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Abstract

OBJECTIVES: For small pulmonary nodules that are unidentifiable by palpation or in endoscopic surgeries wherein palpation is not
feasible, visualizing their location is necessary when performing pulmonary sublobar resection procedures, such as wedge resection or
segmentectomy. We invented a new transbronchial lung-marking technique using the photodynamic diagnosis endoscope system and
vitamin B2 and examined its feasibility and safety via porcine studies.

METHODS: We established the marking procedure in pigs and examined the marking clarity and size, fluorescence intensity and duration
and possible complications. In another study, sublobar resection for virtual target lesions was performed in pigs based on the fluorescent
markings. The procedure duration, marking visibility, surgical margin from the lesions and technique-related complications were assessed.

RESULTS: All 36 markings in 6 pigs were identifiable and were widely distributed over the right lung. The median diameter and fluores-
cence intensity at 60 min after marking were 6.0 (5.5–6.7) mm and 137.5 (122–168), respectively. All 18 markings for the 6 virtual
target lesions (3 markings for each target) were clearly identified, and all target lesions were found in the resected specimens. The median
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duration per marking was 244 (194–255) seconds. The shortest median surgical margin from a target lesion was 11.5 (9.3–13.5) mm. No
procedure-related complications were observed.

CONCLUSIONS: This novel transbronchial fluorescent lung-marking technique was useful and safe in sublobar resections for small
non-palpable pulmonary lesions.

Keywords: Tumour localization • Lung marking • Transbronchial • Fluorescent technique • Vitamin B2

ABBREVIATIONS

CT Computed tomography
GGO Ground-glass opacity
MFI Median fluorescence intensity
PDD Photodynamic diagnosis
VAL-MAP Virtual-assisted lung mapping
3D 3-Dimensional

INTRODUCTION

Advances in high-resolution computed tomography (CT) have fa-
cilitated small pulmonary nodule detection [1]. Occasionally, sub-
lobar pulmonary resection procedures, such as segmentectomy
or wedge resection, can be indicated for these nodules. Accurate
nodule identification is required to successfully perform these
procedures. However, thoracoscopic surgery has a limitation of
requiring palpation for finding nodules. Furthermore, an adeno-
carcinoma in situ or minimally invasive adenocarcinoma with a
ground-glass opacity (GGO) finding on CT cannot be palpated or
visualized frequently, even when the lesions are located just be-
neath the visceral pleura. Therefore, several techniques have
been proposed for the localization of such small nodules or GGO
lesions [2–6].

However, there is currently no well-established technique
available, and the choice of method is dependent on each sur-
geon’s preference. Techniques such as percutaneous CT-guided
marking using hook wires [2] and CT-guided lipiodol marking [6]
require puncturing of the lung parenchyma. Such puncturing
may lead to several complications, including pneumothorax, hae-
mothorax, intrapulmonary haemorrhage and air embolism. Air
embolism after percutaneous puncture is extremely rare but can
be fatal.

Lung nodule localization is a supplementary and supportive
procedure for pulmonary resections; it must be safe and accurate
for nodule detection. Accordingly, the following underlying prin-
ciples are required for an ideal localization procedure: A trans-
bronchial lung-marking technique is desirable to avoid various
complications related to lung puncture, the markers must be the-
oretically non-toxic and these prominent safety features make it
possible to perform multiple markings for each pulmonary lesion,
allowing more accurate tumour localization.

In this experimental study, we invented a novel fluorescent
pulmonary marking technique using the photodynamic diagnosis
(PDD) endoscope system and vitamin B2 and evaluated its tech-
nical feasibility and safety.

MATERIALS AND METHODS

The study was performed in accordance with the ‘Principles of
Laboratory Animal Care’ formulated by the National Society for

Medical Research and ‘Guide for the Care and Use of Laboratory
Animals’ of Kanazawa University (approval number: AP432941).

Photodynamic diagnosis endoscope systemTM

In our technique, the key instrument was the PDD endoscope
system that contains a powerful light source for fluorescence
excitation and a special fluorescence-sensing endoscope. We
used the D-LightTM system as the excitation light source and
TRICAMTM camera as the fluorescence-sensing endoscope
(KARL STORZ GmbH & Co., Tuttlingen, Germany). The D-Light
system emits light with a wavelength ranging from 375 to
450 nm. The fluorescence-capable TRICAM camera has a modi-
fied wavelength-dependent sensitivity, thereby achieving sensi-
tivity for fluorescence detection greater than that of a standard
camera. Additionally, this PDD endoscope system can perform
not only fluorescence imaging but also normal light imaging.

