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Abstract 

Background  Esophageal diverticulum is a rare condition that requires treatment only when symptoms are pre-
sent. Surgery has been considered to be the only curative option for symptomatic cases. The most popular pro-
cedure is diverticulectomy. Clear and intact exposure of the diverticulum’s neck is the basis for safe and effective 
diverticulectomy.

Case presentation  We herein report a case of a 57 year-old woman with an epiphrenic diverticulum. VATS diverti-
culectomy was scheduled. To better identify the diverticulum neck, we injected indocyanine green (ICG) into the 
diverticulum through the endoscopic channel, and the diverticulum wall and neck were clearly visible under near-
infrared (NIR) fluorescence. With the help of this method, diverticulectomy was successfully performed.

Conclusion  This case shows that NIR fluorescence with ICG is safe, simple and reliable and can be used for 
diverticulectomy.
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Background
Esophageal diverticulum is a rare benign abnormality 
defined as a protrusion from the esophagus. The major-
ity of patients are asymptomatic, and only symptomatic 
patients require treatment [1]. The last decades have 
witnessed a spurt in minimally invasive surgery (MIS), 
and there is a trend to use MIS, including video-assisted 
thoracic surgery (VATS) and laparoscopic surgery, to 
treat esophageal diverticula [2]. Regardless of the meth-
ods used, clear and intact exposure of the diverticulum 

neck is the basis of a safe and efficient resection of the 
diverticulum [3]. Even with the assistance of endoscopy, 
it is sometimes difficult to identify the diverticulum neck, 
especially when the esophageal diverticulum is tightly 
adhered to the surrounding tissue. Here, we describe a 
case in which we utilized indocyanine green (ICG) and 
near-infrared (NIR) fluorescence to identify the neck of 
an epiphrenic diverticulum. Consent was obtained from 
the patient.

Case presentation
The patient was a 57  year-old woman who presented 
with the chief complaint of retrosternal foreign body 
sensation for 3  months. She visited a hospital near her 
home, and upper gastrointestinal endoscopy revealed a 
diverticulum 30  cm from the incisor line (Fig.  1A). She 
had a medical history of hypertension for 25 years. Upon 
admission, physical examination, chest X-ray study, lung 
function test and laboratory test were all normal. An 
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upper gastrointestinal contrast examination revealed a 
diverticulum on the right wall, and barium remained in 
the diverticulum (Fig.  1B). Chest enhanced computed 
tomography revealed an epiphrenic diverticulum with a 
diameter of 35 mm (Fig. 1C).

VATS diverticulectomy was scheduled. The patient was 
placed in the left lateral position and under general anes-
thesia using double lumen intubation to collapse the right 
lung. The operation port and observation port were made 
in the fifth and seventh intercostal spaces, respectively. 
We first identified the esophageal diverticulum in the 
posterior mediastinum and incised the overlying pleura. 
We found that the diverticulum was slightly more adher-
ent to the surrounding lung tissue, and the diverticulum 
wall was carefully dissected. We further dissected the 
neck region of the diverticulum with blunt and sharp dis-
section. With the aid of an endoscope, the diverticulum 
neck was identified bit by bit with the help of the endo-
scopic light. To better identify the diverticulum neck, 
we inserted the lens of the endoscope into the diver-
ticulum and instilled approximately 30 ml ICG (2.5 mg/
ml) into the diverticulum through the endoscopic chan-
nel. The wall and neck of the diverticulum were visual-
ized immediately under NIR fluorescence, whereas the 

normal esophagus could not be seen due to the occlusion 
of the muscular layer (Fig. 2A). To avoid causing esopha-
geal stenosis, we used the endoscope as a bougie. Then, 
the neck was resected with an endoscopic purple stapler 
(EndoGIA) exactly parallel to the longitudinal axis of the 
esophagus with the assistance of ICG (Fig. 2B). The over-
lying muscle layers were reapproximated over the stapler 
suturing with V-lock suture (Covidien, Inc.). An air-leak 
test was performed to rule out early leakage. A chest tube 
was placed, and the specimen was extracted. The opera-
tion time was 122 min, and the intraoperative blood loss 
was 40 ml.

