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Abstract
Background For the precise removal of pituitary tumors, preserving the surrounding normal structures, we need real-time
intraoperative information on tumor location, margins, and surrounding structures. The aim of this study was to evaluate the
benefits of a new intraoperative real-time imaging modality using indocyanine green (ICG) fluorescence through an endoscopic
system during transsphenoidal surgery (TSS) for pituitary tumors.
Methods Between August 2013 and October 2014, 20 patients with pituitary and parasellar region tumors underwent TSS using
the ICG fluorescence endoscopic system. We used a peripheral vein bolus dose of 6.25 mg/injection of ICG, started with a time
counter, and examined how each tissue type increased and decreased in fluorescence through time.
Results A total of 33 investigations were performed for 20 patients: 9 had growth hormone secreting adenomas, 6 non-
functioning pituitary adenomas, 3 Rathke’s cleft cysts, 1 meningioma, and 1 pituicytoma. After the injection of ICG, the intensity
of fluorescence of tumor and normal tissues under near-infrared light showed clear differences. We could differentiate tumor
margins from adjacent normal tissues and define clearly the surrounding normal structures using the different fluorescent
intensities time changes and tissue-specific fluorescence patterns.
Conclusions The ICG endoscopic system is simple, user-friendly, quick, cost-effective, and reliable. The method offered real-
time information during TSS to delimit pituitary and parasellar region tumor tissue from surrounding normal structures. This
method can contribute to the improvement of total removal rates of tumors, reduction of complications after TSS, saving surgical
time, and preserving endocrinological functions.
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Abbreviations
CS Cavernous sinus
CT Computed tomography
GHoma Growth hormone-producing pituitary adenoma
ICG Indocyanine green
ICS Intercavernous sinus
MRI Magnetic resonance image
NFoma Non-functioning pituitary adenoma
RCC Rathke’s cleft cysts
TSS Transsphenoidal surgery
T1WIGd T1-weighted image with gadolinium

enhancement

Introduction

During pituitary tumor removal, we have to define tumor mar-
gins to surrounding structures for precise removal without

This article is part of the Topical Collection on Pituitaries

* Kosaku Amano
kamano@twmu.ac.jp

Yasuo Aihara
yaihara@nij.twmu.ac.jp

Shunsuke Tsuzuki
st09212005@yahoo.co.jp

Yoshikazu Okada
yokada@twmu.ac.jp

Takakazu Kawamata
tkawamata@twmu.ac.jp

1 Department of Neurosurgery, Tokyo Women’s Medical University,
8-1 Kawada-cho, Shinjuku-ku, Tokyo 162-8666, Japan

Acta Neurochirurgica (2019) 161:695–706
https://doi.org/10.1007/s00701-018-03778-0

http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-018-03778-0&domain=pdf
mailto:kamano@twmu.ac.jp


unnecessary injury and functional damage. However, intraoper-
ative decision-making and tissue identification are strongly de-
pendent on the surgical experience of the operating surgeon. In
pituitary surgery in general, we decide the surgical plan upon the
detailed preoperative MRI and differentiate tumor tissue from
surrounding structures at surgery according to its macroscopic
properties, based predominantly on subjective evaluation of tis-
sue color, consistency (soft, hard, fibrous, or viscous), capillary
reperfusion, and so on. Objectivemethods—intraoperative rapid
diagnosis—have been used clinically, but are technically de-
manding, require additional time and human resources, and are
not absolutely reliable. Therefore, there is still a need for a sim-
ple, reliable tissue and structure identificationmethod that can be
applied during surgery, not interfering with observation and ma-
nipulation, and provide us truly real-time information.

Indocyanine green (ICG) is a near-infrared fluorescent
tricarbocyanine dye, approved by the Food and Drug
Administration in 1959 for cardiocirculatory and liver func-
tion diagnostic use. Since then for more than half a century,
this method was available to and developed in many branches
of medicine, such as ophthalmology, plastic surgery, and ab-
dominal surgery [18–20, 24]. In digestive surgery, Noura et al.
reported that the ICGFE was useful for the detection of lymph
node metastases in lower rectal cancer [33].

