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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority under 35 U.S.C. § 119(e) from U.S.
Serial No. 61/940,664, filed February 17, 2014.

FIELD OF THE INVENTION

[0002] This disclosure is related to the field of intelligent
medical devices, namely, a system and method for smart
and optimal execution of surgical procedures on all types
of tissues including soft and bony tissues using multimo-
dal information including optical images and/or anatom-
ical information. Specifically, the present disclosure is
related to a method and system for providing recommen-
dation to a surgeon or a surgical system regarding por-
tions of a patient’s anatomy that are appropriate for sur-
gical procedure and portions of the patient’s anatomy
that are not appropriate for surgical procedure.

BACKGROUND

[0003] Several surgical procedures and interventions
require precise tissue manipulation or insertion of surgi-
cal instruments and/or accessories in the body. To carry
out the optimal procedural and technical tasks, several
factors must be taken into consideration to place surgical
instruments and/or accessories in soft tissue or bone, or
perform procedures like incision, cuts, removals, sutur-
ing, stitching, etc. These factors include, but are not lim-
ited to, minimizing complication risk, reducing pain, and
accelerating recovery time. To assist a surgeon or a sur-
gical system (for example, a robot) in making a better
decision on where to interact with tissue, advanced im-
aging systems and analysis software which provide de-
cision support for optimal outcome must be developed.
[0004] Multispectral image acquisition is an advanced
imaging technique to capture scene information at differ-
ent spectral wavelengths. Multispectral images provide
structural properties of scene objects that may not be
visible from a single channel (i.e., a single channel cor-
responding to an image obtained using a particular spec-
tral wavelength). Multispectral images can also reveal
subsurface structures at higher wavelengths (near-infra-
red and infrared wavelengths). In medicine, multispectral
imaging has been widely used in cancer detection and
blood oxygen saturation observations from skin. Polari-
zation-sensitive imaging is another advanced imaging
technique that utilizes the scattering and polarization
properties of light propagating in the tissue. By adjusting
polarization states depending on the light penetration
depth, polarization control techniques can be used for
depth-selective measurement. An advantage of polari-
zation-sensitive imaging is the elimination of specular re-
flection from the tissue surface and clear identification of
deep tissue structures, which is useful for the surgical

procedures and interventions.
[0005] U.S. Pat. No. 8,285,015 describes an image ac-
quisition device which forms multispectral images from
decomposition of an image into multiple component parts
based on the type of imaging, but does not disclose any
quantitate post-processing of acquired images. While
there has been work in developing multispectral and po-
larization-sensitive imaging systems, there are currently
no systems that analyze and quantify the images from
multispectral and polarization-sensitive imaging systems
to provide recommendations regarding portions of a pa-
tient’s anatomy that are appropriate for surgical proce-
dure and other portions of the patient’s anatomy that are
not appropriate for surgical procedure.
[0006] Blood vessels should be avoided during sutur-
ing to mitigate tissue damage and encourage faster re-
covery. U.S. Pat. No. 8,611,629 describes an interactive
method for blood vessel analysis. A user indicates a po-
sition on a vessel of the tubular structure, which is then
used to identify a portion of the tubular structure situated
around the indicated position, including any bifurcations,
and extending up to a predetermined distance measured
from the indicated position, for obtaining an identified por-
tion. Other blood vessel segmentation algorithms have
been described in the literature. Bankhead et al., included
along with the information disclosure statement, de-
scribes a fast and accurate unsupervised algorithm to
detect blood vessels based on undecimated wavelet
transform. Blood vessel segmentation provides limited
structural information of a patient’s anatomy and there-
fore, has not been used for providing recommendations
to a surgeon or a surgical system regarding portions of
the patient’s anatomy that are appropriate for surgical
procedure and portions of the patient’s anatomy that are
not appropriate for surgical procedure.
[0007] WO 2010/066827 describes the detection of dif-
ferent anatomical features, e.g. vessels, using visible and
infrared imaging: ratios of different channels are used to
determine different vessel maps, and fusion of the differ-
ent maps into one single global vessel mask shown dur-
ing the surgical procedure is performed. WO
2010/120769 describes the detection of artery-vein
anastomoses using the combination of visual and near
infrared bands to detect oxy- and deoxy-hemoglobing
absorption.
[0008] The "background" description provided herein
is for the purpose of generally presenting the context of
the disclosure. Work of the presently named inventors,
to the extent it is described in this background section,
as well as aspects of the description which may not oth-
erwise qualify as prior art at the time of filing, are neither
expressly or impliedly admitted as prior art against the
present invention.

SUMMARY

[0009] The invention concerns a method according to
claim 1.
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[0010] The method may comprise one or more of the
features recited in any of the claims dependent from claim
1.
[0011] According to another aspect, the invention con-
cerns an apparatus according to claim 12.
[0012] According to another aspect, the invention con-
cerns a computer program according to claim 13.
[0013] An exemplary embodiment of the present dis-
closure describes a method and apparatus for providing
recommendation for a medical surgical procedure. For
example, an exemplary embodiment of the present dis-
closure describes optimal execution of surgical proce-
dures and optimal placement of surgical instruments and
accessories, including but not limited to implants, and
prostheses in the tissue from multi-modality imaging and
anatomical cues for manual, semi-automated, and auto-
mated surgery.
[0014] The surgical instruments and tools, implants
and prostheses include, but are not limited to, sutures,
needles, clips, staples, screws, valves and guidance
markers. They need to be placed in the tissue optimally
to reduce complications and accelerate recovery time.
[0015] The procedures and interventions include, but
are not limited to, surgical cuts, incisions, suturing, stitch-
ing and other tissue manipulation procedures sensitive
to vulnerable tissue.
[0016] The multiple cues come from different imaging
modalities, including but not limited to, multispectral im-
ages, MRI, CT, as well as quantification of anatomical
descriptions and geometrical shapes.
[0017] In an exemplary embodiment of the present in-
vention, a multispectral imaging system is provided that
is capable of generating and displaying a map of blood
vessels and tissue density and subsurface tissue infor-
mation and outlining recommendation for non-vulnerable
tissue regions for surgical procedures and interventions
that should avoid blood vessels.
[0018] In an exemplary embodiment of the present in-
vention, a multispectral system and method are designed
to automatically generate optimal suture placement lo-
cations for bowel anastomosis by avoiding vulnerable
tissue regions including thin tissue, mesentery, and blood
vessels.
[0019] In another exemplary embodiment, the disclo-
sure allows in its decision support of real-time precise
and accurate target tissue information of mobile deform-
able tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] A more complete appreciation of the disclosed
embodiments and many of the attendant advantages
thereof will be readily obtained as the same becomes
better understood by reference to the following detailed
description when considered in connection with the ac-
companying drawings, wherein:

Figure 1 illustrates generation and segmentation of

multispectral images.
Figure 2 illustrates segmentation and image
processing of multispectral images.
Figure 3 illustrates results of supervised multispec-
tral image segmentation.
Figure 4 illustrates blood vessel segmentation.
Figure 5A illustrates determining specification of a
bowel and optimal suture points.
Figure 5B illustrates an exemplary spectral reflect-
ance chart.
Figure 6 illustrates an optimal parameter recommen-
dation system corresponding to Figure 2.
Figure 7 illustrates the generation of a first gradient
map from a first value map.
Figure 8 illustrates the generation of a second gra-
dient map from a second value map.
Figure 9 illustrates the generation of a third gradient
map from a third value map.
Figure 10 illustrates a map fusion operator for gen-
eration of a recommendation map for determining
optimal points for a medical surgical procedure.
Figure 11 illustrates a method for providing recom-
mendation to a surgeon or a surgical system for a
surgical procedure.
Figure 12 illustrates an exemplary computing sys-
tem.

