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Description

[0001] Plastic and reconstructive surgery often entails
the localization and clinical evaluation of a flap of skin
and subcutaneous tissue which is supplied by isolated
perforator vessels and that is potentially suitable for graft-
ing in another part of the body. Perforators pass from
their source vessel to the skin surface, either through or
between deep muscular tissues. Well-vascularised flaps
are good candidates for grafts.
[0002] For example, abdominal donor-site flaps have
become the standard for autologous breast reconstruc-
tion since the early 1980s. Within the abdomen, free fat
options range from complete transverse rectus abdomin-
is musculocutaneous (TRAM) flaps to isolated perforator
flaps, such as the deep inferior epigastric artery (DIEA)
perforator flap. Perforator flaps have allowed the transfer
of the patient’s own skin and fat in a reliable manner also
in other areas of tissue reconstruction, with minimal do-
nor-site morbidity. Flaps that relied on a random pattern
blood supply were soon supplanted by pedicled, axial
patterned flaps that could reliably transfer great amounts
of tissue. The advent of free tissue transfer allowed an
even greater range of possibilities to appropriately match
donor and recipient sites. The increased use of perforator
flaps has escalated the need for a pre-operative famili-
arity of an individual’s particular anatomical feature of the
DIEA and its perforating branches, particularly given the
significant variation in that anatomy of the vascular sup-
ply to the abdominal wall.
[0003] Localization and evaluation of perforators is a
painstaking and time-consuming process. Pre-operative
computed tomography angiographic (CTA) imaging is of-
ten performed to do the localization. Such an approach
entails considerable expense and has the additional
complication that the surgeon must mentally correlate
the images from the previously acquired 3D modality with
the current 2D view of the patient now lying on the oper-
ating table. The search for a more favorable imaging mo-
dality is thus continuing, with recent interest in the use
of indocyanine green (ICG) fluorescence imaging,
wherein blood circulation is assessed through the skin
on the basis of a fluorescence signal. Fluorescence in
ICG with an emission peak around 830 nm occurs as a
result of excitation by radiation in the near-infrared spec-
tral range. Excitation light with a wavelength around 800
nm can be produced, for example, by a diode laser, light
emitting diodes (LED), or other conventional illumination
sources, such as arc lamps, halogen lamps with a suit-
able bandpass filter. The skin is transparent to this wave-
length.
[0004] ICG strongly binds to blood proteins and has
previously been used for cardiac output measurement,
hepatic function evaluation, and ophthalmic angiogra-
phy, with few adverse reactions. Evaluation of ICG fluo-
rescence signals can be used to locate perforators. Since
the skin surface near a perforator generally accumulates
more blood and at a faster rate than the surrounding tis-

sue, once ICG is injected, perforators tend to fluoresce
brighter and faster than the surrounding tissue. This rap-
id, high-intensity fluorescence enables visual localization
of the perforator. Often, however, the surgeon is inter-
ested not merely in localization but also in evaluation and
comparison to support good clinical decision making. The
surgeon needs to decide which of several perforators the
best graft candidates are. Here, simple visual observa-
tion while fluorescence rapidly accumulates and dissi-
pates does not suffice. For example, the tendency of re-
sidual ICG from successive injections to accumulate in
tissue and to gradually raise the background brightness
with each injection further confounds easy visual discrim-
ination of the best candidate perforators. In addition, ICG
sometimes moves exceedingly slowly over several min-
utes making such on-the-fly analysis very challenging
and subjective. A surgeon will make an assessment by
raising the following questions:

How much ICG-bound blood is in the tissue?
How long does it stay in the tissue?
How quickly does it move through the tissue?
After the bolus is injected, in which order do anatom-
ical areas light up?

[0005] These questions are difficult to answer on a sub-
jective basis. Accordingly, there is a need for more ad-
vanced image processing and display methods to apply
objective standards to localize and evaluate perforators.

SUMMARY OF THE INVENTION

[0006] According to the invention is provided a device
for non-invasive, through the skin determination of tissue
perfusion according to claim 1, and a method for non-
invasive, through the skin determination of tissue per-
fusion according to claim 8, for supporting direct normal-
ized quantitative comparison of regions of perfusion on
the tissue.
[0007] In international patent application
WO2009/127972A2 the present inventors also described
a device for non-invasive, through the skin determination
of tissue perfusion, and a method for non-invasive,
through the skin determination of tissue perfusion. How-
ever, said document does not relate to supporting direct
normalized quantitative comparison of regions of per-
fusion on the tissue.
[0008] A method for preoperative identification of a per-
forator vessel for plastic and/or reconstructive surgery
using ICG fluorescence angiography imaging is dis-
closed, which includes time-resolved image processing
to highlight perforator locations and to enable visual dis-
crimination among candidate perforators by various com-
puted metrics. The surgeon is able to select and compare
the results of algorithms that analyze the time series and
output the metrics according to at least one of the follow-
ing processing acts:
Determine time-integrated fluorescence on a pixel-by-
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pixel basis.
[0009] Compute an average fluorescence by dividing
the time-integrated fluorescence by the elapsed time.
[0010] Determine a rate of increase/wash-out in the
fluorescence.
[0011] Determine the elapsed time to achieve peak flu-
orescence.
[0012] The various image processing steps process
the image pixels independently and compute a unique
numerical metric for each pixel in the input sequence
observed across the entire time of the acquisition or a
selected temporal sub-range. Each image output is thus
a numerical array having the same dimensions, i.e.
number and arrangement of pixels, as a frame in the
input image sequence. Thus, the processed image can
be displayed, for example, as a three-dimensional rep-
resentation, for example a contour map, of the computed
pixel values across the imaged area, or as a color-coded
two-dimensional image or a relief map. Such image rep-
resentations facilitate rapid comprehension of image fea-
tures and comparison between regions on the images,
in this case the location of the perforators under the skin.
[0013] These and other features and advantages of
the present invention will become more readily appreci-
ated from the detailed description of the invention that
follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The following Figures depict certain illustrative
embodiments of the invention in which like reference nu-
merals refer to like elements. These depicted embodi-
ments are to be understood as illustrative of the invention
and not as limiting in any way.

