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ABSTRACT: Laser desorption ionization-mass spectrometric
(LDI-MS) analysis of vital biological tissues and native, ex vivo
tissue specimens is described. It was found that LDI-MS analysis yields tissue speciﬁc data using lasers both in the ultraviolet
and far-infrared wavelength regimes, while visible and near IR
lasers did not produce informative MS data. LDI mass spectra
feature predominantly phospholipid-type molecular ions both
in positive and negative ion modes, similar to other desorption
ionization methods. Spectra were practically identical to rapid
evaporative ionization MS (REIMS) spectra of corresponding
tissues, indicating a similar ion formation mechanism. LDI-MS analysis of intact tissues was characterized in detail. The eﬀect of laser
ﬂuence on the spectral characteristics (intensity and pattern) was investigated in the case of both continuous wave and pulsed lasers
at various wavelengths. Since lasers are utilized in various ﬁelds of surgery, a surgical laser system was combined with a mass
spectrometer in order to develop an intraoperative tissue identiﬁcation device. A surgical CO2 laser was found to yield suﬃciently
high ion current during normal use. The principal component analysis-based real-time data analysis method was developed for the
quasi real-time identiﬁcation of mass spectra. Performance of the system was demonstrated in the case of various malignant tumors
of the gastrointestinal tract.

R

apid identiﬁcation of biological tissues has crucial importance in the ﬁeld of diagnostics and surgical treatment of
various forms of cancer. While the traditional histological methods are not ideal when rapid diagnostics is needed,1,2 there is no
widely accepted alternative methodology. Recently, a number
of diﬀerent approaches have been described for the fast, ideally
in vivo identiﬁcation of tissues during diagnostic or surgical interventions.3,4 One approach comprises the application of medical
imaging (computed tomography (CT), magnetic resonance
imaging (MRI), ultrasonography, single photon emission computed
tomography (SPECT), etc.) techniques during surgery.5-8 Although these well-established methods give excellent information
on the location of tumors, this information is not directly correlated
with the visible features of the surgical area; furthermore, some of
these methods critically interfere with the operation (e.g., high
magnetic ﬁeld of MR). An alternative, emerging approach is the in
vivo spectroscopic characterization of tissues during surgery. Both
Raman spectroscopy and Fourier transform-infrared spectroscopy
have been successfully applied for in vivo analysis of tissues.9,10 One
of the main advantages of Raman spectroscopy in this regard is its
potential for in-depth analysis, which allows the minimally invasive
detection of cancerous tissue features without their surgical
exposure. Native or label-induced ﬂuorescence has also been
successfully utilized for the diﬀerentiation of cancer and healthy
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tissues.11-15 Although a number of potent optical tissue
identiﬁcation methods have been developed, their inherent problems still include the use of complicated instrumentation and
speciﬁcity issues.
Mass spectrometric investigation of biological tissues provides
data which can be used in principle for the identiﬁcation of the
tissues.16-20 Laser desorption ionization mass spectrometry has
been developed from the 1970s for the analysis of nonvolatile
organic constituents and elemental composition of natural surfaces and surface-deposited samples.21,22 LDI was demonstrated
to yield molecular ions of various, nonvolatile organic molecules
with molecular weights up to 2000 Da, using laser wavelengths in
the range of 193 nm-10.6 μm. The laser microprobe mass
analysis (LAMMA)23 technique allowed the mass spectrometric
proﬁling of biological specimens24 including plant tissue, bacterial cells, lichens, and human tissue sections25,26 as it was successfully demonstrated in the 1980s. The LAMMA approach was
gradually superseded by the matrix-assisted laser desorption
ionization (MALDI) technique due to better sensitivity and
broader attainable mass range.
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Figure 1. Experimental setups for the LDI-MS investigation of native biological tissues. The partially charged aerosol formed upon laser ablation is
transferred to the atmospheric inlet of the mass spectrometer through a PTFE tubing by the suction force of a Venturi air jet pump. (a) Experimental
setup for measurements with a surgical CO2 laser. (b) Experimental setup for measurements with a Nd:YAG laser.

Figure 2. Mass spectra of (a) porcine alveolar lung tissue, (b) porcine kidney cortex, and (c) porcine liver parenchyma measured in negative-ion mode with
a surgical CO2 laser at 10.6 μm wavelength. (d) Three-dimensional principal component analysis plot of diﬀerent LDI-MS spectra obtained from various
porcine organs during surgical intervention. The ﬁrst three components explain 71.76%, while 60 components explain 97.97% of the total variance.