Fluorophore

Vitamin B2, a water-soluble vitamin, is theoretically non-allergic
and non-toxic [7] and was used as a fluorophore in this
lung-marking technique. We previously reported the feasibility
and safety of using the fluorescence properties of vitamin B2 for
pulmonary sentinel node navigation and pulmonary segment
identification [8, 9]. It emits a strong yellow-green fluorescence
when exposed to light with a wavelength of ~400 nm. In humans,
it undergoes conversion to flavin mononucleotide and flavin ad-
enine dinucleotide via the action of cellular enzymes, with flavin
adenine dinucleotide sodium being the major metabolite.
Therefore, flavin adenine dinucleotide sodium (Flavitan
injectionTM, Toa Eiyo Ltd, Tokyo, Japan) was used herein.

Bronchoscope and microcatheter

A thin mobile bronchoscope (OLYMPUS MAF TYPE GMTM;
Olympus Corp., Tokyo, Japan) that can access the peripheral air-
ways and an extremely delicate, soft-tip microcatheter (Estream
2marksTM; Toray Medical Co., Ltd, Chiba, Japan), primarily used
in cerebrovascular interventional treatments, were used.

Pulmonary marking technique and procedure

After the thin bronchoscope reached the peripheral airways, a
microcatheter was inserted through the bronchoscope.
Thereafter, the microcatheter tip was positioned just underneath
the target lesion on the visceral pleura. Fifty-fold diluted vitamin
B2 solution (0.1 ml) was then slowly injected through the catheter
(Fig. 1A). A marked lesion was identified as a yellow-green fluo-
rescent spot on the visceral pleura by the PDD endoscope system
(Fig. 1B).
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Animal care

Adult pigs [median weight 30 (27.5–32) kg] were used and anaes-
thetized via intramuscular injection of ketamine hydrochloride
(10 mg/kg; Sankyo Co., Ltd, Tokyo, Japan). A standard endobron-
chial tube (24 Fr; Fuji Systems Co., Tokyo, Japan) was introduced
via tracheostomy. Maintenance anaesthesia was performed with
inhalation of halothane (Takada Pharma Co., Ltd, Osaka, Japan)
and intravenous injection of vecuronium (MSD, Tokyo, Japan).

Phase 1 experiments

Under general anaesthesia, the animals were placed in the left
lateral decubitus position, and right thoracotomy was performed.
Crystal violet was used only to make 1-cm virtual target lesions
on the pleural surface of the right lung. The virtual lesions were
randomly placed in the cranial and caudal lobes of the pig lung
[10]. Those lesions were identified by direct vision, and fluores-
cent markings were applied around the lesions according to the
marking procedure described above. Technically, it is essential to
check whether the microcatheter tip is positioned just under-
neath the pleura of an intended marking site. In phase 1, it can
be confirmed with a morphological change in the lung surface,
such as a small elevation, because the entire right lung was fully
exposed via open thoracotomy. The total number of identifiable
fluorescent markings for each virtual target lesion was counted,
and the success rate of this marking was calculated as the num-
ber of identifiable markings per total number of marking proce-
dures. The diameter and fluorescent intensity of all identifiable
markings were measured. The fluorescence intensity was mea-
sured using a region of interest analysis software (Hamamatsu
Photonics, Hamamatsu, Japan), which analyses the brightness
value of the region of interest in images. Adjacent non-
fluorescent sites were also measured simultaneously as controls.
To evaluate the fluorescent marking duration, we measured the
fluorescent intensity of the marked sites every 15 min for an hour

after injection. Intraoperative complications accompanying the
procedure, such as bronchial and lung parenchymal injuries, air-
way haemorrhage and respiratory status changes, were evaluated
as measures of safety assessment of the procedure.