FIG. 1 shows schematically a camera system for ob-
serving ICG fluorescence;
FIG. 2 shows an ICG fluorescence image of an area
of skin, with the pixel values integrated over time;
FIG. 3 shows an ICG fluorescence image of an area
of skin integrated over time, with the pixel values
inversely weighted by elapsed time;
FIG. 4 shows an ICG fluorescence image of an area
of skin, with the pixel values determined by the rate
of increase of fluorescence;
FIG. 5 shows an ICG fluorescence image of an area
of skin, with the pixel values determined by elapsed
time to maximum fluorescence; and
FIG. 6 shows an ICG fluorescence image of an area
of skin, with the pixel values determined by peak
fluorescence;
FIG. 7 shows an overlay of the fluorescence image
processed with a variable contrast transfer function;
FIG. 8 shows an overlay of the fluorescence image
processed with another variable contrast transfer
function;
FIG. 9 shows an overlay of the fluorescence image
processed with yet another variable contrast transfer

function;
FIG. 10A is a fluorescence image of the perfused
region; and
FIG. 10B is a black/white rendition of a colored over-
lay corresponding to the fluorescence image of FIG.
10A, with markers indicating a normalized intensity.

DETAILED DESCRIPTION

[0015] Preoperative determination of the location of
perforator vessels in perforator flaps by a non-invasive
method, before any incision is made, is disclosed.
[0016] FIG. 1 shows schematically a device for a non-
invasive, through the skin determination of tissue per-
fusion in operative, in particular preoperative, applica-
tions by ICG fluorescence imaging. An infrared light
source, for example, one or more diode lasers or LEDs,
with a peak emission of about 780-800 nm for exciting
fluorescence in ICG is located inside housing 1. The flu-
orescence signal is detected by a CCD camera 2 having
adequate near-IR sensitivity; such cameras are commer-
cially available from several vendors (Hitachi, Hamamat-
su, etc.). The CCD camera 2 may have a viewfinder 8,
but the image may also be viewed during the operation
on an external monitor which may be part of an electronic
image processing and evaluation system 11.
[0017] A light beam 3, which may be a divergent or a
scanned beam, emerges from the housing 1 to illuminate
an area of interest 4, i.e. the area where a flap with suit-
able perforator vessels is expected to be located. The
area of interest may be about 10 cm x 10 cm, but may
vary based on surgical requirements and the available
illumination intensity and camera sensitivity.
[0018] A filter 6 is typically placed in front of the camera
lens 7 to block excitation light from reaching the camera
sensor, while allowing fluorescence light to pass through.
The filter 6 may be an NIR long-wave pass filter (cut filter),
which is only transparent to wavelengths greater than
about 815 nm, or preferably a bandpass filter transmitting
at peak wavelengths of between 830 and 845 nm and
having a full width at half maximum (FWHM) transmission
window of between about 10 nm and 25 nm, i.e. outside
the excitation wavelength band. The camera 2 may also
be designed to acquire a color image of the area of in-
terest to allow real-time correlation between the fluores-
cence image and the color image.
[0019] The device illustrated in FIG. 1 can be used to
identify/ locate perforator vessels prior to surgery- this
will assist the surgeon in selecting the best flap or flap
zone for use during the reconstruction.
[0020] In other post-operative applications, the device
can be used to:
Validate anastomotic patency and arterial and venous
flow - this can potentially improve outcomes to eliminate
flap failure which can be a result of poor arterial flow and
inadequate perfusion as well as poor venous return re-
sulting in congestion.
[0021] According to the invention in post-operative ap-
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plications, the device can be used to visualize and con-
firm complete tissue perfusion, as micro-vascular per-
fusion to the entire flap and native tissue is critical to flap
survival.
[0022] Perforator locations are visualized by image
processing and presentation techniques to enable easy
and objective visual discrimination among candidate per-
forators. ICG is injected and the entire ICG fluorescence
perfusion and wash-out cycle is captured by the imaging
device. After image acquisition, the entire sequence or
some temporal sub-range of the images is processed by
an image processing algorithm, which may be selected
by the surgeon.
[0023] Processed results of the fluorescence meas-
urements may be visualized, for example, as false color
images or as a contour map, to enable rapid visual eval-
uation according to the applied algorithm metric. For ex-
ample, the fluorescence intensity for each pixel may be
rendered as a spectral color varying from blue ("cool"
spots or low fluorescence-intensity or rate) to red ("hot"
spots or high fluorescence- intensity or rate). Other spec-
tral associations are easily accommodated. The output
may be presented as a semi-transparent overlay on the
original anatomical images. This enables visual correla-
tion of "hot" spots with the underlying anatomy. The
meaning of "hot" spots varies with the algorithm em-
ployed, such as integrated intensity, weighted or un-
weighted, rate of increase or wash-out.
[0024] The user is given interactive control over the
"hot" to "cool" color mapping and can vary it in real time
to explore finer or coarser sub-ranges of the dynamic
range of each algorithm’s output metric. As the color win-
dow is widened, the hottest regions are highlighted first,
followed by the cooler regions. This kind of adjustment
can be made by changing the mapping of luminosity or
contrast between the acquired pixels and the pixels in
the displayed image. Such mapping functions may be
included in standard imaging programs. This windowing
process based on the currently employed metric aids in
discriminating between perforators and enhances per-
ception and improves understanding by the surgeon of
the applied ICG dynamics.
[0025] The invention also supports the simultaneous
display and evaluation of two sequences from two differ-
ent locations on the patient’s skin. This enables compar-
ison of candidate flaps that are separated by a distance
greater than the imaging system’s field of view.
[0026] FIG. 2 shows an image of an area of a patient’s
skin where suitable perforator vessels are to be identified.
Each pixel represents the time integral of fluorescence
intensity over the exposure time for the image sequence.
This mode is typically referred to as "integration mode"
in image processing and many image processors offer
this mode as a standard feature. In practice, the pixel
intensities (collected charges in a CCD) acquired during
each frame in the image sequence are added on a pixel-
by-pixel basis, for example in the image processor, and
divided by the number of frames, whereafter the sum

