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Limitations of cancer margin delineation and surgical guidance by means of autofluorescence
imaging under conditions of laser ablation were investigated and preliminary results are pre-
sented. PinPointTM (Novadaq Technologies Inc., Canada) was used to capture digital images
and Er:YAG laser (2.94µm, Glissando, WaveLightTM, Germany) was exploited to cause laser
ablation on both normal and cancer sites of the specimen. It was shown that changes of the
autofluorescence image after ablation extend beyond the actual sizes of the ablation loci. The
tumor tissue after the laser ablation starts to emit fluorescent light within the green wavelength
band (490–550nm) similar to normal tissue stating that the current technology of in-process
tissue classification fails. However, when the autofluorescence was collected in the red range
(600–750nm), then the abnormal/normal contrast was reduced, but still present even after the
laser ablation. The present study highlights the importance of finding a proper technology for
surgical navigation of cancer removal under conditions of high power effects in biological tissues.

Keywords : Cancer margin delineation; surgical guidance; surgical navigation; autofluorescence
imaging; laser surgery; laser ablation.

1. Introduction

Remote laser surgery does not provide any hap-
tic feedback during operation and surgical guid-
ance is critically important at cancer resection.
Image modalities such as spectral imaging, par-
ticularly fluorescence imaging,1 narrow band
imaging,2 microendoscopy,3 chromoendoscopy,4
and chromomicroendoscopy,5 infrared endoscopy6

have been successfully applied in clinical practice
for surgical navigation or guidance of cancer tumor
resection in case when the malignancy cannot be

delineated under white light observation. Autoflu-
orescence imaging technique is an evolving adjunct
to conventional white light examinations. The prin-
ciple of autofluorescence endoscopy is to image
the fluorescence of intrinsic fluorophores such as
collagen, elastin, and NADH.7,8 The difference in
emitted fluorescence intensity and/or spectral com-
position between lesions and surrounding normal
tissue provides the diagnostic contrast. The main
concern of our preliminary study is an alteration
of the contrast between cancerous and normal tissue
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due to changes of optical tissue properties as a
result of surgical interventions such as laser appli-
cation. What is not clear is, how laser application
affects the delineation contrast and what is more
important, how eventually to provide better surgi-
cal navigation to control the cancer removal even
under conditions of high power effects like coagu-
lation and ablation. Laser surgery has a number of
advantages including high precision, little trauma,
and a high level of sterility. However, as any high
power effect on the biological tissue such as ablation
and hyperthermia, it changes its optical properties
in terms of absorption,9 scattering,10 ,11 as well as
both auto- and induced fluorescence.12,13 The work-
ing hypothesis of the study was based on the notion
that once the cancer tissue is removed then the tis-
sue autofluorescence level will be recovered (Fig. 1).
The first objective of this preliminary study was to
assess the high power effects, such as laser ablation,
and their influence on the cancer margin contrast
in terms of autofluorescence imaging using a com-
mercially available diagnostic system. The second
objective was to explore, if the contrast of abnor-
mal vs normal tissue can be maintained by process-
ing the signals of the existing diagnostic system in
an alternative way. And the third objective was to
assess how the red fluorescence emission of abnor-
mal tissue spots is altered by the ablation.

2. Material and Methods

PinPointTM (Novadaq Technologies Inc., Canada)
was used to capture digital images of human speci-
men of the lower jaw ex vivo where both normal and
cancerous tissues were present (Fig. 2). PinPointTM

is an endoscopic light source and video camera for
use with conventional fiber endoscopes. Illumina-
tion for both WLE (white light endoscopy) and
fluorescence endoscopy is provided by a super high-
brightness mercury lamp (VIP R 150/P24, Osram,
Germany). In fluorescence mode the green portion
is suppressed by an optical filter, so that the out-
put is a combination of the remaining blue and
red light. The blue/red illuminating light is cou-
pled into a fiberoptic endoscope, which projects it
onto the tissue and collects the fluorescence (green)
and diffuse reflectance (red) light. Optical filters
block the reflected blue light and transmit the
green and red images to the corresponding cam-
eras. The two images are then combined into a
single false-color image of 768 × 576 pixels and
displayed at video frame rate. In fluorescence mode

