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Abstract. A new, more robust sprayer for desorption electrospray ionization (DESI)
mass spectrometry imaging is presented. The main source of variability in DESI is
thought to be the uncontrolled variability of various geometric parameters of the
sprayer, primarily the position of the solvent capillary, or more specifically, its posi-
tioning within the gas capillary or nozzle. If the solvent capillary is off-center, the
sprayer becomes asymmetrical, making the geometry difficult to control and
compromising reproducibility. If the stiffness, tip quality, and positioning of the capil-
lary are improved, sprayer reproducibility can be improved by an order of magnitude.
The quality of the improved sprayer and its potential for high spatial resolution
imaging are demonstrated on human colorectal tissue samples by acquisition of

images at pixel sizes of 100, 50, and 20 μm, which corresponds to a lateral resolution of 40–60 μm, similar to
the best values published in the literature. The high sensitivity of the sprayer also allows combination with a fast
scanning quadrupole time-of-flight mass spectrometer. This provides up to 30 times faster DESI acquisition,
reducing the overall acquisition time for a 10 mm × 10 mm rat brain sample to approximately 1 h. Although some
spectral information is lost with increasing analysis speed, the resulting data can still be used to classify tissue
types on the basis of a previously constructedmodel. This is particularly interesting for clinical applications, where
fast, reliable diagnosis is required.
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Introduction

S ince its first publication in 2004 [1], desorption
electrospray ionization (DESI) mass spectrometry (MS)

has seen a large rise in popularity and extension into a wide
field of applications [2]. One such application is the MS imag-
ing of biological tissue specimens, it being particularly well
suited for the spatial mapping of lipids (fatty acids, phospho-
lipids, and diglycerides and triglycerides) [3]. By acquisition of
the MS profile of different tissue types, these tissues can be

characterized and, with use of either characteristic compounds
or multivariate statistical tools, classified [4–9]. This makes
DESI a promising method for molecular pathology applica-
tions, whereby tissue types are characterized by their biochem-
ical composition as opposed to morphological features as in
classic histopathology. To ensure the accuracy of these
methods, high quality and repeatability are desirable for DESI
data. Two recent studies have looked at the repeatability and
reproducibility of DESI-MS. In the first, a Versailles Project on
Advanced Materials and Standards (VAMAS) interlaboratory
study performed by the National Physical Laboratory [10], the
absolute intensity repeatability was measured with glass slides
coated with rhodamine B and with double-sided adhesive tape.
The spectral shape, given by the relative intensity of peaks in
selected regions, was compared with use of the tape. Absolute
intensity repeatability varied largely between the participating
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laboratories from 14% to 140% (average 51%) for rhodamine
B and from 14% to 58% for adhesive tape samples (average
31%). The spectral shape showed an average repeatability of
11%. Day-to-day reproducibility of the spectral shape was
31%. In the second study, by Abbassi-Ghadi et al. [11], the
repeatability and reproducibility of DESI were assessed by the
imaging of human esophageal cancer tissue sections. They
were calculated from the variation in normalized intensities of
25 lipid species in them/z range from 600 to 900. Repeatability
was calculated as 22% and reproducibility was calculated as
20%.

One major source of variability in DESI-MS is thought to be
the geometry of the sprayer, which produces the primary
electrospray [12]. Although a number of studies have examined
the optimization of solvent composition [13, 14] and flow rate
and geometrical parameters [15–17] for improved spatial reso-
lution and DESI performance, the design of the sprayer itself
has remained largely unchanged. There are two commonly
used DESI sprayer designs: Firstly, the original design, initially
published for electrosonic spray ionization [18], consisting of
two ideally concentric fused silica capillaries. This is the design
predominantly used for tissue imaging applications. Secondly,
the commercially available design from Prosolia, which con-
sists of a stainless steel gas nozzle with a fused-silica solvent
capillary. Both designs use a straight-edged fused-silica capil-
lary as the solvent capillary, which is fixed by a ferrule several
centimeters away from the spray tip. The main disadvantage of
the fused-silica capillary is its flexibility. Rather than being
concentric with the gas capillary or gas nozzle aperture, the
solvent capillary usually leans to one side (Figure 1, schematic
b). It can also bend, causing it to protrude at an angle (Figure 1,
schematic c). This causes a loss of rotational symmetry, intro-
ducing new, uncontrollable degrees of freedom to the setup,
and creates an asymmetrical, unevenly distributed nebulization
gas flow. Consequently, the size distribution of the primary
electrospray droplets is enlarged [19], which can in turn result
in a reduction in ionization efficiency. At certain gas flows,