In the neurosurgical field, ICG is used to visualize blood
vessels using fluorescence and has the advantages for real-time
intraoperative visualization of cerebral perfusion. This noninva-
sive method is simple, safe, cost-effective, easily repeatable, and
convenient and provides the surgeon instantaneous information
as a tool supporting intraoperative decision-making to produce
pictures reflecting blood flow. A microscope integrated ICG
videoangiography (ICG-VAG) has been introduced for intraop-
erative cerebral blood flow monitoring during vascular surgery
for aneurysms, arterial bypasses, arteriovenous malformations
or arteriovenous fistulas, and Moyamoya disease [8, 12, 22,
25, 29, 31, 32, 35, 36, 38, 43]. Recently, ICG-VAG application
has been widely extended to a greater variety of neurosurgical
diseases including tumors, such as cavernous angiomas,
hemangioblastomas, meningiomas, metastatic tumors, gliomas,
and adenomas [7, 10–12, 23, 37, 39, 41, 42]. These reports
evaluated the usefulness of the method not only for vascular
diseases but also for brain and spinal canal tumors. However,
most of those reports assessed the vascularity of the tumor itself
and its surrounding structures, but not specifically for tumor
delineation and characterization.

On the other hand, the endoscope is an absolutely neces-
sary tool in TSS to visualize wide areas, particularly in the
parasellar region and many reports have already demonstrated
its application in TSS [3, 4, 6, 9, 17, 28]. Though TSS has
some specific complications [1, 5] andmaneuverability during
this surgery is restricted due to anatomical and technical fac-
tors, we tried to overcome them by developing appropriate
surgical instruments [21]. Therefore, we are now able to

remove pituitary tumors more aggressively in endoscopic
TSS with panoramic view and high-resolution image. The
ICG fluorescence endoscope system was an innovative tool
in which ICG angiographic images could be observed through
the endoscope in real-time.

Only four experimental and clinical studies applying an
ICG endoscopic system in brain tumor removal have been
conducted so far. Litvack et al. first reported the usefulness
of ICG fluorescence endoscope (ICGFE) for pituitary adeno-
ma removal as a pilot study [27]. They applied ICG in pitui-
tary adenomas with a customized endoscopy and concluded
that identifying the tumor by the difference of fluorescence
intensity enabled safe and complete removal. We (Tsuzuki
et al.) reported that ICGFE was able to visualize vessels, tu-
mor masses, and surrounding structures even in an intraven-
tricular environment and was useful for detection of the tumor
in endoscopic biopsy [40]. Hide et al. also reported the appli-
cation of ICGFE for an intracavernous dermoid cyst removal
as a case report [15] and the clear confirmation of anatomical
landmarks, especially vessels [16]. Thus, ICGFE should be
considered a promising tool with great potential for further
application in tumor removal.

In this report, we designed a more detailed attempt for
visual differentiation of pituitary and parasellar region tumors
from surrounding structures by using the ICG fluorescence
endoscopic system in TSS and tried to expand its practical
application further on as a new intraoperative real-time imag-
ing modality.

Materials and methods

Between August 2013 and October 2014, 20 patients with
pituitary and parasellar region tumors underwent TSS sup-
ported by navigation using an ICG fluorescence endoscopic
system at our institute. The characteristics of the patients and
final pathological diagnoses are shown in Table 1. ICG has
been proven to be safe and is routinely applied in our everyday
surgical work. Therefore, ICG was included in the informed
consent for every patient preoperatively mentioning that it
provided additional possibilities for tumor detection and the
disadvantage of extending additionally surgical time. The rec-
ommended dose of ICG dye is 0.2 to 0.5 mg/kg, and the
maximum daily dose should not exceed 5 mg/kg. We used a
dose of 6.25 or 12.5 mg/injection of ICG (DAIICHI
SANKYO, Co. Ltd.) into a peripheral vein given as a bolus.
After the bolus injection of ICG intravenously, the dye bonds
to large plasma proteins within 1–2 s and remains intravascu-
lar in the conditions of normal vascular permeability. The dye
is excreted exclusively by the liver with a plasma half-life of
150 s. It demonstrates maximum fluorescence in human blood
at an excitation wavelength of 820 nm. This spectral shift is
due to the binding of the dye to plasma proteins.
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The ICG technique visualization was performed using the
following light equipment: KARL STORZ Photodynamic
Diagnosis (PDD) D-light P system, Image 1 HUBTM HD
camera control unit, IMAGE 1 H3-Z FI 3-Chip ICG FULL
HD camera head (1920 × 1080 pixels), and a straight for-
ward ICG telescope (0°, diameter 5.8 mm/length 19 cm).
After the bolus dye injection, followed with a 10-cm3 nor-
mal saline bolus, we started a time count and examined the
points in time for each tissue of fluorescence appearance, its
intensity increase, intensity peak, decrease, and disappear-
ance. Observing the illuminated field, we switched the light
source from white to near-infrared light by a foot switch and
examined the change of ICG tissue fluorescence. The dy-
namics of the image could be observed on the monitor in
real time and quantifications of fluorescence intensity
change were visually confirmed and approved by the oper-
ator and assistant independently. After the initial or addition-
al fluorescence examination, tumor mass margins were de-
lineated and the extent of removal decided. Tumor removal
was performed under standard endoscopic illumination. The
excised fluorescent lesions were examined histologically and
the histopathological findings were correlated to the ICG
endoscopic findings. All patients in this study underwent a
thorough pre- and postoperative endocrine workup to con-
firm the diagnosis and pituitary function.