(A) Before ablation

(B) After ablation

Fig. 1. Graphic representation of normal and cancerous tis-
sues before (A) and after (B) ablation according to the recent
notion of the surgical guidance via the fluorescence imag-
ing. The ablation craters open up the tissue layers rich in
fluorophores underneath the crater. The tissue autofluores-
cence increases and thus reduces the contrast between normal
(bright) and abnormal (dull) areas.

the image of endogenous fluorescence is normal-
ized by the image of reflected red light to mini-
mize the effects of varying tissue distance and view-
ing angle or shadowing. Due to intensity varia-
tions in fluorescence emitted by various bio-tissues,
the normal tissue appears in shades of cyan, while
abnormal tissue appears in shades of red color.
The central 16 × 12 pixels are averaged over four
frames and continuously displayed on the fluores-
cence image online screen as a numerical color value
(NCV) (Fig. 2(B), in the centre). The higher the
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(A)

(B)

Fig. 2. White light (A) and autofluorescence (B) images of
human jaw tissue under examination before laser ablation;
a — Normal and b — Cancer. The white dashed line is
a guidance provided by the surgeon as a boundary of the
cancer lesion (Ab) matching the delineation provided by the
autofluorescence image (Bb). The cancer diagnosis was con-
firmed by the pathologist. The ruler bar (1 cm) represents
actual dimensions.

NCV, the lower the fluorescence intensity (associ-
ated with neoplasia): hence high NCVs help confirm
the abnormality of lesions seen on the fluorescence
image. Technical details regarding the device are
described elsewhere.18,19 A conventional fiber gas-
troscope (GIF-Q20, Olympus Corporation, Japan)
was used for image collection. We used a color frame
grabber (DT3120, Data Translation Inc., USA) that
features an external trigger which is coupled with
the PinPointTM camera controller via a foot-switch.
Monitoring, triggering, and capturing of the video
frames was controlled by our own scripts written
in Matlab (R2007b, Mathworks Inc., USA). Images
of 768 × 576 pixel resolution were obtained in tiff
format. The color channels of the composite images
(red, green, and blue) were filed separately for the
conventional white light imaging mode (Fig. 2(A))

and for the fluorescence imaging mode (Fig. 2(B)).
The full-color images of white light and fluores-
cence are 24-bit images each, with eight-bit infor-
mation per channel (red, green, and blue). An
additional image processing method was applied to
observe the differential image D = A(r) − B(g)
between the red color channel of the white light
image A(r) and green channel of the fluorescence
image B(g). The D-image was linearly scaled such
that its pixel values fit into the range 0–255, which
is common for grayscale image formats. Then we
coded the grayscale image of each green eight-bit
channel, substituting the 256 levels of gray (0–
255) using the RGB-rainbow lookup table (color
bar on Fig. 4). An Er:YAG laser (2.94 µm, Glis-
sando, WaveLightTM, Germany) was used to cause
laser ablation on both normal and cancer sites
of the specimen. The pulse duration was 350 µs,
power (per pulse) – 20 Watt, focus spot diameter —
0.377 mm. The autofluorescence was also collected
in the red range (610–750 nm emission, 500–600 nm
excitation) exploiting a fiberoptic spectrometer QE-
6500TM (Ocean Optics, USA), long pass interfer-
ence filter from Thorlabs, 1.8 mm diameter bifur-
cated seven-fiber probe (MSL-RP6-1-200TM; Med-
speclab, Canada). The light from the endoscopic
light source was used for the fluorescence excita-
tion. Two specimens were taken from the lower jaw
of the patients including soft and hard tissues under
conditions of the ethical protocol approval for pre-
liminary studies. The study was followed by histo-
logical examination by the pathologist to delineate
the precise lesion boundary as it was visually esti-
mated by the surgeon first.