MALDI-based mass spectrometric imaging methods are capable
of producing chemical images of biological tissues with speciﬁcity
and spatial resolution comparable to those of histology.27-29 A
general disadvantage of imaging mass spectrometry is that these
methods are similar to histology not only regarding speciﬁcity but
also in their time demand and complexity. As an alternative to
imaging methods, we have recently reported the development of
mass spectrometric methods directly integrated with electrosurgical
instrumentation.30,31 While these methods do not provide high
spatial resolution, they allow the rapid, in situ identiﬁcation of
visible tissue features in the surgical area.
Laser surgery was one of the earliest applications of laser
technology, developed as early as 1960.32-34 The development

and application of the CO2 laser revolutionized various ﬁelds of
surgery by providing a precise, bleeding-free technique which does
not employ electricity. The 1970s was the “golden age” of the
technique, when its application area was ranging from neurosurgery through general cancer surgery to eye surgery.35-37 However,
because of the inconveniences associated with the delicate optics
of infrared lasers and the development of alternative surgical
dissection techniques, the application area of laser surgery underwent a continuous narrowing. The recent development of ﬂexible
light guide systems for CO2 lasers projects a potential renaissance
of these methods, especially in the ﬁeld of neurosurgery.38,39
In principle, the combination of laser desorption ionization
mass spectrometry with laser surgery allows the intrasurgical
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Figure 3. LDI-mass spectra of porcine liver obtained by a (a) CO2 laser at 10.6 μm wavelength, (b) Nd:YAG laser at 355 nm, and (c) diode laser at
785 nm. A characteristic ion pattern corresponding to the structural phospholipid distribution was detected at 10.6 μm and 355 nm; however, no
informative mass spectra was obtained at 785 nm. (d) The ﬁgure depicts the generalized absorbance spectrum of mammalian tissues.44 The wavelengths
corresponding to parts a, b, and c of Figure 3 are denoted by the arrows.

identiﬁcation of tissues, therefore, the localization of malignant
tissues on the surgical area. In the present study, our objective
was to implement and characterize the LDI-MS analysis of native
tissue samples and develop the method to the level of medical
applicability.

’ EXPERIMENTAL SECTION
Laser Instruments. A commercially available surgical CO2
laser (DS-30; Daeshin-Enterprise, Seoul, South Korea) was used
for ionization and tissue dissection both in CW (continuous
wave) and pulsed mode at 10.6 μm wavelength. A pulse width
of 90 μs and 3 Hz repetition rate was used in the pulsed mode. The
laser power was generally set to 5-10 W in CW mode and 10-30
mJ/pulse in pulsed mode. The commercially available laser surgical
handpiece was equipped with a vent line as it is shown in Figure 1a.
A Nd:YAG laser (Brilliant; LOT-Oriel, Darmstadt, Germany)
was used generally for the ultraviolet measurements with 8 mJ
pulse energy (355 nm), 4 ns pulse width, and 20 Hz repetition
rate (Figure 1b). The Nd:YAG laser was used also for analysis at
the wavelengths of 266, 532, and 1064 nm. The 2.94 μm
wavelength measurements were performed with an OPO laser
(GWU-Lasertechnik Vertriebsges. mbH, Erftstadt, Germany)
with 15-20 mJ pulse energy, a pulse width of 6 ns, and a 20 Hz
repetition rate. The nitrogen laser system (337 nm) was manufactured by LTB Lasertechnik (Berlin, Germany). This system was
working at 3 ns pulse width, 60 μJ pulse energy, and 60 Hz repetition rate.
Laser Safety Regulations. Since the lasers fall into the classes
III and IV safety categories, they have to be handled with extremely high caution, and appropriate safety goggles (LASERVISION GmbH, F€urth, Germany, matching for laser wavelength