Results

A total of 33 investigations were performed for 20 patients
(Three times ICG injections during the same surgery were done
in 2 cases, three times in 9 cases, and once in 9 cases.); 9 tumors
were growth hormone-producing pituitary adenomas (GHomas),
6 non-functioning pituitary adenomas (NFomas), 3Rathke’s cleft
cysts (RCCs), 1 meningioma, and 1 pituicytoma (Table 1). There
were neither complications during and after surgery that can be

Table 1 Characteristics of the 20
patients and result of ICG
examination

Case Age/
gender

Tumor history Dose and frequency
of ICG injection

Tumor fluorescencea

1 50/M FSH+, LH+ adenoma 6.25 mg × 1, 12.5 mg × 1 +

2 67/F silent ACTH+ adenoma 6.25 mg × 1 +

3 47/F silent GH+ adenoma 6.25 mg × 1 +

4 54/F GH+ adenoma 6.25 mg × 2 +

5 73/F FSH+, LH+ adenoma 6.25 mg × 2 +

6 51/F GH+ adenoma 6.25 mg × 3 +

7 58/F Null-cell adenoma 6.25 mg × 3 +

8 30/F Rathke’s cleft cyst 6.25 mg × 2 −
9 52/F GH+ adenoma 6.25 mg × 1 +

10 35/M Null-cell adenoma 6.25 mg × 1 +

11 69/M GH+, PRL+ adenoma 6.25 mg × 2 +

12 42/M Pituicytoma 6.25 mg × 1 −
13 47/F GH+, TSH+ adenoma 6.25 mg × 2 +

14 43/F Rathke’s cleft cyst 6.25 mg × 1 −
15 73/M GH+, PRL+ adenoma 6.25 mg × 1 +

16 59/M GH+, PRL+ adenoma 6.25 mg × 1 +

17 68/F Atypical meningioma 6.25 mg × 1 +

18 42/F GH+ adenoma 6.25 mg × 2 +

19 22/M Rathke’s cleft cyst 6.25 mg × 2 −
20 32/M GH+ adenoma 6.25 mg × 2 +

FSH follicle-stimulating hormone, LH luteinizing hormone, ACTH adrenocorticotropic hormone, GH growth
hormone, PRL prolactin, TSH thyroid-stimulating hormone
a Tumor fluorescence stronger than the normal gland during 6 to 8 min after injection of ICG

Fig. 1 The appearance of a pituitary adenoma under white light (a) and
the same field of view under near-infrared light after injection of ICG, at a
distance of 1 cm (b), 2 cm (c), and 3 cm (d)
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attributed to the ICG injection nor other general complications
related to the surgery itself.