may be normalized to a fixed dynamic range, for example,
from 1 to 255 (8-bits). The notion is that brighter pixels
in an image represent an area of the skin infused with a
greater volume of blood carrying ICG over a preset period
of time. In FIG. 2, the perforator vessel 24 exhibits the
highest integrated fluorescence intensity, with another
perforator vessel exhibiting weaker fluorescence inten-
sity shown as 26.
[0027] Note that the transparency of the image has
been set such that the physician’s marker 22 is visible
through the transparent color overlay of the ICG fluores-
cence image at the upper right of the screen.
[0028] FIG. 3 shows an ICG fluorescence image of the
same area of skin integrated over time, with the pixel
values inversely weighted by elapsed time. This image
processing algorithm is similar to the previously de-
scribed integration, but instead of adding the measured
intensities of each pixel directly, the measured intensity
values are first divided by the elapsed time after start of
the observation of ICG fluorescence, before being added.
In this way, earlier fluorescence signals are given a great-
er significance that fluorescence signals acquired later.
The "hottest" pixels are those pixels that in the sequence
of image frames fluoresce earlier than other pixels which
the ICG bolus reaches at a later time. The same perfo-
rator vessel 34 is identified as in FIG. 2, with another
vessel 36 barely identifiable.
[0029] FIG. 4 shows an ICG fluorescence image, again
of the same area of skin, with the pixel values in this
image determined by the rate of increase of fluorescence
intensity. In this image processing algorithm, a slope of
the pixel intensity versus elapsed time is computed for
each pixel in an image. For example, each pixel may
have an assigned lowest intensity value (baseline) and
an assigned highest intensity value (or another relatively
high-intensity value). For each pixel, the time when the
pixel intensity crosses the baseline and the time when
the pixel intensity crosses the high-intensity value are
noted. From this information, the image processing al-
gorithm computes a rate of increase for each pixel in the
image, with "hotter" pixels having a greater slope, i.e.,
they reach the high-intensity value faster than "cooler"
pixels. This embodiment of the image processing algo-
rithm thus highlights the speed at which the ICG bolus
reaches the perforator vessels. The transparency has
been turned off in FIG. 4, so that the surgeon’s tool is not
visible in the image.
[0030] The previously identified perforator vessel,
shown here with the reference symbol 44, is much better
defined, as are the vessel 46 (previously shown as 26
and 36) and another vessel 48.
[0031] FIG. 5 shows an ICG fluorescence image of the
same area of skin, with the pixel values determined by
elapsed time to maximum fluorescence. Unlike FIG. 4,
which displays the time rate of change, the image
processing algorithm of FIG. 5 displays the time at which
pixels reach their maximum intensity, with the "hotter"
pixels reaching their respective peak fluorescence inten-

5 6 



EP 3 056 149 B1

5

5

10

15

20

25

30

35

40

45

50

55

sity sooner than cooler pixels. The algorithm thus high-
lights areas of the image in the order in which perforators
reach their peak intensity. In this image, the previously
identified perforator vessels 24, 34, 44 is again clearly
distinguishable, as are the vessels 56 and 58 which cor-
respond to the vessels 46 and 48 of FIG. 4.
[0032] FIG. 6 shows an ICG fluorescence image of the
same area of skin, with the pixel values determined by
the peak fluorescence value at each pixel. Higher ("hot")
fluorescence intensity values 64 may indicate a higher
ICG concentration or may be caused by perforator ves-
sels located closer to the skin surface, which reduces
absorption of the excitation light /fluorescence response.
The vessels 66, 68 which were clearly visible in FIGS. 4
and 5, are barely distinguishable from the background.
[0033] While the images shown, for example, in FIGS.
2 and 6 are rendered with a linear contrast transfer func-
tion providing a 1:1 mapping of pixel values processed
with the various algorithms described above to the dis-
played pixel intensities, images can also be rendered (as
contour maps or false color overlays) with a variable con-
trast transfer function to enhance the visual differences
in the image. In addition, labels may be placed in the
overlay images, hereinafter referred to as ACR (accumu-
lated or time-integrated intensity ratio) labels, which fa-
cilitate a quantitative comparison between two or more
regions of the anatomy.
[0034] Because absolute pixel values in the image
change when the dynamic range and slope of the variable
contrast transfer function is modified, the ACR labels al-
low the user to compare the relative perfusion in different
image regions as measured by any of the selected over-
lay techniques (e.g. accumulated/ time-averaged inten-
sity, etc.).
[0035] The following approach is used to compute the
ACR label values. For clarity, we assume that accumu-
lated intensity is selected as overlay technique, although
the same approach can be used with any of the available
overlay techniques.
[0036] The accumulated intensity for all pixels for all
images in the image sequence is computed over a time
window.
[0037] The accumulated intensity is averaged over a
region of the selected label (for example, a 5x5 pixel
square matrix).
[0038] The averaged intensity is normalized to the
maximum value of the accumulated intensity in the entire
image.
[0039] The normalized averaged is intensity scaled,
with the maximum value of the transfer function repre-
senting 100%.
[0040] By following this approach, the relative ratio of
two different ACR labels remains unchanged even
though the slope of the transfer function is modified.
FIGS. 7 and 8 show a fluorescence image from the image
sequence that has been processed with one of the afore-
mentioned algorithms (upper part of the gray-scale im-
age) and the false-color overlay image rendering the ac-