3. Results

The primary results are shown in Figs. 2 and 3.
White light and autofluorescence images of human
jaw tissue before and after ablation are shown on
Figs. 2(A), 2(B), 3(C), and 3(D) accordingly; a
and b are the areas of normal and cancerous tis-
sue and the small white and black circles added
on the images indicate the actual ablation crater
loci. In the white light image normal tissue areas
retain their color during ablation while cancerous
areas reduce their redness and tend to appear closer
to the colors of normal tissue. These color changes
of abnormal tissue translate to increases in inten-
sity in the fluorescence image after ablation. These
brighter areas extend beyond the actual sizes of the
ablation craters which are indicated by the black
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(C)

(D)

Fig. 3. White light (C) and autofluorescence (D) images of
human jaw tissue after ablation are shown on C and D, a —
Normal and b — Cancer. The ruler bar (1 cm) represents
actual dimensions.

and white circles. A comparison between Figs. 2(B)
and 3(D) shows that after the laser ablation the
fluorescence image appears brighter or “healthier”
not only within the normal tissue but also inside

Fig. 4. False-color (RGB-rainbow lookup table, the color scale bar is presented on the right) differential D images before
(a) and after (b) ablation. Here cancerous tissue (bright, red) can still be distinguished from normal tissue (dull, green) on
a large scale. However the boundary between normal and abnormal areas remains altered. The ruler bar (1 cm) represents
actual dimensions.

the cancer lesion sites. This observation is sup-
ported by the digital representation of NCV in the
malignant area before (NCVbefore = 0.33) and after
(NCVafter = 0.06) the laser ablation. The histo-
logical examination has shown that this area is a
cancer tissue. The existing technology implemented
in PinPointTM for distinguishing between cancer-
ous and normal tissue via green fluorescence emis-
sion, which is normalized by red reflectance, fails
under conditions of high laser power effects on bio-
logical tissues. The differential images D before (A)
and after (B) ablation are presented in Figs. 4(A)
and 4(B). In these images cancerous tissue (bright,
red) can still be distinguished from normal tissue
(dull, green) on a large scale. However the bound-
ary here between the normal and cancerous areas
is distorted. The autofluorescence spectra acquired
within the red part of the spectrum are depicted in
Fig. 5. The contrast between normal and cancerous
tissues is still present after the laser ablation, but it
is reduced from 1:10 (A) to 1:2 (B). A similar analy-
sis of the second sample confirmed the observations
of the first specimen.

4. Discussion

The high power tissue processing alters the opti-
cal properties of the tissue, which is described in
literature.9,20 Our present model of these alterations
is illustrated in Figs. 1(A) and 1(B). We expected
the fluorescence of the tissue to recover within the
ablation craters after the lesion removal. At malig-
nancy, the thick mucosa and cancer angiogenesis
lead to a high absorption of excitation light and
re-absorption of the fluorescence emission, whichJ.
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Fig. 5. Fiberoptic spectrometry of red autofluorescence. The red autofluorescence was measured by a fiberoptic spectrometer
before (A) and after laser ablation (B). The fiber tip collected the spectra at the tissue spots indicated by the blue and red
arrows in the fluorescence image. Cancer is represented by the red curve, while normal is the blue curve. The green fluorescence
image is shown only for orientation. The contrast of cancerous vs normal tissue remains after the laser surgery, even though
it is significantly reduced. The contrast reduced from 1:10 (A) to 1:2 (B).

is believed to be the cause of the contrast before
ablation. According to the main hypothesis of the
study, once such light shield is removed, the autoflu-
orescence enhances and the contrast disappears or
becomes reduced. In other words, the laser ablation
“drills” the tissue down to the layers underneath
the crater (usually the connective tissue), which
are rich in fluorophores. The tissue autofluorescence
increases and hence the contrast between normal
and abnormal areas is reduced. Around the crater
rim we expect formation of coagulation zones due to
the tissue thermoconductivity. At coagulation the
scattering increases and autofluorescence drops,9–13

thus even improving the normal/abnormal con-
trast. However, we have found out that normal tis-
sue areas retain their color during ablation while
cancerous areas reduce their redness and tend to
appear closer to the colors of normal tissue. As it is
shown in Fig. 2(B) vs 3(D), the fluorescence growth
beyond the crater rims takes place both in normal
and cancerous tissues. Nevertheless in normal tissue
such contribution is relatively minor due to the high
initial level of the autofluorescence. We hypothesize
that the main reason of this phenomenon is absorp-
tion and scattering changes of the epithelial tissue
due to its heating outside the actual ablation crater.
The epithelium is located above the fluorophor rich
layers and may undergo a certain optical clearing