Phase 2 experiments

Similar to the phase 1 experiments, the pigs were placed in the
left lateral decubitus position under general anaesthesia. Under
fluoroscopic imaging (ARCADIS AvanticTM; Siemens, Munich,
Germany), a virtual target lesion (Fig. 2A; yellow circle) was made
via percutaneous injection of 0.5 ml barium sulphate to the right
lung without thoracotomy, and the placed target lesion location
was analysed 3-dimensionally. Three markings around the target
lesion were then placed using our marking technique under fluo-
roscopic guidance (Fig. 2A–C; white arrow). In phase 2, we care-
fully observed the shape of the microcatheter tip under
fluoroscopy to bring the tip into an appropriate position.
Bending or flipping of the tip around the visceral pleura was con-
sidered as a typical finding while the microcatheter tip reached
the visceral pleura. The catheter was pulled back until the tip was
straightened beneath the visceral pleura, and the vitamin B2 so-
lution was then injected. After the placement of the 3 markings,
the PDD endoscope system was inserted to the right chest cavity
through a 10-mm port to observe the marked lesions.
Pulmonary resection for the virtual target lesions was per-
formed using electric cauterization guided by the observed
fluorescent markings. Similar to the phase 1 experiments, data
on the marking procedure success rate, marking size and fluo-
rescence intensity and duration were collected. Additionally,
the time needed for the marking procedure per target and sur-
gical margin from the target lesions in the resected specimens
were evaluated. Further, intraoperative airway and lung dam-
age, airway haemorrhage and respiratory status changes were
assessed for safety evaluation.

Figure 1: Illustrative schemas of our fluorescent lung-marking technique. (A) Three transbronchial lung markings were performed for a target lesion using a thin bron-
choscope and soft tip microcatheter. (B) Three well-defined fluorescent markings can be identified using the photodynamic diagnosis endoscope system.
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Statistical analysis

All data were expressed as medians with interquartile ranges.
Comparative analyses were performed using the Mann–Whitney
U-test at each time point using the StatMate software (StatMate
V for Windows, Version 5, Released 2013; ATMS Co., Ltd, Tokyo,
Japan). Statistical significance was considered at P-values <0.05
for all analyses. Correction for multiple comparisons was not
built into the analyses.

RESULTS

A summary of the data from the phase 1 experiments performed
in 6 pigs is shown in Table 1. Two virtual target lesions were
placed in each pig: 1 in the cranial lobe of the right lung and the
other in the caudal lobe. A total of 36 markings were performed.
Each marking was identifiable with a bright yellow-green fluores-
cence for more than an hour after the marking procedure
(Fig. 3A and B). The marking number and location were as fol-
lows: 6 in the cranial lobe, 18 in the lateral area of the caudal
lobe and 12 in the dorsal area of the caudal lobe; this indicated
that the markings could be made anywhere in the entire right
lung. There were minimal time-dependent changes in the me-
dian marking diameter (mm): 5.6 (5.1–6.2) immediately after
injection, 5.4 (5.0–6.3) at 15 min, 5.6 (5.1–6.4) at 30 min, 5.8
(5.3–6.3) at 45 min and 6.0 (5.5–6.7) at 60 min. The median
fluorescence intensity (MFI) of the fluorescent sites at 0, 15, 30,
45 and 60 min after injection was 149.5 (135.5–162.3), 145.5
(163–138), 154 (145.3–168), 150 (134–167) and 137.5 (122–168),
respectively. Conversely, the MFI of the adjacent non-fluorescent
sites was 44 (39.3–50), 42 (40–50), 45 (39.8–52), 45.5 (36–53.3)
and 43.5 (37–51.8), respectively. The MFI of all fluorescent sites
was significantly higher than that of the adjacent non-fluorescent
sites at any time point (Fig. 4A). No obvious complications were
observed in both intraoperative and follow-up periods.

A summary of the data from the phase 2 experiments per-
formed in 6 pigs is shown in Table 2. A total of 18 markings for 6
virtual target lesions were performed; all 6 target lesions were
then resected with electric cauterization guided by the fluores-
cent markings. The bright yellow-green fluorescence of all mark-
ings was observed using the PDD endoscope (Fig. 3C). The
median marking diameter was 6.2 (5.7–6.7) mm immediately af-
ter injection and 6.5 (5.3–7.5) mm before pulmonary resection.