turbulence can also cause the solvent delivery capillary to
vibrate. This type of vibration can be exploited for droplet
generation at low solvent flow rates, such as in the oscillating
capillary nebulizer [20], but is undesirable in DESI. Pasilis
et al. [21]observed a dependence of signal intensity on the
scanning direction, and suggested that this may be due to
asymmetry of the primary electrospray. This was recently
confirmed in a study with a sprayer in which the solvent
capillary was fixed to the side of the gas capillary [12]. It has
been suggested in several instances that the ideal DESI sprayer
would probably allow perfect centering of the solvent capillary
within the gas capillary [12, 21, 22]. However, in practice this
can be difficult to achieve.

In addition to geometrical issues, laboratory-built sprayer
capillaries are usually cut by hand, which means that the edge
can contain small imperfections that can have an impact on the
quality of the electrospray. A stainless steel solvent capillary
could also be used; however, this can lead to capacitance
effects (charging and discharging to the gas nozzle), which
can affect ionization. It can also lead to corona discharge and
arcing between the sprayer and other metal components of the
DESI source.

Here, we examine redesigning the DESI sprayer to provide
better stability of solvent capillary positioning and thus better
reproducibility. This includes the use of a TaperTip™ emitter.
Tapered fused-silica emitters were used previously for DESI by
Van Berkel et al. [23] in 2005 to improve the spatial resolution
of DESI. However, without accurate positioning, the reproduc-
ibility of the primary electrospray is limited. In an initial
experiment, the fused-silica solvent capillary of the
laboratory-built sprayer was replaced to increase its wall thick-
ness and, thereby, it stiffness. The use of machine-cut
TaperTip™ emitters was also examined both for reproducibil-
ity and for improved spatial resolution. The results of these
experiments led to a new sprayer design with a 20-μm inner
diameter (ID) tapered fused-silica emitter to allow a stable
primary electrospray at very low flow rates, and comprising a
device to improve positioning accuracy of the emitter and
reproducibility.

Experimental
Solvents and Samples

Methanol and water were liquid chromatography–MS grade
and were purchased from Sigma-Aldrich (St Louis, MO,
USA). Rhodamine B coated slides were kindly provided by
the National Physical Laboratory (Teddington, UK), and were
prepared as in the recently published VAMAS interlaboratory
study [10]. Pork liver samples were obtained from a local
supermarket. Rat cerebellum was from a control animal used
in a study by collaborators at AstraZeneca. Details can be
found in Swales et al. [24]. The colorectal cancer samples were
analyzed within the scope of a larger clinical study, which
received full ethics approval (14/EE/0024). All tissue samples
were fresh frozen on dry ice and stored at -80 °C until

Figure 1. Positioning of the solvent capillary in the laboratory-
built desorption electrospray ionization (DESI) sprayer. Ideally,
the fused-silica solvent capillary should be concentric with the
gas capillary (a), resulting in rotational symmetry and an even
distribution of the nebulization gas flow. Because of the flexibil-
ity of the fused silica, however, it is usually off-center (b) or bent
and protruding at an angle (c)
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processing. For DESI-MS, samples were cryosectioned at 10-
μm thickness and thaw-mounted onto SuperFrost Plus micro-
scope slides (Thermo Fisher Scientific, Waltham, MA, USA).
Pork liver was used for optimization of DESI parameters.
Three adjacent colorectal cancer tissue sections were used to
test different pixel sizes. Five adjacent rat cerebellum sections
were used to assess high MS scan speeds and DESI imaging
velocities. All sections were subsequently submitted to the
Research Histology Facility at the Imperial College South
Kensington Campus for hematoxylin and eosin (H&E) staining
and subsequent histological examination.

Sprayers

The traditional laboratory-built sprayers were built from a 1/16-in.
stainless steel tee (Swagelok, Solon, OH,USA)with a fused-silica
gas capillary [363-μm outer diameter (OD), 220-μm ID], and a
fused-silica solvent capillary (150-μm OD, 50-μm ID; both were
obtained from SGE Analytical Science, Milton Keynes, UK),
held in place with NanoTight™ sleeves (Idex, Lake Forest, IL,
USA). To assess the impact of solvent capillary stiffness, altered
sprayers with a fused-silica gas capillary of 700-μmOD and 530-
μm ID and a fused-silica solvent capillary of 360-μmOD and 50-
μm ID (both obtained from SGE Analytical Science, Milton
Keynes, UK) were built. A further variant, where the solvent
capillary was replaced with a TaperTip™ emitter (360-μm OD,
50-μm ID, from New Objective, Woburn, MA, USA) was also
tested. A schematic for these sprayers can be found in Fig. S1.

