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Abstract

Purpose Chyle leak resulting from thoracic duct (TD) injury poses significant morbidity and mortality challenges. We
assessed the feasibility of using near-infrared (NIR) indocyanine green (ICG) imaging for intraoperative fluorescence TD lym-
phography during minimal access esophagectomy (MAE) in a semiprone position with inguinal nodal injection of ICG dye.
Methods Ninety-nine patients with esophageal or gastroesophageal junctional cancer undergoing MAE received inguinal
node injections of 2.5 mg ICG dye (total 5 mg) under sonographic guidance during anesthesia induction. Stryker’s 1688
AIM HD system was used in 76 cases, Karl Storz OPAL 1 S in 20, and in three cases the Karl Storz Rubina.

Results In 93 patients (94%), the TD was clearly delineated along its entire length; it was not visualized in 6 patients (6%).
Fluorescence guidance facilitated TD ligation in 16 cases, while 3 cases required clipping of duct tributaries for oncologi-
cal considerations. Twenty-eight patients exhibited minor duct variations. Fluorescence was sustained throughout surgery
(median observation time 60 min post-injection; range 30-330). No patient experienced any chyle leak within 30 days post-
surgery and no adverse reactions to ICG was evident.

Conclusions Intraoperative fluorescence TD lymphography using ICG during MAE in a semiprone position with inguinal
nodal injection proved safe, feasible, and effective, allowing clear visualization of the TD in almost all cases. This approach
aids safe ligation and reduces chyle leak risk. It offers real-time imaging of TD anatomy and variations, providing valuable
feedback to surgeons for managing TD injuries during MAE procedures and represents an excellent educational tool.
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Introduction Some form of intraoperative image guidance of the TD is

essential for a safer surgery [5]. Nowadays, most esophageal

Esophagectomy is one of the mainstay treatment in the cura-
tive management of esophageal cancer. It is a complex pro-
cedure with high morbidity and mortality [1, 2]. Thoracic
duct (TD) injury is rare complication following esophagec-
tomy but carries a major morbidity and difficult to treat [3,
4]. It increases hospital stay and negatively impacts survival

[4].
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cancer cases are treated by neoadjuvant chemoradiotherapy,
and thoracic dissection may be rendered more difficult due
to therapy-related fibrosis, further increasing the risk of
TD injury. A clear intraoperative recognition of the TD is
essential to prevent its injury [6]. Most chyle injuries occur
because of failure to identify the TD. Many tools have been
put forward to better identify the TD intraoperatively. How-
ever, intraoperative identification of the TD course or leak-
age site is often challenging.

Although oral administration of heavy cream before
surgery is sometimes performed to visualize the TD, it can
be difficult to administer [7-9]. In addition, preoperative
anatomical information is challenging to directly transfer
to the intraoperative situation. Lymphangiography and lym-
phoscintigraphy, though available preoperatively to identify
the site of TD damage, do not permit precise localization of
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the injured site [6]. Moreover, the complete TD anatomy,
its tributaries, and uncommon course cannot be sufficiently
addressed by lymphangiography and lymphoscintigraphy.
Also, both tools are difficult to transfer to the operative table.

The intraoperative use of indocyanine green (ICG) with
near-infrared (NIR) fluorescence is an emerging technology
used in many surgical areas to visualize surgical anatomy,
perfusion, and tissue function with high spatial resolution
[10]. The intraoperative use of NIR-ICG fluorescence imag-
ing in the literature has also been used in surgery to identify
chyle leaks after esophagectomy, lung surgery, and neck dis-
section [6]. In addition, fluorescence imaging also guides
safer lymphadenectomy. In the limited case reports, ICG
dye was injected either into the small bowel mesentery or
subcutaneously in the inguinal region [11-14]. There are a
few small series of injection in the inguinal nodes [15-17].
None of them has reported the utility of NIR-ICG in real-
time intraoperatively.

