
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2015/0320325 A1 

Sheehan et al. 

US 2015 0320325A1 

(43) Pub. Date: Nov. 12, 2015 

(54) 

(71) 

(72) 

(21) 

(22) 

(60) 

(51) 

DEVICES, SYSTEMS, AND METHODS FOR 
VESSEL ASSESSMENT 

Applicant: Koninklijke Philips N.V., Amsterdam 
(NL) 

Inventors: David M. Sheehan, Poway, CA (US); 
Bernhard Sturm, Davis, CA (US) 

Appl. No.: 14/702.940 

Filed: May 4, 2015 

Related U.S. Application Data 
Provisional application No. 61/989,219, filed on May 
6, 2014. 

Publication Classification 

Int. C. 
A6 IB5/02 (2006.01) 
A6 IF 2/82 (2006.01) 
A6B 9/00 (2006.01) 
A6 IB 6/03 (2006.01) 
A6B 5/07 (2006.01) 
A6 IB 8/2 (2006.01) 
A6 IB 8/08 (2006.01) 
GOIR 33/34 (2006.01) 
A6 IB 6/00 (2006.01) 
A6 IB5/00 (2006.01) 
GOIR 33/48 (2006.01) 

(52) U.S. Cl. 
CPC ........... A61 B 5/02007 (2013.01); A61B5/4848 

(2013.01); A61F 2/82 (2013.01); A61B 
19/5225 (2013.01); A61B 6/032 (2013.01); 

A61B 6/037 (2013.01); G0IR 33/48 (2013.01); 
A61B 8/12 (2013.01); A61B 8/0883 (2013.01); 

G0IR 33/34084 (2013.01); A61B5/0095 
(2013.01); A61B 6/504 (2013.01); A61B 

5/1075 (2013.01); A61B 5/1076 (2013.01); 
A61B5/1079 (2013.01); A61B 2019/5289 

(2013.01); A61B 2019/5234 (2013.01); A61 B 
2576/02 (2013.01) 

(57) ABSTRACT 

Devices, systems, and methods for visually depicting a vessel 
and evaluating a physiological condition of the vessel are 
disclosed. One embodiment includes obtaining, at a first time, 
a first image of the vessel, the image being in a first medical 
modality, and obtaining, at a second time Subsequent to the 
first time, a second image of the vessel, the image being in the 
first medical modality. The method also includes spatially 
co-registering the first and second images and outputting a 
visual representation of the co-registered first and second 
images on a display. Further, the method includes determin 
ing a physiological difference between the vessel at the first 
time and the vessel at the second time based on the co 
registered first and second images, and evaluating the physi 
ological condition of the vessel of the patient based on the 
determined physiological difference. 
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DEVICES, SYSTEMS, AND METHODS FOR 
VESSEL ASSESSMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority to and the 
benefit of the U.S. Provisional Patent Application No. 61/989, 
219, filed May 6, 2014, which is hereby incorporated by 
reference in its entirety. 

TECHNICAL FIELD 

0002 The present disclosure relates generally to the 
assessment of vessels and, in particular, the assessment of 
physiological changes in vessels over time. Aspects of the 
present disclosure are particularly Suited for evaluation of 
biological vessels in some instances. For example, some par 
ticular embodiments of the present disclosure are specifically 
configured for the evaluation of a Stenosis of a human blood 
vessel. 

BACKGROUND 

0003. A currently accepted technique for assessing the 
severity of a stenosis in a blood vessel, including ischemia 
causing lesions, is fractional flow reserve (FFR). FFR is a 
calculation of the ratio of a distal pressure measurement 
(taken on the distal side of the stenosis) relative to a proximal 
pressure measurement (taken on the proximal side of the 
stenosis). FFR provides an index of stenosis severity that 
allows determination as to whether the blockage limits blood 
flow within the vessel to an extent that treatment is required. 
The normal value of FFR in a healthy vessel is 1.00, while 
values less than about 0.80 are generally deemed significant 
and require treatment. Common treatment options include 
percutaneous coronary intervention (PCI or angioplasty), 
stenting, or coronary artery bypass graft (CABG) Surgery. As 
with all medical procedures, certain risks are associated with 
PCI, stenting, and CABG procedures. In order for a surgeon 
to make a better-informed decision regarding treatment 
options, additional information about the risk and likelihood 
of Success associated with the treatment options is needed. 
0004 Additionally, numerical calculations such as FFR 
are used to track the effectiveness of an intravascular proce 
dure. Such as the insertion of a stent in a vessel. Typically, to 
evaluate the effectiveness of an intravascular procedure, a 
practitioner will conduct a longitudinal study over a time 
period that encompasses the procedure. For example, FFR 
calculations may be performed before and after an intravas 
cular procedure to track the improvement of the patient. How 
ever, Such numerical-based longitudinal studies are less than 
ideal because they require a practitioner to perform mental 
estimations about any physiological changes in the vessel. 
0005 Accordingly, there remains a need for improved 
devices, systems, and methods for assessing physiological 
changes in a vessel over time. 