cumulated intensity from the sequence in color (from blue
for low values to red for high values) for two different
contrast functions. The pixel values in FIG. 7 are proc-
essed with a first contrast transfer function, giving two
regions with 52% and 72% intensity, respectively, corre-
sponding to a ratio of 52/72 = .72 between the two labeled
regions. The second overlay image in FIG. 8 shows the
same pixel values processed with a different contrast
transfer function, with the intensity in the two regions now
labeled 99% and 71%, respectively. However, their rel-
ative ratio remains essentially unchanged at 71/99 =
0.72.
[0041] The user can modify the transfer function so
that a control region is labeled at 100%, wherein all other
regions could then be compared to the control region.
[0042] FIG. 9 shows that the overlay is transparent
where accumulated intensity pixels have a value less
than the point where the bottom of the transfer function
ramp intersects the horizontal pixel value axis. Further,
this demonstrates that in this example 12% of the image
area (Coverage number in the lower right of the bottom
window) has accumulated intensity greater than 52% of
the maximum accumulated intensity. The illustration
shows several regions bounded by their 52% contours.
[0043] In the aforedescribed approach, the user could
place labels on the image to compare relative perfusion
of different tissue zones. These labels would normalize
the accumulated intensity in a small region beneath the
label to the accumulated intensity present in the zone at
the top end of the color map range of interest. Although
the value of individual labels would vary as the color map-
ping range was shifted, the ratios of the labels to one
another would remain constant.
[0044] Practical trials have demonstrated that modifi-
cations in the aforedescribed methods would be desira-
ble in order to better quantify the results and allow a more
consistent comparison between profused areas.
[0045] Clinicians generally want to perform a consist-
ent comparison of the perfusion of suspect tissue to that
of well-perfused, "good" tissue. One way of doing that
with the original technique described above is to go
through the burdensome process of manually adjusting
the color mapping range until a label placed on well-per-
fused tissue reaches 100%. This label may now be used
as a "good" tissue reference.
[0046] Clinicians generally want to identify whether tis-
sue which exhibits relative accumulated intensity at some
percentage as compared to good tissue will suffer from
necrosis. Inherent noise in the camera, variable condi-
tions of illumination and surface reflectivity, and the pres-
ence of residual ICG in the patient make it difficult to
ensure that the ratios are consistent.
[0047] Although the label ratios remained constant as
the color mapping changed, clinicians found it confusing
that the label values themselves vary in the process.
[0048] Two reference labels are placed on the image,
either explicitly in a manual operation or implicitly through
automatic computation as described below. The labels
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are denoted as the background or "0 Marker" and the
reference or "100 Marker". Any additional labels placed
on the accumulated intensity matrix are normalized to
the range established by these markers.
[0049] Ideally, the "0 Marker" will be placed on native
tissue outside the transplant flap. The accumulated in-
tensity in a small region beneath this marker denotes
background intensity that would result from background
noise in the camera, possibly combined with signal from
some residual ICG in the patient from prior acquisitions.
[0050] Using clinical judgment, the operator places the
"100 Marker" on tissue that the clinician has identified as
being well-perfused, "good" tissue. This establishes the
"good" tissue reference.
[0051] The two markers now support direct normalized
quantitative comparison of regions of perfusion on the
flap.
[0052] Labels values are computed using the following
formula: 

where:

Alabel represents the accumulated intensity in the
area beneath the label
A0 represents the background accumulated intensi-
ty in the area beneath the "0 Marker"
A100 represents the reference accumulated inten-
sity in the area beneath the "100 Marker"

[0053] All existing and newly placed label values are
now normalized to the range between the "0 Marker" and
"100 Marker". Label values can exceed 100% and now
do not change as the color mapping range is shifted for
enhanced visualization.
[0054] FIGS. 10A and 10B illustrate an exemplary em-
bodiment of this technique. FIG. 10A is a fluorescence
image of the perfused region, similar to those described
above with reference to FIGS. 2 to 6. FIG. 10B is a
black/white rendition of a colored overlay, with markers
or label values computed with the formula: 

[0055] The "0 Marker" is denoted in the upper left cor-
ner by the circle enclosing a "0" and the "100 Marker" is
denoted in the upper right corner by the circle enclosing
a "100". Because all areas of the tissue show some per-
fusion, the "0 Marker" has been placed on a surgical clip
within the field of view.
[0056] The following are additional/alternative options
for deriving values for the "0 Marker" or accumulated
background intensity:
If no separate "0 Marker" is explicitly placed, a value for

the "0 Marker" can be derived by averaging the accumu-
lated intensity present in the first frame captured prior to
the arrival of the ICG bolus. The average accumulated
intensity is then computed by multiplying initial frame val-
ues by the number of frames in the sequence.
[0057] Alternatively, in the absence of a separate "0
Marker", a value for the "0 Marker" can be derived by first
automatically determining what pixels represent tissue
and then examining the first frame to compute the aver-
age background intensity only for those tissue pixels. The
changing pixels are those which receive blood with ICG.
To locate these tissue pixels, the software locates pixels
whose intensity changes to exceed a predetermined
threshold value. Unchanged pixels are disregarded.
[0058] A physical reference standard or patch with a
known near-infrared reflectance may be placed in the
field of view. Several of these physical patches would be
provided to simulate different skin tones with known re-
flectance in the visual spectrum. The "0 Marker" could
then be explicitly placed over these markers to approxi-
mate the accumulated intensity underneath the tissue
that is not perfused with ICG-laden blood. This would
allow normalization to different illumination conditions in
the operating room.
[0059] In summary, labels can be used to easily com-
pare different perfusion boundaries to the perfusion that
is present in known good tissue. These labels now correct
for the effects of residual ICG, camera noise, and other
NIR scattering effects.
[0060] The described embodiments detect a fluores-
cence signal emitted transcutaneously by ICG following
excitation in the near-infrared spectral range. However,
those of skill in the art will appreciate that other dyes
which can be excited and emit fluorescence in a spectral
range where tissue transmits light can also be used.
[0061] While the present invention has been described
with reference to an example of arterial blood flow, i.e.
supply of blood to the perforator vessel(s), the method
may also detect graft failure due to venous congestion
by quantifying and displaying the rate of change from
peak intensity back down to the baseline. This will high-
light venous return in the perfusion area.
[0062] While the invention is receptive to various mod-
ifications, and alternative forms, specific examples there-
of have been shown in the drawings and are herein de-
scribed in detail. It should be understood, however, that
the invention is not limited to the particular forms or meth-
ods disclosed, but to the contrary, the invention is meant
to cover all modifications, equivalents, and alternatives
falling with in the scope of the appended claims.

Claims

1. A device for non-invasive, through the skin determi-
nation of tissue perfusion in post-operative applica-
tions by indocyanine green, ICG, fluorescence im-
aging for visualizing and confirming complete tissue
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perfusion to a flap, the device comprising:

- means for detecting a fluorescence response
arising from a bolus of indocyanine green (ICG)
in a bloodstream in the tissue;
- means for acquiring a temporal sequence of
images of the fluorescence response over a pe-
riod of time;
- means for computing and displaying an image
wherein each pixel represents a time-integrated
fluorescence intensity, time-derivative of the in-
tensity, an elapsed time to achieve peak fluo-
rescence, or a peak fluorescence value over the
entire temporal sequence of images; and
- means for placing a background label on a re-
gion representing background intensity, and a
reference label on a well-perfused region on the
image, and for normalizing any additionally
placed label values to the range between the
background label and the reference label for
supporting direct normalized quantitative com-
parison of regions of perfusion on the tissue.