The median time required for making an individual marking was
244 (194–255) s, and that for the entire marking procedure (3
markings) was 17 (16.3–18) min. All virtual target lesions were
found in the resected specimens, demonstrating the effectiveness
of the marking procedure. The surgical margin was evaluated as
the shortest distance between the target lesion and resection
stump in each resected specimen. The median surgical margin in
the phase 2 experiments was 11.5 (9.3–13.5) mm. The MFI and
safety assessment findings in the phase 2 experiments were found
to be similar to those observed in the phase 1 experiments. The
MFI of the fluorescent sites was 160 (120–179) at 0 min, 161
(140.5–176) at 15 min, 133 (128–162) at 30 min, 139.5 (124.3–
179.8) at 45 min and 168 (148–180) at 60 min after injection. The
MFI of the adjacent non-fluorescent sites was 46 (40–50), 44.5
(39.3–48.8), 44.5 (37.8–52), 45.5 (41.3–48) and 45 (41–49.5), respec-
tively. The MFI of all fluorescent sites was significantly higher than
that of the adjacent non-fluorescent sites (Fig. 4B). Additionally, no
complications related to the marking procedure were observed in
both intraoperative and follow-up periods.

DISCUSSION

Herein, we report the development of a new transbronchial fluo-
rescent lung-marking technique using the PDD endoscope sys-
tem and vitamin B2 as the fluorophore. Furthermore, we

Figure 2: Fluoroscopic findings in the phase 2 experiments. Yellow circle: virtual target lesion made via barium sulphate injection; white arrow: microcatheter tip. (A)
Flipping of the microcatheter tip around the visceral pleura. (B, C) Bending of the microcatheter tip around the visceral pleura. These are the typical findings while the
microcatheter tip reaches the visceral pleura.

Table 1: Phase 1 outcome measures

Number of identified marking 36/36

Marking site
C 6
L 18
D 12

Size of marking (mm)
0 min 5.6 (5.1–6.2)
15 min 5.4 (5.0–6.3)
30 min 5.6 (5.1–6.4)
45 min 5.8 (5.3–6.3)
60 min 6.0 (5.5–6.7)

The size of marking is expressed as medians with interquartile ranges.
C: cranial lobe; D: dorsal area of the caudal lobe; L: lateral area of the caudal
lobe; 0, 15, 30, 45, 60 min: after injection of vitamin B2.
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examined its feasibility and safety via animal experiments using a
porcine model. Its safety profile allowed multiple markings for
each target lesion, and the markings were clearly identifiable for
sufficient duration to perform pulmonary resection. Furthermore,
the technique permitted precise resections of virtual target
lesions with ideal surgical margins in the resected specimens.

Consequently, its distinct advantages over currently used marking
methods include its utility in sublobar resections for non-
palpable nodules or in total endoscopic approaches that do not
allow surgeons to perform palpation.

With the widespread adoption of CT screening and improve-
ment of CT equipment itself, the opportunities for detecting small
lung nodules have increased [1]. In some small nodule cases,
especially those with GGO components, sublobar pulmonary re-
section procedures, such as segmentectomy and partial wedge
resection, have been indicated instead of pulmonary lobectomy.
Successful sublobar resections require accurate lung nodule
identification. Intraoperative palpation is generally helpful in
nodule detection; however, it is sometimes very challenging for
tiny nodules, especially for pure GGO lesions. Additionally, thora-
coscopic surgery does not allow finger palpation of nodules.
Therefore, an effective technique for pulmonary nodule localiza-
tion is necessary for such clinical scenarios.

Various nodule localization methods, i.e. lung-marking techni-
ques, have been invented and reported [2–6]. Each of them has
strengths and limitations. A commonly used lung-marking
method involves placing a marker around a target lesion through
a CT-guided percutaneous pulmonary puncture. A metallic wire,
such as a hook wire, is one such well-known marker. This

Figure 3: Fluorescent observation of the marking sites using the photodynamic diagnosis endoscope system. (A) Immediately after injection in phase 1. (B) At 30 min
after injection in phase 1. The virtual target lesion painted by crystal violet is observed in the white circle. White arrow: the fluorescent site has minimal time-depen-
dent changes in size and intensity. Black arrow: the fluorescent intensity of the marking site increased after 30 min. (C) At 60 min after injection in phase 2. Three dis-
tinct yellow-green fluorescent sites can be observed in the caudal lobe of the pig lung.

Figure 4: (A) Comparison of the fluorescence intensities of the fluorescent markings and unmarked area in the phase 1 experiments. The fluorescence intensities were
measured every 15 min up to an hour after injection. (B) Comparison of the fluorescence intensities of the fluorescent markings and unmarked area in the phase 2
experiments. The fluorescence intensities were measured every 15 min up to an hour after injection.

