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Chyle leakage can be caused by abdo
minal surgery and managed succes sfully 
without surgical treatment; how ever, 
no preventive measures are available. 
Therefore, we introduce a new method 
to prevent postoperative chyle leakage.
To investigate the role of indocyanine 
green (ICG) lymphangiography in the 
reduction of chyle fistula formation 
after radical resection of right colon 
cancer. 
Five patients with a diagnosis of right 
colon cancer undergoing laparosco
pic radical colectomy with D3 lymph 
node dissection were examined in 
this study. At the end of the operation, 
two points of 2.5 mg ICG were inject
ed subserosally at the proximal end  
of the anastomosis (1 ml per point). 
Then the surgical field was screened 
by using ICG fluorescence to accu
rately locate the chyle leakage. Chyle 
leakage was noted and repaired with 
a HemOLock. The volume of output 
of each drain after surgery was mea
sured daily until the patients were 
discharged.
We were able to observe ICG fluores
cence in the lymphatic vessels within 
3 minutes of ICG injection. This visu
alization allowed us to accurately lo
cate and quickly repair chyle leakage 
within 5 minutes. Clinical observation 
after surgery and at a  1month fol
lowup showed no chyle leakage in all 
5 patients.  
Indocyanine green lymphangiography 
can feasibly guide the location and re
pair of chyle leakage after right colon 
cancer resection.
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Introduction

Chyle leakage, usually caused by surgical trauma, may occur after colorec-
tal surgery, with an incidence ranging from 1.0 to 6.6%, depending on the 
extent of surgery [1, 2]. The development of chyle leakage can cause the con-
tinuous loss of protein and lymphocytes, metabolic depletion, and increased 
susceptibility to systemic infection [3]. Most patients with chyle leakage can 
be successfully medically managed without surgical treatment, but for some 
refractory cases, conservative management fails, and surgical intervention 
may be required. Unfortunately, reoperative repair of chyle leakage can greatly 
increase morbidity and mortality [4, 5]. Therefore, an effective strategy is to 
probe the location of chyle leakage during the operation in real-time and re-
pair the leakage immediately. 

Currently, only one near-infrared imaging contrast dye, indocyanine green 
(ICG), is FDA approved for clinical use in the United States [6–8]. ICG is a safe 
dye that can be used to visualize bowel microperfusion in real time and has 
a low incidence of adverse reactions [7]. The advantages of the clinical ap-
plication of ICG have allowed it to be successfully used in many cancer ope-
rations [9, 10]. For instance, our group and others have used ICG imaging as 
a highly sensitive method for sentinel lymph node visualization and detec-
tion in patients with colon and gastric cancer [11, 12]. The purpose of this 
study was to evaluate the effectiveness of ICG imaging-guided chyle leakage 
repair after right colon cancer resection.

Aim 

To investigate the role of ICG lymphangiography in the reduction of chyle 
fistula formation after radical resection of right colon cancer. 

Material and methods

This is a prospective study. This study was approved by the Tongren Hos-
pital, Shanghai Jiao Tong University School of Medicine Ethics Committee. 
Informed consent was obtained from all patients undergoing laparoscopic 
radical colectomy with D3 lymph node dissection for malignant disease of 
the right colon from June 2018 to June 2019. 
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Patients

Patients who had received radiotherapy or surgery for 
colon cancer and patients who were allergic to ICG or io-
dine and failed follow-up, as well as those with incomplete 
video data, were excluded from the study. All operations 
were performed by the same surgeon, with more than  
20 years of experience in colon surgery.

Injection of ICG solution and fluorescence 
imaging

In the operation, ICG (25 mg per vial, Eisai Pharma-
ceutical) was prepared by resuspension in 10 ml of sterile 
water to yield a 2.5 mg/ml solution. After anastomosis,  
1 ml of ICG solution was injected into the subserosa layer 
of the small intestine at the proximal end of the anasto-
mosis. Near-infrared fluorescence imaging of the surgical 
site was then performed with a SPY Intraoperative Imag-
ing System (Novadaq Technologies, Mississauga, Ontario, 
Canada). The presence and location of chyle leakage were 
noted and recorded. Then, the leakage was repaired with 
a Hem-O-Lock until no additional leakage was detected. 

Postoperative care

All patients were nursed in the general ward after sur-
gery. The volume of output of each drain was measured 
and recorded daily until the patients were discharged. 
Chyle leakage was defined as the presence of non-in-
fectious milky or creamy peritoneal fluid in the drainage 
tubes, at a volume of ≥ 200 ml/day [13, 14]. The drained 
fluid was sent to a laboratory for biochemical testing on 
postoperative days 1 and 3. Chyle leakage was document-

ed and analysed. When the total daily output was less than  
200 ml, the drains were removed. The patient follow-up 
period was 1 month after discharge, and the follow-up me-
thod is outpatient re-examination or telephone follow-up. 