2. The device of claim 1 wherein derivation of the time-
integrated intensity or the time-derivative of the in-
tensity for each pixel comprises (i) addition on a pixel-
by-pixel basis a plurality of pixel intensities acquired
during each frame in the temporal sequence of im-
ages and division of a sum of the pixel intensities by
the number of frames in the temporal sequence of
images; (ii) division of each pixel intensity acquired
during each frame in the temporal sequence of im-
ages by an elapsed time after ICG bolus administra-
tion and addition of the divided pixels; (iii) division of
the time-integrated intensity value for each pixel by
an elapsed time; (iv) determination of an elapsed
time after ICG bolus administration until time-inte-
grated fluorescence intensity for each pixel reaches
a peak value; or (v) computation for each pixel of a
slope of the pixel intensity versus elapsed time.

3. The device of any one of claims 1 or 2 wherein the
image is rendered with a contrast transfer function
to (i) enhance visual differences in the map; (ii) rep-
resent different perfusion characteristics in different
colours; or a combination of (i) and (ii), wherein pref-
erably the contrast transfer function is a linear con-
trast transfer function or a non-linear contrast trans-
fer function, and wherein more preferably the non-
linear contrast transfer function is a function with re-
gions of different slope, and wherein the different
slopes and transition between the different slopes
are adjusted while using the device of any one of
claims 1 or 2 to evaluate tissue perfusion.

4. The device of any one of claims 1 to 3 further com-
prising means for displaying the image as a semi-
transparent overlay on an anatomical image of the

subject, a contour map, a relief map, or a numerical
representation.

5. The device of any one of claims 1 to 4 further com-
prising means for simultaneously displaying two se-
quences from two different locations on the patient’s
skin.

6. The device of any one of claims 1 to 5 wherein the
well-perfused region is designated as a "100 Marker"
and the region representing background is designat-
ed as a "0 Marker".

7. The device of any one of claims 1 to 6 wherein the
time-integrated intensity or the time-derivative of the
intensity are averaged over a predefined region of
the temporal sequence of images and normalized to
a maximum value of the time-integrated intensity or
the time-derivative of the intensity in the entire im-
age, wherein the normalized averaged time-integrat-
ed intensity or the time-derivative
of the intensity is scaled using a maximum value of
a contrast transfer function.

8. A method for non-invasive, through the skin deter-
mination of tissue perfusion in post-operative appli-
cations by indocyanine green, ICG, fluorescence im-
aging for visualizing and confirming complete tissue
perfusion to a flap in a tissue of a subject, the method
comprising:

- detecting a fluorescence response arising from
a bolus of indocyanine green (ICG) in a blood-
stream in the tissue;
- acquiring a temporal sequence of images of
the fluorescence response over a period of time;
- computing and displaying an image wherein
each pixel represents a time-integrated fluores-
cence intensity, time-derivative of the intensity,
an elapsed time to achieve peak fluorescence,
or a peak fluorescence value over the entire tem-
poral sequence of images;
- placing a background label on a region repre-
senting background intensity, and a reference
label on a well-perfused region; and
- normalizing any additionally placed label val-
ues to the range between the background label
and the reference label for supporting direct nor-
malized quantitative comparison of regions of
perfusion on the tissue.

9. The method of claims 8 wherein deriving the time-
integrated intensity or the time-derivative of the in-
tensity for each pixel comprises (i) adding on a pixel-
by-pixel basis a plurality of pixel intensities acquired
during each frame in the temporal sequence of im-
ages and dividing a sum of the pixel intensities by
the number of frames in the temporal sequence of
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images; (ii) dividing each pixel intensity acquired dur-
ing each frame in the temporal sequence of images
by an elapsed time after ICG bolus administration
and adding the divided pixels; (iii) dividing time-inte-
grated intensity value for each pixel by an elapsed
time; (iv) determining an elapsed time after ICG bo-
lus injection until time-integrated fluorescence inten-
sity for each pixel reaches a peak value; or (v) com-
puting for each pixel a slope of the pixel intensity
versus elapsed time.

10. The method of any one of claims 8 or 9 further com-
prising rendering the image with a contrast transfer
function to (i) enhance visual differences in the spa-
tial map; (ii) represent different perfusion character-
istics in different colours; or a combination of (i) and
(ii) wherein preferably the contrast transfer function
is a linear contrast transfer function or a non-linear
contrast transfer function, and wherein more prefer-
ably the non-linear contrast transfer function is a
function with regions of different slope, and wherein
the different slopes and transition between the dif-
ferent slopes are adjusted while performing the
method to evaluate tissue perfusion.

11. The method of any one of claims 8 to 10 further com-
prising displaying the image as a semi-transparent
overlay on an anatomical image of the subject, a
contour map, a relief map, or a numerical represen-
tation.

12. The method of any one of claims 8 to 11 further com-
prising simultaneously displaying two sequences
from two different locations on the patient’s skin.

13. The method of any one of claims 8 to 12 wherein the
well-perfused region is designated as a "100 Marker"
and the region representing background is designat-
ed as a "0 Marker".

14. The method of any one of claims 8 to 13 wherein the
time-integrated intensity or the time-derivative of the
intensity are averaged over a predefined region of
the temporal sequence of images and normalized to
a maximum value of the time-integrated intensity or
the time-derivative of the intensity in the entire im-
age, wherein the normalized averaged time-integrat-
ed intensity or the time-derivative of the intensity is
scaled using a maximum value of a contrast transfer
function.

Patentansprüche

1. Vorrichtung zur nicht-invasiven Bestimmung der Ge-
webedurchblutung durch die Haut bei postoperati-
ven Anwendungen durch Indocyaningrün, ICG, Flu-
oreszenzbildgebung zur Visualisierung und Bestäti-

gung der vollständigen Gewebedurchblutung zu ei-
nem Lappen, wobei die Vorrichtung Folgendes um-
fasst:

- Mittel zum Nachweisen einer Fluoreszenzant-
wort, die von einem Bolus von Indocyaningrün
(ICG) in einem Blutstrom im Gewebe entsteht;
- Mittel zum Erfassen einer zeitlichen Folge von
Bildern der Fluoreszenzantwort über einen Zeit-
raum;
- Mittel zum Berechnen und Anzeigen eines Bil-
des, wobei jedes Pixel eine zeitintegrierte Fluo-
reszenzintensität, eine zeitliche Ableitung der
Intensität, eine verstrichene Zeit zum Erreichen
einer Spitzenfluoreszenz oder einen Spitzenflu-
oreszenzwert über die gesamte zeitliche Folge
von Bildern darstellt; und
- Mittel zum Platzieren eines Hintergrundetiketts
auf einem Bereich, der die Hintergrundintensität
darstellt, und eines Referenzetiketts auf einem
gut durchbluteten Bereich des Bildes und zum
Normalisieren zusätzlich platzierter Etiketten-
werte auf den Bereich zwischen dem Hinter-
grundetikett und dem Referenzetikett zur direk-
ten Unterstützung von normalisiertem quantita-
tivem Vergleich von Durchblutungsbereichen
auf dem Gewebe.