We report our experience herein with NIR-ICG fluores-
cence imaging to identify the TD intraoperatively and define
its utility in patients undergoing minimal access transtho-
racic esophagectomy (MAE) in a semi-prone position.

Patients and methods

The study is a retrospective analysis of a prospectively main-
tained database carried out at the Department of Surgical
Oncology at a tertiary cancer center in South India. Between
October 2020 and till January 2023, 203 patients were oper-
ated at our institute. Among which 123 were operated by
single surgical team, and 102 procedures were transthoracic
esophagectomies (TTE). In the current study, 99 patients
with resectable esophageal and gastroesophageal junctional
(GEJ) cancer who underwent curative intent MAE were
included. Patients aged between 18 and 75 years, who pro-
vided written informed consent, were eligible for the study.
Patients allergic to iodine, those who did not undergo TTE,
who did not consent, and those who were pregnant were
excluded. The study was approved by the Medical Ethical
Committee of the institute.

Surgical technique

Patients with carcinoma of the middle or lower third
esophagus or GEJ underwent thoraco-laparoscopic assisted
esophagectomy. Surgical technique has been standardized
and consists of thoracoscopic mobilization of the esophagus
with a standard infrahilar lymphadenectomy in a left lateral
semi-prone position with dual lung ventilation. The patient
is then placed in the supine position. Standard laparoscopic
ports are placed. The gastro-hepatic ligament is divided
and a conventional D2 lymphadenectomy is done barring
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infrapyloric and splenic hilar nodes. Lastly, the greater cur-
vature is divided, preserving the gastroepiploic arcade.

After esophagectomy, a 3-cm-wide gastric conduit for the
anastomosis is made using linear staplers buttressed with
interrupted seromuscular polydioxanone sutures or hand
sewn with the interrupted 2—0 polydioxanone sutures. The
right gastroepiploic vessels are preserved. The short gastrics,
left gastroepiploic, and left gastric vessels are ligated and
divided at their origin with a vessel sealer. The gastric con-
duit, thus fashioned, is placed along the anterior chest wall
to assess its length. Then, the gastric conduit is brought up to
the neck through the posterior mediastinum; a doubled sta-
pled side-to-side anastomosis is done using 75- and 100-mm
GIA staplers using the modified Collard technique. Most of
the patients with squamous cell carcinoma underwent thorax
first approach, but a few patients with adenocarcinoma of
GEJ underwent abdomen first approach to rule out meta-
static disease.

ICG protocol

ICG is available as a 25-mg powder (Aurogreen; Aurolabs,
Madurai, India) and is reconstituted in 10 ml of water, with
each ml of the solution containing 2.5 mg of dye. ICG is
injected in the inguinal nodes bilaterally (each side 1 ml,
total 5 mg) under sonographic guidance before the start
of surgery at the time of induction of anesthesia. For the
last 6 months, we have been injecting ICG just before
thoracoscopy.

To perform ICG lymphography, we selected inguinal
lymph nodes as they are superficial, easily accessible, con-
sistently present, and relatively larger in size and easy to
visualize under ultrasound.

We systematically conduct sonographic evaluation of the
inguinal region, specifically the femoral triangle, with the
patient in a supine position and the thigh slightly abducted.
It is crucial to have a deep understanding of the region’s
anatomy. The lymph nodes are positioned superficially
to the fascia lata. A typical lymph node exhibits an oval
shape, regular contours, a hilum with blood flow, and a
central hyper-echogenic medulla surrounded by a thin and
uniformly hypo-echogenic cortex. A successful injection is
indicated by the enlargement of the nodal size, and the cen-
tral hyper-echogenic medulla loses its normal echotexture,
becoming hypoechoic.