due to the hyperthermia under conditions of pulse
irradiation.14–16 If the fluorophor such as collagen
underwent coagulation then its fluorescence would
drop down with increasing temperature,17 however
this effect has not been observed in our study. We
have not performed direct measurements to moni-
tor or assess tissue coagulation or denaturation in
this preliminary study. It is planned in our future
research.

The differential image between the red chan-
nel of the white light and green channel of the flu-
orescence image displayed restoration of the bulk
normal/abnormal contrast but cannot provide fine
margin delineation. From a system theoretic per-
spective image or matrix D essentially constitutes
the negative biases of linear systems B = B(A) =
A − D, which were excited by illumination A
and responded with fluorescence B. These sys-
tems, which are locally distributed throughout the
observed tissue surface, presumably change their
biases according to the type of tissue beneath the
surface. Another simple model of the relationship
between A and B is B = B(A) = Q × A, which
essentially interprets the local tissue as an ampli-
fier Q rather than a bias generator D. A much
more sophisticated approach for such black box
modeling of IO behavior, however, would be also
to look at tissue dynamics of tissue responsiveness,
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uncovering how excitation translates to fluorescence
in terms of attenuation and phase over frequency.
To identify model or system parameters then would
require taking image sequences while exciting the
tissue with variable illumination intensities. Such
dynamic (instead of static) modeling of the rela-
tionship between A and B, which essentially yields a
set of linear differential equations, might potentially
reveal internal tissue dynamics and their change
patterns due to laser processing. Such information
might offer more abundant ways to safely classify
the type of tissue than the current state of the
art. Equipment which allows for the identification
of such general models or relationships would then
have to be able to shoot image sequences at higher
frame rates than the used system can and would
have to allow for changing illumination with each
image frame taken. Such signal processing however
is beyond the scope of this work. However, fast algo-
rithms to identify the parameters of linear nth order
models are readily available.21

The red fluorescence, usually associated with
mitochondria or lysocomes,22 was found signifi-
cantly lower in cancer lesions. This contradicts the
literature on red fluorescence level of cancer lesions
in stomach and lungs in vivo,23,24 and may be
related to the surgery preparation in the mouth
cavity as well as to the ex vivo conditions. The
fluorescence spectra in Figs. 5(A) and 5(B) show
that the normal/abnormal contrast in red fluores-
cence images remains after laser ablation and this
may be an indication of a mechanism differing from
that shown in Fig. 1. As such, it may potentially
be optimized and used for surgical navigation due
to the better stability of the normal/abnormal con-
trast after laser ablation.

5. Conclusions

The tumor tissue after the laser ablation increases
in brightness when using the existing technology of
distinguishing between cancerous and normal tis-
sue. The current technology uses images of green
fluorescence emissions which are normalized by
reflected red light. It fails under conditions of high
laser power effects on biological tissues. The study
has shown a certain prospective image color chan-
nel manipulation to restore the normal/abnormal
contrast after ablation. However, when the aut-
ofluorescence was collected in the red range (630–
690 nm) then the abnormal/normal contrast did not
decrease below levels that are usable for laser tissue

processing. The present study highlights the impor-
tance of finding a proper technology for surgical
navigation of cancer removal under conditions of
high power effects in biological tissues. In future
studies we are going to explore bio-tissue fluores-
cence in an attempt to identify models that relate
photo-excitation with fluorescent emission and that
allow for robust classification of tissues under laser
treatment. Since simple models, such as the dif-
ferential images, can well be identified with cur-
rent technology, one focus will be to uncover the
potential of such models. Another focus will be to
capture optical tissue properties including absorp-
tion, scattering, and excitation–emission matrices
(EEM) before and during the laser surgery within
the visible range in order to find ways to improve
concurrent technology for surgical navigation under
high power effects.
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