DETAILED DESCRIPTION

[0021] The present invention is related to a method for
providing information for a medical surgical procedure,
the method comprising acquiring, using circuitry, a plu-
rality of multispectral images representing a portion of a
patient’s anatomy, performing image processing on each
of the plurality of multispectral images to form a plurality
of value maps, each value map identifying aspects of the
portion of the patient’s anatomy by assigned values, com-
bining the plurality of value maps into a single recom-
mendation map, determining optimal points for perform-
ing the medical surgical procedure based on the single
recommendation map, and displaying the optimal points
for the medical surgical procedure by overlaying the op-
timal points on an original image of the portion of the
patient’s anatomy or applying the optimal points to a ro-
botic medical surgical procedure.
[0022] The method further comprises calculating dif-
fuse reflectance values for the plurality of multispectral
images, selecting a reference diffuse reflectance value
from the diffuse reflectance values and determining cor-
responding ratios between corresponding diffuse reflect-
ance values and the reference diffuse reflectance value,
and determining a thickness map, as one of the plurality
of value maps, corresponding to thickness of different
portions of the patient’s anatomy based on the deter-
mined corresponding ratios.
[0023] The method further comprises extracting a fore-
ground and a background from the plurality of multispec-
tral images to extract blood vessels, and determining a
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vessel map, as one of the plurality of value maps, corre-
sponding to vessels in different portions of the patient’s
anatomy based on said extracting.
[0024] The method further comprises analyzing pro-
portions of corresponding signal intensity of the plurality
of multispectral images, and determining a perfusion
map, as one of the plurality of value maps, corresponding
to an amount of blood perfusion in different portions of
the patient’s anatomy based on said analyzing.
[0025] The present invention is related to a method for
providing information for a medical surgical procedure,
wherein said extracting said foreground includes apply-
ing a blood vessel segmentation algorithm to the plurality
of multispectral images, and extracting a centerline or a
vessel skeleton from the plurality of multispectral images
based on said blood vessel segmentation algorithm.
[0026] The present invention is related to a method for
providing information for a medical surgical procedure,
wherein the optimal points for the medical surgical pro-
cedure are determined based on calculation of local
maxima in the single recommendation map, which in-
cludes the thickness map, wherein the optimal points for
the medical surgical procedure are determined based on
calculation of local maxima in the single recommendation
map, which includes the vessel map, and wherein the
plurality of multispectral images are cross-polarized im-
age, wherein the plurality of multispectral images are par-
allel polarization images.
[0027] The present invention is related to a method for
providing information for a medical surgical procedure,
wherein the plurality of value maps include dark portions
of the patient’s anatomy and bright portions of the pa-
tient’s anatomy, and wherein the dark portions of the pa-
tient’s anatomy indicate portions of the patient’s anatomy
that need to be avoided during the medical surgical pro-
cedure and the bright portions of the patient’s anatomy
indicate other portions of the patient’s anatomy that are
appropriate for the medical surgical procedure, and
wherein the plurality of value maps include a scale indi-
cating values from 0 to 1, wherein the values closer to 0
correspond to the dark portions of the patient’s anatomy
and the values closer to 1 correspond to the bright por-
tions of the patient’s anatomy.
[0028] The present invention is related to a method for
providing information for a medical surgical procedure,
wherein each of the plurality of value maps corresponds
to a different portion of the patient’s anatomy, and where-
in each of the plurality of value maps corresponds to a
different anatomical feature of the patient’s anatomy.
[0029] The method further comprises segmenting the
representation of the portion of a patient’s anatomy to
form a plurality of segmented images based on prede-
termined anatomical or geometric information, wherein
the medical surgical procedure is at least one of suturing
and stapling and the optimal points is at least one of op-
timal suture and stapling points, and wherein the medical
surgical procedure is cutting.
[0030] The present invention is also related to an ap-

paratus for providing information for a medical surgical
procedure comprising circuitry configured to acquire a
plurality of multispectral images representing a portion
of a patient’s anatomy, perform image processing on
each of the plurality of segmented images to form a plu-
rality of value maps, each value map identifying aspects
of the portion of the patient’s anatomy by assigned val-
ues, combine the plurality of value maps into a single
recommendation map, determine optimal points for per-
forming the medical surgical procedure based on the sin-
gle recommendation map, and display the optimal points
for the medical surgical procedure by overlaying the op-
timal points on an original image of the portion of the
patient’s anatomy or apply the optimal points to a robotic
medical surgical procedure.
[0031] The apparatus further comprises circuitry con-
figured to calculate diffuse reflectance values for the plu-
rality of multispectral images, select a reference diffuse
reflectance value from the diffuse reflectance values and
determine corresponding ratios between corresponding
diffuse reflectance values and the reference diffuse re-
flectance value, and determine a thickness map, as one
of the plurality of value maps, corresponding to thickness
of different portions of the patient’s anatomy based on
the determined corresponding ratio.
[0032] The apparatus further comprises circuitry con-
figured to extract a foreground and a background from
the plurality of multispectral images to extract blood ves-
sels, and determine a vessel map, as one of the plurality
of value maps, corresponding to vessels in different por-
tions of the patient’s anatomy based on the extracted
foreground and background.
[0033] The apparatus further comprises circuitry con-
figured to analyze proportions of corresponding signal
intensity of the plurality of multispectral images; and de-
termine a perfusion map, as one of the plurality of value
maps, corresponding to an amount of blood perfusion in
different portions of the patient’s anatomy based on said
analyzed proportions.
[0034] The apparatus further comprises circuitry con-
figured to apply a blood vessel segmentation algorithm
to the plurality of multispectral images, and extract a cen-
terline or a vessel skeleton from the plurality of multispec-
tral images based on said blood vessel segmentation
algorithm in order to extract the foreground.
[0035] The present invention is related to an apparatus
for providing information for a medical surgical proce-
dure, wherein the optimal points for the medical surgical
procedure are determined based on calculation of local
maxima in the single recommendation map, which in-
cludes the thickness map, wherein the optimal points for
the medical surgical procedure are determined based on
calculation of local maxima in the single recommendation
map, which includes the vessel map, and wherein the
plurality of multispectral images are at least one of cross-
polarized images and parallel polarization images.
[0036] The present invention is related to an apparatus
for providing information for a medical surgical proce-
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dure, wherein the plurality of value maps include dark
portions of the patient’s anatomy and bright portions of
the patient’s anatomy, and wherein the dark portions of
the patient’s anatomy indicate portions of the patient’s
anatomy that need to be avoided during the medical sur-
gical procedure and the bright portions of the patient’s
anatomy indicate other portions of the patient’s anatomy
that are appropriate for the medical surgical procedure,
and wherein the plurality of value maps include a scale
indicating values from 0 to 1, wherein the values closer
to 0 correspond to the dark portions of the patient’s anat-
omy and the values closer to 1 correspond to the bright
portions of the patient’s anatomy.
[0037] The present invention is also related to a non-
transitory computer-readable storage medium including
computer-readable instructions, that when executed by
a computer, cause the computer to execute a method for
providing information for a medical surgical procedure,
the method comprising acquiring a plurality of multispec-
tral images representing a portion of a patient’s anatomy,
performing image processing on each of the plurality of
multispectral images to form a plurality of value maps,
each value map identifying aspects of the portion of the
patient’s anatomy by assigned values, combining the plu-
rality of value maps into a single recommendation map,
determining optimal points for performing the medical
surgical procedure based on the single recommendation
map, and displaying the optimal points for the medical
surgical procedure by overlaying the optimal points on
an original image of the portion of the patient’s anatomy
or applying the optimal points to a robotic medical surgical
procedure.
[0038] In many surgical procedures and interventions,
a soft tissue region needs to be removed and the remain-
ing regions must be reconnected again. Recovery from
this kind of procedure depends on maximal blood flow
and proper blood oxygenation in the uncut tissue. The
current practice is to avoid major blood vessels as visible
to the naked eye or through visible-range cameras, but
many other factors are neglected. For example, there are
no systems to quantify tissue vulnerability and rank them
based on thickness. There are also no guidelines and
commercial devices to minimize the number of cut micro-
vessels to accelerate recovery. Surgeons use their ex-
perience and years of training to make decisions. Some-
times, they even manually manipulate a tissue to evalu-
ate if it is strong and stable enough to be cut and/or re-
connected. The present disclosure describes a system
and method that provides relevant quantitative informa-
tion to assist surgeons or surgical systems in making
better decisions on where to manipulate the tissue (e.g.,
cut and reconnect the tissue). The system and method
described here could be applied to either soft tissue pro-
cedures such as bowel anastomosis or hard tissue pro-
cedures such as bone replacements.
[0039] An example of a soft tissue operation is intesti-
nal anastomosis, a common surgical procedure to recon-
nect the bowel after removal of a pathological condition