SUMMARY 

0006 Embodiments of the present disclosure are config 
ured to assess physiological changes in a vessel over time. In 
Some particular embodiments, the devices, systems, and 
methods of the present disclosure are configured to provide 
co-registered visual depictions of a vessel at different points 
in time that allow assessment of changes in the vessel. Fur 
ther, in Some embodiments, the devices, systems, and meth 
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ods of the present disclosure are configured to provide co 
registered visual depictions of a vessel in different imaging 
modalities that facilitate assessment of the vessel over a time 
period. 
0007. In one embodiment, a method of evaluating a vessel 
of a patient is provided. The method includes obtaining, at a 
first time, a first graphical diagnostic measurement of the 
vessel of the patient, the first graphical diagnostic measure 
ment being in a first medical modality, and obtaining, at a 
second time Subsequent to the first time, a second graphical 
diagnostic measurement of the vessel, the graphical diagnos 
tic measurement being in the first medical modality. The 
method also includes spatially co-registering the first and 
second graphical diagnostic measurements, and outputting a 
visual representation of the co-registered first and second 
graphical diagnostic measurements on a display. Addition 
ally, the method includes determining a physiological differ 
ence between the vessel at the first time and the vessel at the 
second time based on the co-registered first and second 
graphical diagnostic measurements, and evaluating the physi 
ological condition of the vessel of the patient based on the 
determined physiological difference. 
0008. In another embodiment, a second method of evalu 
ating a vessel of a patient is disclosed. The method includes 
obtaining, at a first time, a first graphical diagnostic measure 
ment of the vessel, the first graphical diagnostic measurement 
being in a first medical imaging modality, and obtaining, at 
the first time, a second graphical diagnostic measurement of 
the Vessel, the Second graphical diagnostic measurement 
being in a second medical imaging modality different than the 
first medical imaging modality. The method also includes 
obtaining, at a second time, a third graphical diagnostic mea 
Surement of the vessel, the third graphical diagnostic mea 
Surement being in the first medical imaging modality, and 
obtaining, at the second time, a fourth graphical diagnostic 
measurement of the vessel, the fourth graphical diagnostic 
measurement being in the second medical imaging modality. 
Additionally, the method includes spatially co-registering the 
first and third graphical diagnostic measurements, spatially 
co-registering the second and fourth graphical diagnostic 
measurements, and spatially and temporally co-registering 
the first and second graphical diagnostic measurements. The 
method further includes outputting a visual representation of 
the co-registered first, second, third, and fourth graphical 
diagnostic measurements on a display, and determining a 
physiological difference between the vessel at the first time 
and the vessel at the second time based on at least one of the 
co-registered first and third graphical diagnostic measure 
ments and the co-registered second and fourth graphical diag 
nostic measurements. The method also includes evaluating 
the physiological condition of the vessel based on the deter 
mined physiological difference. 
0009. In yet another embodiment, a system of evaluating a 
vessel of a patient is disclosed. The system includes an instru 
ment configured to obtain graphical diagnostic measure 
ments of the vessel of the patient and a processing system in 
communication with the first instrument. The processing unit 
is configured to obtain, at a first time, a first graphical diag 
nostic measurement of the vessel from the instrument, the 
first graphical diagnostic measurement being in a first medi 
cal modality and obtain, at a second time Subsequent to the 
first time, a second graphical diagnostic measurement of the 
vessel from the instrument, the graphical diagnostic measure 
ment being in the first medical modality. The processing unit 
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is also configured to spatially co-register the first and second 
graphical diagnostic measurements and output a visual rep 
resentation of the co-registered first and second graphical 
diagnostic measurements on a display. Additionally, the pro 
cessing unit is configured to determine a physiological dif 
ference between the vessel at the first time and the vessel at 
the second time based on the co-registered first and second 
graphical diagnostic measurements, and evaluate the physi 
ological condition of the vessel of the patient based on the 
determined physiological difference 
0010 Additional aspects, features, and advantages of the 
present disclosure will become apparent from the following 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 Illustrative embodiments of the present disclosure 
will be described with reference to the accompanying draw 
ings, of which: 
0012 FIG. 1 is a schematic drawing depicting a medical 
system including a multi-modality processing system accord 
ing to one embodiment of the present disclosure. 
0013 FIG. 2 is a diagrammatic perspective view of a ves 
sel having a stenosis according to an embodiment of the 
present disclosure. 
0014 FIG. 3 is a diagrammatic, partial cross-sectional 
perspective view of a portion of the vessel of FIG. 2 taken 
along section line 3-3 of FIG. 2. 
0015 FIG. 4 is a diagrammatic, schematic view of a medi 
cal system according to an embodiment of the present disclo 
SU 

0016 FIGS. 5-8 are stylized images of a portion of a 
patient’s vasculature according to embodiments of the 
present disclosure. 
0017 FIG.9 illustrates a simplified flow chart of a method 
of assessing the condition of a vessel over time, according to 
embodiments of the present disclosure. 
0018 FIG. 10 illustrates a graphical user interface (GUI) 
screen configured to facilitate the multi-modality assessment 
of a patient's vasculature over time, according to aspects of 
the present disclosure. 
0019 FIG. 11 illustrates a simplified flow chart of a 
method for assessing the condition of a vessel over time, 
according to another embodiment of the present disclosure. 

DETAILED DESCRIPTION 

0020 For the purposes of promoting an understanding of 
the principles of the present disclosure, reference will now be 
made to the embodiments illustrated in the drawings, and 
specific language will be used to describe the same. It is 
nevertheless understood that no limitation to the scope of the 
disclosure is intended. Any alterations and further modifica 
tions to the described devices, systems, and methods, and any 
further application of the principles of the present disclosure 
are fully contemplated and included within the present dis 
closure as would normally occur to one skilled in the art to 
which the disclosure relates. In particular, it is fully contem 
plated that the features, components, and/or steps described 
with respect to one embodiment may be combined with the 
features, components, and/or steps described with respect to 
other embodiments of the present disclosure. For the sake of 
brevity, however, the numerous iterations of these combina 
tions will not be described separately. 
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0021 FIG. 1 is a schematic drawing depicting a medical 
system 100 including a multi-modality processing system 
101 according to one embodiment of the present disclosure. 
In general, the medical system 100 provides for coherent 
integration and consolidation of multiple forms of acquisition 
and processing elements designed to be sensitive to a variety 
of methods used to acquire and interpret human biological 
physiology and morphological information. More specifi 
cally, in System 100, the multi-modality processing system 
101 is an integrated device for the acquisition, control, inter 
pretation, and display of multi-modality medical data. In one 
embodiment, the processing system 101 is a computer system 
with the hardware and Software to acquire, process, and dis 
play multi-modality medical data, but, in other embodiments, 
the processing system 101 may be any other type of comput 
ing system operable to process medical sensing data. In the 
embodiments in which processing system 101 is a computer 
workstation, the system includes at least a processor Such as 
a microcontroller or a dedicated central processing unit 
(CPU), a non-transitory computer-readable storage medium 
Such as a hard drive, random access memory (RAM), and/or 
compact disk read only memory (CD-ROM), one or more 
Video controllers such as a graphics processing unit (GPU), 
and a network communication device Such as an Ethernet 
controller. In that regard, in some particular instances the 
processing system 101 is programmed to execute steps asso 
ciated with the data acquisition, analysis, and co-registration 
described herein. Accordingly, it is understood that any steps 
related to data acquisition, data processing, instrument con 
trol, and/or other processing or control aspects of the present 
disclosure may be implemented by the processing system 
using corresponding instructions stored on or in a non-tran 
sitory computer readable medium accessible by the process 
ing system. In some instances, the processing system 101 is a 
console computing device. In some particular instances, the 
processing system 101 is similar to the s5TMImaging System, 
the S5iTMImaging System, or other imaging systems available 
from Volcano Corporation. In some instances, the processing 
system 101 is portable (e.g., handheld, on a rolling cart, etc.). 
Further, it is understood that in some instances processing 
system 101 comprises a plurality of computing devices. In 
that regard, it is particularly understood that the different 
processing and/or control aspects of the present disclosure 
may be implemented separately or within predefined group 
ings using a plurality of computing devices. Any divisions 
and/or combinations of the processing and/or control aspects 
described below across multiple computing devices are 
within the scope of the present disclosure. 
0022. In the illustrated embodiment, the medical system 
100 is deployed in a catheter lab 102 having a control room 
104, with the processing system 101 being located in the 
control room. In other embodiments, the processing system 
101 may be located elsewhere, such as in the catheter lab 102. 
in a centralized area in the medical facility, or at an off-site 
location. The catheter lab 102 includes a sterile field but its 
associated control room 104 may or may not be sterile 
depending on the requirements of a procedure and/or health 
care facility. The catheter lab and control room may be used to 
perform on a patient any number of medical procedures Such 
as angiography, intravascular ultrasound (IVUS), virtual his 
tology (VH), forward looking IVUS (FL-IVUS), intravascu 
lar photoacoustic (IVPA) imaging, near-infrared Spectros 
copy (NIRS), a fractional flow reserve (FFR) determination 
or other pressure-based determination (e.g. iFR), a coronary 
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flow reserve (CFR) determination, optical coherence tomog 
raphy (OCT), intravascular OCT computed tomography 
(CT), intracardiac echocardiography (ICE), forward-looking 
ICE (FLICE), intravascular palpography, transesophageal 
ultrasound, or any other medical sensing modalities known in 
the art. Further, the catheter lab and control room may be used 
to perform one or more treatment or therapy procedures on a 
patient such as radiofrequency ablation (RFA), cryotherapy, 
atherectomy, stenting, or any other medical treatment proce 
dure known in the art. For example, in catheter lab 102 a 
patient 106 may be undergoing a multi-modality procedure 
either as a single procedure or in combination with one or 
more sensing procedures. In any case, the catheter lab 102 
includes a plurality of medical instruments including medical 
sensing devices that may collect medical sensing data in 
various different medical sensing modalities from the patient 
106. 