Results

Visual effect of indocyanine green imaging
guided surgical management of chyle leakage 

Immediately after injection of the ICG dye solution, vi-
sual effects on the surface of the small intestine near the 
border of the surgical incision were observed, and 3 min-
utes later the ICG fluorescence was visible in the lymphat-
ic vessels in all 5 patients (Fig. 1A, B). ICG free flow through 
the lymphatic vessels and the accumulation of ICG fluores-
cence intensity allowed us to quickly locate chyle leakages 
in 2 out of 5 patients (Fig. 1C) and successfully repair them 
with a Hem-O-Lock (Fig. 1D).

Baseline patient characteristics and shortterm 
outcome of this study

The baseline characteristics of the patients included 
in this study are summarized in Table 1. Of the 5 patients 
included, 2 developed chyle leakage, and the mean time 
from ICG injection to the first detection of leakage was  
3 ± 0.3 minutes. The surgical intervention was applied to 
control the chyle drainage as shown in Fig. 1, and the aver-
age time required for lymphatic leak repair guided by ICG 
imaging was 5 ± 0.6 minutes. Patients with chyle leakage 
repair were discharged within 5 days of clinical routine 
care, a duration not significantly different from our pre-
viously reported length of hospital stay in patients with-

Fig. 1. Visual effect of indocyanine green (ICG) imagingguided surgical management of chyle leakage. A and B – Freeflowing ICG from the 
injection sites into the lymphatic vessels in 2 patients (white dotted arrow). C – The ICG fluorescence at the location of the chyle leakage 
(red arrow). D – The effect of repairing chyle leakage with a HemOLock 
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out chyle leakage [15]. No complications were found after  
1 month of follow-up.  

Discussion

Chyle leakage after surgery is rare, and the incidence 
varies according to the extent of surgery [2]. The incidence 
is higher after right colectomy than left colectomy or rectal 
resection [16, 17]. One reason for this finding is the pres-
ence of abundant lymphatic tributaries close to the cister-
na chyle, thus increasing the risk of chyle leakage caused 
by direct surgical trauma [14]. Chyle leakage can prolong 
hospital stay, delay the delivery of adjuvant treatment, 
and even lead to potentially life-threatening conditions 
if left untreated. All efforts should be made to stop chyle 
leakage intraoperatively [18], but ligating all vessels during 
a laparoscopic operation is not realistically feasible. There-
fore, early diagnosis and precise repair of chyle leakage 
during colon surgery would enable effective prevention of 
post-operative chyle leakage. 

Traditional lymphangiography and its derived or im-
proved technologies, such as intranodal lymphangiogra-
phy and balloon occluded retrograde abdominal lymphatic 
embolization [19, 20], have been used in recalcitrant cases 
for the diagnosis and treatment of chyle leakage. However, 
their application is limited because they are invasive and 
time-consuming, and involve radioactivity. With the devel-
opment of modern surgery, safe, practical, and convenient 
chyle leakage assessment methods such as ICG lymphog-
raphy have been widely used to improve outcomes involv-
ing the lymphatic system. Rebecca et al. have shown that 
ICG lymphangiography facilitates the identification of lym-
phatic leaks in the groin, and they have optimized their 
management in challenging cases [21]. Intra-operative ICG 
lymphangiography has been successfully used to decrease 
the drainage volume after neck dissection for caners in the 
head and neck region, as reported by Chan [22]. Both stud-
ies demonstrate the advantages of precise identification 
of the site of the lymphatic leak by direct visualization 
rather than blind exploration. In our study, we reported the 
utility of ICG-guided fluorescence imaging for localizing 
the site of lymphatic leakage and performing repair during 
lymph node dissection in patients with right colon can-
cer. ICG was excreted into the lymphatic channels within 
3 minutes in all 5 patients and indicated the continuous 
leakage of lymphatic fluid with the accumulation of flu-
orescence intensity of ICG in 2 patients during the opera-
tion. The real-time ICG imaging allowed us to quickly and 

clearly identify and repair the intraoperative chyle leakage 
(ICF). Our results demonstrated that ICG-guided lymphatic 
leakage markedly decreased the volume of the drainage in 
those 2 patients. Therefore, this procedure is an effective 
approach for the precise location and repair of ICF as well 
as for preventing post-operative chyle leakage formation, 
as confirmed during a 1-month follow-up without chyle 
leakage recurrence. 

To our knowledge, this is the first application of ICG 
lymphography to prevent chyle leakage after resection of 
right colon cancer. But the current study has some limita-
tions. The number of patients enrolled was small, and the 
study was restricted to patients with right colon cancer, 
thus potentially affecting the evaluation of the application 
potential of ICG lymphangiography in preventing postop-
erative chyle leakage formation. Despite these limitations, 
the pattern of chyle leakage control in this study provides 
helpful insights into the management of chyle leakage af-
ter resection of right colon cancer. 

Conclusions

In conclusion, ICG lymphangiography can be used to lo-
cate and guide the repair of chyle leakage after resection 
of right colon cancer, thereby preventing the formation of 
postoperative chyle leakage.   
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