2. Vorrichtung nach Anspruch 1, wobei die Ableitung
der zeitintegrierten Intensität oder der zeitlichen Ab-
leitung der Intensität für jedes Pixel Folgendes um-
fasst: (i) pixelweises Hinzufügen mehrerer Pixelin-
tensitäten, die während jedes Frames in der zeitli-
chen Folge von Bildern erfasst wurden und Teilen
einer Summe der Pixelintensitäten durch die Anzahl
von Frames in der zeitlichen Folge von Bildern; (ii)
Teilen jeder Pixelintensität, die während jedes Fra-
mes in der zeitlichen Folge von Bildern erfasst wur-
de, durch eine nach der Verabreichung des ICG-Bo-
lus verstrichene Zeit und Hinzufügen der geteilten
Pixel; (iii) Teilen des zeitintegrierten Intensitätswer-
tes für jedes Pixel durch eine verstrichene Zeit; (iv)
Bestimmung einer verstrichenen Zeit nach der Ver-
abreichung des ICG-Bolus, bis die zeitintegrierte
Fluoreszenzintensität für jedes Pixel einen Spitzen-
wert erreicht; oder (v) Berechnung für jedes Pixel
einer Steigung der Pixelintensität gegenüber der
verstrichenen Zeit.

3. Vorrichtung nach einem der Ansprüche 1 oder 2, wo-
bei das Bild mit einer Kontrastübertragungsfunktion
gerendert wird, um (i) visuelle Unterschiede in der
Karte zu verbessern;
(ii) unterschiedliche Durchblutungseigenschaften in
unterschiedlichen Farben darzustellen; oder eine
Kombination von (i) und (ii), wobei die Kontrastüber-
tragungsfunktion vorzugsweise eine lineare Kon-
trastübertragungsfunktion oder eine nichtlineare
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Kontrastübertragungsfunktion ist und wobei die
nichtlineare Kontrastübertragungsfunktion bevor-
zugter eine Funktion mit Bereichen unterschiedli-
cher Steigung ist, und wobei die unterschiedlichen
Steigungen und der Übergang zwischen den unter-
schiedlichen Steigungen eingestellt werden, wäh-
rend die Vorrichtung nach einem der Ansprüche 1
oder 2 verwendet wird, um die Gewebedurchblutung
zu bewerten.

4. Vorrichtung nach einem der Ansprüche 1 bis 3, fer-
ner mit einem Mittel zum Anzeigen des Bildes als
semitransparente Überlagerung auf einem anatomi-
schen Bild des Probanden, einer Konturkarte, einer
Reliefkarte oder einer numerischen Darstellung.

5. Vorrichtung nach einem der Ansprüche 1 bis 4, fer-
ner mit einer Vorrichtung zum gleichzeitigen Anzei-
gen von zwei Folgen von zwei verschiedenen Stellen
auf der Haut des Patienten.

6. Vorrichtung nach einem der Ansprüche 1 bis 5, wo-
bei der gut durchblutete Bereich als "100-Marker"
bezeichnet wird und der Bereich, der den Hinter-
grund darstellt, als "0-Marker" bezeichnet wird.

7. Vorrichtung nach einem der Ansprüche 1 bis 6, wo-
bei die zeitintegrierte Intensität oder die zeitliche Ab-
leitung der Intensität über einen vordefinierten Be-
reich der zeitlichen Folge von Bildern gemittelt und
auf einen Maximalwert der zeitintegrierten Intensität
oder der zeitlichen Ableitung der Intensität im ge-
samten Bild normalisiert wird, wobei die normalisier-
te gemittelte zeitintegrierte Intensität oder die zeitli-
che Ableitung der Intensität unter Verwendung eines
Maximalwerts einer Kontrastübertragungsfunktion
skaliert wird.

8. Verfahren zur nicht-invasiven Bestimmung der Ge-
webedurchblutung durch die Haut bei postoperati-
ven Anwendungen durch Indocyaningrün, ICG, Flu-
oreszenzbildgebung zur Visualisierung und Bestäti-
gung der vollständigen Gewebedurchblutung zu ei-
nem Lappen in einem Gewebe eines Patienten, wo-
bei das Verfahren Folgendes umfasst:

- Nachweisen einer Fluoreszenzantwort, die von
einem Bolus von Indocyaningrün (ICG) in einem
Blutstrom im Gewebe entsteht;
- Erfassen einer zeitlichen Folge von Bildern der
Fluoreszenzantwort über einen Zeitraum;
- Berechnen und Anzeigen eines Bildes, wobei
jedes Pixel eine zeitintegrierte Fluoreszenzin-
tensität, eine zeitliche Ableitung der Intensität,
eine verstrichene Zeit zum Erreichen einer Spit-
zenfluoreszenz oder einen Spitzenfluoreszenz-
wert über die gesamte zeitliche Folge von Bil-
dern darstellt;

- Platzieren eines Hintergrundetiketts auf einem
Bereich, der die Hintergrundintensität darstellt,
und eines Referenzetiketts auf einem gut durch-
bluteten Bereich; und
- Normalisieren zusätzlich platzierter Etiketten-
werte auf den Bereich zwischen dem Hinter-
grundetikett und dem Referenzetikett zur direk-
ten Unterstützung von normalisiertem quantita-
tivem Vergleich von Durchblutungsbereichen
auf dem Gewebe.