The commercial sprayer was obtained from Prosolia (India-
napolis, IN, USA) and used as provided. The novel DESI

sprayer was developed and manufactured in collaboration with
Waters (Milford, MA, USA). It consisted of a stainless steel gas
nozzle with an aperture of 400 μm and a TaperTip™ emitter
(New Objective, Woburn, MA, USA) with an OD of 360 μm
and an ID of 20 μm. This emitter is designed to deliver a stable
electrospray at flow rates from 0.2 to 3 μl/min. The emitter was
secured by a swaged stainless steel emitter guide and held with a
stainless steel positioning disc with radially arranged holes for
the nebulizing gas flow (Figure 2). This disc was coated with an
electrically insulating material to prevent leakage currents
flowing and charging of the stainless steel gas nozzle. Schematic
drawings of the sprayer construction can be found in Fig. S2.

DESI-MS Instrumentation

All experiments were performed with a Xevo G2-XS QTof
instrument (Waters, Milford, MA, USA) operated in sensitivity
mode and equipped with a two-dimensional DESI stage from
Prosolia (Indianapolis, IN, USA) and a custom-built inlet cap-
illary heated to 490 °C. DESI parameters were optimized for
the best signal intensity on tissue and were as follows: spray
voltage, 4.5 kV; solvent, 95:5methanol–water; flow rate, 1.5 or
0.5 μl/min for pixel sizes of 100 μm or 50 and 20 μm respec-
tively; nebulizing gas, nitrogen; gas pressure, 7 and 4.5 bar for
1.5 and 0.5 μl/min flow rate respectively; sprayer incidence
angle, 75°; collection angle, 10°; sprayer-to-inlet distance, 10
mm; sprayer-to-sample distance, 1.5 mm. MS parameters were
as follows: scan time (unless specified otherwise), 1 s; source
temperature, 120 °C; sampling cone voltage, -40 V; source
offset, -80 V.

Figure 2. Geometrical configuration of the novel DESI sprayer. a The emitter, gas nozzle, and emitter guide. The TaperTip™ emitter
is held in a stainless steel emitter guide, which slides into a positioning disc attached to the stainless steel gas nozzle. This positions
the emitter, while at the same time allowing the nebulizing gas to flow through radially arranged holes. b CAD drawing of the novel
sprayer design. c The DESI setup with the novel sprayer on the Xevo G2-XS QTof instrument. I.D. - inner diameter, O.D. - outer
diameter
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Data Acquisition

For the comparison of spectral pattern repeatability, five tradi-
tional laboratory-built sprayers, six altered laboratory-built
sprayers (three with blunt capillaries, three with TaperTip™
capillaries), three commercially available (Prosolia) sprayers,
and three novel sprayers were compared with use of adjacent
sections from the same pork liver sample analyzed in random-
ized order in negative ion mode. Three sections were analyzed
with each sprayer. Five lines were acquired across each section
at a velocity of 100 μm/s and with a line-to-line spacing of
500 μm to avoid overlap. All tissue imaging data acquired with
the novel sprayer were acquired with HDImaging version 1.3.5
in combination with MassLynx version 4.1 (Waters, Milford,
MA, USA). The colorectal sample was acquired at a scan speed
of one scan per second, and the stage speed was adapted
accordingly to achieve pixel sizes of 100, 50, and 20 μm. For
the rat cerebellum samples, the scan speed was increased from
one scan per second to 5, 10, 20, and 30 scans per second. The
stage scan speed was adapted accordingly to maintain a con-
stant pixel size of 50 μm.

Data Processing

Line scan raw files were converted into mzML files with
the ProteoWizard msConvertGUI (Vanderbilt University,
Nashville, TN, USA), and then into an imzML image file
with imzML Converter version 1.3 [25]. The imzML
files were imported into a MATLAB environment for
subsequent analysis. The spectra for each line of a tissue
section were averaged. Spectral pattern reproducibility
was calculated according to the method of Dill et al.
[26]. Briefly, the overall mean spectrum is calculated
and all spectra are converted into n-dimensional vectors
(with n being the number of spectral features) and nor-
malized to a unit length. Each spectrum is then multi-
plied by the mean spectrum to obtain a similarity score.
The relative standard deviation (RSD) of this score cor-
responds to the spectral pattern reproducibility.