System description

Fluorescence TD lymphography was performed in major-
ity using the Stryker 1688 High Definition (HD) advanced
imaging modalities (AIM) 4 K platform (Stryker Endos-
copy, Kalamazoo, MI). It offers 4 K resolution images
with HD ICG imaging. The system consists of an infrared
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fluorescence (IRF)-enabled LED light source, light cable,
camera control unit (CCU), 1688 AIM Camera head coupler,
0° and 30° 10 mm telescopes, and a 32" monitor with 4 K
display. A button on the camera head is used to toggle from
visible light to near-infrared images. The surgeon can easily
switch between normal mode (white light) and fluorescence
mode (near infrared) at any time during the surgical proce-
dure. The Stryker system facilitates the procedure in real
time using an overlay mode, where the NIR image is fused
with the white light image using artificial intelligence. It also
permits storage of high quality 1080 p video in an internal
hard disc which is easily retrievable.

Karl Storz OPAL 1S HD system (KARL STORZ SE &
Co. KG, Tuttlingen, Germany) employs the Image 1S soft-
ware. It utilizes a dedicated laser-free LED (Xenon light
source) for optical illumination and contrast enhancement,
combined with IMAGE1 S™ CLARA and CHROMA tech-
nologies. The system offers a foot switch to toggle between
white light and ICG modes. It is important to note that this
system does not include an overlay mode.

Karl Storz ImagelS™ RUBINA HD system (KARL
STORZ SE & Co. KG, Tuttlingen, Germany) comes with an
integrated 4 K, 3D, and NIR-ICG imaging technology. The
integrated technology provides increased resolution, excel-
lent image quality in white light and NIR/ICG modes, and a
natural color rendition. The camera chip enables 4 K white
light and 4 K NIR/ICG modes. NIR/ICG offers three modes:
the overlay mode, the intensity map mode, and the mono-
chromatic mode incorporated in one system by the OPAL1
NIR/ICG technology. It offers storage of high-definition vid-
eos in internal hard disc AIDA.

Intraoperative identification rates of TD and its anatomi-
cal variation in real time were the primary outcomes of the
study.

Results

Table 1 depicts patient characteristics, including demo-
graphic, operative, and postoperative parameters. The pre-
dominant histology was squamous cell carcinoma (n=79).
Among the patients, 83 received neoadjuvant chemora-
diotherapy, 11 received neoadjuvant chemotherapy, and 4
underwent salvage esophagectomy after a failed definitive
chemoradiotherapy. All patients underwent MAE with two-
field nodal dissection.

No complications due to ICG injection were observed,
either at the injection site or systemically. The median
time taken to observe the TD from the injection time was
60 min (range 30-330). Seventy-six cases were performed
using Stryker’s 1688 AIM HD system, three under Karl
Storz Rubina, and 20 under Karl Storz OPAL 1 S. The TD
was clearly delineated brightly along its entire length in 93

Table 1 Patient characteristics, including demographic, operative,
and postoperative parameters

Variables n (%)
Total no of patients 99

Age median in years, range 55 (22-77)
Gender

Male 43 (43.5%)
Female 56 (56.5%)
Histology

Squamous 79 (78%)
Adenocarcinoma 19 (19%)
Adenosquamous 1 (1%)
Location

Middle 35 (35%)
Lower 41 (42%)
GEJ 23 (23%)
Neoadjuvant therapy

NACRT 83 (84%)
NACT 11 (11%)
Salvage 4 (4%)
None 1(1%)
System used

Stryker 1688 76 (77%)
Karl Storz Opal 1S 20 (20%)
Karl Storz Rubina 3 (3%)
Resection

RO 99(100%)
R1 0

Median operating time in minutes, (range) 450 (300-660)

Median thoracic operative time in minutes, (range) 120 (40-182)

Median ICU stay in days, (range) 3(2-11)
Median Hospital stay in days, (range) 7 (5-15)
Morbidity 48 (49%)
Mortality 3(3%)

patients (94%) and was not seen in six patients. Real-time
lymphography was performed in 73 cases using the overlay
mode (available only in Stryker’s 1688 AIM HD and Karl
Storz Rubina systems), where real-time NIR-ICG guidance
was obtained by superimposing fluorescent on white light
images. Minor variations in TD were noted in 28 patients
(28%). The most common variation observed was saccu-
lar dilatation in 14 patients. Other variations noticed were
duplication of a part of the duct in four, fusiform dilatation
in three, plexiform variation in five, and loop formation and
accessory duct joining the main duct in one (more than one
anomaly seen in few patients).