9. Verfahren nach Anspruch 8, wobei das Ableiten der
zeitintegrierten Intensität oder die zeitliche Ableitung
der Intensität für jedes Pixel Folgendes umfasst: (i)
Hinzufügen mehrerer Pixelintensitäten, die während
jedes Frames in der zeitlichen Folge von Bildern er-
fasst wurden und Teilen einer Summe der Pixelin-
tensitäten durch die Anzahl von Frames in der zeit-
lichen Folge von Bildern; (ii) Teilen jeder Pixelinten-
sität, die während jedes Frames in der zeitlichen Fol-
ge von Bildern erfasst wurde, durch eine nach der
Verabreichung des ICG-Bolus verstrichene Zeit und
Hinzufügen der geteilten Pixel; (iii) Teilen des zeit-
integrierten Intensitätswerts für jedes Pixel durch ei-
ne verstrichene Zeit; (iv) Bestimmen einer verstri-
chenen Zeit nach der ICG-Bolusinjektion, bis die zei-
tintegrierte Fluoreszenzintensität für jedes Pixel ei-
nen Spitzenwert erreicht; oder (v) Berechnen für je-
des Pixel einer Steigung der Pixelintensität gegen-
über der verstrichenen Zeit.

10. Verfahren nach einem der Ansprüche 8 oder 9, fer-
ner umfassend das Rendern des Bildes mit einer
Kontrastübertragungsfunktion, um (i) visuelle Unter-
schiede in der räumlichen Karte zu verbessern; (ii)
unterschiedliche Durchblutungseigenschaften in un-
terschiedlichen Farben darzustellen; oder eine Kom-
bination von (i) und (ii), wobei die Kontrastübertra-
gungsfunktion vorzugsweise eine lineare Kontrast-
übertragungsfunktion oder eine nichtlineare Kon-
trastübertragungsfunktion ist und wobei die nichtli-
neare Kontrastübertragungsfunktion bevorzugter ei-
ne Funktion mit Bereichen unterschiedlicher Stei-
gung ist, und wobei die unterschiedlichen Steigun-
gen und der Übergang zwischen den verschiedenen
Steigungen eingestellt werden, während das Verfah-
ren zur Bewertung der Gewebedurchblutung durch-
geführt wird.

11. Verfahren nach einem der Ansprüche 8 bis 10, ferner
umfassend das Anzeigen des Bildes als semitrans-
parente Überlagerung auf einem anatomischen Bild
des Probanden, einer Konturkarte, einer Reliefkarte
oder einer numerischen Darstellung.

12. Verfahren nach einem der Ansprüche 8 bis 11, ferner
umfassend das gleichzeitige Anzeigen von zwei Fol-
gen von zwei verschiedenen Stellen auf der Haut
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des Patienten.

13. Verfahren nach einem der Ansprüche 8 bis 12, wobei
der gut durchblutete Bereich als "100-Marker" be-
zeichnet wird und der Bereich, der den Hintergrund
darstellt, als "0-Marker" bezeichnet wird.

14. Verfahren nach einem der Ansprüche 8 bis 13, wobei
die zeitintegrierte Intensität oder die zeitliche Ablei-
tung der Intensität über einen vordefinierten Bereich
der zeitlichen Folge von Bildern gemittelt und auf
einen Maximalwert der zeitintegrierten Intensität
oder der zeitlichen Ableitung der Intensität im ge-
samten Bild normalisiert wird, wobei die normalisier-
te gemittelte zeitintegrierte Intensität oder die zeitli-
che Ableitung der Intensität unter Verwendung eines
Maximalwerts einer Kontrastübertragungsfunktion
skaliert wird.

Revendications

1. Dispositif pour la détermination non-invasive par
voie cutanée de la perfusion tissulaire dans des ap-
plications post-opératoires par imagerie de fluores-
cence du vert d’indocyanine, ICG, pour visualiser et
confirmer la perfusion tissulaire complète sur un lam-
beau, le dispositif comprenant :

- des moyens pour détecter une réponse en fluo-
rescence issue d’un bolus de vert d’indocyanine
(ICG) dans un flux sanguin dans le tissu ;
- des moyens pour acquérir une séquence tem-
porelle d’images de la réponse en fluorescence
pendant un certain temps ;
- des moyens pour calculer et afficher une image
où chaque pixel représente une intensité de fluo-
rescence intégrée dans le temps, une dérivée
temporelle de l’intensité, un temps écoulé pour
atteindre une fluorescence de crête, ou une va-
leur de fluorescence de crête sur la totalité de
la séquence temporelle d’images ; et
- des moyens pour placer une étiquette d’arrière-
plan sur une région représentant l’intensité d’ar-
rière-plan et une étiquette de référence sur une
région bien perfusée sur l’image, et pour norma-
liser toute valeur d’étiquette placée subsidiaire-
ment dans la plage entre l’étiquette d’arrière-
plan et l’étiquette de référence pour appuyer une
comparaison quantitative normalisée directe de
régions de perfusion sur le tissu.

2. Dispositif selon la revendication 1 dans lequel la dé-
rivation de l’intensité intégrée dans le temps ou de
la dérivée temporelle de l’intensité pour chaque pixel
comprend (i) l’addition sur une base pixel par pixel
d’une pluralité d’intensités de pixel acquises au
cours de chaque trame dans la séquence temporelle

d’images et la division d’une somme des intensités
de pixels par le nombre de trames dans la séquence
temporelle d’images ; (ii) la division de chaque in-
tensité de pixel acquise au cours de chaque trame
dans la séquence temporelle d’images par un temps
écoulé après administration du bolus d’ICG et l’ad-
dition des pixels divisés ; (iii) la division de la valeur
d’intensité intégrée dans le temps pour chaque pixel
par un temps écoulé ; (iv) la détermination d’un
temps écoulé après administration du bolus d’ICG
jusqu’à ce que l’intensité de fluorescence intégrée
dans le temps pour chaque pixel atteigne une valeur
de crête ; ou (v) le calcul pour chaque pixel d’une
pente de l’intensité de pixel en fonction du temps
écoulé.

3. Dispositif selon l’une quelconque des revendications
1 ou 2 dans lequel l’image est rendue avec une fonc-
tion de transfert de contraste pour (i) améliorer les
différences visuelles dans la carte ; (ii) représenter
différentes caractéristiques de perfusion dans diffé-
rentes couleurs ; ou une combinaison de (i) et (ii),
dans lequel de préférence la fonction de transfert de
contraste est une fonction de transfert de contraste
linéaire ou une fonction de transfert de contraste non
linéaire, et dans lequel plus préférentiellement la
fonction de transfert de contraste non linéaire est
une fonction ayant des régions à pente différente, et
dans lequel les différentes pentes et la transition en-
tre les différentes pentes sont ajustées pendant l’uti-
lisation du dispositif de l’une quelconque des reven-
dications 1 ou 2 pour évaluer la perfusion tissulaire.

