 
So we design a program installed in Google glass to achieve 
this function. The procedure is showed in Figure. 3. 

Figure 3. The procedure of Google glass video synchronization with our 
laptop named Xiaoyu Lu. (a) Surgeons wearing Google glass and opening the 
video synchronization interactive interface. (b) Choosing a computer (like 
Xiaoyu Lu) with which to synchronize. (c, d) Establishing the connection 
and waiting for response. (e) Success in synchronizing with Xiaoyu Lu. (f) 
Interrupting the connection and waiting for the next instruction. 

C. MFVC (Molecular fluorescence View Capture) 

MFVC is a multifunctional application software written by 
ourselves, which is mainly intended for NIR image capture, 
image co-registration, image fusion and reconstruction for 
molecular tomography on the basis of our previous work 
[17-20]. It can adjust many optical parameters continuously 
and record a video easily. In this study, it is mainly used for 
image capture and image enhancement. The interface of 
MFVC is showed in Figure. 4. 

 

Figure 4. The interface of MFVC 



  

D. Contrast agents 

ICG is generally adopted in most pre-clinical and clinical 
studies because it is authorized for human use [21-24]. We 
purchase ICG from Yichuang Pharmaceutical Limited 
Liability Company (Dandong, China). Notably, the ICG dose 
of 0.5 mg/kg was adopted as a normal concentration in the 
latest clinical study of intravenous injection [4]. 

E. Pulmonary segmentectomy in swine 

Before the pre-clinical experiment, some fundamental 
performance parameters of WFS are measured. By trials, the 
clearest images could be obtained when the handle of WFS 
was placed 28cm above the surgery field. At this point, the 
NIR excitation light from the light source cloud illuminate a 

surgical field as much as 200 mm × 200mm. Besides, there 

are excellent technical specifications of the developer 
Explorer units version 2 as follows:  640×360 Himax HX7309 
LCoS display, 16 GB storage, 5-megapixel camera, and 
capable of 720p video recording etc. All of these made WFS 
possible to achieve the ideal experiment outcome and 
established the sound basis for the further research and 
application. 

The swine studies were approved by the Peking University 
People’s Hospital. We assigned twelve Yorkshire swine with 
a mean weight of 30 kg to one of two groups.  Firstly, the 
swine was anesthetized by inhalation of Sevoflurane. Its signs 
of life were monitored by the care workers during the surgery. 
Then we placed the swine in a lateral decubitus and operated 
thoracotomy on it. After the pulmonary artery of the target 
segment was ligated with silk in each of the swine, ICG with a 
concentration of 0.2 mg/kg or 0.6 mg/kg was injected into the 
marginal ear vein according to their group assignment. The 
handle of WFS was placed 28cm above the surgery field. 
After five seconds, fluorescent images could be observed 
clearly on the prism screen under NIR light in each of the 
swine. Finally, sparing of intersegments was performed using 
electric cautery. The experimental lung was resected to 
conduct pathologic analysis. 

III. RESULTS 

We conducted experiments in swine to measure the 
sensitivity and mobility of WFS in accurate identification of 
intersegmental planes. Twelve swine were equally divided 
into two groups. Group A was injected 0.2mg/kg ICG into the 
marginal ear vein and Group B was injected 0.6mg/kg ICG. 
Five seconds later after injection, the black-and-white 
transition borders among the targeted segment and the 
non-targeted segments were easily recognized visually in all 
the swine. Real-time videos were displayed on the prism 
screen during the surgery as shown in Figure. 5. 

Then the signal-to-background ratio (SBR) and the total 
fluorescence lasting time were measured.  Using ImageJ 
(Image Processing and Analysis Application in Java), the 
corresponding SBR of the two groups (Group A and Group B) 

were 9.00 ± 0.70 and 8.96 ± 1.23 respectively, which 

indicated that the sensitivity of WFS was fairly high. 
Moreover, the NIR fluorescence images of Group A lasted as 
long as ten minutes and those of Group B lasted up to fourteen 

minutes until the SBR was 1.  Both the results of the two 
groups indicated that WFS was outstanding enough to help 
surgeons identify intersegmental planes. Above all, the 
pathologic analysis result conformed our conclusion. 

 

Figure 5: The results of intraoperative pulmonary segmentectomy in swine. 
(a) Before injection 0.2 mg/kg ICG of Group A; (b) Before injection 0.6 
mg/kg ICG of Group B. (c) After injection 0.2 mg/kg ICG of Group A; (d) 
After injection 0.6 mg/kg ICG of Group A 

IV. DISCUSSION  

In recent years, segmentectomy has become a secure and 

effective treatment of early-stage lung cancer, especially in 

patients with emphysema. In some cases, it is superior to 

lobectomy [1-3]. When operating pulmonary segmentectomy, 

it is critical to precisely identify the intersegmental plane, 

which is difficult for surgeons without suitable interventions. 

Thus, a novel technique by transbronchial or intravenous 

injection of ICG to discern intersegmental planes has 

promoted the development of segmentectomy. It can 

efficiently avert needless resection, lower the costs and reduce 

complications [25-27]. Besides, this method can also be 

adopted to determine the margin of tumors. However, owing 

to lack of intraoperative fluorescence imaging system, the 

progress is limited. 

At present, many instruments, such as positron emission 

tomography (PET) and Ultrasound (US), have been widely 

applied to diagnose tumors preoperatively. Nevertheless, few 

devices can be used intraoperatively, especially fluorescence 

imaging systems. Not to mention, there are rare wearable 

fluorescence imaging systems. Therefore, we developed a 

novel Wireless Wearable Fluorescence Image-Guided 

Surgery system named WFS, which could absolutely free 

surgeons’ hands without influencing the routine surgical 

procedure and make surgeons fully concentrate on the surgical 

site to  achieve the best effect of surgery. 

To test the mobility and sensitivity of WFS, we conducted 

serials of experiments. Twelve swine were evenly divided into 

two groups, which were injected 0.2mg/kg and 0.6mg/kg apart 

into the marginal ear vein. The satisfactory outcomes prove 

that WFS is dominant in identifying intersegmental planes 

during surgery. The real-time imaging and high SBR are 

essential for further clinical studies. Besides, the large surgical 

field (200 mm × 200mm)  and the unique wireless wearable 

display capacity make WFS more attractive and potential. 



  

Recently, our researchers have initiated the clinical 

translational research. In the future, we expect to employ this 

novel system in diverse surgical oncology to help more 

patients get rid of the pain of the cancers. 

V. CONCLUSION 

Summarily, we have designed a novel wireless wearable 
fluorescence image-guided surgery system for segmentectomy. 
The result of this study demonstrates that this system has 
major advantages in identifying intersegmental planes. 
Further, we will conduct clinical experiments to validate and 
optimize our system. 
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