0023 Instruments 108 and 110 are medical sensing 
devices that may be utilized by a clinician to acquire medical 
sensing data about the patient 106. In a particular instance, the 
device 108 collects medical sensing data in one modality and 
the device 110 collects medical sensing data in a different 
modality. For instance, the instruments may each collect one 
of pressure, flow (velocity), images (including images 
obtained using ultrasound (e.g., IVUS), OCT, IVPA, intravas 
cular MRI, thermal, ICE. Trans Esophageal Echo (TEE), 
Trans Thoracic Echo (TTE) and/or other internal imaging 
techniques), temperature, and/or combinations thereof. The 
instruments 108 and 110 may be any form of device, instru 
ment, or probe sized and shaped to be positioned within a 
vessel, attached to an exterior of the patient, or scanned across 
a patient at a distance. 
0024. In the illustrated embodiment of FIG. 1, instrument 
108 is an intravascular IVUS catheter that may include one or 
more sensors such as a phased-array transducer to collect 
IVUS sensing data. In some embodiments, the IVUS catheter 
may be capable of multi-modality sensing such as IVUS and 
IVPA sensing. Further, in the illustrated embodiment, the 
instrument 110 is an intravascular OCT catheter that may 
include one or more optical sensors configured to collect 
OCT sensing data. In a further embodiment, a single instru 
ment incorporates aspects of the functionalities (e.g., data 
acquisition) of both instruments 108 and 110. In the illus 
trated embodiment of FIG. 1, an IVUS patient interface mod 
ule (PIM) 112 and an OCT PIM114 respectively couple the 
instrument 108 and instrument 110 to the medical system 
100. In particular, the IVUS PIM 112 and the OCT PIM 114 
are operable to respectively receive medical sensing data 
collected from the patient 106 by the instrument 108 and 
instrument 110 and are operable to transmit the received data 
to the processing system 101 in the control room 104. In one 
embodiment, the PIMs 112 and 114 include analog to digital 
(A/D) converters and transmit digital data to the processing 
system 101, however, in other embodiments, the PIMs trans 
mit analog data to the processing system. In one embodiment, 
the IVUS PIM 112 and OCT PIM 114 transmit the medical 
sensing data over a Peripheral Component Interconnect 
Express (PCIe) data bus connection, but, in other embodi 
ments, they may transmit data over a USB connection, a 
Thunderbolt connection, a FireWire connection, or some 
other high-speed data bus connection. In other instances, the 
PIMs may be connected to the processing system 101 via 
wireless connections using IEEE 802.11 Wi-Fi standards, 
Ultra Wide-Band (UWB) standards, wireless FireWire, wire 
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less USB, or another high-speed wireless networking stan 
dard. In further embodiments, the connection hardware and 
functionality of the PIMs 112 and 114 is implemented in a 
single PIM that is coupled to both of instruments 108 and 110. 
0025. Additionally, in the medical system 100, an electro 
cardiogram (ECG) device 116 is operable to transmit electro 
cardiogram signals or other hemodynamic data from patient 
106 to the processing system 101. In some embodiments, the 
processing system 101 may be operable to synchronize data 
collected with the instruments 108 and 110 using ECG sig 
nals from the ECG 116. Further, an external imaging system 
117 is operable to collect X-ray images, angiogram images, 
ultrasound images, two or three-dimensional computed 
tomography (CT) images, computed tomography angiogram 
(CTA) images, positron emission tomography (PET) images, 
PET-CT images, magnetic resonance images (MRI), single 
photon emission computed tomography (SPECT) images, 
and/or any combination of the above images of the patient 
106 and transmit them to the processing system 101. In one 
embodiment, the external imaging system 117 may be com 
municatively coupled to the processing system to the process 
ing system 101 through an adapter device. Such an adaptor 
device may transform data from a proprietary third-party 
format into a format usable by the processing system 101. As 
will be explained in greater detail below, in some embodi 
ments, the processing system 101 may be operable to co 
register image data from external imaging system 117 (e.g., 
X-ray data, MRI data, CT data, etc.) with sensing data from 
the instruments 108 and 110 and other instruments internal 
and external to the catheter lab. As one aspect of this, the 
co-registration may be performed to generate three-dimen 
sional images with the sensing data. In another embodiment, 
medical data from the ECG and/or external imaging system 
117 may be temporally co-registered with medical data cap 
tured by either of (or both) instruments 108 and 110. Spatial 
and temporal co-registration will be discussed in greater 
detail in association with FIGS. 5-11. 

