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Editorial

The Beginning of a New Era of
Digestive Surgery Guided by
Fluorescence Imaging

Takeaki Ishizawa?P Norihiro Kokudo?

aHepato-Biliary-Pancreatic Surgery Division, Department of Surgery, Graduate School of Medicine,
The University of Tokyo, PDepartment of Gastroenterological Surgery, Cancer Institute Ariake Hospital,
Japanese Foundation for Cancer Research, Tokyo, Japan

There has been a dramatic increase in the use of fluorescence imaging for visualizing
biological structures during surgery; a MEDLINE search with the keywords “fluorescence
imaging” and “surgery” yielded year-on-year increases in the number of publications, which
reached more than 1,200 articles in 2012 (fig. 1). Use of fluorescence imaging in surgical
settings started at the beginning of the 21st century with angiography using indocyanine
green (ICG) as a source of fluorescence during coronary artery bypass grafting [1], and this
was followed by sentinel node navigation in breast cancer surgery [2] and intraoperative an-
giography for cerebral aneurysm [3] in the mid 2000s. Since near-infrared imaging systems
became commercially available for open surgery in 2005 and for laparoscopic surgery in
2011, the application of fluorescence-guided surgery has further accelerated.

Among the numerous fluorescent probes available for in vivo imaging, ICG remains the
mainstay in the clinical setting. The safety of ICG has been established over more than 50
years of clinical usage. Its fluorescent properties (excitation 750-810 nm, emission around
830 nm) mean that the signal is not absorbed by hemoglobin or water, which confers ad-
vantages in visualizing deep-lying structures. In the field of hepatobiliary surgery, the fact
that ICG is excreted in bile is a very useful pharmacological characteristic. For example, ICG-
fluorescence imaging enables delineation of the bile ducts following intravenous ICG injec-
tion (fluorescence cholangiography) [4-6]. Using ICG, intraoperative identification of both
primary and secondary hepatic malignancies is possible through visualization of the biliary
excretion disorders that exist in hepatocellular carcinoma tissues and in non-cancerous he-
patic parenchyma compressed by metastatic tumors [7-10}; this approach may lead to the
development of photodynamic treatment [11]. Currently available techniques can also be
used to assess portal uptake in hepatic segments with venous occlusion during liver resec-
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Fig. 1. Annual number of publications (N) on fluorescence imaging in the field of surgical treatment.
A MEDLINE search was carried out using the keywords “fluorescence imaging” and “surgery” (accessed
on 19 December 2013). The number of publications started to increase dramatically from about 2000.

tion or transplantation [12]. Another clinically available fluorescent probe is 5-aminolevu-
linic acid; however, its application to digestive surgery has rarely been evaluated.

In basic and preclinical studies, many novel fluorescent probes have been developed
to enhance ICG-based fluorescence imaging to delineate biliary and vascular anatomy and
to detect cancerous tissues other than hepatocellular carcinoma. Among these techniques,
intraoperative fluorescence imaging of pancreatic leaks has the potential to reduce the in-
cidence and severity of postoperative pancreatic fistulas [13]. Novel fluorescence imaging
systems are also being actively developed to allow simultaneous identification of two or
more structures with different fluorescence probes [14]; furthermore, fluorescence goggle
systems worn by the operating surgeon should soon be able to provide real-time visual in-
formation on the surgical field [15]. The history and techniques of fluorescence-guided sur-
gery are well-summarized in a recent review article by Vahrmeijer etal. [16] and are also de-
scribed in detail in the book Fluorescent Imaging: Treatment of Hepatobiliary and Pancreatic
Diseases [17]. In addition, the first international symposium on fluorescence-guided surgery,
held in February 2014, promoted the sharing of cutting-edge knowledge for further develop-
ment of these exciting new techniques.