that affects it. Intestinal anastomosis can be performed
in either open surgery or minimally invasive surgery (MIS)
settings. Most open surgeries are performed by a sur-
geon’s visual perception and recognition without an in-
termediary imaging system. Human visual ability has lim-
itations in distinguishing subsurface anatomical struc-
tures of a patient’s anatomy. It is clear that proper imaging
systems that enable visualization of subsurface struc-
tures of a patient’s anatomy would enhance surgeons’
perception and assist them in performing surgery. In MIS,
the surgeon perceives what is available through an en-
doscopic imaging system or via other noninvasive imag-
ing systems. MIS procedures could benefit from multi-
modality imaging systems that provide quantitative sen-
sory information in addition to what the surgeon can see.
This includes visualizing what is beneath the surface of
a tissue and avoiding vulnerable tissue regions.
[0040] However, current commercial endoscope sys-
tems have limitations in spectral analysis and polariza-
tion-sensitive imaging, since there are the birefringence
materials at the entrance and exit windows with no spec-
tral filters which make it difficult to apply multispectral and
polarization imaging. Birefringence is the optical property
of a material having a refractive index that depends on
the polarization and propagation direction of light. While
there have been remarkable advances in the surgical
imaging systems that are geared towards improving sur-
gical vision and the outcome of surgical procedures,
there is a clear gap for systems that are capable of quan-
titative analysis and generating recommendations for
better surgical outcomes. This disclosure addresses sys-
tem and methods that can assist a surgeon or a surgical
system to achieve better surgical outcomes by providing
quantitative analysis of the surgical scene from multiple
input sources and media.
[0041] In one embodiment, an imaging system that rec-
ommends anastomosis placements to surgeons is de-
scribed. The system of the present disclosure imple-
ments a multispectral imaging system and image analy-
sis methods. Vulnerable tissue regions including blood
vessels are identified and segmented. Optimal coordi-
nate points for suture placements are recommended to
the surgeon. This is visualized by generating suturing
maps, which maps the optical field-of-view to a 2D (or
3D) map of values in the [0, 1] range, where 0 refers to
the most vulnerable tissue or other regions that must be
avoided by the surgeon and 1 refers to the most desirable
and least vulnerable tissue region. A suturing map is ob-
tained by fusing different maps, obtained from several
different cues. These cues come from image processing
of multispectral images and/or numerical encoding of an-
atomical information and geometrical structures. Ana-
tomical descriptions may be derived from an anatomy
atlas or from a surgeon’s description.
[0042] An example of cues obtained from multispectral
image processing is segmentation of tissue and non-tis-
sue background by comparing pixel values in different
wavelengths. Another example of cues obtained from
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multispectral image processing is the calculation of
boundaries for different tissue sections based on tissue
thickness. This is possible because absorption and scat-
tering of light is a function of wavelength and surface
material. In case of internal organs, different tissue types
reflect light differently, which can be encoded into num-
bers by processing multispectral images. Higher wave-
lengths penetrate deeper into tissue and as a result, im-
ages captured at a higher spectral band reveal the sub-
surface structures of a patient’s anatomy which can be
segmented using routine image processing methods. In
addition, tissue thickness can be parameterized based
on the pixel intensity values measured at higher wave-
length bands.
[0043] Similar to enumeration of cues from multispec-
tral images, information on geometrical shapes and
structures of a patient’s anatomy can also be enumerated
and used as geometrical cues and mapped to false-color
images for integration to the output from multispectral
image processing algorithms. Geometric and structural
information is derived from either clinical experts, who
describe a typical location of anatomical, geometric, or
structural landmarks, or from medical Atlases, which tab-
ulate typical anatomical, geometric location, size, and
other structural and/or geometric information of organs
and other bodily structures relative to other structures.
For example, to enumerate the geometric information
corresponding to a map for approximate location of su-
ture placements to be approximately 2mm away from the
lumen cut line, a smooth bell-shaped surface could be
used to enumerate this information, where the peak of
the bell-shaped surface is 2mm away from the cut line,
gradually attenuating from the peak to zero as it gets
farther from the peak. The slope and peak location of the
bell-shaped curve are functions of the lumen size. The
geometrical information will be used in conjunction with
the tissue information obtained from information obtained
from multispectral image processing.
[0044] In an exemplary embodiment, the lumen cut line
is first calculated by multispectral image segmentation
and boundary segmentation from foreground/back-
ground image processing algorithm applied to multispec-
tral images. The length of the cut line is related to the
lumen size, which can be calculated from counting the
pixels of the segmented cut line. The peak location of the
bell-shaped curve is a function of the lumen size and
thickness. In an exemplary embodiment, approximately
2mm was used as one example. The actual value, how-
ever, is calculated within the multispectral image
processing algorithm. The peak identifies a strong can-
didate for suture placement, but off-peak values are not
dismissed. Rather, the off-peak values are given less
weight which in conjunction to other cues could be better
candidates for suture placement.
[0045] In one embodiment, as illustrated in Figure 1,
image segmentation of cross-polarized images 106 re-
ceived from a multispectral imaging system 101 is illus-
trated. The multispectral imaging system 101 includes

remote sensing radiometers and other circuitry for ac-
quiring multispectral images of a portion of a patient’s
anatomy. Additionally, the multispectral imaging system
101 also includes circuitry for acquiring cross-polarized
images and parallel-polarized images at various spectral
bands/wavelengths 103. Cross-polarization or parallel
polarization of the multispectral images enhances the
multispectral images, for example, by removing glare.
Cross-polarized image channels 102 are obtained from
several spectral bands 103 at w1, w2, ..., wn light wave-
lengths. The cross-polarized channels include cross-po-
larized images 106 imaged at different light wavelengths
(i.e., w1, w2, ..., wn).
[0046] Although Figure 1 illustrates cross-polarized im-
age channels 102, it should be understood that parallel
polarization image channels may also be implemented
with the multispectral imaging system 101. Parallel po-
larization image channels would include parallel polari-
zation images 105, as illustrated in Figure 1. Parallel po-
larization images 105 and cross-polarized images 106
depicted in Figure 1 illustrate a cut section of a porcine
intestine imaged at four different visible and near-infrared
wavelengths (i.e., 445 nm, 470nm, 600nm, 770nm).
[0047] After the cross-polarized images 106 are im-
aged at four different visible and near-infrared wave-
lengths, they are input into a multispectral image seg-
mentation system 104. The multispectral image segmen-
tation system 104 includes circuitry that performs seg-
mentation of the cross-polarized images 106. Segmen-
tation of the cross-polarized images 106 can be per-
formed using various methods. Examples of segmenta-
tion of cross-polarized images 106 include, but are not
limited to, blood vessel segmentation, segmentation
based on thickness of tissue, segmentation of different
tissue types (e.g., fat, muscle), and segmentation of dif-
ferent layers/portions of a patient’s anatomy (e.g., inner
layer, outer layer, upper portion, lower portion).
[0048] The cross-polarized image channels 102, which
include corresponding cross-polarized images 106, are
the input signals to the multispectral segmentation sys-
tem 104 for segmenting the cross-polarized images 106
and generating maps, as illustrated in Figure 2. Various
different methods can be used to segment the cross-
polarized images 106 (see above for examples of seg-
mentation) and to generate maps (which will be dis-
cussed in more detail below with regard to Figures 2 and
6-9). The segmentation of the cross-polarized images
106 results in one or more segmented images 201-203
(see Figure 2) corresponding to background, foreground,
different tissue types, and different anatomical struc-
tures.
[0049] Figure 2 illustrates a result of multispectral seg-
mentation, by the multispectral image segmentation sys-
tem 104, of the cross-polarized images 106 that results
in various segmented images 201, 202, and 203, where
each segmented image corresponds to different tissues
and/or anatomical structures. These segmented images
201, 202, and 203 of a patient’s anatomy are produced
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based on a single cross-polarized image 106 or multiple
cross-polarized images 106. Although only three seg-
mented images 201, 202, and 203 are illustrated in Figure
2, it should be noted that many more segmented images
can be produced based on different segmentation meth-
ods (i.e., segmentation based on different tissue types,
segmentation based on blood vessels, segmentation
based on tissue thickness, and perfusion differentiation).
[0050] The goal of the multispectral image segmenta-
tion algorithm is to process two or more images of the
same scene captured at different wavelengths and output
information about the contextual information about the
scene. For example, visible-light images of outdoor foggy
scenes do not provide as much information about the
scene as combination of two images captured at Short
Wave Infrared and Long Wave Infrared spectral bands.
In a surgical site, tissue and medical devices are often
covered by blood. Therefore, normal visible-light images
do not provide adequate information about the tissue. In
addition, certain high bandwidth spectral bands are ca-
pable of visualizing shallow subsurface structures.
[0051] Multispectral image segmentation can be per-
formed using either supervised or unsupervised meth-
ods. In supervised segmentation, a small region of inter-
est (ROI) is specified by a user as labeled training data
for a desired tissue to be segmented. This ROI is a nu-
merical array of numbers for each spectral band in the
input. Each multispectral pixel, therefore, contains a vec-
tor of intensity values with the size of the vector equal to
the number of spectral bands. A supervised segmenta-
tion algorithm analyzes the training data to produce in-
ferred mapping for new examples. The segmentation al-
gorithm uses Principle Component Analysis (PCA) or a
derivative algorithm to find the principle components
(PCs) of all the vectors in each ROI. Other vectors outside
the ROI which are close to the PCs are labeled as the
same segment. This method can be repeated for several
tissue types as supervised by the user. Each segmented
region can be represented as a binary mask (for example,
segmented image 201), where 1 denotes belonging to
the region of interest, and 0 denoting otherwise.
[0052] In unsupervised segmentation, an unsuper-
vised learning algorithm is used to find the feature vectors
that represent each segment in the multispectral image
data. The output is similar to supervised learning, but the
training data does not need to be labeled. Although dif-
ferent segmentation methods are described above, the
present disclosure is directed to using information ob-
tained from multispectral segmentation algorithms to pro-
vide recommendation for optimal execution of surgical
procedures.
[0053] The three segmented images 201, 202, and 203
correspond to either a single cross-polarized image 106
or multiple cross-polarized images 106 and such seg-
mented images 201, 202, and 203 can also be created
for single/multiple parallel polarization images 105. For
example, segmented image 201 illustrates the inside lay-
ers of a porcine intestine, namely the mucosa, the me-