4. Dispositif selon l’une quelconque des revendications
1 à 3 comprenant en outre des moyens pour afficher
l’image sous la forme d’une superposition semi-
transparente sur une image anatomique du sujet,
d’une carte de contours, d’une carte de reliefs ou
d’une représentation numérique.

5. Dispositif selon l’une quelconque des revendications
1 à 4 comprenant en outre des moyens pour afficher
simultanément deux séquences à partir de deux em-
placements différents sur la peau du patient.

6. Dispositif selon l’une quelconque des revendications
1 à 5 dans lequel la région bien perfusée est dési-
gnée en tant que « Marqueur 100 » et la région re-
présentant l’arrière-plan est désignée en tant que
« Marqueur 0 ».

7. Dispositif selon l’une quelconque des revendications
1 à 6 dans lequel l’intensité intégrée dans le temps
ou la dérivée temporelle de l’intensité sont moyen-
nées sur une région prédéfinie de la séquence tem-
porelle d’images et normalisées à une valeur maxi-
male de l’intensité intégrée dans le temps ou de la
dérivée temporelle de l’intensité dans la totalité de
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l’image, dans lequel l’intensité intégrée dans le
temps moyennée normalisée ou la dérivée tempo-
relle de l’intensité est mise à l’échelle à l’aide d’une
valeur maximale d’une fonction de transfert de con-
traste.

8. Procédé pour la détermination non-invasive par voie
cutanée de la perfusion tissulaire dans des applica-
tions post-opératoires par imagerie de fluorescence
du vert d’indocyanine, ICG, pour visualiser et confir-
mer la perfusion tissulaire complète sur un lambeau
dans un tissu d’un sujet, le procédé comprenant :

- la détection d’une réponse en fluorescence is-
sue d’un bolus de vert d’indocyanine (ICG) dans
un flux sanguin dans le tissu ;
- l’acquisition d’une séquence temporelle d’ima-
ges de la réponse en fluorescence pendant un
certain temps ;
- le calcul et l’affichage d’une image où chaque
pixel représente une intensité de fluorescence
intégrée dans le temps, une dérivée temporelle
de l’intensité, un temps écoulé pour atteindre
une fluorescence de crête, ou une valeur de fluo-
rescence de crête sur la totalité de la séquence
temporelle d’images ;
- le placement d’une étiquette d’arrière-plan sur
une région représentant l’intensité d’arrière-
plan et d’une étiquette de référence sur une ré-
gion bien perfusée ; et
- la normalisation de toute valeur d’étiquette pla-
cée subsidiairement dans la plage entre l’éti-
quette d’arrière-plan et l’étiquette de référence
pour appuyer une comparaison quantitative nor-
malisée directe de régions de perfusion sur le
tissu.

9. Procédé selon la revendication 8 dans lequel la dé-
rivation de l’intensité intégrée dans le temps ou de
la dérivée temporelle de l’intensité pour chaque pixel
comprend (i) l’addition sur une base pixel par pixel
d’une pluralité d’intensités de pixel acquises au
cours de chaque trame dans la séquence temporelle
d’images et la division d’une somme des intensités
de pixels par le nombre de trames dans la séquence
temporelle d’images ; (ii) la division de chaque in-
tensité de pixel acquise au cours de chaque trame
dans la séquence temporelle d’images par un temps
écoulé après administration du bolus d’ICG et l’ad-
dition des pixels divisés ; (iii) la division de la valeur
d’intensité intégrée dans le temps pour chaque pixel
par un temps écoulé ; (iv) la détermination d’un
temps écoulé après injection du bolus d’ICG jusqu’à
ce que l’intensité de fluorescence intégrée dans le
temps pour chaque pixel atteigne une valeur de
crête ; ou (v) le calcul pour chaque pixel d’une pente
de l’intensité de pixel en fonction du temps écoulé.

10. Procédé selon l’une quelconque des revendications
8 ou 9 comprenant en outre le rendu de l’image avec
une fonction de transfert de contraste pour (i) amé-
liorer les différences visuelles dans la carte spatiale ;
(ii) représenter différentes caractéristiques de per-
fusion dans différentes couleurs ; ou une combinai-
son de (i) et (ii) dans lequel de préférence la fonction
de transfert de contraste est une fonction de transfert
de contraste linéaire ou une fonction de transfert de
contraste non linéaire, et dans lequel plus préféren-
tiellement la fonction de transfert de contraste non
linéaire est une fonction ayant des régions à pente
différente, et dans lequel les différentes pentes et la
transition entre les différentes pentes sont ajustées
pendant la réalisation du procédé pour évaluer la
perfusion tissulaire.

11. Procédé selon l’une quelconque des revendications
8 à 10 comprenant en outre l’affichage de l’image
sous la forme d’une superposition semi-transparen-
te sur une image anatomique du sujet, d’une carte
de contours, d’une carte de reliefs ou d’une repré-
sentation numérique.

12. Procédé selon l’une quelconque des revendications
8 à 11 comprenant en outre l’affichage simultané de
deux séquences à partir de deux emplacements dif-
férents sur la peau du patient.

13. Procédé selon l’une quelconque des revendications
8 à 12 dans lequel la région bien perfusée est dési-
gnée en tant que « Marqueur 100 » et la région re-
présentant l’arrière-plan est désignée en tant que
« Marqueur 0 ».

14. Procédé selon l’une quelconque des revendications
8 à 13 dans lequel l’intensité intégrée dans le temps
ou la dérivée temporelle de l’intensité sont moyen-
nées sur une région prédéfinie de la séquence tem-
porelle d’images et normalisées à une valeur maxi-
male de l’intensité intégrée dans le temps ou de la
dérivée temporelle de l’intensité dans la totalité de
l’image, dans lequel l’intensité intégrée dans le
temps moyennée normalisée ou la dérivée tempo-
relle de l’intensité est mise à l’échelle à l’aide d’une
valeur maximale d’une fonction de transfert de con-
traste.
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摘要(译)

公开了一种使用ICG荧光血管造影术成像术前识别用于整形和/或重建手
术的穿孔器血管的方法和设备。 时间分辨图像处理用于突出射孔器的位
置并通过各种计算量度在候选射孔器之间进行视觉区分。 基于这些指
标，外科医生能够交互式地定位和选择适合整形和重建手术的穿支血管
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