Conventionally, intraoperative diagnosis and decision-making have been based on sur-
geons’ visual inspection and palpation, with the aid of ultrasonography and radiation. Fluo-
rescence imaging will open a new era of surgery, in which more detailed information on vas-
cular anatomy and cancer status will be rapidly available for surgeons to view when needed,
enhancing the safety and efficacy of digestive surgery.
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Abstract

Background Although laparoscopic hepatectomy has
increasingly been used to treat cancers in the liver, the
accuracy of intraoperative diagnosis may be inferior to that
of open surgery because the ability to visualize and palpate
the liver surface during laparoscopy is relatively limited.
Fluorescence imaging has the potential to provide a simple
compensatory diagnostic tool for identification of cancers
in the liver during laparoscopic hepatectomy.

Methods In 17 patients who were to undergo laparoscopic
hepatectomy, 0.5 mg/kg body weight of indocyanine green
(ICG) was administered intravenously within the 2 weeks
prior to surgery. Intraoperatively, a laparoscopic fluores-
cence imaging system obtained fluorescence images of its
surfaces during mobilization of the liver.

Results In all, 16 hepatocellular carcinomas (HCCs) and
16 liver metastases (LMs) were resected. Of these, lapa-
roscopic ICG fluorescence imaging identified 12 HCCs
(75 %) and 11 LMs (69 %) on the liver surfaces distributed
over Couinaud’s segments 1-8, including the 17 tumors
that had not been identified by visual inspections of normal
color images. The 23 tumors that were identified by fluo-
rescence imaging were located closer to the liver surfaces
than another nine tumors that were not identified by
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fluorescence imaging (median [range] depth 1 [0-5] vs. 11
[8-30] mm; p < 0.001).

Conclusions Like palpation during open hepatectomy,
laparoscopic ICG fluorescence imaging enables real-time
identification of subcapsular liver cancers, thus facilitating
estimation of the required extent of hepatic mobilization
and determination of the location of an appropriate hepatic
transection line.

Keywords Indocyanine green - Fluorescence imaging -
Laparoscopic hepatectomy - Hepatocellular carcinoma -
Liver metastasis

Over the past few years, the role of laparoscopic
hepatectomy for surgical treatment of cancers in the liver
has been expanded worldwide [1, 2]. Although
laparoscopic hepatectomy has potential advantages over
open hepatectomy in reducing blood loss, postoperative
pain, and length of hospital stay, there are still concerns
that small subcapsular lesions may be missed during
surgery because of the limited ability to visualize and
palpate liver surfaces that laparoscopy provides. In order to
further enhance the accuracy of laparoscopic hepatectomy
and facilitate complicated procedures such as
segmentectomies [3], novel imaging techniques that can
compensate for the drawbacks of laparoscopic diagnostic
tools need to be developed.

Recently, intraoperative fluorescence imaging tech-
niques using indocyanine green (ICG) were developed [4,
5] and surgeons began to use them clinically to delineate
cancers in the liver during open hepatectomy [6]. In this
technique, ICG that has previously been administered
intravenously for preoperative liver function assessment is
used as a fluorescent source during surgery. Intraopera-
tively, cancers in the liver can be identified through
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visualization of ICG, which remains only in the cancerous
tissues of hepatocellular carcinoma (HCC) and non-can-
cerous hepatic parenchyma compressed by liver metastases
(LMs) [4, 7]. Laparoscopic fluorescence imaging systems
have become commercially available from 2011, this
technique can now also be used during laparoscopic hep-
atectomy. The aim of the present study was to develop
techniques for ICG fluorescence imaging and to evaluate
its efficacy in the setting of laparoscopic hepatectomy.

Materials and methods

This study was conducted with the approval of the Insti-
tutional Ethics Review Board of Tokyo University, and is
registered in the UMIN-CTR (UMINO00001075, https:/
center.umin.ac.jp/ctr/index.htm). Informed consent was
obtained from all patients.

Patients

Seventeen patients who were to undergo total laparoscopic
hepatectomy or laparoscopic-assisted hepatectomy (lapa-
roscopic mobilization of the liver followed by open hepatic
transection) for HCC (n = 10) or LM (colorectal cancer
[n = 6] and uterine cancer [n = 1]) at The University of
Tokyo Hospital from April 2012 to April 2013 were
studied.