sentery, and some blood veins and arteries. Segmented
image 202, for example, illustrates mainly the outer layer
of the porcine intestine, namely the serosa and segment-
ed image 203, for example, illustrates the mesenteric lay-
er and other vulnerable features around a cut line. The
cut line, for example, refers to a previous cut made to the
patient’s anatomy that needs to be sutured. Specifically,
the cut line refers to a border line between two different
tissue types, e.g. inner and outer layer, or outer layer and
background. For instance, the cut line can be determined
by intersecting the inner layer segmented image 201 and
the outer layer segmented image 202.
[0054] Further, image processing 204 is performed on
the segmented images 201, 202, and 203 to produce
value maps 205, 206, and 207. Image processing 204
may be performed using a processor and/or circuitry. Val-
ue map 205 corresponds to an inside layer of the patient’s
anatomy and value map 206 corresponds to an outside
layer of the patient’s anatomy. Value map 207 is a map
corresponding to the cut line mentioned above and can
be determined based on an intersection of the value map
205 and the value map 206. Value maps may correspond
to a tissue thickness map, vessel map, and/or perfusion
map. A perfusion map can be determined, as a value
map, corresponding to an amount of blood perfusion in
different portions of a patient’s anatomy by analyzing pro-
portions of signal intensity of a plurality of multispectral
images. Although Figure 2 illustrates that segmented im-
ages 201, 202, and 203 are processed to generate value
maps 205, 206, and 207, it should be noted that value
maps 205, 206, and 207 can be generated without seg-
mentation of the multispectral images. In other words,
the multispectral images can be directly processed to
generate value maps 205, 206, and 207.
[0055] Each of the pixels in each of the value maps
205, 206, and 207 are assigned a value between 0 and
1 for each tissue parameter that has been calculated.
For example, thick tissue that can be sutured well is as-
signed a value of 1 and paper thin tissue is assigned a
value of 0 and values between 0 and 1 are assigned to
tissue based on the tissue’s thickness. Although the val-
ue maps 205, 206, and 207 illustrated in Figure 2 corre-
spond to different tissue layers of a patient’s anatomy,
the value maps can also be created for determining blood
vessels within the patient’s anatomy. For example, blood
vessels that should be avoided are assigned a value of
0 and if no blood vessels are present, that portion of the
patient’s anatomy is assigned a value of 1. Small vessels
that may cause little bleeding during a surgical procedure
can be assigned values between 0 and 1.
[0056] Further image processing can be performed
where a processor and/or circuitry multiplies different val-
ues maps 205, 206, and 207 to generate a combined
map (see Steps 1107 and 1109 in Figure 11) with final
values for each pixel to determine how good a particular
pixel is for suturing (or any other surgical procedure).
Further, during image processing 204, different gains
(constants that get multiplied with pixel values) can be
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assigned to each parameter value to emphasize or
deemphasize a tissue parameter.
[0057] The generation of value maps 205, 206, and
207 allows a surgeon or a surgical system to identify por-
tions of a patient’s anatomy that are suitable for surgical
procedure and other portions that are not appropriate for
surgical procedure. As illustrated above, Figure 2 pro-
vides an example of an anatomical feature of a patient
that can be automatically processed from raw input im-
ages. Thus, Figure 2 illustrates the generation of seg-
mented images 201, 202, and 203 using various multi-
spectral segmentation methods discussed above and the
generation of values maps 205, 206, and 207 corre-
sponding to a patient’s anatomy to allow a surgeon or a
surgical system to identify portions of the patient’s anat-
omy that are suitable for surgical procedure and other
portions that are not appropriate for surgical procedure.
[0058] Figure 3 illustrates supervised multispectral im-
age segmentation to segment tissue regions as specified
by a user in offline training. Multispectral images (i.e.,
cross-polarized images 106 and/or parallel polarization
images) are used as input and shown in a false-color in
image 301. The multispectral images can be segmented
into different regions, as illustrated in image 302. Also,
the multispectral images can be segmented such that
patient’s anatomy (for example, porcine intestine) can be
distinguished from the background (i.e., foreground-
background segmentation, as illustrated in image 303).
Further, the multispectral images can be segmented
such that the vulnerable region is illustrated in image 304,
the stable tissue region is illustrated in image 305, and
the mesenteric tissue is illustrated in image 306. Although
the above describes manual segmentation, segmenta-
tion of the multispectral images to form images 302, 303,
304, 305, and 306 may be performed using a particularly
programmed processor and/or circuitry.
[0059] Figure 4 illustrates extraction of blood vessels
from post-processing of a single channel image 401. The
single channel image 401 corresponds to one of parallel
polarization images 105 and cross-polarized images 106
generated by the multispectral imaging system 101. For
example, a 470nm cross-polarized image 401 shows
high blood vessel contrast compared to other wavelength
bands. The single channel image 401 is first pre-proc-
essed in order to extract the foreground from the back-
ground (see image 402). The processing of the fore-
ground to extract blood vessels contains two main steps.
The first step applies a blood vessel segmentation algo-
rithm, e.g., the Isotropic Undecimated Wavelet Trans-
form (IUWT) which extracts vessel segmentation by
processing the wavelet coefficients, as illustrated in im-
age 403. The second step includes extraction of the cen-
terlines or the vessel skeleton. This can be achieved by
a graph-based algorithm which extracts centerlines by
utilizing spline fitting to find out the vessel orientations
and the zero-crossings of the second derivative perpen-
dicular to the blood vessels and localization of the blood
vessel edges from image profiles 404 and 405. In image

404, vessels are segmented by removing connected ob-
jects and filling holes.
[0060] To remove noise and scattered pixels from the
centerline computation, a standard morphological thin-
ning algorithm is utilized. This results in a value map (for
example, a binary map illustrated in image 405) of blood
vessels which can be overlaid on the original image for
visualization, as illustrated in image 406. The binary map
(for example, image 405) is convolved to a smooth bell-
curved function to obtain a blood vessel avoidance map,
as illustrated in image 406, where a value of 1 denotes
no blood vessels and value of 0 denotes blood vessels.
Values closer to 1 refer to a less vulnerable region,
whereas values closer to 0 refer to proximity to blood
vessels. This vessel avoidance map illustrated in image
406 is further fused with other maps using a fusion op-
erator, which will be described in more detail with regard
to Figures 10 and 11. The processing of images 401-406
may be performed using a particularly programmed proc-
essor and/or circuitry.
[0061] Figure 5A illustrates an embodiment for the
specification of suture placement criteria for bowel anas-
tomosis. Some of the criteria are implemented from nu-
merical processing of the input multispectral images. For
example thickness t of a bowel is calculated from the
multispectral images. Some of the information is obtained
from other sources. For example, bowel diameter d is
obtained from age-specific atlas data. Bite distance from
the edge of the bowel is provided by the expert surgeon
and depends on the type of tissue.
[0062] In an exemplary embodiment, a tissue thick-
ness map is determined from multispectral images. In
many procedures, tissue thickness contributes to overall
success of operation. An example is bowel anastomosis,
where the thicker the tissue areas are, the higher the
suture retention strength is. This means thicker tissue
regions are more suitable suture placement candidates.
Tissue thickness can be empirically found from multi-
spectral images. The light reflected from the tissue sur-
face retains the initial polarization but remaining part of
the light penetrates deep into the tissue and loses their
original polarization due to several scattering events. The
penetration depth of optical radiation in the tissues de-
pends on the wavelength of the light.
[0063] Diffuse reflectance (R) from the tissue provides
morphological information from different depths, and us-
ing multispectral imaging it is possible to extract thick-
ness information. The amount of diffuse reflectance
(brightness) is measured at different wavelengths. Thick-
er tissue reflects more light than thinner tissue because
light penetrates though thinner tissue easily and is not
reflected. Distributions of structural and morphological
parameters can be found based on the ratio between
different spectral images as described in the equation
below: 
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For example, a 470-nm cross-polarized spectral image
is selected as a reference reflectance image. The reflect-
ance ratios between different spectral images are calcu-
lated and compared for the thickness differentiation. In
the above equation, x and y correspond to horizontal and
vertical pixel coordinates, respectively, λk corresponds
to multispectral bandwidth for the k-th band, and λreference
corresponds to a reference bandwidth of, for example, a
470-nm cross-polarized spectral image.
[0064] A global reflectance R over the entire spectral
range on tissue sample images can be described by the
following equation: 

Intra-tissue intrinsic spectral variability can be analyzed
by removing the global reflectance (R), leading to the
’Spectral reflectance’ S(x,y, λk) on tissue based on the
equation below: 