The postoperative course was uneventful. On postop-
erative day 3, the patients started oral intake, and the tho-
racic drain was removed. The patient was discharged on 
day 5. During the follow-up six months after the opera-
tion, there was no recurrence of retrosternal foreign body 
sensation.

Discussion and conclusions
Surgery has been considered to be the only curative 
option for symptomatic diverticula [1]. Traditionally, 
thoracotomy and laparotomy are standard procedures 
for diverticula. With the advancement of technology, 
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Fig. 1  A Upper gastrointestinal endoscopy showed the diverticulum 30 cm from the incisor line. B Upper gastrointestinal contrast examination 
revealed a diverticulum on the right wall, and barium remained in it. C Chest enhanced computed tomography revealed an epiphrenic 
diverticulum with a diameter of 35 mm
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laparoscopy and thoracoscopy are increasingly used for 
treatment [2]. The most popular procedure is diverti-
culectomy. There are controversies regarding the appli-
cation of myotomy and fundoplication [4]. In short, the 
method of treatment selected needs to be determined 
according to the specific situation of the patient. In the 
present case, the patient had no signs of esophageal 
motility diseases, and myotomy and antireflux proce-
dures were not performed.

Full exposure of the neck is the basis for satisfactory 
resection of the diverticulum [3]. Inaccurate identifica-
tion of the diverticulum neck may lead to incomplete 
resection of the diverticulum, resulting in the transfor-
mation of a large diverticulum into a small diverticulum, 
and may also lead to intraoperative iatrogenic esophageal 
rupture, which may increase the possibility of postop-
erative esophageal stenosis or leakage. We usually iden-
tify the neck under endoscopic intraluminal vision and 
the endoscopic light shining through the lumen of the 
diverticulum. Nonetheless, accurate identification of the 
diverticulum is a difficult task and requires extensive 
experience.

NIR fluorescence with ICG has been used clinically 
for decades. The application of this method includes the 
identification of thoracic ducts, segmental borders, pul-
monary nodules and bullous lesions [5]. To the best of 
our knowledge, there are few reports of this technique 
being used for diverticulectomy [6]. To ensure that the 
diverticulum neck was sufficiently coated with ICG, we 
inserted the lens of the endoscope into the diverticulum 
before injecting the ICG. In this case, we injected approx-
imately 30  ml ICG (2.5  mg/ml) into the diverticulum 
through the endoscopic channel. Since the fluid needs to 
fill the endoscopic channel before it can enter the diver-
ticulum, the amount of ICG can be slightly higher. Imme-
diately after injection of ICG into the diverticulum, the 
diverticulum wall and neck were clearly visible under 
NIR fluorescence. Since NIR fluorescence with ICG can 
only penetrate a few millimeters of tissue, even if ICG 

flows into the esophagus, the esophageal wall near the 
diverticulum cannot be seen due to the muscle cover-
ing (Fig. 2C), which means that this technique has high 
specificity in identifying the diverticulum neck. Different 
from the use of endoscopic light, the diverticulum neck 
stained with ICG was visualized as a whole and was very 
stable under NIR fluorescence, so the surgeon can per-
form the excision of the diverticulum neck calmly.

Since the NIR fluorescence of ICG can only penetrate a 
few millimeters of tissue, a limitation of this technique is 
that it may only be used for false diverticula or true diver-
ticula with thin muscular layers. The pathology of this 
case suggests that the diverticulum is a true diverticulum 
with a thin muscular layer. When the diverticulum has 
adhesions to the surrounding tissue, especially when the 
epiphrenic diverticulum can sometimes be adherent, this 
method may help to accurately identify the diverticulum 
neck. The specific application scope and method of this 
technique need further research.