Intraoperative indocyanine-green fluorescence imaging

The technical details of ICG fluorescence imaging have
been described previously [4]. Briefly, 0.5 mg/kg of ICG
(Diagnogreen; Daiichi Sankyo, Tokyo, Japan) is adminis-
tered intravenously for liver function testing, ideally within
the 2 weeks prior to surgery. At the time of surgery, ICG
that is retained in cancerous tissues and/or non-cancerous
compressed liver parenchyma around tumors is used as a
fluorescence source.

The laparoscopic fluorescence imaging system consists
of a charge-coupled device camera (410,000 pixels in total)
and a xenon light source that can limit the wavelengths to
between 690 and 790 nm during fluorescent imaging
(Olympus Medical Systems, Tokyo, Japan). The camera
imaging head is also equipped with a cutoff filter. Intra-
operatively, full-color images can be converted to fluo-
rescent images easily and quickly by using switches on the
camera head to shift the light source and cutoff filter [8].

The intraoperative procedure was as follows. Following
abdominal insufflation, a 30° laparoscope was introduced
through a 12-mm camera port. Fluorescence images of the
liver surface were obtained by converting full-color images

@ Springer

to fluorescent images during and after completion of
hepatic mobilization. Intraoperative ultrasonography with a
flexible laparoscopic probe (BK Medical, Herlev, Den-
mark, or Hitachi-Aloka Medical, Tokyo, Japan) was also
used to screen the whole liver. In principle, additional
resections of lesions newly detected by ICG fluorescence
imaging were considered only if these lesions were also
identified by contrast-enhanced ultrasonography, in which
perfluorobutane microbubbles appear as hypoechoic nod-
ules on Kupffer phase images (Sonazoid; GE Healthcare,
Oslo, Norway) [9, 10].

Following resection, the surgical specimens were sliced
open in the operation room and the distances between liver
surface and tumor boundaries measured. All specimens
were formalin-fixed and submitted for pathological
diagnosis.

Statistical analysis

Continuous data were expressed as median (range).
Quantitative and categorized variables were compared
using the Wilcoxon rank-sum test and Fisher’s exact test,
respectively. p values < 0.05 were considered to denote
statistical significance. Statistical analysis was performed
using the JMP software (version 9.0.0; SAS Institute, Cary,
NC, USA).

Results

Among the 16 HCCs and 16 LMs resected from the 17
patients, six exposed/protruding tumors were detected by
visual inspections of normal color images during the lapa-
roscopic procedures. Laparoscopic ICG fluorescence imag-
ing identified 12 HCCs (75 %) and 11 LMs (69 %)
distributed over Couinaud’s segments 1-8 on the liver sur-
faces (Table 1), facilitating estimation of the extent of
hepatic mobilization needed for subsequent parenchymal
transection (Fig. 1 and supplementary video 1) and deter-
mination of an appropriate hepatic transection line (Fig. 2
and supplementary video 2). Intraoperative contrast-
enhanced ultrasonography identified all 32 tumors as hypo-
echoic lesions on Kupffer phase images.

The 23 tumors identified by fluorescence imaging were
larger and closer to a hepatic surface than the nine tumors
that were not identified by this technique (Table 1). There
were no significant differences between the two groups in
interval between intravenous administration of ICG and
surgery (3 [1-19] days vs. 3 [2-10] days; p = 0.530) and
preoperative ICG retention rate at 15 min (6.4 [3.4-19.5]
vs. 6.4 [4.2-14.7] %; p = 0.514). No adverse reactions to
the ICG were encountered.
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Table 1 Results of indocyanine-green fluorescence imaging for
identification of cancers in the liver

Identifiable tumors ~ Non-identifiable ~ p value
tumors
HCC LM HCC LM
m=12) (n=11) (n=4) (m=)5)
Location
Segment 1 1 1 0 0
Segment 2 2 0 0 1
Segment 3 1 3 0 0
Segment 4 1 0 1 0
Segment 5 1 2 1 1
Segment 6 3 3 1 1
Segment 7 2 1 1 0
Segment 8 1 1 0 2
Diameter [mm; 18 (3-65) 7 (3-20) 0.018
(range)]
Depth [mm; 1 (0-5) 11 (8-30) <0.001
(range)]