0026. A bedside controller 118 is also communicatively 
coupled to the processing system 101 and provides user con 
trol of the particular medical modality (or modalities) being 
used to diagnose the patient 106. In the current embodiment, 
the bedside controller 118 is a touch screen controller that 
provides user controls and diagnostic images on a single 
surface. In alternative embodiments, however, the bedside 
controller 118 may include both a non-interactive display and 
separate controls such as physical buttons and/orajoystick. In 
the integrated medical system 100, the bedside controller 118 
is operable to present workflow control options and patient 
image data in graphical user interfaces (GUIs). The bedside 
controller 118 is capable displaying workflows and diagnos 
tic images for multiple modalities allowing a clinician to 
control the acquisition of multi-modality medical sensing 
data with a single interface device. 
0027. A main controller 120 in the control room 104 is also 
communicatively coupled to the processing system 101 and, 
as shown in FIG. 1, is adjacent to catheter lab 102. In the 
current embodiment, the main controller 120 is similar to the 
bedside controller 118 in that it includes a touchscreen and is 
operable to display a multitude of GUI-based workflows cor 
responding to different medical sensing modalities via a UI 
framework service executing thereon. In some embodiments, 
the main controller 120 may be used to simultaneously carry 
out a different aspect of a procedure's workflow than the 
bedside controller 118. In alternative embodiments, the main 
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controller 120 may include a non-interactive display and stan 
dalone controls such as a mouse and keyboard. 
0028. The medical system 100 further includes a boom 
display 122 communicatively coupled to the processing sys 
tem 101. The boom display 122 may include an array of 
monitors, each capable of displaying different information 
associated with a medical sensing procedure. For example, 
during an IVUS procedure, one monitor in the boom display 
122 may display a tomographic view and one monitor may 
display a Sagittal view. 
0029. Further, in some embodiments, the multi-modality 
processing system 101 is communicatively coupled to a data 
network such as a TCP/IP-based local area network (LAN), a 
Synchronous Optical Networking (SONET) network, or a 
wide area network (WAN) or the Internet. The processing 
system 101 may connect to various resources via Such a 
network. For example, the processing system 101 may com 
municate with a Digital Imaging and Communications in 
Medicine (DICOM) system, a Picture Archiving and Com 
munication System (PACS), and a Hospital Information Sys 
tem (HIS) through the network. 
0030 Additionally, in the illustrated embodiment, medi 
cal instruments in system 100 discussed above are shown as 
communicatively coupled to the processing system 101 via a 
wired connection Such as a standard copper link or a fiber 
optic link, but, in alternative embodiments, the tools may be 
connected to the processing system 101 via wireless connec 
tions using IEEE 802.11 Wi-Fi standards, Ultra Wide-Band 
(UWB) standards, wireless FireWire, wireless USB, or 
another high-speed wireless networking standard. 
0031 One of ordinary skill in the art would recognize that 
the medical system 100 described above is simply an example 
embodiment of a system that is operable to collect diagnostic 
data associated with a plurality of medical modalities. In 
alternative embodiments, different and/or additional tools 
may be communicatively coupled to the processing system 
101 so as to contribute additional and/or different function 
ality to the medical system 100. 
0032 Referring to FIG. 2, shown therein is a vessel 124 
having a stenosis according to an embodiment of the present 
disclosure. In that regard, FIG. 2 is a diagrammatic perspec 
tive view of the vessel 124 that includes a proximal portion 
125 and a distal portion 126. A lumen 127 extends along the 
length of the vessel 124 between the proximal portion 125 and 
the distal portion 126. In that regard, the lumen 127 is con 
figured to allow the flow of fluid through the vessel. In some 
instances, the vessel 124 is a systemic blood vessel. In some 
particular instances, the vessel 124 is a coronary artery. In 
such instances, the lumen 127 is configured to facilitate the 
flow of blood through the vessel 124. 
0033. As shown, the vessel 124 includes a stenosis 128 
between the proximal portion 125 and the distal portion 126. 
Stenosis 128 is generally representative of any blockage or 
other structural arrangement that results in a restriction to the 
flow of fluid through the lumen 127 of the vessel 124. 
Embodiments of the present disclosure are suitable for use in 
a wide variety of vascular applications, including without 
limitation coronary, peripheral (including but not limited to 
lower limb, carotid, and neurovascular), renal, and/or venous. 
Where the vessel 124 is a blood vessel, the stenosis 128 may 
be a result of plaque buildup, including without limitation 
plaque components such as fibrous, fibro-lipidic (fibrofatty), 
necrotic core, calcified (dense calcium), blood, fresh throm 
bus, and mature thrombus. Generally, the composition of the 
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stenosis will depend on the type of vessel being evaluated. In 
that regard, it is understood that the concepts of the present 
disclosure are applicable to virtually any type of blockage or 
other narrowing of a vessel that results in decreased fluid flow. 
0034. Note that the stenosis 128 is exemplary in nature and 
should not be considered limiting in any way. In that regard, 
it is understood that the stenosis 128 has other shapes and/or 
compositions that limit the flow of fluid through the lumen 
127 in other instances. While the vessel 124 is illustrated in 
FIG. 2 as having a single stenosis 128 and the description of 
the embodiments below is primarily made in the context of a 
single Stenosis, it is nevertheless understood that the devices, 
systems, and methods described herein have similar applica 
tion for a vessel having multiple Stenosis regions. 
0035 Referring now to FIG.3, illustrated is a partial cross 
sectional perspective view of a portion of the vessel 124 taken 
along section line 3-3 of FIG. 2. In particular, the vessel 124 
is shown with instruments 130 and 132 positioned therein 
according to an embodiment of the present disclosure. In 
general, instruments 130 and 132 may be any form of device, 
instrument, or probe sized and shaped to be positioned within 
a vessel. In that regard, in Some instances instrument 132 is 
suitable for use as at least one of instruments 108 and 110 
discussed above. Accordingly, in Some instances the instru 
ment 132 includes features similar to those discussed above 
with respect to instruments 108 and 110 in some instances. In 
the illustrated embodiment, instrument 130 is generally rep 
resentative of a guide wire, while instrument 132 is generally 
representative of a catheter. In that regard, instrument 130 
extends through a central lumen of instrument 132. However, 
in other embodiments, the instruments 130 and 132 take other 
forms. In that regard, the instruments 130 and 132 are of 
similar form in some embodiments. For example, in some 
instances, both instruments 130 and 132 are guide wires. In 
other instances, both instruments 130 and 132 are catheters. 
On the other hand, the instruments 130 and 132 are of differ 
ent form in Some embodiments, such as the illustrated 
embodiment, where one of the instruments is a catheter and 
the other is a guide wire. Further, in Some instances, the 
instruments 130 and 132 are disposed coaxial with one 
another, as shown in the illustrated embodiment of FIG. 3. In 
other instances, one of the instruments extends through an 
off-center lumen of the other instrument. In yet other 
instances, the instruments 130 and 132 extend side-by-side. 
In some particular embodiments, at least one of the instru 
ments is as a rapid-exchange device. Such as a rapid-exchange 
catheter. In Such embodiments, the other instrument is a 
buddy wire or other device configured to facilitate the intro 
duction and removal of the rapid-exchange device. Further 
still, in other instances, instead of two separate instruments 
130 and 132 a single instrument is utilized. In that regard, the 
single instrument incorporates aspects of the functionalities 
(e.g., data acquisition) of both instruments 130 and 132 in 
Some embodiments. 