and energy) have to be worn as long as the laser instrument is
under power. Our laboratory follows the German Laser Safety
Regulations (GUV-I 832).
Aerosol Inhalation Safety. Inhalation of the burning products of tissues can be harmful, especially when the aerosol may
contain cancer cells. Appropriate breathing mask (M7500 series
mask with 6055 A2 filter, 3 M Deutschland GmbH, Neuss, Germany)
has to be worn throughout the experiments. The exhaust line of
Venturi-housing has to be connected to an appropriate venting
system comprised of a cold trap and aerosol filters.
Ion Transfer. The aerosol vent line was connected to a Venturi
pump (home-built) using up to 3 m long, 1/8 in. o.d., and 2 mm i.d.
poly(tetrafluoroethylene) (PTFE) tubing. The Venturi pump was
driven by 20 L/min air flow. The pump exhaust was placed
orthogonal to the atmospheric inlet of the mass spectrometer
(Figure 1).
Mass Spectrometry. High-resolution mass spectrometry was
performed using a Thermo LTQ Orbitrap Discovery (Thermo
Fisher Scientific Inc., Bremen, Germany) instrument, and a Thermo
LCQ Deca XP (Thermo Finnigan, San Jose, CA) instrument was
used for the in vivo experiments.
Samples. Food-grade porcine organs were used for testing
the method and studying the laser parameter dependencies.
Canine in vivo data was acquired using dogs from veterinary
oncology praxis. Human colon carcinoma samples were obtained
from the Institute of Pathology, University of Debrecen. All
required ethical permissions were obtained for both the animal
experiments and for the collection and analysis of human samples.
Data Analysis. Measurements were performed in negative
ion mode, in the mass range of m/z 150-1000. Principal component analysis (PCA) was accomplished on the normalized spectra
in the 600-900 mass range using home-built software.
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Figure 4. (a) Dependence of overall signal intensity on the focusing lens-to-sample distance and on the laser energy in the case of the 355 nm (3ν Nd:
YAG) wavelength laser. The focus distance of the lens was 100 mm, while the optimal distance was found to be 120-135 mm. For further details on the
defocusing eﬀect, see the text. (b) Intensity ratio of ions [PE (18:1/16:0) - H]- (m/z 716) and [PE (18:1/16:0) - NH3-H]- (m/z 699) as a function
of laser energy in the case of pulsed Nd:YAG and CO2 lasers. The inset shows the laser power dependence of the identical intensity ratio in the case of the
CO2 laser used in CW mode. (c) Intensity of palmitate (m/z 255) anions as a function of laser energy in the case of pulsed Nd:YAG and CO2 lasers. The
inset shows the laser power dependence of an identical intensity in the case of the CO2 laser used in CW mode.

’ RESULTS AND DISCUSSION
Since the laser ablation of thin tissue sections is known to
produce a characteristic phospholipid ion population,40-43
the combination of laser surgery with mass spectrometric detection can potentially be used for the real-time, in situ identiﬁcation of tissues during surgical interventions. The combination
of the two techniques was implemented using a Venturi air
jet pump-based ion transfer device, similar to those reported
earlier in the case of electrosurgery/mass spectrometry coupling.31 The scheme of the experimental setup is depicted in
Figure 1. Although the application of a polymer tubing at ambient temperature for ion transfer is unusual due to static charge
build-up, it gives optimal performance in the present case, since
the laser ablation process produces positive and negative ions
simultaneously.
The laser ablation/laser desorption ionization spectra of intact
tissues feature almost exclusively ions corresponding to various
lipid-type compounds ranging from simple fatty acids to glycerophospholipids. Figure 2 depicts typical LDI spectra of diﬀerent
intact porcine tissue types, recorded in negative mode at 10.6 μm
laser wavelength. The spectra, besides abundant phospholipid
ions, also show deprotonated molecular ions of bile acids in the
case of liver samples. In spite of the high temperature and the
presence of oxygen, excessive oxidation or thermal degradation
products were not observed. Thermal degradation was observed
solely in the case of phosphatidyl-ethanolamines, which are