The spectral behavior of S(λk) depends on the tissue
thickness. For example, when the tissue becomes thick-
er, the Spectral reflectance decreases in the blue spec-
trum ranges and increases in the near infrared region,
leading to the so-called "spectral rotation" around 600-
nm as a function of tissue thickness (see chart below).
Thus, the gradient (ratio) of Spectral reflectance between
lower and upper wavelengths can be used to provide
thickness information in tissue diffusive reflectance. See
Figure 5B.
[0065] Figure 3 illustrates an optimal parameter rec-
ommendation system according to an exemplary embod-
iment. The system acquires multispectral images (for ex-
ample, cross-polarized images 106 and/or parallel polar-
ization images 105) at different wavelengths similar to
what was described earlier with regard to Figure 1. Based
on surgical procedure specifications 601 which can be
obtained from surgeons or learned from multiple repeti-
tions of a surgical procedure or task using machine learn-
ing, numerical information and images are processed
and optimal arguments of an optimization problem are
found. For example, the image processing and optimiza-
tion system 602 includes a processor and/or circuity in
order to process the multispectral images and to deter-
mine optimal arguments of the optimization problem.
[0066] The optimization problem describes the task of
finding the optimal suture locations (or other points for

surgery). The image processing and optimization system
602 processes, for example, the cross-polarized images
106 in order to determine a combined map, discussed
earlier with regard to Figure 2 (see also Figure 11 for
description of a combined map resulting from a fusion
operator). The combined map described with regard to
Figures 2 and 11 is used to determine, for example, op-
timal suture points. For example, the combined map may
include an assigned value for each pixel based on how
suitable it is for suturing. An optimization algorithm (ex-
ecuted using a particularly programmed processor
and/or circuitry in the image processing and optimization
system 602 and/or the optimal parameter recommenda-
tion system 603) finds a series of points with the highest
values to create the optimum suture line. Parts feeding
into the optimization algorithm are nominal suture spac-
ing and bite sizes. Using the bite size, the optimization
algorithm finds a suitable area around the nominal bite
size away from the cutline (see image 704 in Figure 7
and image 1003 in Figure 10). In one embodiment, the
optimization algorithm initializes at the highest value pixel
in the image area, and then iteratively finds the best next
suture point by selecting the highest value point that is
at nominal suture spacing away from the previous point.
Deviation from the nominal spacing and bite size feeds
in negatively into the optimization algorithm.
[0067] Based on the optimization result of the optimi-
zation algorithm described above, the optimal procedure
parameter recommendation system 603 recommends a
set of acceptable procedure parameters which are opti-
mal in the sense of the objective function used in defining
the optimization problem in the image processing and
optimization system 602. For example recommendations
for optimal suture placements are generated and shown
to the user by image overlay 604. Although image
processing of multispectral images is generally de-
scribed with regard to Figure 6, image processing steps
and optimal parameter recommendation for surgical pro-
cedure is further described with regard to Figure 11.
[0068] In an exemplary embodiment, as illustrated in
Figure 7, anatomical information and geometrical infor-
mation are enumerated using smooth gradients. For ex-
ample, approximately 2 cm on the left of an anatomical
landmark (for example, the bowel cut line in image 701)
is enumerated by a function that has a peak at 2 cm and
gradually drops as it gets away from the peak. An exam-
ple is a bell-shaped curve 703 which enumerates uncer-
tain distances around the peak. For instance, an algo-
rithm detects the cut line. Sutures are generally placed
a nominal bite size away from the cut line, which creates
a suture line. By convoluting this suture line with a bell
curve, a gradient map 704 can be generated that de-
scribes the areas for good sutures geometrically (i.e. at
the center of the line values are highest and appropriate
for suture and going away from the line values are lower
and not appropriate for suture).
[0069] Further, when there are two anatomical land-
marks, a function is determined where a minimum of the
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function is determined to be on the landmarks and a peak
of the function is determined to be approximately in be-
tween the landmarks. This allows for enumeration of ap-
proximate distance. The anatomical landmark shown in
image 701 is the bowel cut line. Ideal suture locations
are described as approximately 1.5 times the average
tissue thickness provided in geometrical description 702
and encoded by a smooth filter implemented by the con-
volution operator 703. The result is a gradient map (or
avoidance map) that illustrates an ideal distance from
the cut line (see avoidance map 704) for a surgical pro-
cedure, where dark values correspond to 0 and bright
values correspond to 1 as shown in a scale 705. As noted
above, values closer to 1 refer to a less vulnerable region,
whereas values closer to 0 refer to more vulnerable re-
gions. The image 701 corresponds to image 207 in Figure
2 and is processed by a processor and/or circuitry to form
an gradient map 704 based on geometrical/anatomical
descriptions 702 and a convolution operation 703 (for
example, a smooth filer).
[0070] Figure 8 illustrates an exemplary embodiment
for encoding of anatomical information and generation
of a corresponding gradient map 804. A value map 801,
where white pixels are mesentery and black pixels are
not mesentery, is processed by a processor and/or cir-
cuitry to form an gradient map 804 based on geometri-
cal/anatomical descriptions 802 and a convolution oper-
ation 803 (for example, a smooth filer). In Figure 8, the
value map 801 corresponds to anatomical features cor-
responding to the mesenteric and other vulnerable tis-
sue. The convolution of the value map 801 with an ap-
propriate smooth filter 803 results in a gradient map 804
(or a normalized avoidance map), where dark values cor-
respond to 0 and denote areas that must be avoided and
bright values correspond to 1, as shown in a scale 805.
The convolution, in this case, smoothens the value map
801 to generate the gradient map 804. As a result large
mesentery regions can be avoided the strongest and very
small mesentery areas or the very edges do not need to
be avoided this strongly.
[0071] Similarly, Figure 9 illustrates another embodi-
ment for encoding of anatomical/geometrical description
902 and generation of a corresponding gradient map 904.
The value map 901 is an output of the segmentation pipe-
line (i.e., corresponding to value map 205 in Figure 2)
and is described as a stable tissue (via the anatomical/ge-
ometrical description 902). The convolution of the value
map 901 with an appropriate smooth filter 903 results in
a gradient map 904 (or a normalized avoidance map),
where dark values correspond to 0 (i.e., regions which
should be avoided during a surgical procedure) and
bright values correspond to 1 (i.e., regions that are ap-
propriate for surgical procedure), as shown in a scale
905.
[0072] It should be noted that the images, maps, sur-
gical procedure specifications, and geometrical/anatom-
ical descriptions described throughout the specification
can be stored in a single memory or multiple memories.

Further, they can be acquired from a memory separate
from the apparatus that performs image processing of
the multispectral images or can be a part of the apparatus
that performs image processing of the multispectral im-
ages. Also, the images, maps, surgical procedure spec-
ifications, and geometrical/anatomical descriptions can
be displayed on a display.
[0073] In an exemplary embodiment illustrated in Fig-
ure 10, different gradient maps 1001 (corresponding to
gradient maps 704, 804, and 904 in Figures 7, 8, and 9,
respectively) derived from multispectral image process-
ing and segmentation are fused by a mathematical fusion
operator 1002 to obtain a recommendation map 1003
(for example, a suture map). An example of the operator
that fuses these maps into a single recommendation map
1003 is the element-wise matrix multiplication operator.
The map fusion operator 1002 includes a processor
and/or circuitry to perform the operation of element-wise
matrix multiplication. Although Figure 10 illustrates fusing
multiple gradient maps 1001, it should be understood
that multiple value maps (see Figure 2) can be fused
together to form the recommendation map 1003. Addi-
tionally, the value maps described in Figure 2 can be
derived from multispectral images without segmenting
the multispectral images. In other words, image process-
ing can be performed on multispectral images to gener-
ate value maps (without the need for segmentation),
which can be fused together to form a recommendation
map 1003.
[0074] Based on the obtained recommendation map
1003, for example, optimal suture points 1004 can be
calculated automatically with respect to a cost function
defined over the map variables. The optimal point (or
points or coordinates) p* can be defined as the solution
the following optimization problem defined as: 

where function J is a cost function based on inputs such
as the blood vessel map, thickness map, and multispec-
tral segmentation maps. The method, addressing the
above problem using a processor and/or circuitry, calcu-
lates the local maxima of the recommendation map 1003
and generates a set of recommendations for suture
placements 1004 and shows them by image overlay on
an original image 1005. The suture placements 1004 on
an original image 1005 (of the patient’s anatomy) are
output from the system and are provided to the surgeon
or the surgical system. This optimization problem is not
convex and does not have a global maximum. Local
maxima can be found and are shown to the surgeon as
recommendations for suture placement.
[0075] The above method formalizes a mathematical
optimization problem of finding the optimal coordinates,
p*, by solving a numerical optimization problem. The ob-
jective function, J, is a mapping from parameters of the
suturing map (b - for suture bite size parameter, t - for
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thickness parameter, and m - for smoothness parameter)
to a normalized array the size of the image height times
the image width, which has been previously defined as
the suture map.
[0076] In its most basic form, the fusion operator 1002
and 1107 is the element-wise matrix multiplication be-
tween all segmented images and/or all value maps
and/or all gradient maps from the previous steps. For
example, if one of the maps describes the blood vessels,
’0’ corresponds to where there is a blood vessel which
should be avoided. A piecewise multiplication ensures
that any array elements with a "strong avoid" (that is ’0’)
would definitely be avoided. If an array element has a
value of 0.1 in the blood vessel map (that is very close
to a blood vessel), but is thick region with a value of 0.75
in the thickness map, the piecewise multiplication for that
pixel would be 0.075 (i.e., 0.1∗0.75) which will be selected
by the optimization. Relatively thick regions with, for ex-
ample, a thickness score of 0.6, but away from blood
vessels with a blood vessel score of 0.8, would result in
a combined score of 0.6∗0.8=0.48 which is much larger
than a thicker tissue closer to a blood vessel (i.e., .075
noted above). These numerical examples are provided
for better insight into the method for providing recom-
mendation for optimal regions for a surgical procedure.
A fusion operator can be defined as a multivariable func-
tion which takes numerical values in the range of 0 to 1
as inputs and outputs a numerical value in the range of
0 to 1. The present disclosure is not limited to the usage
of element-wise matrix multiplication as the fusion oper-
ator. Other fusion operators can be used.
[0077] If J was a convex function, there would be one
global maximum. The above-noted function J is noncon-
vex, which means that several local maxima can be found
(i.e., several peaks can be found). An aspect of the
present disclosure is to solve the optimization problem
by finding the local peaks (one of them would be a global
maximum). The coordinates of these peaks are output
such that they provide recommendation for optimal re-
gions for a surgical procedure.
[0078] Thick tissue regions can be programmed to
have a larger spacing (3.5mm), while thin areas can have
a smaller spacing (2mm) between sutures to compensate
fragility with more suturing. This method is basically de-
signed to avoid blood vessels and other vulnerable tissue
areas for efficient suture placements. In an exemplary
embodiment, nerves are imaged and the corresponding
map is enumerated to avoid surgical procedures around
the nervous system. In another exemplary embodiment,
multi-modal imaging system uses Ultrasound, CT scans,
X-ray images, MRI, functional MRI or other medical im-
aging techniques.
[0079] Figure 11 illustrates a flowchart of a method for
providing recommendation for a surgical procedure. In
Step 1101 multi-modality images (i.e., multispectral im-
ages) are acquired from a multispectral imaging system
(see Figure 1). The multispectral images acquired may
correspond to a single anatomy of a patient or various