0036 Instrument 130 is configured to obtain medical diag 
nostic information (data) about the vessel 124. In that regard, 
the instrument 130 includes one or more sensors, transducers, 
and/or other monitoring elements configured to obtain the 
diagnostic information about the vessel. The diagnostic infor 
mation includes one or more of pressure, flow (velocity), 
images (including images obtained using ultrasound (e.g., 
IVUS, IVPA, etc.), intravascular OCT, near-infrared Spec 
troscopy (NIRS), intravascular MRI, thermal, and/or other 
endoluminal imaging techniques), temperature, and/or com 
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binations thereof. The one or more sensors, transducers, and/ 
or other monitoring elements are positioned adjacent a distal 
portion of the instrument 130 in some instances. In that 
regard, the one or more sensors, transducers, and/or other 
monitoring elements are positioned less than 30 cm, less than 
10 cm, less than 5 cm, less than 3 cm, less than 2 cm, and/or 
less than 1 cm from a distal tip 134 of the instrument 130 in 
Some instances. In some instances, at least one of the one or 
more sensors, transducers, and/or other monitoring elements 
is positioned at the distal tip of the instrument 130. 
0037. The instrument 130 may include at least one ele 
ment configured to monitor pressure within the vessel 124. 
The pressure monitoring element can take the form a piezo 
resistive pressure sensor, a piezo-electric pressure sensor, a 
capacitive pressure sensor, an electromagnetic pressure sen 
Sor, a fluid column (the fluid column being in communication 
with a fluid column sensor that is separate from the instrument 
and/or positioned at a portion of the instrument proximal of 
the fluid column), an optical pressure sensor, and/or combi 
nations thereof. In some instances, one or more features of the 
pressure monitoring element are implemented as a Solid-state 
component manufactured using semiconductor and/or other 
Suitable manufacturing techniques. Examples of commer 
cially available guide wire products that include suitable pres 
Sure monitoring elements include, without limitation, the 
PrimeWire PRESTIGER) pressure guide wire, the 
PrimeWire(R) pressure guide wire, and the ComboWireRXT 
pressure and flow guide wire, each available from Volcano 
Corporation, as well as the PressureWireTM Certus guide wire 
and the PressureWireTMAeris guide wire, each available from 
St. Jude Medical, Inc. Generally, the instrument 130 is sized 
such that it can be positioned through the stenosis 128 without 
significantly impacting fluid flow across the Stenosis, which 
would impact the distal pressure reading. Accordingly, in 
some instances the instrument 130 has an outer diameter of 
0.018" or less. In some embodiments, the instrument 130 has 
an outer diameter of 0.014" or less. 

0038. Instrument 132 is also configured to obtain diagnos 
tic information about the vessel 124. In some instances, 
instrument 132 is configured to obtain the same diagnostic 
information as instrument 130. In other instances, instrument 
132 is configured to obtain different diagnostic information 
than instrument 130, which may include additional diagnos 
tic information, less diagnostic information, and/or alterna 
tive diagnostic information. The medical diagnostic informa 
tion (data) obtained by instrument 132 includes one or more 
of pressure, flow (velocity), images (including images 
obtained using ultrasound (e.g., IVUS, IVPA, etc.), intravas 
cular OCT, NIRS, intravascular MRI, thermal, and/or other 
endoluminal imaging techniques), temperature, and/or com 
binations thereof. Instrument 132 includes one or more sen 
sors, transducers, and/or other monitoring elements config 
ured to obtain this diagnostic information. In that regard, the 
one or more sensors, transducers, and/or other monitoring 
elements are positioned adjacent a distal portion of the instru 
ment 132 in some instances. In that regard, the one or more 
sensors, transducers, and/or other monitoring elements are 
positioned less than 30 cm, less than 10 cm, less than 5 cm, 
less than 3 cm, less than 2 cm, and/or less than 1 cm from a 
distal tip 136 of the instrument 132 in some instances. In some 
instances, at least one of the one or more sensors, transducers, 
and/or othermonitoring elements is positioned at the distal tip 
of the instrument 132. 
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0039 Similar to instrument 130, instrument 132 may also 
include at least one element configured to monitor pressure 
within the vessel 124. The pressure monitoring element can 
take the form a piezo-resistive pressure sensor, a piezo-elec 
tric pressure sensor, a capacitive pressure sensor, an electro 
magnetic pressure sensor, a fluid column (the fluid column 
being in communication with a fluid column sensor that is 
separate from the instrument and/or positioned at a portion of 
the instrument proximal of the fluid column), an optical pres 
Sure sensor, and/or combinations thereof. In some instances, 
one or more features of the pressure monitoring element are 
implemented as a solid-state component manufactured using 
semiconductor and/or other Suitable manufacturing tech 
niques. Millar catheters are utilized in Some embodiments. 
Currently available catheter products suitable for use with 
one or more of Philips’s Xper Flex Cardio Physiomonitoring 
System, GE's Mac-Lab XT and XTihemodynamic recording 
systems, Siemens’s AXIOM Sensis XP VC11, McKesson’s 
Horizon Cardiology Hemo, and Mennen’s Horizon XVu 
Hemodynamic Monitoring System and include pressure 
monitoring elements can be utilized for instrument 132 in 
Some instances. 

0040. In accordance with some aspects of the present dis 
closure, at least one of the instruments 130 and 132 may be 
configured to monitor a pressure within the vessel 124 distal 
of the stenosis 128 and at least one of the instruments 130 and 
132 may be configured to monitor a pressure within the vessel 
proximal of the stenosis. In that regard, the instruments 130, 
132 are sized and shaped to allow positioning of the at least 
one element configured to monitor pressure within the vessel 
124 to be positioned proximal and/or distal of the stenosis 128 
as necessary based on the configuration of the devices. In that 
regard, FIG.3 illustrates a position 138 suitable for measuring 
pressure distal of the stenosis 128. In that regard, the position 
138 is less than 5 cm, less than 3 cm, less than 2 cm, less than 
1 cm, less than 5 mm, and/or less than 2.5 mm from the distal 
end of the stenosis 128 (as shown in FIG.2) in some instances. 
FIG. 3 also illustrates a plurality of suitable positions for 
measuring pressure proximal of the Stenosis 128. In that 
regard, positions 140, 142,144, 146, and 148 each represent 
a position that is suitable for monitoring the pressure proxi 
mal of the Stenosis in some instances. In that regard, the 
positions 140, 142,144, 146, and 148 are positioned at vary 
ing distances from the proximal end of the Stenosis 128 rang 
ing from more than 20 cm down to about 5 mm or less. 
Generally, the proximal pressure measurement will be spaced 
from the proximal end of the Stenosis. Accordingly, in some 
instances, the proximal pressure measurement is taken at a 
distance equal to or greater than an inner diameter of the 
lumen of the vessel from the proximal end of the stenosis. In 
the context of coronary artery pressure measurements, the 
proximal pressure measurement is generally taken at a posi 
tion proximal of the Stenosis and distal of the aorta, within a 
proximal portion of the vessel. However, in some particular 
instances of coronary artery pressure measurements, the 
proximal pressure measurement is taken from a location 
inside the aorta. In other instances, the proximal pressure 
measurement is taken at the root or ostium of the coronary 
artery. 
0041. In one embodiment, the instrument 132 includes 
both a pressure sensor and an imaging sensor, such as an 
IVUS, IVPA, OCT, NIRS, or MRI senor. In such an embodi 
ment, the plurality of sensors disposed on the instruments 130 
and 132 may be utilized to perform a multi-modality diag 
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nostic and/or treatment procedure. For example, the pressure 
sensor disposed on instrument 130 and the pressure sensor 
disposed on instrument 132 may collect medical data for an 
FFR calculation, and the imaging sensor disposed on instru 
ment 132 may collect medical data to be processed into diag 
nostic images to be displayed to a practitioner and/or ana 
lyzed in an automated manner by the processing system 101. 
As will be discussed below in greater detail, pressure data and 
diagnostic image data collected over a time period may be 
co-registered in various manners to enable physiological 
evaluation of a patient’s vessel over the time period. In one 
embodiment, pressure data and diagnostic image data are 
collected both before and after a medical procedure (such as 
a stent placement or a non-invasive drug treatment) and co 
registered temporally and spatially to facilitate accurate 
evaluation of a patient’s physiological response to the proce 
dure. Such temporal and spatial co-registration techniques 
may utilize any type of collected medical data discussed 
herein, including OCT data, angiogram data, MRI data, intra 
vascular MRI data, FFR data, IVUS data, VH data, FL-IVUS 
data, IVPA data, CFR data, CT data, PET data, SPECT data, 
ICE data, FLICE data, intravascular palpography data, 
transesophageal ultrasound data, or any other medical data 
known in the art. 