Normal fluorescent TD appeared bright green and located
between the azygous vein and aorta (Fig. 1). Figure 2 shows
normal TD in white light, with the Karl Storz OPAL 1S HD
system and Rubina system. NIR-ICG guidance facilitated
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Fig.1 Normal fluorescent thoracic duct lymphography in a patient
undergoing minimal access esophagectomy in a semi-prone position.
Panel A displays the white light thoracoscopic image, where the TD

real-time recognition and clipping of the TD and its tribu-
taries, ensuring a safe surgery (Fig. 3). In 16 cases, the TD
was ligated to ensure resection-free margins, while in the
three cases, the main TD was preserved, and only tribu-
taries were clipped and ligated to achieve complete lymph
node dissection. The significant usefulness of real-time NIR-
ICG guidance was observed in patients undergoing salvage
esophagectomy or post-thoracic radiation, where extensive
thoracic fibrosis blurs the dissection planes (Fig. 4). All
patients were followed up for 30 days after surgery, and no
patient had chyle leak or adverse reactions related to ICG.

Discussion

We have demonstrated the safety and effectiveness of fluo-
rescence imaging of the TD during MAE using NIR-ICG.
The overall visualization rate in our series was > 93%. NIR-
ICG facilitates safer dissection, even in salvage surgeries, by
enabling specific ligation of TD tributaries under real-time
ICG guidance.

ICG is a small hydrophilic tricarbocyanine dye that
exhibits fluorescence when activated by NIR light (760 to
780 nm), delivered by a dedicated near-infrared optical sys-
tem [18]. ICG has various surgical applications, including
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is not visible. Panels B to D reveal the normal fluorescent thoracic
duct lymphogram: B in overlay mode, C in fluorescent mode, and D
in SPY Env mode

assessing flap vascularity, evaluating anastomotic perfusion,
recognizing anatomical structures (such as blood vessels,
biliary vessels, and lymphatic vessels), and detecting lym-
phatic drainage for sentinel node biopsy [19].

Studies by Ashitate et al. [20] and Steffey and Mayhew
[21] have reported real-time imaging of TD anatomy in
animal models using NIR fluorescence imaging with ICG.
Numerous case reports and series have successfully identi-
fied the TD by injecting ICG into subcutaneous tissue, mes-
entery, dorsum of the foot, and intranodally [11-17, 19, 22].
However, intranodal injection has shown the most consistent
TD visualization, even after repeat and failed surgeries [6].
Ultrasound-guided inguinal node injection is a safe and fea-
sible method to obtain TD visualization, especially for real-
time lymphography [6, 10, 19]. In our series, six patients did
not show TD. These cases occurred during the initial phase
of implementing the technique at our institute. This approach
is safe and easy to learn, but we want to be self-critical and
believe in these cases the dye was not successfully injected
into the nodes. In most cases, clear and fast visualization
was possible with NIR-ICG, as demonstrated in 93% of our
series.

Recently, large series have reported on the utility of fluo-
rescence guidance to delineate the TD during MAE using
intranodal injection [16, 17], mesenteric injection [23], and



Langenbeck's Archives of Surgery (2023) 408:426

Page50f7 426

Fig.2 A Thoracoscopic white light image of the thoracic duct. Note
that the TD is visible as a faint tubular structure. B NIR-ICG image of
the thoracic duct corresponding to the image in Panel A (Karl Storz
OPAL 1S HD system). C Real-time dissection of the thoracic duct

Fig.3 Clipping of thoracic duct and its tributaries under NIR-ICG
guidance

subcutaneous inguinal injection [24, 25]. However, none of
these studies has reported on real-time fluorescence guid-
ance for TD identification intraoperatively.