different anatomies of a patient. Anatomical information
in Step 1102 and/or Geometric information in Step 1104
corresponding to a patient’s anatomy are described and
enumerated if required.
[0080] In Step 1103, the multispectral images are seg-
mented using anatomical and/or geometric descriptions
of the patient’s anatomy to generate segmented images
(see Figure 2) that illustrate features or regions or sec-
tions of interest of a patient’s anatomy. For example, the
region of interest may include an inside layers of a porcine
intestine, namely the mucosa, the mesentery, and some
blood veins and arteries, an outer layer of the porcine
intestine, namely the serosa, and/or a mesenteric layer
and other vulnerable features around a cut line (see seg-
mented images 201, 202, and 203 in Figure 2). Further,
Step 1105 also includes a step of performing image
processing on the plurality of segmented images to gen-
erate a plurality of value maps corresponding to a differ-
ent portion of the patient’s anatomy (see value maps 205
and 206 in Figure 2). Although Figure 11 illustrates seg-
mentation of the multispectral images prior to determin-
ing value maps, it should be noted that value maps can
be generated from multispectral images without the seg-
mentation step 1103. Further, the value maps can cor-
respond to different maps (i.e., thickness map, blood ves-
sel map, nerves map, or any other map that illustrates
different portions/anatomical features of a patient’s anat-
omy).
[0081] The value maps along with anatomical and ge-
ometric information are used to generate gradient maps
in Step 1106. The gradient maps (also referred to as an
avoidance map or a numerical map) are formed by the
convolution of binary maps and an appropriate smooth
filter (see Figures 7, 8, and 9). The gradient maps illus-
trate regions of a patient’s anatomy that are appropriate
for a surgical procedure and other portions of a patient’s
anatomy that are not appropriate for surgical procedure.
For example, a gradient map includes dark values por-
tions which denote areas of a patient’s that must be avoid-
ed during a surgical procedure and bright portions which
denote areas of a patient’s anatomy that are suitable for
a surgical procedure.
[0082] The gradient maps formed in Step 1106 are
then fused into one single recommendation map in Step
1109 (see suturing map 1003 in Figure 10) by a fusion
operator in Step 1107. Although Figure 11 illustrates that
gradient maps are fused together, it should be noted that
value maps and/or segmented images can also be fused
together to form a single recommendation map. The sur-
gical tasks or procedures obtained in Step 1108 dictates
which maps are used by the operator and what type of
mathematical operator should be used. An example of
the fusion operator described in Step 1107 is a multipli-
cation operator. As an example for suturing, tissue pa-
rameters relevant for suturing include perfusion, thick-
ness, blood vessels, and tissue type, so all these maps
can be multiplied. As an example for cutting, tissue type
is important, so such a map can be used.
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[0083] From the generated recommendation map in
Step 1109, local peaks or maxima (for example, optimal
suture points) can be determined in Step 1110 and dis-
played to the surgeon or the surgical system in Step 1111
(see Figure 10). Local peaks and/or maxima can be de-
termined by the above-noted equation described with re-
gard to Figure 10. An example of display to a surgeon
includes displaying optimal suture points on an original
image of a patient’s anatomy (see Figures 6 and 10).
[0084] Next, a hardware description of device 16 ac-
cording to exemplary embodiments is described with ref-
erence to Figure 12. In Figure 12, the device 16 includes
a CPU 1200 which performs the processes described
above. The process data and instructions may be stored
in memory 1202. These processes and instructions may
also be stored on a storage medium disk 1204 such as
a hard drive (HDD) or portable storage medium or may
be stored remotely. Further, the claimed advancements
are not limited by the form of the computer-readable me-
dia on which the instructions of the inventive process are
stored. For example, the instructions may be stored on
CDs, DVDs, in FLASH memory, RAM, ROM, PROM,
EPROM, EEPROM, hard disk or any other information
processing device with which the device 16 communi-
cates, such as a server or computer.
[0085] Further, the claimed advancements may be
provided as a utility application, background daemon, or
component of an operating system, or combination there-
of, executing in conjunction with CPU 1200 and an op-
erating system such as Microsoft Windows 7, UNIX, So-
laris, LINUX, Apple MAC-OS, iOS, Android and other
systems known to those skilled in the art.
[0086] CPU 1200 may be a processor from Intel of
America, ARM processor, or processor from AMD of
America, or may be other processor types that would be
recognized by one of ordinary skill in the art. Alternatively,
the CPU 1200 may be implemented on an FPGA, ASIC,
PLD or using discrete logic circuits, as one of ordinary
skill in the art would recognize. Further, CPU 1200 may
be implemented as multiple processors cooperatively
working in parallel to perform the instructions of the in-
ventive processes described above.
[0087] The device 16 in Figure 12 also includes a net-
work controller 1206, such as an Intel Ethernet PRO net-
work interface card from Intel Corporation of America,
for interfacing with network 1250. As can be appreciated,
the network 1250 can be a public network, such as the
Internet, or a private network such as an LAN or WAN
network, or any combination thereof and can also include
PSTN or ISDN sub-networks. The network 1250 can also
be wired, such as an Ethernet network, or can be wireless
such as a cellular network including EDGE, 3G and 4G
wireless cellular systems. The wireless network can also
be WiFi, Bluetooth, or any other wireless form of com-
munication that is known.
[0088] The device 16 further includes a display con-
troller 1208, such as a graphics adaptor for interfacing
with display 1210, such as a LCD monitor. A general

purpose I/O interface 1212 interfaces with a keyboard
and/or mouse 1214 as well as a touch screen panel 1216
on or separate from display 1210. General purpose I/O
interface also connects to a variety of peripherals 1218
including printers and scanners.
[0089] A sound controller 1220 is also provided in the
device 16 to interface with speakers/microphone 1222
thereby providing sounds and/or music.
[0090] The general purpose storage controller 1224
connects the storage medium disk 1204 with communi-
cation bus 1226, which may be an ISA, EISA, VESA,
PCI, or similar, for interconnecting all of the components
of the device 16. A description of the general features
and functionality of the display 1210, keyboard and/or
mouse 1214, as well as the display controller 1208, stor-
age controller 1224, network controller 1206, sound con-
troller 1220, and general purpose I/O interface 1212 is
omitted herein for brevity as these features are known.
[0091] Obviously, numerous modifications and varia-
tions of the present disclosure are possible in light of the
above teachings. It is therefore to be understood that
within the scope of the appended claims, the embodiment
may be practiced otherwise than as specifically de-
scribed herein. The functions, processes, and algorithms
described herein may be performed in hardware or soft-
ware executed by hardware, including computer proces-
sors and/or programmable processing circuits config-
ured to execute program code and/or computer instruc-
tions to execute the functions, processes, and algorithms
described herein. A processing circuit includes a pro-
grammed processor, as a processor includes circuitry. A
processing circuit also includes devices such as an ap-
plication specific integrated circuit (ASIC) and conven-
tional circuit components arranged to perform the recited
functions.
[0092] The functions and features described herein
may also be executed by various distributed components
of a system. For example, one or more processors may
execute these system functions, wherein the processors
are distributed across multiple components communicat-
ing in a network. The distributed components may include
one or more client and/or server machines, in addition to
various human interface and/or communication devices
(e.g., display monitors, smart phones, tablets, personal
digital assistants (PDAs)). The network may be a private
network, such as a LAN or WAN, or may be a public
network, such as the Internet. Input to the system may
be received via direct user input and/or received remotely
either in real-time or as a batch process. Additionally,
some implementations may be performed on modules or
hardware not identical to those described. Accordingly,
other implementations are within the scope that may be
claimed.
[0093] It must be noted that, as used in the specification
and the appended claims, the singular forms "a," "an,"
and "the" include plural referents unless the context clear-
ly dictates otherwise.