Imaging data were analyzed directly in HDImaging or
concatenated raw files were centroided and lockmass corrected
with MassLynx version 4.1. They were imported into
MATLAB, co-registered with the optical image of the H&E-
stained section [4], and annotated by a histopathologist. For
principal component analysis, the data were normalized by
median fold change normalization and log transformed for
variance stabilization (for details see [27]). We performed k-
means clustering on nonnormalized, nontransformed data in
two steps: first, 2-means clustering was used to separate the
tissue from the background. Then k-means clustering was
performed again on the tissue area. Clustering was performed
with a squared Euclidean distance measure. The number of
spectral features for each image was measured by our picking
25 pixels each for white matter and gray matter in roughly the
same region in all images and extracting the spectral informa-
tion for those pixels from the unprocessed raw data.

Tissue Prediction

The tissue prediction potential of the high scan rate data was
evaluated. With use of the histopathologist’s annotations for
the one scan per second tissue section, annotated pixels were
normalized to the total ion count (TIC) and used as the training
set in a leave-one-class-out recursive maximum margin criteri-
on (MMC) discriminatory model [28]. For all but the one scan
per second tissue section, peak alignment was performed to
match spectral variables across the five tissue sections. Them/z
vector from each section was mapped to the m/z vector of the
one scan per second section with a maximum permitted m/z
shift of 50 ppm. All pixels were TIC normalized and predicted
against the MMC linear discriminant analysis model.

For each of the four annotated classes (white matter, gray
matter 1, graymatter 2, background) a classification probability
between 0 and 1 was derived for each pixel. Pixels with a single
high probability (e.g., greater than 0.8) can be confidently
assigned, those with multiple high probabilities can be ambig-
uously classified (e.g., at a tissue intersection), and those with
multiple low probabilities cannot be classified.

Results and Discussion
Spectral pattern reproducibility of the conventional laboratory-
built sprayer and the commercially available sprayer (Prosolia)
was assessed according to the method of Dill et al. [26] (see
Table 1). Performance varied greatly between laboratory-built
sprayers from 0.39% to 1.81% RSD, and spectra were not
consistent between sprayers (RSD of 5.06%). The commercial
sprayers from Prosolia showed worse intrasprayer repeatability
(RSD of 0.49–2.43%), but better intersprayer repeatability
(RSD of 3.86%). A lot of the variability was thought to be
attributable to variability in solvent capillary positioning. To
test this, altered laboratory-built sprayers with thick-walled
solvent capillaries (wall thickness 335 μm, compared with
50 μm in conventional sprayers) were built and tested for
spectral pattern repeatability. Both for individual sprayers and
across sprayers, repeatability was an order of magnitude higher
than with the traditional design. Sensitivity was also increased
about twofold. For comparison, TaperTip™ emitters, which
have the advantage of having a machine-cut, tapered tip, were
also tested. Repeatability was not found to be significantly
better, and across sprayers it was slightly lower than for the
blunt-tipped sprayers. However, this could be because the
TaperTip™ emitters produced a smaller spray point and thus
sample a smaller tissue area, which would make them more
prone to variability caused by tissue inhomogeneity.

The results from these experiments were then used to design
a new sprayer. The fused-silica gas capillary was replaced with
a metal cone for robustness. A 20-μm-ID (360-μm-OD)
TaperTip™ emitter was used, as this provides good stiffness,
a machine-cut tip, and flow stability at low flow rates, which is
required to improve spatial resolution. The aperture in the gas
cone was set to 400 μm, as a small aperture was found to
improve the focusing of the primary electrospray (and thus,
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potentially, spatial resolution). A capillary positioning device,
composed of a stainless steel emitter guide and a centering disc
with concentric holes for the gas flow, was inserted (Figure 2)
to fix the position of the emitter and to facilitate the insertion of
the TaperTip™ through the gas cone aperture. The disc was
coated with an insulating material to avoid electrical discharge
and charging of the cone. Three of these novel sprayers were
then also compared for spectral pattern repeatability. All three
sprayers performed excellently, with a spectral pattern repro-
ducibility of 0.25% or below per sprayer and 0.40% between
them. Overall, the data demonstrate that fixing the emitter
position using a stiffer capillary and an emitter guide leads to
a more reliable geometry and thus increased spectral
reproducibility.