prone to lose ammonia, presumably via nucleophilic elimination
taking place in the condensed phase.
Laser desorption ionization of intact, bulk tissue samples was
studied at diﬀerent laser wavelengths (Figure 3). Practically uniform spectra were obtained at 266 nm, 337 nm, 355 nm, 2.94 μm,
and 10.6 μm, while no spectra was detected at 532, 785, or 1064
nm. This wavelength dependence phenomenon was associated
with the optical characteristics of the biological tissues. By looking
at the absorbance spectrum of the tissues (Figure 3d), one can
conclude that the absorbance is lowest in the 400-1200 nm range.
Furthermore, in this range the optical scattering is the predominant interaction, resulting in decreased intrusion depth.44
Another interesting result of the wavelength-dependence study
was the uniformity of spectra obtained in the UV and IR range
(Figure 3) and also their high similarity to the spectra obtained by
electrically induced thermal evaporation (electrosurgery).31
Similarity of desorption ionization spectra obtained by diﬀerent techniques (secondary ion mass spectrometry (SIMS), laser
desorption ionization (LDI) at diﬀerent wavelengths, etc.) has
long been recognized.45,46 This phenomenon has also been observed in the case of atmospheric pressure desorption ionization
techniques, implicating a similar mechanism of ion formation.47
The ion formation mechanism in the present case is markedly
diﬀerent from the mechanism of earlier reported LDI experiments, due to the atmospheric pressure ionization setup. While
the water content of tissues is >70% at atmospheric pressure, it
1635
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Figure 5. Comparison of frequency-tripled Nd:YAG laser and CO2 laser data using the principle component analysis of data sets obtained from
identical samples. Parts a and b show the results of the analysis of multiple porcine tissue types, while parts c and d show the results of the analysis of the
renal clear cell carcinoma sample. Nd:YAG data sets feature a lower number of data points due to the inferior sensitivity and longer timebase (5 s vs 1 s)
used for data analysis.

rapidly evaporates when tissues are introduced into high vacuum.
Furthermore, collisional cooling at atmospheric pressure eﬀectively suppresses all ergodic fragmentation processes.
In the case of biological tissues with high phospholipid content
(generally true for mammalian tissues), the common ionization
mechanism most likely involves the formation of phospholipidcoated aqueous droplets. In this sense, the laser energy is absorbed by the tissue, causing local temperature elevation, precipitation of the structural proteins, and eventually the boiling
of the water content. The boiling involving cavitation results in the
formation of an ablation plume which consists of water vapor,
gaseous thermal decomposition products, and aqueous droplets.44,48
The aerosol formed in this explosion is presumably partially charged,
featuring equal amounts of negative and positive charges, similar
to sonic spray. Since the surface of charged, aqueous droplets is
necessarily covered by amphipatic lipid molecules, the evaporation
of these droplets will predominantly lead to the formation of corresponding ionic species including fatty acids, phospholipids, sulfatides, or bile acids. The assumption of a purely thermal ionization
mechanism gives an explanation for the similarity of the spectra
obtained by ultraviolet (UV) or infrared (IR) lasers, since in this
sense only the intrusion depth and the amount of dissipated energy
have inﬂuence on the ionization process. In contrast to theLDI or
MALDI experiments performed at 355 nm,49 ions implicating
photochemical eﬀects have not been detected in the present case.
The eﬀect of laser energy and focus distance on the overall
signal intensity was investigated in the case of a pulsed Nd:YAG
laser (355 nm, 3ν) and a pulsed CO2 (10.6 μm) laser. The eﬀects
were largely similar in the two cases and followed the general
trends observed in the case of LDI. As it is demonstrated in
Figure 4, the dependence of overall signal intensity on the

focusing lens-to-sample distance shows a clear optimum phenomenon. However, while the focus distance of the lens was
100 mm, the optimal distance was found to be ∼135 mm. This
defocusing eﬀect reveals that there is an optimal ﬂuence value for
a given energy. If this value is exceeded by decreasing the illuminated area (getting closer to the focus point of the focusing lens),
the signal intensity drops. In this sense, the optimum point
should approach the focus point at lower energies, and indeed,
this eﬀect is clearly demonstrated by the 3D plot in Figure 4a.
The laser energy/ﬂuence also has an eﬀect on the intensity
distribution patterns of phospholipid ions. We have identiﬁed
two, markedly diﬀerent eﬀects in this regard. One was the ammonia loss of phosphatidyl-ethanolamines, while the other was the
fragmentation of all glycerophospholipids yielding mainly fatty
acid carboxylate anions. The ﬁrst eﬀect could not be associated
with the fragmentation of PE [M - H]- anions, since the analogous process was not found in collision induced dissociation
(CID) fragmentation of the corresponding ions. Furthermore,
this eﬀect was also observed during rapid evaporative ionization
mass spectrometry (REIMS) analysis of tissues, where tissue was
evaporated via Joule-heating. This latter observation strongly
suggests a purely thermal mechanism and makes a photochemical scenario unlikely.
The second process is the predominant fragmentation pathway of the [M - H]- ions of any complex lipids yielding the
corresponding carboxylate anions of the corresponding fatty acid
components. Figure 4b,c illustrates the above eﬀects in the case
of PE 16:0/18:1 (m/z 716) and palmitate anion (m/z 255).
The CO2 laser system also oﬀers CW mode capability. It was
observed that spectra collected in CW mode are considerably different from those collected in pulse mode. This diﬀerence was
1636
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Figure 6. Dependence of misclassiﬁcation rate on the number of components used in PCA and LDA analysis. Plots clearly suggest that utilization of
∼60 components is ideal in each case. For details of each cross-validation test, see text.