HCC hepatocellular carcinoma, LM liver metastases

Discussion

Visual inspection, palpation, and ultrasonography are
essential diagnostic tools for ensuring accurate resection of
hepatic malignancies. During open hepatectomy, palpation
can supplement visual inspection and compensate for
drawbacks in intraoperative ultrasonography by identifying
small lesions located just beneath the liver surface. In
contrast, during laparoscopic hepatectomy, information
obtained by palpation using laparoscopic forceps is extre-
mely limited compared with the direct manipulation pos-
sible during open surgery.

In the present series, irrespective of the tumor-bearing
hepatic segments, during mobilization of the liver laparo-
scopic ICG fluorescence imaging identified all HCCs and
LMs that were 5 mm or closer to the liver surface. Of the
23 tumors visualized by fluorescence imaging, 17 were not
identifiable by visual inspection of normal laparoscopic
color images. Information provided by fluorescence
imaging helped surgeons to determine the required extent
of hepatic mobilization and set a dissection line for
parenchymal transection during the laparoscopic proce-
dures. These findings suggest that fluorescence imaging has
the potential to be used as an additional tool for identifying
subcapsular tumors during laparoscopic hepatectomy.

The major advantage of fluorescence imaging is that at
any time during laparoscopic procedures surgeons can
confirm the locations of liver cancers to be resected by
simply using a switch on the camera imaging head to
convert normal color images to fluorescence images, as is

Fig. 1 Fluorescence images (right) and corresponding color images
(left) of liver cancers during hepatic mobilization. A The right lobe of
the liver is mobilized and fluorescence imaging used to confirm the
exact location of a hepatocellular carcinoma in segment 7. B,
C Identification of colorectal liver metastasis located in segment 1. °
Although the tumor is exposed on the ventral surface of Spiegel’s
lobe (arrow in B), it is identifiable from the dorsal aspect only by
using fluorescence imaging (C). Based on the fluorescence images,
the caudate vein (arrowhead in C) is divided and Spiegel’s lobe
completely mobilized preparatory to hepatic transection

the case for fluorescence cholangiography during chole-
cystectomy [11]. Although intraoperative ultrasonography
also enables real-time identification of liver cancers during
laparoscopic procedures [12], probe insertion requires an
extra trocar and surgeons usually need two separate TV
monitors—one for viewing the ultrasonographic images
and another for the laparoscopic images.

Inability to visualize deeply-located tumors is the major
limitation of ICG fluorescence imaging. In our series, it
identified none of the cancers located 8 mm or more from
the liver surface, consistent with findings of previous
studies of ICG fluorescence imaging of liver cancers in open
hepatectomy [4] and fluorescence cholangiography [11].
Size of cancerous lesions may also affect tumor detect-
ability by fluorescence imaging. However, in the present
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Fig. 2 Determination of a
hepatic transection line using
fluorescence imaging.

A Boundaries of a colorectal
metastasis located in segment 6
are confirmed by fluorescence
imaging (left), after which a
minimal hepatic transection line
is marked by electric cautery on
the liver surface using near-
infrared images without a long-
pass filter (middle) and normal
color images (right). B Cut
surface of the resected specimen

series, even 3-mm cancers were detected by fluorescence
images provided they were located just beneath the liver
surfaces. At present, intraoperative ultrasonography is a
mandatory diagnostic tool during laparoscopic and open
hepatectomy. Thus, we expect that laparoscopic ICG fluo-
rescence imaging could complement visual inspection and
ultrasonography by identifying small subcapsular tumors.

Conclusions

ICG fluorescence imaging is easy to perform and facilitates
identification of subcapsular hepatic malignancies during
laparoscopic procedures. If the sensitivity of laparoscopic
fluorescence imaging systems to near-infrared light is
improved, the present technique may also be useful for
confirming surgical margins from the raw surface of the
liver during parenchymal transection.
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