0042 Additionally, the instruments 130 and 132 may be 
sized and shaped to allow concurrent positioning of addi 
tional catheter-type instruments within the vessel 124. For 
instance, in one embodiment, the instrument 108 may have a 
greater diameter than the instrument 132, permitting it to slide 
over both instruments 130 and 132 and into a position near the 
stenosis 128. Once positioned, the instrument 108 may col 
lect medical data associated with the vessel 124 using an 
IVUS sensor. During a multi-modality procedure, the collec 
tion of IVUS data may occur concurrently or subsequently to 
any collection of data with instruments 130 and 132. It is 
understood that the instruments 130 and 132 may be sized and 
shaped to allow any number of additional instruments to be 
positioned within the vessel 124 during a multi-modality 
procedure. 
0043 Referring now to FIG. 4, illustrated is a diagram 
matic, schematic view of portions of the medical system 100 
according to aspects of the present disclosure. As shown, in 
addition to the intravascular instruments 108 and 110, the 
medical system 100 includes the external imaging system 
117, as discussed above. The external imaging system may 
generate diagnostic images such as X-ray images, angiogram 
images, CT images, PET images, PET-CT images, MRI 
images, SPECT images, and/or other extraluminal diagnostic 
images, and Such images may be co-registered with the inter 
nal-based diagnostic data and images generated by the intra 
vascular instruments 108 and 110. The medical system 100 
includes also an instrument 152. In that regard, in some 
instances instrument 152 is suitable for use as at least one of 
instruments 130 and 132 discussed above. Accordingly, in 
some instances the instrument 152 includes features similar 
to those discussed above with respect to instruments 130 and 
132 in some instances. In the illustrated embodiment, the 
instrument 152 is a guide wire having a distal portion 154 and 
a housing 156 positioned adjacent the distal portion. In that 
regard, the housing 156 is spaced approximately 3 cm from a 
distal tip of the instrument 152. The housing 156 is configured 
to house one or more sensors, transducers, and/or other moni 
toring elements configured to obtain the diagnostic informa 
tion about the vessel. The housing 156 may contain a pressure 
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sensor configured to monitor a pressure within a lumen in 
which the instrument 152 is positioned. A shaft 158 extends 
proximally from the housing 156. A torque device 160 is 
positioned over and coupled to a proximal portion of the shaft 
158. A proximal end portion 162 of the instrument 152 is 
coupled to a connector 164. A cable 166 extends from con 
nector 164 to a connector 168. In some instances, connector 
168 is configured to be plugged into an interface 170. In that 
regard, interface 170 is a patient interface module (PIM) in 
Some instances. In some instances, the cable 166 is replaced 
with a wireless connection. In that regard, it is understood that 
various communication pathways between the instrument 
152 and the interface 170 may be utilized, including physical 
connections (including electrical, optical, and/or fluid con 
nections), wireless connections, and/or combinations thereof. 
The interface 170 is communicatively coupled to the multi 
modality processing system 101 via a connection 174. 
0044) Together, connector 164, cable 166, connector 168, 
interface 170, and connection 174 facilitate communication 
between the one or more sensors, transducers, and/or other 
monitoring elements of the instrument 152 and the processing 
system 101. However, this communication pathway is exem 
plary in nature and should not be considered limiting in any 
way. In that regard, it is understood that any communication 
pathway between the instrument 152 and the processing sys 
tem 101 may be utilized, including physical connections (in 
cluding electrical, optical, and/or fluid connections), wireless 
connections, and/or combinations thereof. In that regard, it is 
understood that the connection 174 is wireless in some 
instances. In some instances, the connection 174 includes a 
communication link over a network (e.g., intranet, internet, 
telecommunications network, and/or other network). In that 
regard, it is understood that the processing system 101 is 
positioned remote from an operating area where the instru 
ment 152 is being used in some instances. Having the con 
nection 174 include a connection over a network can facilitate 
communication between the instrument 152 and the remote 
processing system 101 regardless of whether the processing 
system is in an adjacent room, an adjacent building, or in a 
different state/country. Further, it is understood that the com 
munication pathway between the instrument 152 and the 
processing system 101 is a secure connection in some 
instances. Further still, it is understood that, in some 
instances, the data communicated over one or more portions 
of the communication pathway between the instrument 152 
and the processing system 101 is encrypted. 
0045. The medical system 100 also includes an instrument 
175. In that regard, in some instances instrument 175 is suit 
able for use as at least one of instruments 130 and 132 dis 
cussed above. Accordingly, in some instances the instrument 
175 includes features similar to those discussed above with 
respect to instruments 130 and 132 in some instances. In the 
illustrated embodiment, the instrument 175 is a catheter-type 
device. In that regard, the instrument 175 includes one or 
more sensors, transducers, and/or other monitoring elements 
adjacent a distal portion of the instrument configured to 
obtain the diagnostic information about the vessel. Instru 
ment 175 may include a pressure sensor configured to moni 
tor a pressure within a lumen in which the instrument 175 is 
positioned. The instrument 175 is in communication with an 
interface 176 via connection 177. In some instances, interface 
176 is a hemodynamic monitoring system or other control 
device, such as Siemens AXIOM Sensis, Mennen Horizon 
XVu, and Philips Xper IM Physiomonitoring 5. In one par 
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ticular embodiment, instrument 175 is a pressure-sensing 
catheter that includes fluid column extending along its length. 
In such an embodiment, interface 176 includes a hemostasis 
valve fluidly coupled to the fluid column of the catheter, a 
manifold fluidly coupled to the hemostasis valve, and tubing 
extending between the components as necessary to fluidly 
couple the components. In that regard, the fluid column of the 
catheter is in fluid communication with a pressure sensor via 
the valve, manifold, and tubing. In some instances, the pres 
sure sensor is part of interface 176. In other instances, the 
pressure sensor is a separate component positioned between 
the instrument 175 and the interface 176. The interface 176 is 
communicatively coupled to the processing system 101 via a 
connection 178. 