We applied ICG and NIR fluorescence during diverti-
culectomy to better identify the diverticulum neck. 
This method is safe, simple to perform, and effec-
tive and has the potential to increase the efficiency of 
diverticulectomy.
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MIS	� Minimally invasive surgery
VATS	� Video-assisted thoracoscopic surgery
ICG	� Indocyanine green
NIR	� Near-infrared

Acknowledgements
We greatly appreciate the assistance of the staff of the Department of Thoracic 
Surgery, Peking University People’s Hospital, and thank them for their efforts. 
These cases have not been published elsewhere.

Author contributions
HX and TG assisted the operation and were involved in drafting the manu-
script. RF and FY participated in manuscript writing. YL and JZ revised the 
manuscript. All authors read and approved the final manuscript.

Fig. 2  A The diverticulum neck stained with ICG is visualized under NIR fluorescence. B The neck was resected with an endoscopic purple stapler 
exactly parallel to the longitudinal axis of the esophagus with the assistance of ICG. C The diverticulum was excised, and ICG-stained diverticulum 
walls and neck were seen. The mucosa of the esophagus is stained (yellow arrow), and the normal muscularis is not (blue arrow)



Page 4 of 4Xu et al. Journal of Cardiothoracic Surgery           (2023) 18:84 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Funding
This work was supported by the National Natural Science Foundation of China 
[82003316]; Peking University People’s Hospital Scientific Research Develop-
ment Funds [RDL2021-10]; and Advanced Institute of Information Technology, 
Peking University, Zhejiang Province [2020-Z-17].

Availability of data and materials
The data underlying this article will be shared upon reasonable request to the 
corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Consent was obtained from the patient.

Competing interests
The authors declare that they have no competing interests.

Received: 27 June 2022   Accepted: 9 January 2023

References
	1.	 Tapias LF, Morse CR, Mathisen DJ, Gaissert HA, Wright CD, Allan JS, et al. 

Surgical management of esophageal epiphrenic diverticula: a transtho-
racic approach over four decades. Ann Thorac Surg. 2017;104(4):1123–30.

	2.	 Koyanagi K, Ozawa S, Tachimori Y. Minimally invasive esophagectomy 
performed with the patient in a prone position: a systematic review. Surg 
Today. 2016;46(3):275–84.

	3.	 Eubanks TR, Pellegrini CA. Minimally invasive treatment of esophageal 
diverticula. Semin Thorac Cardiovasc Surg. 1999;11(4):363–7. https://​doi.​
org/​10.​1016/​s1043-​0679(99)​70081-x.

	4.	 Palanivelu C, Rangarajan M, Senthilkumar R, Velusamy M. Combined 
thoracoscopic and endoscopic management of mid-esophageal benign 
lesions: use of the prone patient position: thoracoscopic surgery for mid-
esophageal benign tumors and diverticula. Surg Endosc. 2008;22(1):250–
4. https://​doi.​org/​10.​1007/​s00464-​007-​9359-9.

	5.	 Zhou J, Yang F, Jiang G, Wang J. Applications of indocyanine green based 
near-infrared fluorescence imaging in thoracic surgery. J Thorac Dis. 
2016;8(Suppl 9):S738–43. https://​doi.​org/​10.​21037/​jtd.​2016.​09.​49.

	6.	 Baeza Carrión A, Martínez Núñez S, Alarcón del Agua I, Morales-Conde S. 
Thoracoscopic resection of esophageal diverticulum assisted by white 
light under ICG mode. Cir Esp (English Ed). 2022. https://​doi.​org/​10.​
1016/j.​cireng.​2022.​05.​014.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/s1043-0679(99)70081-x
https://doi.org/10.1016/s1043-0679(99)70081-x
https://doi.org/10.1007/s00464-007-9359-9
https://doi.org/10.21037/jtd.2016.09.49
https://doi.org/10.1016/j.cireng.2022.05.014
https://doi.org/10.1016/j.cireng.2022.05.014

	Near-infrared fluorescence-assisted thoracoscopic diverticulectomy of esophageal diverticulum: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