Fluorescence intensity of tumor also depended on the dis-
tance between the object and lens (as shown in Fig. 1), so each

Fig. 2 Illustrative images obtained in a 50-year-old man with a NFoma.
Preoperative coronal MRI, T1WIGd (a) and sagittal MRI, T1WIGd (b).
The images demonstrate the appearance of the opened sellar floor, ade-
noma (asterisk), internal carotid prominence (star), and oozing blood
(arrow) under white light (c) and the same field of view under near-
infrared light 1 min (d), 3 min (e), 5 min (f), and 7 min (g) after injection
of ICG. The internal carotid artery (star) and oozing blood (arrow) are
identified 1 min after the injection of ICG (d). Note that fluorescence

intensity from the adenoma is getting gradually stronger since the 1st to
the 7th minute after the ICG injection (d–g). By removing the tumor,
fluorescence intensity from the adenoma became gradually weaker from
the 8th to the 15th minute after ICG injection (h–k). On the other hand,
the fluorescence intensity from the normal gland became gradually stron-
ger from the 10th to the 40th minute and then again weaker from the 40th
to the 60th minute after ICG injection (h–s)
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observation and comparison of fluorescent intensities was per-
formed from the same distance. The usual distance from the
object was approximately 1 cm and we considered acceptable a
range of up to 2 cm.

Non-functioning pituitary adenomas

Fluorescent intensity of these adenomas gradually increased from
1 to 7 min after the ICG injection and then gradually decreased
until the 15th minute as shown on Fig. 2c–g; meanwhile, the
normal gland also gradually became fluorescent starting about
10 to 20 min after injection and gradually less fluorescent from
the 30th to the 60th minute, as in Fig. 2h–s. The tumor was best
visualized about 7 min after injection and the normal gland was
better visualized than the tumor after 15 min onward (Fig. 9).
Therefore, we could distinguish the tumor clearly from the nor-
mal gland within 15 min of observation after injection. The tech-
nique demonstrated that the tumor was removed precisely, the
normal gland was preserved completely, and as a result patient’s
endocrinological functions were improved after surgery.

Internal carotid arteries

The location of internal carotid arteries (ICA) was identified
before opening the sella turcica by the carotid prominence
appearance as in Fig. 2d.

Sphenopalatine artery

The location and direction of sphenopalatine arteries under the
nasoseptal mucosa were identified 1 min after the ICG injec-
tion as in Fig. 3a, b.

Cavernous sinus and intercavernous sinus

Figure 4 illustrates a GHoma invading the cavernous sinus (CS).
The venous flow of CS and intercavernous sinus (ICS) were
identified 2 min after the ICG injection (Fig. 4c); therefore, dural
incision design permitted to minimize venous bleeding (Fig. 4d).
On the other hand, Fig. 5 shows another GHoma invading the
CS, but the venous flow of the CS and ICS were not identified at
2min after the ICG injection (Fig. 5c). In this case, the tumor that
invaded and packed CS was identified 7 min after the ICG in-
jection (Fig. 5e). The CS wall was opened to remove the CS
tumor portion, but there was no venous bleeding (Fig. 5f).

Posterior lobe of pituitary gland

The posterior lobe of pituitary gland was differentiated from
the anterior around 2 min after the ICG injection, as demon-
strated in Fig. 3c–e. The well-vascularized anterior pituitary
gland has been fluorescing after the 3rd minute; however, the
posterior lobe was best visualized between the 2nd and 5th
minutes after injection as shown on Fig. 9.With this approach,
we could distinguish the posterior lobe from the anterior about
2 to 3 min after injection.

Rathke’s cleft cyst

The normal gland compressed by the cyst content was pale
and its fluorescence intensity was weak 15 min after the ICG
injection as shown in Fig. 6c, d. After removal of the cyst
content, the decompressed normal gland showed better blood
flow and its fluorescence intensity became strong 15 min after
the ICG injection, as in Fig. 6e, f.

Fig. 3 Visualization of the sphenopalatine artery in the nasal cavity under
white light (a) and the same field of view under near-infrared light 1 min
after injection of ICG (b). Preoperative sagittal MRI, T1WI (c) demon-
strating the posterior lobe as a high-intensity area. ICG fluorescence in the
same case demonstrates different density between the anterior and

posterior lobes of the normal gland. d The appearance of the normal
gland, anterior lobe (white triangle), and posterior lobe (triangle); after
tumor removal under white light and the same field of view under near-
infrared light 3 min after injection of ICG (e) demonstrating the contrast
between anterior and posterior lobes
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Growth hormone-producing adenoma

During tumor removal, the cleavage between residual tumor
and revealed normal gland was clearly identified at 6 min after

the ICG injection as seen in Fig. 7c, d. After total removal of the
tumor, the decompressed normal gland became gradually
brighter 8 min after the ICG injection as in Fig. 7e, f. The tumor
was removed totally, and the postsurgical endocrinological ex-
aminations demonstrated to be clear of Cortina consensus (75 g
OGTT nadir, 0.14 ng/ml; IGF-1, 178 ng/ml) and no GH defi-
ciency (GHRP-2, 39.83 ng/ml).