In our series, we used intraoperative NIR-ICG fluores-
cence imaging to provide real-time visualization of the
TD. In white light, the TD appears faintly as a thin tubu-
lar structure on the dorsal aspect during surgery, making it

in an integrated 4 K and 3D system (Karl Storz Rubina) in overlay
mode. D Supra-azygous part of the thoracic duct in the Stryker 1688
HD AIM system

Fig.4 The utility of real-time NIR-ICG guidance in identifying the
thoracic duct in a patient undergoing salvage esophagectomy with
extensive thoracic fibrosis

easily missed and putting it at high risk of injury. However,
NIR-ICG imaging highlights TD in fluorescence, enabling
effective recognition, preservation, and real-time dissection
during MAE. The real utility of real-time NIR-ICG guidance
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becomes evident in salvage esophagectomy, post-thoracic
radiation field, and re-exploration cases, where extensive
thoracic fibrosis blurs the surgical planes, making TD recog-
nition challenging. Fluorescence guidance ensures safe and
comfortable dissection, providing constant feedback to the
surgeon without the need for additional instruments or inter-
ruptions in the surgical flow. Additionally, in cases requiring
resection of the TD for oncological radicality, fluorescence
imaging aids in easy ligation of the stumps and checking for
any chyle leakage. Moreover, NIR-ICG helps preserve the
TD when only tributaries need to be resected and ligated
close to the main TD for oncological reasons.

We have used different systems in our study. Karl Storz’s
Rubina and Stryker’s 1688 AIM HD systems are highly
regarded and preferred for surgical use. They excel in com-
parison to Karl Storz Opal 1S due to their dedicated overlay
mode, which allows real-time visualization by superimpos-
ing ICG images onto white light. Both systems offer 4 K
resolution, with Rubina also providing 3D image display
for an enhanced surgical experience. However, comparing
Stryker’s 1688 and Rubina is challenging, as they are both
considered equally excellent based on our experience. Every
institute has a different system, and a comparative study is
simply not possible between the various available systems as
the technical composition will vary between each system and
companies for obvious reasons will not conduct such trials.

The variation in the TD, as far as we know from our expe-
rience, current knowledge, and literature, is not influenced
by the delivery of neoadjuvant treatment; it is actually an
anatomical feature. However, we do acknowledge that in
cases of salvage and neoadjuvant chemoradiotherapy, iden-
tifying variations can be challenging due to thoracic fibro-
sis but especially in those cases, the utility of NIR-ICG is
unquestionable as it clearly helps to perform safer dissection
in these scenarios.

We observed that the key to successful imaging of the
TD is proper ultrasonographic identification of the ingui-
nal node, image-confirmed intranodal ICG injection with
node expansion, and loss of central hypoechoic region. An
advantage of intranodal injection is that it provides a con-
stant supply of ICG for fluorescence, lasting for the entire
duration of surgery, enabling real-time fluorescence surgery.
Our experience suggests that ultrasound-guided intranodal
injection is easy to perform, fast (5—-10 min), and can be per-
formed by surgeons themselves. In six cases, we encountered
difficulties visualizing the duct because the dye had not been
properly injected into the nodes. Once the dye is within the
nodes, it consistently remains within the lymphatic system
and, consequently, within the TD. The absence of TD vis-
ibility implies that the dye was likely injected outside the
node, a common occurrence, especially when administered
by someone inexperienced or in early phase of learning.
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Conclusion

Intraoperative recognition of TD anatomy stands as the
most effective method for avoiding TD injury and subse-
quent chylothorax. Real-time esophageal dissection under
fluorescence guidance enables safer esophageal dissection
but also provides constant anatomic feedback to the sur-
geon during surgery by offering continuous visualization.
The technique can be performed without any time delay
and can be easily reproducible.
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