0046 Similar to the connections between instrument 152 
and the processing system 101, interface 176 and connections 
177 and 178 facilitate communication between the one or 
more sensors, transducers, and/or other monitoring elements 
of the instrument 175 and the processing system 101. How 
ever, this communication pathway is exemplary in nature and 
should not be considered limiting in any way. In that regard, 
it is understood that any communication pathway between the 
instrument 175 and the processing system 101 may be uti 
lized, including physical connections (including electrical, 
optical, and/or fluid connections), wireless connections, and/ 
or combinations thereof. In that regard, it is understood that 
the connection 178 is wireless in some instances. In some 
instances, the connection 178 includes a communication link 
over a network (e.g., intranet, internet, telecommunications 
network, and/or other network). In that regard, it is under 
stood that the processing system 101 is positioned remote 
from an operating area where the instrument 175 is being used 
in Some instances. Having the connection 178 include a con 
nection over a network can facilitate communication between 
the instrument 175 and the remote processing system 101 
regardless of whether the processing system is in an adjacent 
room, an adjacent building, or in a different state/country. 
Further, it is understood that the communication pathway 
between the instrument 175 and the processing system 101 is 
a secure connection in some instances. Further still, it is 
understood that, in Some instances, the data communicated 
over one or more portions of the communication pathway 
between the instrument 175 and the processing system 101 is 
encrypted. 
0047. It is understood that one or more components of the 
medical system 100 are not included, are implemented in a 
different arrangement?order, and/or are replaced with an 
alternative device/mechanism in other embodiments of the 
present disclosure. For example, in Some instances, the medi 
cal system 100 does not include interface 170 and/or interface 
176. In such instances, the connector 168 (or other similar 
connector in communication with instrument 152 or instru 
ment 175) may plug into a port associated with processing 
system 101. Alternatively, the instruments 108, 110, 152, and 
175 may communicate wirelessly with the processing system 
101. Generally speaking, the communication pathway 
between either or both of the instruments 108, 110, 152, and 
175 and the processing system 101 may have no intermediate 
nodes (i.e., a direct connection), one intermediate node 
between the instrument and the processing system, or a plu 
rality of intermediate nodes between the instrument and the 
processing System. 
0048. Additionally, the instruments 108, 110, 152, and 
175 may be sized and shaped to allow concurrent positioning 

Nov. 12, 2015 

of additional catheter-type instruments within a vessel. For 
instance, in one embodiment, the instrument 108 may have a 
greater diameter than the instrument 175, permitting it to slide 
over both instruments 152 and 175 and into a position near a 
position of interest within a vessel. In turn, the instrument 110 
may have a diameter greater than the instrument 108, permit 
ting it to slide over instruments 108, 152 and 175. Once 
positioned, the instruments 108 and 110 may collect medical 
data using IVUS, IVPA, OCT, intravascular MRI, and/or 
another type of imaging sensors concurrently or Subsequently 
to any collection of data with instruments 130 and 132. Dur 
ing Such a multi-modality procedure, spatial co-registration 
of different types of data may be carried out in various man 
ners. And, during a Subsequent single or multi-modality pro 
cedure, spatial co-registration may be performed with the 
data collected in the previous procedure and the data collected 
in the Subsequent procedure. In that regard, the figures below 
illustrate various manners in which to temporally and spa 
tially co-register single and multi-modality diagnostic data. 
0049 Diagnostic information within a vasculature of 
interest can be obtained using one or more of instruments 108, 
110.130, 132, 152, and 175, as well as external imaging 
system 117. For example, diagnostic information is obtained 
for one or more coronaries arteries, peripheral arteries, cere 
brovascular vessels, etc. The diagnostic information can 
include pressure-related values, flow-related values, diagnos 
tic images of intravascular portions of the patient, etc. Pres 
sure-related values can include FFR. Pd/Pa (e.g., a ratio of the 
pressure distal to a lesion to the pressure proximal to the 
lesion), iFR (e.g., a pressure ratio value calculated using a 
diagnostic window relative to a distance as a first instrument 
is moved through a vessel relative to a second instrument, 
including across at least one stenosis of the vessel), etc. Flow 
related values can include coronary flow reserve or CFR (e.g., 
maximum increase in blood flow through the coronary arter 
ies above the normal resting Volume), basal Stenosis resis 
tance index (BSR), etc. 
0050. In some embodiments, the diagnostic information 
obtained by the external imaging system 117 can include 
externally-obtained angiographic images, X-ray images, CT 
images, PET images, MRI images, SPECT images, and/or 
other two-dimensional or three-dimensional extraluminal 
depictions of a patient’s vasculature. The diagnostic informa 
tion and/or data obtained by instruments 108, 110, 130, 132, 
152, and/or 175 are correlated or co-registered to angio 
graphic image(s) and/or other two-dimensional or three-di 
mensional depictions of a patient's vasculature obtained by 
the external imaging system 117. Spatial co-registration can 
be completed using techniques disclosed in U.S. Pat. No. 
7,930,014, titled “VASCULAR IMAGE CO-REGISTRA 
TION,” which is hereby incorporated by reference in its 
entirety, based on the known pullback speed/distance, based 
on a known starting point, based on a known ending point, 
and/or combinations thereof. In some embodiments, diagnos 
tic information and/or data is correlated to vessel images 
using techniques similar to those described in U.S. patent 
application Ser. No. 14/144,280 published as U.S. Patent 
Application Publication No. 2014/0187920 on Jul. 3, 2014, 
which is hereby incorporated by reference in its entirety. In 
Some embodiments, co-registration and/or correlation can be 
completed as described in U.S. patent application Ser. No. 
14/335,603 published as U.S. Patent Application Publication 
No. 2015/0025330 on Jan. 22, 2015, which is hereby incor 
porated by reference in its entirety. In other embodiments, 
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co-registration and/or correlation can be completed as 
described in International Application No. PCT/IL2011/ 
000612 published as WO2012/014212 on Feb. 2, 2012, which 
is hereby incorporated by reference in its entirety. Further, in 
Some embodiments, co-registration and/or correlation can be 
completed as described in International Application No. 
PCT/IL2009/001089 published as WO2010/0583.98 on May 
27, 2010, which is hereby incorporated by reference in its 
entirety. Additionally, in other embodiments, co-registration 
and/or correlation can be completed as described in U.S. 
patent application Ser. No. 12/075.244 published as U.S. 
Patent Application Publication No. 2008/0221442 on Sep. 
11, 2008, which is hereby incorporated by reference in its 
entirety. 
0051 Referring now to FIGS.5-8, illustrated area stylized 
images of a portion of a patient’s vasculature according to 
embodiments of the present disclosure. One of ordinary skill 
in the art would recognize that the images of FIGS. 5-8 are 
simply examples, and the intravascular elements depicted in 
FIGS. 5-8 may correspond to any blood vessel—coronary, 
systemic, pulmonary, or otherwise—in a patient. Further, 
FIGS. 5-8 may be displayed on a display of a system assess 
ingapatients vasculature, such as display 118 and/or display 
122 associated with the processing system 101 (FIGS. 1, 4). 
That is, one or more components (e.g., a processor, process 
ing circuit, and/or dedicated graphics processor, etc.) of the 
system 101 may cause the display of the images shown in 
FIGS. 5-8. 

