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The purpose of this paper is to give an overview of the recent surgical intraoperational applications of indocyanine green fluores-
cence imaging methods, the basics of the technology, and instrumentation used. Well over 200 papers describing this technique in
clinical setting are reviewed. In addition to the surgical applications, other recent medical applications of ICG are briefly examined.

1. Introduction

Fluorescence Imaging (FI) is one of the most popular im-
aging modes in biomedical sciences for the visualisation of
cells and tissues both in vitro and in vivo [1]. The benefits of
FI include

(i) high contrast, that is, signal to noise ratio (SNR): only
the target, not background, is visible because separate
wavelengths are used for illumination and recording
(cf. Figure 4);

(ii) high sensitivity: extremely small concentrations can
often be made visible;

(iii) Gives molecular information: makes some (bio)
chemistry spatially and temporally visible;

(iv) great tools for research: several possible imaging
modes, most of which are unique;

(v) cheap: the optical instrumentation and computing
needed are quite simple;

(vi) easy to use: resembles classical staining.

Fluorescent imaging is a relatively recent imaging meth-
od and thus still developing in many ways. This is especially
true for indocyanine green (ICG) imaging in its new clinical
applications recently proposed in various branches of sur-
gical medicine, although it has been used in some clinical
applications routinely already for almost sixty years. Thus,
ICG is well known in its established clinical applications,
which greatly facilitates its introduction to new applications.
From an engineering point of view, image and video process-
ing seems to be among the main areas in which ICG imaging
(ICGI) has potential for major developments, for example,
for analysis of ICG fluorescence dynamics [2] (cf. Figure 2).
This means, among other things, that a lot of computing
development work is still needed for a broader acceptance of
various emerging ICG-based medical imaging methods [3].

1.1. Indocyanine Green Angiography. Indocyanine green has
been used for decades in ophthalmology for imaging retinal
blood vessels, that is, in retinal angiography. However, fluo-
rescein operating in visual wavelengths has been much more
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Figure 1: A typical ICGA image: heart of a rat. Coronary arteries
clearly visible. Liver shining on the right. Magnification 20×. Image
taken by Dr. Outi Villet at HUCH by our prototype microscope
device shown in Figure 6.

popular in retinal angiography partly because it is visible
without any electronic cameras. However, the objects of
imaging, retinal layers, with fluorescein and ICG somewhat
di�er. ICG gives information about deeper lying blood veins
because it operates in near infrared (NIR), in which tissues
are much more translucent than in visual wavelengths.

The principle of fluorescence imaging used in ICG
angiography (ICGA) is simple: illuminate the tissue of
interest with light at the excitation wavelength (about 750 to
800 nm) while observing it at longer emission wavelengths
(over 800 nm; Figure 4). To create a simple ICGA device,
only a couple of filters are needed in addition to a proper
camera and a light source, which can be quite small and
suitable even for portable use [4]. The filters are needed to
prevent the mixing of the excitation (strong) and fluorescing
(weak) rays to sum at the sensor. Even if the fluorescence is
only a small fraction of the excitation intensity (Table 9: row
1 versus row 10), a surprisingly good signal to noise ratio
(SNR) is attained: a brightly fluorescing object, mostly blood
vessels containing ICG, can be clearly seen on an almost
black background (see Figure 1). Without the filters, the
weak fluorescence image cannot be seen among the strong
reflection of the excitation light.

Indocyanine green dye was developed for near-infrared
(NIR) photography by the Kodak Research Laboratories in
1955 and was approved for clinical use already in 1956 [6, 7].
However, it took over ten years before ICG was used for
angiography [8]. For retinal angiography it has been used
from early 70 s [9].

1.2. Related Work. A few reviews of ICG and ICGA have
been published. Those are briefly reviewed in what follows.
Frangioni gives a review on in vivo fluorescent imaging
including ICG-assisted imaging [10]. Amiot et al. give a
review of the di�erent NIR fluorescent materials developed
and proposed for biomedical imaging [11]. Choyke et al. give
a review of the toxicity of organic fluorophores including
ICG used in molecular imaging [12]. For a recent review
of ICG in retinal angiography, see for example, [13–15].
ICG, and infracyanine green in macular hole surgery are

Table 1: The number of ICG-related publications: queries from
databases PubMed, ISI, SPIE, and IEEE (26.7.2011).