21 22 



EP 3 108 447 B1

13

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A method for providing information for a medical sur-
gical procedure, the method comprising:

acquiring, using circuitry, a plurality of multi-
spectral images (201, 202, 203) representing a
portion of an anatomy of a patient;
performing image processing on each of the plu-
rality of multispectral images (201, 202, 203) to
form a plurality of value maps (205, 206, 207),
each value map identifying aspects of the por-
tion of the anatomy of the patient by assigned
values;
combining the plurality of value maps (205, 206,
207) into a single recommendation map (1003);
determining optimal points for performing the
medical surgical procedure based on the single
recommendation map (1003); and
displaying the optimal points for the medical sur-
gical procedure by overlaying the optimal points
on an original image of the portion of the anat-
omy of the patient,

the method further comprising:

calculating diffuse reflectance values for the plu-
rality of multispectral images;
selecting a reference diffuse reflectance value
from the diffuse reflectance values and deter-
mining corresponding ratios between corre-
sponding diffuse reflectance values and the ref-
erence diffuse reflectance value; and
determining a thickness map, as one of the plu-
rality of value maps (205, 206, 207), correspond-
ing to thickness of different portions of the anat-
omy of the patient based on the determined cor-
responding ratios,

the method further comprising:

extracting a foreground and a background from
the plurality of multispectral images (201, 202,
203) to extract blood vessels; and
determining a vessel map, as one of the plurality
of value maps (205, 206, 207), corresponding
to vessels in different portions of the anatomy
of the patient based on said extracting.

2. The method for providing information according to
claim 1, further comprising:

analyzing proportions of corresponding signal
intensity of the plurality of multispectral images
(201, 202, 203); and
determining a perfusion map, as one of the plu-
rality of value maps (205, 206, 207), correspond-
ing to an amount of blood perfusion in different

portions of the anatomy of the patient based on
said analyzing.

3. The method for providing information according to
claim 1 or 2, wherein said extracting said foreground
includes:

applying a blood vessel segmentation algorithm
to the plurality of multispectral images (201, 202,
203); and
extracting a centerline or a vessel skeleton from
the plurality of multispectral images based on
said blood vessel segmentation algorithm.

4. The method for providing information according to
any one of claims 1 to 3, wherein the optimal points
for the medical surgical procedure are determined
based on calculation of local maxima in the single
recommendation map (1003), which includes the
thickness map.

5. The method for providing information according to
any one of claims 1 to 4, wherein the optimal points
for the medical surgical procedure are determined
based on calculation of local maxima in the single
recommendation map (1003), which includes the
vessel map.

6. The method for providing information according to
any one of claims 1 to 5, wherein the plurality of mul-
tispectral images (201, 202, 203) are at least one of
cross-polarized images and parallel polarization im-
ages.

7. The method for providing information according to
any one of claims 1 to 6, wherein the plurality of value
maps (205, 206, 207) include dark portions of the
anatomy of the patient and bright portions of the anat-
omy of the patient, and wherein the dark portions of
the anatomy of the patient indicate portions of the
anatomy of the patient that need to be avoided during
the medical surgical procedure and the bright por-
tions of the anatomy of the patient indicate other por-
tions of the anatomy of the patient that are appropri-
ate for the medical surgical procedure.

8. The method for providing information according to
claim 7, wherein the plurality of value maps (205,
206, 207) include a scale indicating values from 0 to
1, wherein the values closer to 0 correspond to the
dark portions of the anatomy of the patient and the
values closer to 1 correspond to the bright portions
of the anatomy of the patient.

9. The method for providing information according to
any one of claims 1 to 8, wherein each of the plurality
of value maps (205, 206, 207) corresponds to a dif-
ferent portion of the anatomy of the patient and/or to
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a different anatomical feature of the anatomy of the
patient.

10. The method for providing information according to
any one of claims 1 to 9, further comprising segment-
ing the representation of the portion of the anatomy
of the patient to form a plurality of segmented images
based on predetermined anatomical or geometric in-
formation.

11. The method for proving information according to any
one of claims 1 to 10, wherein:

the medical surgical procedure is suturing, and
the optimal points is optimal suture points,
the medical surgical procedure is stapling, and
the optimal points is optimal stapling points,
the medical surgical procedure is suturing and
stapling, and the optimal points is at least one
of optimal suture and stapling points, or
the medical surgical procedure is cutting.

12. An apparatus for providing information for a medical
surgical procedure, the apparatus comprising:
circuitry configured to perform the method according
to any one of claims 1-11.

13. A computer program including computer-readable
instructions, that when executed by a computer,
cause the computer to execute the method accord-
ing to any one of claims 1-11.

Patentansprüche

1. Verfahren zur Bereitstellung von Informationen für
einen medizinischen chirurgischen Eingriff, wobei
das Verfahren umfasst:

Erfassen einer Mehrzahl multispektraler Bilder
(201, 202, 203), die einen Teil der Anatomie ei-
nes Patienten darstellen, mithilfe von Schaltun-
gen,
Ausführen einer Bildverarbeitung an jedem der
Mehrzahl multispektraler Bilder (201, 202, 203),
um eine Mehrzahl Wertkarten (205, 206, 207)
zu bilden, wobei jede Wertkarte Aspekte des
Teils der Anatomie des Patienten mit zugewie-
senen Werten identifiziert,
Zusammenfassen der Mehrzahl Wertkarten
(205, 206, 207) zu einer einzelnen Empfeh-
lungskarte (1003),
Bestimmen optimaler Stellen zur Durchführung
des medizinischen chirurgischen Eingriffs an-
hand der einzelnen Empfehlungskarte (1003)
und
Anzeigen der optimalen Stellen für den medizi-
nischen chirurgischen Eingriff durch Überlagern

der optimalen Stellen auf ein Originalbild des
Teils der Anatomie des Patienten, wobei das
Verfahren ferner umfasst:

Berechnen von diffusen Reflexionswerten
für die Mehrzahl multispektraler Bilder,
Auswählen eines Referenzwertes für die
diffuse Reflexion aus den diffusen Reflexi-
onswerten und bestimmen entsprechender
Verhältnisse zwischen entsprechenden dif-
fusen Reflexionswerten und dem Referenz-
wert und
Bestimmen einer Dickekarte als einer der
Mehrzahl Dickekarten (205, 206, 207), die
einer Dicke von unterschiedlichen Teilen
der Anatomie des Patienten entsprechen,
anhand der bestimmten entsprechenden
Verhältnisse,
wobei das Verfahren ferner umfasst:

Extrahieren eines Vordergrundes und
eines Hintergrundes aus der Mehrzahl
multispektraler Bilder (201, 202, 203),
um Blutgefäße zu extrahieren, und
Bestimmen einer Gefäßkarte als einer
der Mehrzahl Wertkarten (205, 206,
207), die den Gefäßen von unter-
schiedlichen Teilen der Anatomie des
Patienten entsprechen, aufgrund der
Extraktion:

2. Verfahren nach Anspruch 1, ferner umfassend:

Analysieren von Anteilen der entsprechenden
Signalintensität der Mehrzahl multispektraler
Bilder (201, 202, 203) und
Bestimmen einer Durchblutungskarte als einer
der Mehrzahl Wertkarten (205, 206, 207), die
einer Menge an Blutperfusion von unterschied-
lichen Teilen der Anatomie des Patienten ent-
sprechen, aufgrund der Analyse.

3. Verfahren nach Anspruch 1 oder 2, wobei das Ex-
trahieren des Vordergrundes umfasst:

Anwenden eines Blutgefäß-Segmentationsal-
gorithmus auf die Mehrzahl multispektraler Bil-
der (201, 202, 203) und
Extrahieren einer Mittellinie oder eines
Gefäßskeletts aus der Mehrzahl multispektraler
Bilder aufgrund des Blutgefäß-Segmentations-
algorithmus.

4. Verfahren nach einem der Ansprüche 1 - 3, wobei
die optimalen Stellen für den medizinischen chirur-
gischen Eingriff aufgrund einer Berechnung der lo-
kalen Maxima in der einzelnen Empfehlungskarte
(1003), die die Dickekarte umfasst.
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5. Verfahren nach einem der Ansprüche 1 - 4, wobei
die optimalen Stellen für den medizinischen chirur-
gischen Eingriff aufgrund einer Berechnung der lo-
kalen Maxima in der einzelnen Empfehlungskarte
(1003), die die Gefäßkarte umfasst.

6. Verfahren nach einem der Ansprüche 1 - 5, wobei
die Mehrzahl multispektraler Bilde (201, 202, 203)
mindestens eines von kreuzpolarisierten Bildern und
Parallelpolarisationsbildern ist.