Pituicytoma

The pituicytoma, a very rare tumor in the pituitary region, did
not show fluorescence 7 min after the ICG injection as in
Fig. 8, whereas a pituitary adenoma usually became highly
fluorescent at the same time-sequence after injection. This
phenomenon can warn the surgeon that the tumor was not
an adenoma, but another type of lesion.

ICG fluorescence intensity changes of tumor
and normal tissues in time-sequence

After the injection of ICG into a peripheral vein, fluorescent
intensity of tumor and normal tissues under near-infrared light
changed with time, as shown in Fig. 9. The fluorescence
curves were determined through averaging of patients data.

Fig. 4 Illustrative images obtained in a 59-year-old man with a GH-
producing pituitary adenoma. Preoperative coronal MRI, T1WIGd (a), cav-
ernous and intercavernous sinuses under white light (b) and the same field of
view under near-infrared light 2 min after ICG injection (c), indicating paten-
cy of the right cavernous sinus (arrow). The dura is incised at the margin of
the cavernous sinus (arrow) to avoid venous bleeding (d)

Fig. 5 Illustrative images obtained in a 42-year-old woman with a GH-
producing pituitary adenoma. Preoperative coronal MRI, T1WIGd (a),
the cavernous (arrow), and intercavernous sinuses under white light (b)
and the same field of view under near-infrared light 2 min after ICG
injection (c), indicating no patency of the cavernous sinus (arrow). d

The close-up view of the cavernous sinus (arrow) under white light and
the same field of view under near-infrared light 7 min after ICG injection,
showing the cavernous sinus filled with tumor (arrow) (e). The dura was
incised over the cavernous sinus (arrow) but there was no venous bleed-
ing because of tumor packing (asterisk) (f)
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We could observe and differentiate tumors from other normal
tissues using these changes of fluorescence intensities in rela-
tion to time and differences of fluorescence patterns.

Discussion

The ICGFE is an optical instrument with enhanced properties.
In this study, we took the ICGFE one step further and focused
on the time changes of ICG fluorescence intensity of tumors
and normal tissues under near-infrared light as shown in Fig.
9. Although in previous reports, the use of ICG in brain tu-
mors was mainly evaluating their vascularity, our study fo-
cused on the temporal characteristics of dye distribution.
This permitted the definition of tumor margins in relation to
the normal pituitary and the parasellar region structures, which
are not much more vascular than surrounding normal struc-
tures. Normal surrounding structure identification remains a
cardinal goal in TSS, especially in cases of anatomical varia-
tions or displacement due to the tumor [46].

Figure 9 presents time-sequence diagrams of the ICG fluo-
rescent intensity changes of tumor and normal tissues under
near-infrared light. We focused our attention not only on the

appearance and increase of fluorescence intensity but also on its
decay. To shorten the time of fluorescence fading, the amount of
bolus ICG was fixed at 6.75 mg, a smaller amount when com-
pared with the standard ICG-VAG using 12.5 or 25 mg. As a
result, the fluorescence intensity showed temporal differences
for each tissue compared to the tumor. For example, for the
period 1–7 min after the ICG bolus, the pituitary adenoma
was more fluorescent than the normal anterior pituitary lobe,
but that became the opposite from the 8th minute onward. After
tumor removal, the normal gland improved its vascular perfu-
sion due to decompression and had higher fluorescence inten-
sity 15 min after the bolus (Fig. 6).