Table 2: Phase 2 outcome measures

Number of identified marking 18/18

Marking site
L 13
D 5

Size of marking (mm)
0 min 6.2 (5.7–6.7)
60 min 6.5 (5.3–7.5)

Duration of marking (s) 244 (194–255)
Surgical margin (mm) 11.5 (9.3–13.5)

The size and duration of marking and surgical margin are expressed as
medians with interquartile ranges.
D: dorsal area of the caudal lobe; L: lateral area of the caudal lobe; 0 min:
just after injection of vitamin B2; 60 min: 60 min after injection of vitamin B2.
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technique is widely used because the markings can be performed
using existing CT systems without the need for any specific
equipment or technique; the wire materials are generally not
expensive; and the procedure itself is comparatively simple.
Conversely, this technique requires puncturing of the lung paren-
chyma, potentially leading to hazardous complications, including
pneumothorax and air embolism. Ichinose et al. [2] observed
complications in 500 hook-wire marking procedures. According
to their report, pneumothorax was detected on CT scans in more
than half of the cases immediately after the procedure, and 4.6%
of those required invasive drainage. The incidence rate of
pulmonary haematoma or haemoptysis was 10.3%, and the
morbidity rate of the procedure was 15.1%. Although air embo-
lism occurred much less frequently (0.15%) than did other
puncture-related complications, it is a potentially serious and
fatal complication leading to cerebral or myocardial infarction
[11]. A microcoil is another available metallic marker [12]. It
works essentially similar to the hook wire, although it is softer
and thinner than the wire. Consequently, microcoils may be
more suitable for localizing nodules deep inside the lung paren-
chyma than hook wires. However, they are slightly more expen-
sive. As substitutes for metallic materials, dyes [13], contrast
agents [4, 6] and radiotracers [14] have been reported as useful
alternative markers. In all of these marking techniques, including
markings with metallic materials, potential risks accompanying
puncture of the lung parenchyma are theoretically unavoidable.
These severe complications associated with supportive proce-
dures, such as lung marking, are not commensurate with those
of minimally invasive surgeries, such as thoracoscopic surgery or
sublobar resection.

Alternative pulmonary marking techniques are based on bron-
choscopic delivery of markers. The transbronchial lung-marking
technique does not require puncturing of the pulmonary
parenchyma, thereby avoiding potential complications. Several
transbronchial lung-marking methods have been reported;
procedure-related complications in these methods are indeed
reported to be minimal. Essentially, the same markers used for
markings with CT-guided lung puncture could also be used in
the transbronchial techniques. However, transbronchial marker
delivery is technically challenging, and the marking quality is
dependent on the patients’ bronchial anatomy. Therefore, various
navigation tools, e.g. active CT imaging, 3-dimensional (3D)-
virtual bronchoscopy and electromagnetic navigation, are used
to assist with transbronchial marking [3, 5, 15–19].

Sato et al. [3, 19, 20] invented and reported one of the most
popular and well-established transbronchial lung-marking
techniques, i.e. virtual-assisted lung mapping (VAL-MAP). It entails
2–4 dye markings on the lung parenchyma surface via a broncho-
scope prior to sublobar resection toadied by 3D virtual imaging.
The efficacy and safety of VAL-MAP have been demonstrated in
100 consecutive cases in a single institution [20] and observed in a
multicentre study in Japan [21]. In these reports, 99% of sublobar
resections were performed successfully with VAL-MAP.

Ultrasonography or mobile CT using the O-arm imaging sys-
tem is another tumour localization modality and uses even less
invasive approaches. The feasibility and safety of these active
intraoperative imaging tools have been described [22, 23].
Although these techniques are free from procedure-related com-
plications, except for a small amount of radiation exposure with
mobile CT, the lung nodule identification rate is ~70% with ultra-
sonography [22] and 88% with mobile CT [23]. These detection
rates are not adequate, especially in unhealthy lungs. Kato et al.

[23] reported that their 3D-CT simulation-based precise anatomi-
cal segmentectomy could resect undetectable lesions properly
without any lung marking. However, the indication for these
techniques should be considered very carefully. As previously
mentioned, any complications during tumour localization proce-
dures are not desirable, especially because those complications
are avoidable when standard pulmonary lobectomy is per-
formed. Similarly, inefficient tumour localization in sublobar
resections is also unacceptable, as it may undermine successful
oncologic resections.