associated with the considerably diﬀerent laser power and also
the diﬀerent extent of the above-mentioned two degradation
processes. Laser power could be varied in the 0-30 W range in
CW mode, while it reached 375 W in pulsed mode. As it was
pointed out earlier,46 this is not only an incremental diﬀerence,
but the increased laser power qualitatively changes the laser-tissue interaction phenomenon.
Regarding the degradation processes, the PE ammonia loss is
less pronounced in CW mode, while the gas-phase fragmentation
of phospholipids is enhanced compared to pulsed mode as it is
shown in the insets of Figure 4b,c. These eﬀects were associated
with the continuous laser irradiation of nascent ionic species
in the gas phase. In pulse mode, the laser is oﬀ when the ion
formation process is completed, thus the gaseous ions suﬀer
considerably less laser irradiation. In contrast, in CW mode the
laser continuously irradiates the ions, which results in their fragmentation via the infrared multiphoton dissociation (IRMPD)
process.
Carbon dioxide and frequency-tripled Nd:YAG lasers were
compared also regarding practical aspects of utilization. In two
sets of experiments, diﬀerent tissue types were analyzed using
the two diﬀerent experimental setups. PCA analysis results are
shown in Figure 5a,b in the case of various types of porcine tissue
and in Figure 5c,d in the case of human renal clear cell carcinoma
and surrounding healthy cortical renal tissue. It is clearly demonstrated by both data sets that the reproducibility of the CO2
laser data is superior to that of the Nd:YAG laser data, reﬂected
in the more diﬀuse clouds of data points in the latter case.
Reproducibility is associated with the lower signal-to-noise ratio
observed in the latter case. Poor reproducibility also aﬀects the

probability of identiﬁcation; probability values were in the range
of 82-95% for the CO2 laser and 55-70% for the Nd:YAG laser.
Better reproducibility (and thus better probability) also allows
more frequent sampling during surgical interventions, which
improves the eﬃciency of tracking of the surgical procedure and
decreases the invasiveness of intentional sampling. Further advantages of CO2 lasers include the better coagulative properties
and also the lack of laser induced photochemical processes in
tissues.
The spectra of various tissue types were found to be considerably diﬀerent, while the subject-to-subject reproducibility of
an identical tissue type (e.g., liver parenchyma or colon adenocarcinoma) was good. Figures 2d and 5 show the PCA plots of
data corresponding to various tissue types. The plotted samples
were obtained from ﬁve diﬀerent subjects. Although the separation of data groups is almost complete even using only the ﬁrst
three PCA components, a more complex data processing and
analysis scheme was used for tissue identiﬁcation comprising of a
combination of 60 dimensional PCA and linear discriminant
analysis (LDA).31 The method allows the real-time identiﬁcation
of tissues based on a single mass spectrum, with 96-99% accuracy. Utilization of 60 dimensional PCA is based on a cross validation study, which was performed on 1885 data points (individual tissue spectra). Three diﬀerent cross-validations were used
with 1-300 principal components and LDA components calculated: (1) Leave 20% out, 5-fold, 100 times, in one turn 5 LDA
was calculated always using the 80% of the data (learning set) and
leaving out 20% (validation set). After one 5-fold turn, using
diﬀerent learning set in all 5 cases, every data was left out once.
The 5-fold turn was calculated 100 times for reducing the role of
1637
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Figure 7. (a) Optical image of human colon cancer metastasis in the liver. The tumor is located in the right upper corner area. Colored dots indicate the
sampling spots. (b) PCA plot of the LDI-MS data obtained from the designated (numbered) areas of the tumor sample, 3 components explain 34.33%
and 60 components explain 93.81% of the total variance. (c) Hematoxilin-eosin (H&E) stained section of the corresponding area of the tumor sample.
The H&E stained section was obtained by standard histological processing of the adjacent part of the tumor sample. (d) Correlation between the
estimated tumor cell content and the Euclidian distance of the data point from the centroid of the tumor data group in the two-dimensional PCA plot.