We have sometimes difficulties to differentiate between a
tumor and normal gland after removing tissues located at a
cleavage between them. We intended to remove small residual
tumor parts completely in microadenomas and resect only the
tumor without injuring the compressed and distorted, often very
thin normal gland to preserve or improve pituitary functions in
macroadenomas. Therefore, we routinely performed dynamic
contrast MRI preoperatively to reveal any significant differ-
ences in appearance between pituitary tumors and the normal
pituitary gland. There were some reports that the dynamic study
was useful for this purpose and the normal gland was enhanced

Fig. 6 Illustrative images
obtained in a 22-year-old man
with a Rathke’s cleft cyst.
Preoperative coronal MRI,
T1WIGd (a) and sagittal MRI,
T1WIGd (b). c The appearance of
a thin/ischemic normal gland
(triangle) prior to removing the
cyst content under white light and
the same field of view under near-
infrared light 15 min after injec-
tion of ICG (d). e The same field
of vascular normal gland
(triangle) after removing the cyst
content under white light and the
same field of view under near-
infrared light 15 min after injec-
tion of ICG (f). The vascularized
normal gland (f) showed stronger
ICG fluorescence than the thin/
ischemic normal gland (d)

Acta Neurochir (2019) 161:695–706 701



at an earlier phase than the adenoma [30]. There is discrepancy
between the early fluorescence of pituitary adenoma seen
through the ICGFE and the findings of dynamic MRI. A pitu-
itary adenoma is reached by the contrast at the speed of the
arterial flow [14, 44] and pituitary microadenomas demon-
strates early enhancement with dynamic CT [2]. We can spec-
ulate that a pituitary adenoma is in fact enhanced earlier than the
normal gland during the dynamic MRI study, but that is not
detected because it enhances too early and too briefly and even-
tually because of its hypo-vascularity.

Fujisawa et al. reported that the posterior pituitary lobe
showed high signal intensity on T1WI.

These MRI findings were useful to determine the location
of posterior lobe [13, 26]. The posterior lobe was identified as
a white and soft tissue during surgery, so sometimes it was
difficult to differentiate it from the pituitary adenoma especial-
ly in GHomas, which are also white and soft. The ICGFE
enables us to distinguish the anterior and posterior lobe of
the pituitary gland as shown in Fig. 3e, f.

Information on vascular structures is very important during
endoscopic TSS.Wemust be aware of the location of the internal
carotid arteries (ICA) to prevent surgical complications, often
serious and sometimes fatal. As shown in Fig. 2d, the ICAwas

identified by the carotid prominence. As shown in Fig. 3b,
sphenopalatine arteries were also identified clearly 1 min after
the ICG injection. The detection of sphenopalatine arteries within
the nasoseptal mucosa is necessary for preserving vascularity that
later will be needed for a nasoseptal flap and preventing signif-
icant nasal bleeding intra- and postoperatively. The location of
sphenopalatine artery was variable and it can be difficult to iden-
tify even using Doppler. Before ICG introduction, we became
aware of the sphenopalatine artery when it was already injured.
Not only arteries but also visualization of the venous channels
around the pituitary, such as the cavernous (CS) and
intercavernous sinuses (ICS), was also important to prevent
bleeding while opening the sellar floor dura and removing tumor
tissue invading the sinuses. We aggressively removed tumors in
the cavernous sinus, especially in functioning adenomas, to im-
prove the functional remission rate. Through this procedure, it is
very important to reduce the amount of venous bleeding. Though
it was difficult to estimate the degree of tumor invasion to the CS
and the patency of the CS and ICS using preoperative MRI, the
ICG endoscopic evaluation provided useful information about
the patency of the venous system for the area of intended remov-
al. In this way, we could decide where and how long to open the
cavernous sinuses wall (Figs. 4 and 5).

Fig. 7 Illustrative images
obtained in a 51-year-old woman
with a GH- producing pituitary
adenoma. Preoperative coronal
MRI, T1WIGd (a) and sagittal
MRI, T1WIGd (b). c The ap-
pearance of the normal gland
(triangle) and adenoma (asterisk)
in the process of tumor removal
under white light and the same
field of view under near-infrared
light 6 min after ICG injection
(d), the last showing clear cleav-
age between the normal gland and
the adenoma. After removal of the
tumor (e), there is no more tumor
fluorescence, but the normal
gland (triangle) became fluores-
cent 8 min after ICG injection (f)
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Routinely, to identify structures and distinguish normal from
abnormal tissues, the surgeon analyses the MRIs in detail and
correlates them with intraoperative observations: location, rela-
tionships, tissue color, soft or hard consistence, and so on.
However, these determinations are quite subjective and might
differ according to the surgeon’s experience and other factors.
Additionally, to obtain objective information about the tumor, we
use intraoperative frozen sections. However, the intraoperative
diagnosis takes a relatively long time compared to the progress
of tumor removal and at times provides only general pathological
information. BRapid^ growth hormonemeasurement during TSS

is also useful as intraoperative information for GHoma removal.
However, it can be used only in GHomas and is not a true real-
time information. Otani et al. reported that its sensitivity and
specificity were not so high—59.2 and 59.5% [34].