Keyword PubMed ISI SPIE IEEE
“Indocyanine” (ICG) 6069 5159 301 57
ICG and “surgery” 2160 1059 25 4
ICG and “liver” 2031 1164 18 5
ICG and “retina” 1176 406 7 11
ICG and “cancer” 816 372 49 14
ICG and “tomography” 748 594 29 10
ICG and “imaging” 697 828 130 43
ICG and “heart” 483 174 3 0
ICG and “wound” 190 53 24 1
ICG and “lymph” 128 115 11 1
ICG and “brain” 127 119 16 0
ICG and “breast” 105 189 35 10
ICG and “laparoscopy” 47 26 0 0

reviewed in [16]. ICG and some similar dyes in vitreoretinal
surgery are reviewed in [17]. A short overview of early works
on fluorescence-enhanced contrast imaging and tomography
is given in [18]. A recent review of ICG in assessment of
liver function is given in [19], and a personal history view
on ICG in liver monitoring is given by Paumgartner [20].
Houston gives an overview of in vivo small animal studies on
fluorescent contrast agents [21]. te Velde et al. have recently
briefly reviewed all papers regarding fluorescent dyes in
surgical oncology [22], Schaafsma et al. have reviewed ICG in
oncologic surgery [23], Polom et al. ICG usage in oncology
and especially in sentinel lymph node biopsy (SLNB) [24]
and Luo et al. NIR dyes including ICG in cancer targeting and
imaging [25]. In a recent review Kaiser et al. review optical
methods, including ICG imaging, in noninvasive assessment
of burn wound severity [26]. An excellent and illustrative
review of ICG in clinical imaging of the lymphatic system
is given recently by Marshall et al. [27]. National Library
of Medicine maintains a database of contrast agents called
MICAD [28].

1.3. ICG Publications. To get an idea of the volume of ICG-
related research activities, the number of ICG-related publi-
cations in several databases (PubMed, ISI, IEEE, and SPIE)
was collected in Table 1 and classified according to the
main application areas. As anticipated, most research on
ICG seems to be related to clinical sciences and not to,
for example, engineering, optics, spectroscopy, or imaging,
which indicates that there is still much work left to reveal
all the technical potential of ICG. For instance, most of the
works on image processing deal with ICGA of the retina only.
On the other hand, the long and routine use of ICG in some
clinical applications, such as retinal imaging, has provided
us with much invaluable knowledge and experience useful
in the development of new clinical applications, which are
anticipated to be introduced exceptionally swiftly and at the
same time at both relatively low risk and cost.
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Figure 2: Simple image processing and pseudocoloring: ICG-VA frames of a leg (toes up) after the injection of ICG: (a) at about 30 s showing
deep lying arteries in red, (b) at about 60 s showing mainly capillaries in yellowish green, (c) at about 90 s showing mainly subcutaneous
veins in blue, and (d) fusion of the first three images. Image processing steps: negative of the original image and some intensity remapping.
Fusion by using CMYC model. For more information see [5]. The original B/W images were taken with PDE by Dr. Hiroaki Terasaki (visiting
HUCH from Tokyo Medical and Dental University Hospital of Medicine) and later processed by one of the authors (P. Välisuo).

The number of annual ICG publications according to
PubMed is given in Table 2. The increase of publications has
been about 10 papers per year. This number is expected to
increase due to the emerging clinical applications described
later in this paper. We can already (Fall 2011) see a
considerable increase of papers for the years 2009 and 2010.
According to Espacenet (6.5.2010), there are over 170 ICG-
related patents.

2. Properties of Indocyanine Green

The principal advantages causing the rapid acceptance of
ICG were the presence of the absorption maximum, around
800 nm, the confinement to the vascular compartment
through binding with plasma proteins, the low toxicity (LD50
of 50–80 mg/kg for animals http://www.drugs.com/pro/
indocyanine-green.html), and the rapid excretion, almost
exclusively into the bile.

ICG fluoresces at about 800 nm and longer wavelengths.
The exact shape of the spectra depends somewhat on the
chemical environment and physical condition of ICG mol-
ecules like temperature and ICG concentration. The spectra
are also smoothly varying, thus the exact wavelength values
given in the literature somewhat vary depending also on
the excitation light spectra and the filters used. Table 5
gives some excitation and observation wavelengths used
in di�erent ICG imaging instruments. The sensitivity of
fluorescence spectra on molecular environment means that
ICG is a potential molecular probe [29]. This has not yet
been used in clinical applications. This is obviously one
potential direction of ICG imaging development. Related to
this direction is the need for better understanding of the

Table 2: From PubMed (2.11.2009) “Indocyanine”: (years 2007–
2010: 17.8.2011).

Recent Early
Year Number Year Number
2010 397 1970 38
2009 369 1969 35
2008 295 1968 29
2007 275 1967 37
2006 274 1966 25
2005 277 1965 20
2004 295 1964 16
2003 295 1963 8
2002 240 1962 5
2001 219 1961 2
2000 224 1960 10
1999 195 1959 0
— — 1958 1
1989 96 1957 0
— — 1956 0
1979 69 1955 0
— —

binding of ICG molecules in di�erent cells and tissues. This
is clearly an arena for some further systematic basic research
using fluorescence microscopy that may later possibly even
lead to some major imaging innovations in biomedical
applications.


















