coincidence and reducing deviation. The PCA was calculated
with 100% of the data, while the leave 20% out was carried out in
the data before calculating the LDA components, e.g., PCA was
calculated once, LDA was always calculated on the 80% of the
data, 500 times (Figure 6a). (2) Leave 20% out, 5-fold, 1 time.
The points were left out before the calculation of PCA, 5 PCA
and 5 LDA were calculated (Figure 6b). (3) Leave one out crossvalidation, 1 time, each data point was left out once, after PCA,
PCA was calculated once, LDA was calculated 1885 times,
leaving always one data point out from the original learning set
(Figure 6c).
In all three cases, the spectra left out (validation set) were
classiﬁed with the model built on the actual learning set. The
number of misclassiﬁed data points was counted. In all three
cases the number of misclassiﬁed spectra reached a minimum at
50-70 components, as it is demonstrated by Figure 6, thus 60
components were chosen.
The spectra obtained from ex vivo and postmortem samples
were compared to in vivo analysis of tissues with identical histology in the canine model. Although the PCA analysis of the data
has shown partial separation in most cases, it did not have any
inﬂuence on the identiﬁcation. It was also observed that surgically
induced ischemia improves the similarity between the spectra
obtained ex vivo and in vivo. This observation clearly indicates
that the diﬀerence is mainly due to circulation, i.e., the presence

of large amount of blood in the tissues. Since blood, being a
tissue, has its characteristic phospholipid proﬁle, this obviously
alters the resulting spectra.
The signiﬁcance of intrasurgical tissue identiﬁcation lies in its
potential applications in the ﬁeld of cancer resection surgery,
where diﬀerentiation between the malignant tumor tissue and
the surrounding intact areas is critically important from the point
of the clinical outcome. The capability of the method in this ﬁeld
was demonstrated by the ex vivo analysis of a resecated liver
metastasis of a human colon carcinoma. (In vivo testing is not
possible in these cases due to ethical concerns, since in vivo
dissection of a tumor may increase the risk of further metastasis
formation.) A tumor tissue sample is shown in Figure 7a, prior to
analysis. The sample was analyzed using a surgical CO2 laser and
the already described experimental setup. The MS data was
analyzed by PCA, and the results are depicted in Figure 7b. As it is
demonstrated in the ﬁgure, data points collected from bulk
tumor tissue (maroon dots) and from nontumorous liver parenchyma (black and blue dots) show complete separation even in
the ﬁrst two PCA dimensions. Turquoise dots seem to represent
the outer part of the tumor. In contrast to visual perception, PCA
analysis results suggest that some of the turquoise dots were still
taken from liver parenchyma. Furthermore, most of the turquoise
dots seem to form a separate group, and only a few fell close to
data points taken from the tumor tissue. Histological analysis of
1638
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the designated area in Figure 7a (shown in Figure 7c) revealed
that the tumor is surrounded by a pseudocapsule, and turquoise
dots are mainly taken from this feature, while the real border of
tumor is represented by the magenta dots. The pseudocapsule
contains mainly healthy liver parenchyma cells squeezed together
by the fast growing tumor, while the border of the tumor is
surrounded by lymphocytes due to an inﬂammatory reaction.
This region also contains healthy liver cells. Thus, even some of
the magenta dots do not belong to the tumor data group, which
fully contradicts the visual information but can be explained by
the histological analysis (Figure 7c). The stained section also
allows the coarse estimation of the tumor tissue content of
individual sampling points in the case of the tumor border (magenta points). The correlation between the tumor cell content and
the linear distance from the mean of the tumor data points in the
PCA plot is demonstrated by Figure 7d. Although the uncertainty is high in the presented case, there is a clear correlation
between the two values, which has implications on the mass
spectrometric detectability of tumor inﬁltrations using laser
desorption ionization.

’ CONCLUSIONS
The presented results demonstrate that laser desorption ionization/mass spectrometric investigation of bulk, even vital tissues is a
feasible approach for in situ, real time identiﬁcation at a histological
level. The utilization of a surgical laser and the lack of further,
nonsurgical instrumentation at the surgical site makes the technique perfectly compatible with the current surgical environment,
which certainly facilitates its future introduction into routine
surgical practice. Although laser surgery is currently not among
the most abundant surgical techniques, the recent introduction of
hollow ﬁber lightguides for CO2 lasers together with mass spectrometric tissue identiﬁcation have the potential to induce the revival
of the technology, especially in the ﬁelds of cancer surgery.
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