DESI-MS parameters (geometrical parameters, solvent flow
rate, and gas pressure) were optimized for the novel sprayer

before imaging. Pork liver sections were used. Parameters were
adjusted for the highest lipid signal intensity (for the final
parameter set, see BExperimental^). A nitrogen pressure of
7 bar was optimum for a solvent flow rate of 1.5 μl/min, while
lower gas pressures in the range of 4–4.5 bar were optimum for
a reduced flow rate of 0.5 μl/min (Figure 3a). Even with very
little optimization, high-quality lipid spectra were obtained
from the tissue with the novel sprayer. The optimal sprayer-
to-surface angle was 70° (Figure 3b). The stability of the
primary electrospray at different flow rates was assessed by
line scanning across glass slides coated with rhodamine B and
examination of the desorption trace (Figure 3c, d), and both the
signal intensity and the signal stability were assessed by line
scanning across pork liver at 100 μm/s (Figure 3e). The signal
stability was satisfactory for both sets of operating conditions
tested (1.5 μl/min, 7 bar and 0.5 μl, 4.5 bar), although signal

Figure 3. Optimization of gas pressures and spray angles with use of pork liver sections. a, b Base peak intensity for different
nebulizing gas pressures at 1.5 μl/min and 0.5 μl/min (a) and different sprayer-to-surface angles at 1.5 μl/min and 7 bar (b), c, d Line
scan desorption traces on a coating of rhodamine B at 1.5 μl/min and 7 bar and 0.5 μl/min and 4.5 bar at 100 μm/s and 50 μm/s
respectively. e Example line scan for pork liver (1.5 μl/min, 7 bar, sprayer angle 70°). TIC - Total Ion Count

Table 1. Spectral pattern repeatability (relative standard deviations) for pork liver in negative ion mode for different sprayer designs

Spectral pattern repeatability (%)

Within sprayer Across sprayers

Conventional laboratory-built sprayer (n = 5) 0.39–1.81 (average 0.82) 5.06
Prosolia sprayer (n = 3) 0.49–2.43 (average 1.28) 3.86
Altered laboratory-built sprayer (blunt capillary) (n = 3) 0.02–0.08 (average 0.05) 0.18
Altered laboratory-built sprayer (TaperTip™ emitter) (n = 3) 0.02–0.16 (average 0.06) 0.38
Novel sprayers (n =3) 0.05–0.25 (average 0.14) 0.40

Repeatability was improved by an order of magnitude by our increasing the stiffness of the solvent capillary and reproducible positioning, thus reducing geometrical
variability. A schematic for the laboratory-built sprayers can be found in Fig. S1. A detailed drawing of the novel sprayer can be found in Fig. S2

2094 J. Tillner et al.: Faster, More Reproducible DESI-MS for Biological Tissue Imaging



intensity was reduced proportionally with the reduction of
solvent flow rate. This is likely due to a reduction in the surface
area being sampled.

To assess the imaging performance of the novel sprayer,
three images of adjacent colorectal samples were acquired.
DESI stage velocities of 100, 50, and 20 μm/s (with one scan
per second) were tested, resulting in images with pixel sizes of
100, 50, and 20 μm respectively. Solvent flow parameters were
varied accordingly (see BExperimental^). Although signal in-
tensity was reduced proportionally with the reduction in sol-
vent flow rate, it was still sufficiently high to obtain high-
quality images down to a pixel size of 20 μm (Figure 4). This
allowed features as small as 40–60 μm (two to three pixels) to
be resolved, which is similar to the highest resolution published
in the literature [16].