Our novel lung-marking method is a bronchoscopic pulmo-
nary marking technique and conceptually similar to VAL-MAP.
However, there are several distinct features in our technique in
comparison with VAL-MAP. First, our technique uses a fluores-
cent agent as a marker in contrast to using a common dye (in-
digo carmine) in VAL-MAP. The bright yellow-green fluorescent
marking of vitamin B2 emitted by the PDD endoscope system
could be identifiable even in dark lungs in cases of anthracosis or
fibrotic lungs with pleural thickening. Approximately 99% of sub-
lobar resections have been successfully performed using VAL-
MAP; however, ~10% of markings were unidentifiable. The
unidentifiable markings were especially frequent in the lungs
with abnormalities, such as anthracosis, emphysema and fibrosis.
These challenges associated with imaging in abnormal lungs
could be overcome by the strong fluorescence in our technique.
Second, vitamin B2 is delivered just underneath the lung surface
using a microcatheter with a thin bronchoscope, thereby permit-
ting pinpoint markings without injury to the lung parenchyma.
The mean marking diameter was <7 mm, which might be smaller
than the markings of VAL-MAP. Regarding complications accom-
panying the marking procedure, several minor lung parenchymal
injuries, including bulla formation or haematoma on the pleural
surface, were observed in VAL-MAP. These complications could
be related to the spraying of dye through a catheter with air in-
jection. In our method, the use of an ultra-soft microcatheter and
extremely slow and gentle injection of a minimum amount of vi-
tamin B2 solution were crucial to avoid injuring the visceral
pleura. Consequently, those complications were not observed
herein, even in the very fragile pig lungs. Finally, the absolute
safety profile of vitamin B2 makes it an ideal marker of choice.
Vitamin B2 is theoretically devoid of risks of allergy or overdose.
Therefore, it is superior to any other commonly used dyes, espe-
cially when used in conjunction with a PDD endoscope.

Limitations

Apart from the above-mentioned advantages of our marking
technique, the limitations of our fluorescent technique and this
study should also be considered. The study was only based on
porcine experiments; therefore, the findings require confirmation
in humans. However, it might be optimistic for our marking tech-
nique to be applied in human lungs. As previously mentioned, it
is crucial to bring the microcatheter tip into an appropriate posi-
tion around a target lesion. Herein, conventional fluoroscopy was
only used for marking guidance owing to the limitation of our
animal centre facilities. Conversely, various medical equipment
to support endobronchial lung marking is available in human
clinical settings. Endobronchial navigation tools, such as virtual
bronchoscopy or electromagnetic navigation bronchoscopy, are
useful for learning how microcatheters can reach an appropriate
position. Further, using a hybrid operating theatre with cone-

6 N. Tanaka et al. / Interactive CardioVascular and Thoracic Surgery

D
ow

nloaded from
 https://academ

ic.oup.com
/icvts/advance-article/doi/10.1093/icvts/ivaa193/5907552 by Kanazaw

a U
niversity user on 23 Septem

ber 2020



beam CT may be an ideal strategy for our marking technique be-
cause surgery can be performed immediately after successful
marking. Again, we demonstrated that our technique could make
good-size markings safely with enough visibility everywhere even
in pig lungs, which are anatomically more complex and fragile
than human lungs. Therefore, our technique may allow ideal tu-
mour localization in combination with existing useful equipment.
Moreover, we have applied the same fluorescence technique to
support anatomical pulmonary segmentectomy [15, 16] and in-
troduced it in human clinical practice with satisfactory results.

Another limitation is that only 2-dimensional information
could be obtained from the markings made on the lung surface.
Naturally, multiple markings can be placed around a target with
careful preoperative planning, as in VAL-MAP. Although those
markings can depict the ideal resection extent, they cannot ex-
press the true target depth. Accordingly, integrating the markings
with anatomical pulmonary segmentectomy, which can manage
lesions deep inside the lungs, may address the need for 3D
information.

CONCLUSION

Our fluorescent lung-marking technique using the PDD endo-
scope system and vitamin B2 makes accurate tumour localization
feasible while offering the best safety profile. Further evaluation
of this technique in a clinical comparative trial is now planned.
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