ICGFE with its 5.8 mm diameter is larger than the normal
high definition endoscope (2.7 and 4 mm). Its thickness some-
times obstructs the movement of surgical instruments and de-
vices. The absence of angled scope lenses and irrigation
sheath equipment were the other inconveniences of the
ICGFE. Angled endoscopes (30°, 45°, and 70°) are absolutely
necessary for removal of far lateral and superior tumor parts

Fig. 8 Illustrative images obtained in a 42-year-old man with a pituicytoma.
Preoperative coronal MRI, T1WI (a), sagittal MRI, T1WI (b), and T2WI (c).
d The appearance of the normal gland (triangle) and tumor (asterisk) in the

process of tumor removal under white light. The same field of view under
near-infrared light 7 min after ICG injection (e) showed relative absence of
fluorescence of the tumor compared with pituitary adenomas

Fig. 9 a–f Time-sequence dia-
grams of ICG fluorescence inten-
sity changes of a pituitary adeno-
ma and normal tissues
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and an irrigation sheath is very convenient to clean up the tip
of the endoscope during surgery. As a result of these technical
limitations, if a critical intraoperative situation demands, the
endoscope should be exchanged for the common white light
endoscope during tumor removal. We expect a technical solu-
tion to these problems to be found in the near future.

When using fluorescence as a surgical adjunct, we need to
think about the kinetics of dye extravasation, vascular clear-
ance, photobleaching, and tissue light penetration. What is
more, there is a possibility that ICGFE infrared light emission
can affect normal brain arteries. White emboli formation was
observed on the inner side of vessel walls within seconds after
starting light exposure in photodynamic therapy for malignant
tumors [45]. Though there are no reports that ICG under near-
infrared light affects vessels so far, near-infrared light should
be used as briefly as possible considering this possibility.

As shown in Fig. 8, a pituicytoma, because of ICGFE, we
could realize that the tumor was not an adenoma, but something
that was not predicted before surgery. This was an advantage of
ICGFE that, although not conclusive at the moment, could be
developed for intraoperative diagnostic purposes in future.

Currently, the ICGFE cannot yet completely replace the
present endoscopic standards. One of the most important lim-
itations of imaging through the ICGFE is its non-quantitative
type of information. The intraoperative evaluation of fluores-
cence intensity in this study was consistently evaluated sub-
jectively by the operator’s and assistant’s naked eye on the
monitor. Hide et al. demonstrated quantitative data using
photoshop postoperatively [16], but imaging through the
ICGFE will be considered more reliable if quantitative analy-
sis can be performed intraoperatively in real time. The poten-
tial of the ICGFE in TSS must be based on further investiga-
tions from which the relationship to increased or diminished
perfusion should also be evaluated, eventually providing the
possibility to distinguish the type and degree of tumor malig-
nancy. That can complement intraoperative frozen section
studies for tumor type diagnosis. As a next step, further expe-
rience and consideration of fluorescence intensity of each
structure will be required and quantitative data analysis should
be introduced. There is a possibility that microadenomas in
Cushing disease that are sometimes difficult to be identified
on preoperative MRI and be detected during surgery. If tumor
fluorescence proves useful for tumor detection, it may im-
prove surgical decision-making and gross total removal rate,
decrease surgical time, reduce new endocrinopathy and com-
plication rates and thereby lead to better clinical results.

Conclusions

Intraoperative optical identification of pituitary and parasellar
region tumors and differentiation of the tumor from surround-
ing normal structures using ICG fluorescence endoscopic

system is a simple, feasible, quick, cost-effective, safe, non-
invasive, and reliable method of offering real-time informa-
tion during TSS. This system may lead to the improvement of
the total removal rate of pituitary tumors, reducing complica-
tions after TSS and saving operation time, and preservation of
endocrinological functions.
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