One major limitation of DESI, and MS imaging in
general, is its long acquisition time. Conventionally, one
to five pixels are acquired per second, resulting in a total
analysis time of several hours for samples with diameters
in 3–10 mm range. By using the novel sprayer in combi-
nation with a time-of-flight analyzer, we were able to
shorten the acquisition time more than tenfold, the key
contribution of the sprayer being its ability to provide a

high ion yield from a small sampling spot size. To com-
pare the impact of increased scanning speed on data qual-
ity, five adjacent sections from the same rat cerebellum,
which were approximately 10 mm × 10 mm in size, were
imaged at a nominal pixel size of 50 μm × 50 μm and at
mass spectrometer scan speeds of 1, 5, 10, 20, and 30
scans per second. Selected ion images for m/z 885.55,
888.62, and 303.23 [assigned as phosphatidylinositol
(18:0/20:4), sulfogalactosylceramide (42:2), and arachi-
donic acid] can be found in Figure 5, together with the
mean tissue spectrum for each section and k-means clus-
tering images. The TIC of the mean spectrum did not
decrease significantly with an increase in scan speed, al-
though the number of mass spectral features and the rela-
tive ratio of spectral features did change. Lower m/z ions,
such as fatty acids, were affected by this change more
strongly than higher m/z ions. This could be due to differ-
ent levels of ion transmission efficiency both with increas-
ing stage speed and with increasing mass spectrometer
scan speed. Increasing the scan speed had some impact
on mass resolution, as this is directly related to spectral
intensity. Details on this can be found at the end of the
electronic supplementary material.

Figure 4. DESI mass spectrometry (MS) imaging of adjacent colorectal cancer sections at different spatial resolutions. a RGB
images for the first three components of principal component analysis for images acquired at 100 μm (1), 50 μm (2), and 20 μm (3)
pixel size. b Corresponding optical images of the same sections after hematoxylin and eosin (H&E) staining. The small tumor region
marked with an arrow is approximately 50 μm × 250 μm in size
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Figure 5. Fast DESI of rat cerebellum in negative ionmode at 50 μm× 50 μmpixel size. Selected ion images (a), k-means clustering
images (b), andmean tissue spectra (scaled to the same intensity) (c) for DESI-MS analysis at five different scan speeds. Sections are
consecutive but were not all mounted in the same orientation. Net analysis time is total acquisition timeminus stage turnaround time
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Very similar results were obtained with 2-means clustering of
the tissue area at scan speeds of 1, 5, and 10 scans per second, with
a clear separation of white and gray matter. At higher scan speeds,
this separation could be achieved only through introduction of a
third cluster. This suggests that some spectral information is lost
with an increase in scan speed. However, a separation of tissue
areas is still easily achievable. Examination of the raw data shows
that the overall number of spectral features decreases as the scan
speed increases, although in some regions it then starts rising
again (see Fig. S3). This rise is likely to be an artifact due to a
decrease in signal intensity, which eventually leads to peak shape
deterioration and peak splitting (see Fig. S4).

To evaluate whether the high scan rate data could be used for
accurate tissue prediction, the section analyzed at one scan per
second was annotated on the basis of the optical image of the
H&E-stained section. Annotated pixels were then used as a train-
ing set to predict the rest of the section and the four other sections
with use of a one-against-all recursiveMMC discriminatory mod-
el. Images with a continuous probability scale are displayed in
Figure 6b. Images for fixed probability thresholds from 0.1 to 1
can be found in Fig. S5. The prediction of the same section shows
excellent agreement with the optical image of the stained section.
Prediction of the pixels deteriorated as scan speed increased. In
particular, a separation of the two annotated types of gray matter
was not possible above a scan rate of five scans per second. This is
probably because the two types show related chemical profiles.
However, classification accuracy was above 85% for white matter
in all cases. Confusion matrices can be found in Fig. S6.

Conclusion
The new sprayer presented here provides a viable alterna-
tive to the traditional laboratory-built design. It delivers
high-quality lipid spectra and good stability over time with
improved resolution. The use of a thick-walled, machined-
tapered fused-silica emitter with an emitter guide to fix its
position eliminates some of the major factors thought to
contribute to DESI variability—namely, the surface

qualities and the positioning of the emitter within the gas
capillary or nozzle. The present sprayer provides high
reproducibility, sensitivity, and spatial resolution, making
possible fast and accurate DESI analysis. Acquisition of an
image at a nominal pixel size of 20 μm allowed us to
clearly resolve features as small as 50 μm across. Although
some spectral information is lost at very high scan speed,
different tissue areas can still be separated. Use of a high-
quality training set allows rough tissue type prediction
even in samples acquired at very high speed. This sprayer
is therefore very promising for tissue analysis in a clinical
context where a fast classification is needed. In practice, a
database could be built from a reference sample set with
classic scan parameters. Test samples could then be ana-
lyzed at high speed and classified with the database,
allowing high-throughput diagnostics, which can be crucial
in a surgical setting. In-depth analysis could then also be
performed with traditional scan speeds.
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