7. Verfahren nach einem der Ansprüche 1 - 6, wobei
die Mehrzahl Wertkarten (205, 206, 207) dunkle Tei-
le der Anatomie des Patienten und helle Teile der
Anatomie des Patienten enthalten, und wobei die
dunklen Teile der Anatomie des Patienten Teile der
Anatomie des Patienten anzeigen, die beim Eingriff
zu vermeiden sind, und die hellen Teile der Anatomie
des Patienten Teile der Anatomie des Patienten an-
zeigen, die für den Eingriff geeignet sind.

8. Verfahren nach Anspruch 7, wobei die Mehrzahl
Wertkarten (205, 206, 207) einen Maßstab umfasst,
der Werte von 0 bis 1 anzeigt, wobei die Werte, die
0 näher liegen, den dunklen Teilen der Anatomie des
Patienten entsprechen und die Werte, die 1 näher
liegen, den hellen Teilen der Anatomie des Patienten
entsprechen.

9. Verfahren nach einem der Ansprüche 1 - 8, wobei
jede der Mehrzahl Wertkarten (205, 206, 207) einem
unterschiedlichen Teil der Anatomie des Patienten
und/oder einer unterschiedlichen anatomischen Be-
sonderheit der Anatomie des Patienten entspricht.

10. Verfahren nach einem der Ansprüche 1 - 9, ferner
umfassend Segmentieren der Darstellung des Teils
der Anatomie des Patienten, um eine Mehrzahl seg-
mentierter Bilder aufgrund vorgegebener anatomi-
scher oder geometrischer Informationen zu erstel-
len.

11. Verfahren nach einem der Ansprüche 1 - 10, wobei
es sich beim Eingriff um Nähen handelt und es sich
bei den optimalen Stellen um optimale Nahtstellen
handelt,
es sich beim Eingriff um Klammern handelt und es
sich bei den optimalen Stellen um optimale Klam-
merstellen handelt,
es sich beim Eingriff um Nähen und Klammern han-
delt, und es sich bei den optimalen Stellen um min-
destens eines von optimalen Naht- und Klammer-
stellen handelt, oder
es sich beim Eingriff um Schneiden handelt.

12. Vorrichtung zur Bereitstellung von Informationen für
einen medizinischen chirurgischen Eingriff, wobei
die Vorrichtung umfasst:

Schaltungen, die zur Ausführung des Verfahrens
nach einem der Ansprüche 1 - 11 konfiguriert sind.

13. Computerprogramm, umfassend computerlesbare
Befehle, die bei Ausführung durch einen Computer
diesen dazu veranlassen, das Verfahren nach einem
der Ansprüche 1 - 11 auszuführen.

Revendications

1. Procédé de fourniture d’informations pour une pro-
cédure chirurgicale médicale, le procédé
comprenant :

l’acquisition, au moyen de circuits, d’une plura-
lité d’images multispectrales (201, 202, 203) re-
présentant une partie d’une anatomie d’un
patient ;
la conduite d’un traitement d’image sur chacune
de la pluralité d’images multispectrales (201,
202, 203) pour former une pluralité de cartes de
valeurs (205, 206, 207), chaque carte de valeurs
identifiant des aspects de la partie de l’anatomie
du patient par des valeurs assignées ;
la combinaison de la pluralité de cartes de va-
leurs (205, 206, 207) dans une carte unique de
recommandations (1003) ;
la détermination de points optimaux pour con-
duire la procédure chirurgicale médicale sur la
base de la carte unique de recommandations
(1003) ; et
l’affichage des points optimaux pour la procé-
dure chirurgicale médicale par superposition
des points optimaux sur une image originale de
la partie de l’anatomie du patient,
le procédé comprenant en outre :

le calcul de valeurs de réflectance diffuse
pour la pluralité d’images multispectrales ;
la sélection d’une valeur de réflectance dif-
fuse de référence parmi les valeurs de ré-
flectance diffuse et la détermination de rap-
ports correspondants entre les valeurs de
réflectance diffuse correspondantes et la
valeur de réflectance diffuse de référence ;
et
la détermination d’une carte d’épaisseur,
comme étant l’une de la pluralité de cartes
de valeurs (205, 206, 207), correspondant
à l’épaisseur de différentes parties de l’ana-
tomie du patient sur la base des rapports
correspondants déterminés,
le procédé comprenant en outre :

l’extraction d’un premier plan et d’un ar-
rière-plan de la pluralité d’images mul-
tispectrales (201, 202, 203) pour extrai-
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re des vaisseaux sanguins ; et
la détermination d’une carte de vais-
seaux, comme étant l’une de la pluralité
de cartes de valeurs (205, 206, 207),
correspondant à des vaisseaux dans
différentes parties de l’anatomie du pa-
tient sur la base de ladite extraction.

2. Procédé de fourniture d’informations selon la reven-
dication 1, comprenant en outre :

l’analyse de proportions d’intensité de signal
correspondante de la pluralité d’images multis-
pectrales (201, 202, 203) ; et
la détermination d’une carte de perfusion, com-
me étant l’une de la pluralité de cartes de valeurs
(205, 206, 207), correspondant à une quantité
de perfusion sanguine dans différentes parties
de l’anatomie du patient sur la base de ladite
analyse.

3. Procédé de fourniture d’informations selon la reven-
dication 1 ou 2, dans lequel ladite extraction dudit
premier plan comprend :

l’application d’un algorithme de segmentation
de vaisseau sanguin à la pluralité d’images mul-
tispectrales (201, 202, 203) ; et
l’extraction d’une ligne centrale ou d’un squelet-
te de vaisseau à partir de la pluralité d’images
multispectrales sur la base dudit algorithme de
segmentation de vaisseau sanguin.

4. Procédé de fourniture d’informations selon l’une
quelconque des revendications 1 à 3, dans lequel
les points optimaux pour la procédure chirurgicale
médicale sont déterminés sur la base du calcul de
maxima locaux dans la carte unique de recomman-
dation (1003), qui comprend la carte d’épaisseur.

5. Procédé de fourniture d’informations selon l’une
quelconque des revendications 1 à 4, dans lequel
les points optimaux pour la procédure chirurgicale
médicale sont déterminés sur la base du calcul de
maximas locaux dans la carte unique de recomman-
dations (1003), qui comprend la carte de vaisseaux.

6. Procédé de fourniture d’informations selon l’une
quelconque des revendications 1 à 5, dans lequel la
pluralité d’images multispectrales (201, 202, 203)
est au moins l’une parmi des images à polarisation
croisée et des images à polarisation parallèle.

7. Procédé de fourniture d’informations selon l’une
quelconque des revendications 1 à 6, dans lequel la
pluralité de cartes de valeurs (205, 206, 207) com-
prend des parties sombres de l’anatomie du patient
et des parties claires de l’anatomie du patient, et

dans lequel les parties sombres de l’anatomie du
patient indiquent des parties de l’anatomie du patient
qui doivent être évitées pendant la procédure chirur-
gicale médicale et les parties claires de l’anatomie
du patient indiquent d’autres parties de l’anatomie
du patient qui sont appropriées pour la procédure
chirurgicale médicale.

8. Procédé de fourniture d’informations selon la reven-
dication 7, dans lequel la pluralité de cartes de va-
leurs (205, 206, 207) comprend une échelle indi-
quant des valeurs de 0 à 1, dans lequel les valeurs
plus proches de 0 correspondent aux parties som-
bres de l’anatomie du patient et les valeurs plus pro-
ches de 1 correspondent aux parties claires de l’ana-
tomie du patient.

9. Procédé de fourniture d’informations selon l’une
quelconque des revendications 1 à 8, dans lequel
chacune de la pluralité de cartes de valeurs (205,
206, 207) correspond à une partie différente de l’ana-
tomie du patient et/ou à une caractéristique anato-
mique différente de l’anatomie du patient.

10. Procédé de fourniture d’informations selon l’une
quelconque des revendications 1 à 9, comprenant
en outre la segmentation de la représentation de la
partie de l’anatomie du patient pour former une plu-
ralité d’images segmentées sur la base d’informa-
tions anatomiques ou géométriques prédétermi-
nées.

11. Procédé de fourniture d’informations selon l’une
quelconque des revendications 1 à 10, dans lequel :

la procédure chirurgicale médicale est une su-
ture, et les points optimaux sont des points de
suture optimaux,
la procédure chirurgicale médicale est un agra-
fage, et les points optimaux sont des points
d’agrafage optimaux,
la procédure chirurgicale médicale est une su-
ture et un agrafage, et les points optimaux sont
au moins l’un parmi des points de suture et
d’agrafage optimaux, ou
la procédure chirurgicale médicale est une inci-
sion.

12. Appareil de fourniture d’informations pour une pro-
cédure chirurgicale médicale, l’appareil
comprenant :
des circuits configurés pour conduire le procédé se-
lon l’une quelconque des revendications 1 à 11.

13. Programme informatique comprenant des instruc-
tions lisibles par ordinateur qui,
lorsqu’elles sont exécutées par un ordinateur, amè-
nent l’ordinateur à exécuter le procédé selon l’une
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quelconque des revendications 1 à 11.
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