0052. In more detail, FIG. 5 illustrates three extraluminal 
images 200, 202, and 204 of a vessel 206 at three different 
times: time 0, time 1, and time 2. The extraluminal images 
200, 202, and 204 may be generated by the external imaging 
system 117 (FIGS. 1, 4) and may be angiographic images, 
X-ray images, CT images, PET images, MRI images, SPECT 
images, and/or other two-dimensional or three-dimensional 
depictions of the patient’s vasculature. The extraluminal 
images 200,202, and 204 may all be associated with the same 
extraluminal imaging modality or they may be associated 
with different extraluminal imaging modalities. The points in 
time represented by time 0, time 1, and time 2 may be any 
three Successive points in time. For instance, they may be 
three points during the course of a longitudinal study that a 
practitioner deems useful in evaluating the physiological con 
dition of the patients vasculature. In one embodiment, the 
longitudinal study may assess the effectiveness of a medical 
procedure performed before or during the study. The medical 
procedure may be an invasive procedure Such as the insertion 
ofan intravascular stent or it may be a non-invasive procedure 
Such as the administration of a drug. Additionally, the extralu 
minal images 200, 202, and 204 include an arrow 208 that 
points to an area of interest in the vessel 206. In the illustrated 
embodiment, the area of interest includes a stenosis that is 
generally representative of any blockage or other structural 
arrangement that results in a restriction to the flow of fluid 
through the vessel 206. 
0053 As mentioned above, the extraluminal image 200 
was captured at time 0, which, in the illustrated embodiment, 
represents a point in time before an intravascular procedure 
was performed on the vessel 206 to treat the stenosis. The 
extraluminal image 202 was captured at time 1, which repre 
sents a point in time Subsequent to the intravascular procedure 
being performed on the vessel 206. Minutes, hours, days, 
weeks, months, or years may have passed between time 0 and 
time 1. In the illustrated embodiment, the vessel 206 shows 
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fewer signs of blockage in the area of interest at time 1. In one 
embodiment, the extraluminal image 202 was captured 
immediately after the insertion of a stent during the course of 
the intravascular procedure. In another embodiment, the 
extraluminal image 202 was captured during a follow-up visit 
Subsequent to the intravascular procedure. The extraluminal 
image 204 was captured at time 2, which represents a point in 
time Subsequent to time 1. Minutes, hours, days, weeks, 
months, or years may have passed between time 1 and time 2. 
In one embodiment, the extraluminal image 204 was captured 
during a first or Subsequent follow-up visit after the intravas 
cular procedure. Although, FIG.5 depicts three extraluminal 
images captured at three points in time, a greater or fewer 
number of extraluminal images may be captured at greater or 
fewer number of points in time. 
0054. In one embodiment, the extraluminal images 200, 
202, and 204 are displayed concurrently on a display associ 
ated with the processing system 101 so that a practitioner may 
evaluate any changes in the physiological condition of the 
vessel 206 over time. Spatial co-registration may be per 
formed on the extraluminal images 200, 202, and 204 so that 
the same portions of the patient’s vasculature are displayed in 
each of the extraluminal images. Such spatial co-registration 
positionally aligns the extraluminal images 200, 202, and 204 
whether they are all associated with the same imaging modal 
ity (e.g., CT) or whether they are associated with two or more 
different imaging modalities (e.g., CT and PET). In some 
embodiments, spatial co-registration may be performed so as 
to place the area of interest in the vessel 206 as pointed to by 
the arrow 208 at the same relative position in each of the 
extraluminal images 200, 202, and 204. Placing the area of 
interest in the same position—such as the center—in each of 
the extraluminal images 200, 202, and 204 may allow a prac 
titioner to evaluate changes in the physiological condition of 
the vessel 206 in a more efficient manner. Such co-registra 
tion may be accomplished using one or more of the co 
registration techniques incorporated by reference above. 
0055 Referring now to FIG. 6, illustrated is a composite 
extraluminal image 210 according to an embodiment of the 
present invention. Specifically, the extraluminal image 210 
depicts a combination of the extraluminal image 200 and the 
extraluminal image 202 from FIG. 5. A solid line 212 repre 
sents the outline of the vessel 206 as depicted in the extralu 
minal image 200 captured at time 0, and the broken line 214 
represents the outline of the vessel 206 as depicted in the 
extraluminal image 202 captured at time 1. In the illustrated 
embodiment, the extraluminal images 200 and 202 have been 
spatially aligned using co-registration techniques, such as 
those co-registration techniques discussed above and/or those 
incorporated by reference. In some embodiments, the pro 
cessing system 101 may automatically (i.e., without human 
intervention) co-register two or more images using one or 
more co-registration algorithms implemented in Software 
and/or hardware. After co-registration, the composite extralu 
minal image 210 may be generated by the processing system 
101 and visually output on a display so that a practitioner may 
evaluate any changes in the physiological condition of the 
vessel 206 over time. 

0056. As shown in the composite extraluminal image 210, 
the solid line 212 of the extraluminal image 200 and the 
broken line 214 of the extraluminal image 202 are substan 
tially aligned for a majority of patient’s vasculature depicted 
in the extraluminal image 210. However, at the area of interest 
in the vessel 206 pointed to by the arrow 208, the lines 210 and 
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212 diverge, indicating that some physiological change has 
happened to the vessel between time 0 and time 1. In the 
illustrated example, the performance of an intravascular pro 
cedure between time 0 and time 1 has lessened the severity of 
a stenosis. That is, the vessel lumen is wider at time 1 than at 
time 0, as shown by the composite extraluminal image 210. In 
this manner, by spatially co-registering the extraluminal 
image 200 and the extraluminal image 202 and displaying a 
composite on a display device, a practitioner can quickly 
visually identify the changes in a patient's physiological con 
dition and determine if the intravascular procedure was suc 
cessful. 

0057. In additional embodiments, more than two images 
of a patient's vasculature may be co-registered and combined 
into a composite image for display to a practitioner. In that 
regard, two or three or four or more images may be registered 
to a common time point, such as time 0. Additionally, in some 
embodiments, the processing system 101 may automatically 
determine any change in the physiological condition of the 
vessel 206 based on an automated analysis of the composite 
extraluminal image 210. In that regard, after Such analysis, 
the processing system 101 may output a textual and/or graphi 
cal report highlighting any changes in the physiological con 
dition of the vessel for consideration by a practitioner. The 
processing system 101 may include Software and/or hardware 
modules configured to perform Such analysis. 
0058 Referring now to FIGS. 7 and 8, illustrated are three 
endoluminal images 220, 222, and 224 of the vessel 206 at 
three different times: time 0, time 1, and time 2. The endolu 
minal images 220, 222, and 224 may be generated by using 
one or more of the catheter-based instruments 108, 110,130, 
132, 152, and 175 (FIGS. 1, 4) and may be IVUS images, 
FL-IVUS images, IVPA images, OCT images, NIRS images, 
or intravascular MRI images, and/or other two-dimensional 
or three-dimensional depictions of the patient's vasculature 
captured from within the patient’s vasculature. The endolu 
minal images 220, 222, and 224 may all be associated with the 
same endoluminal imaging modality or they may be associ 
ated with different endoluminal imaging modalities. The 
points in time represented by time 0, time 1, and time 2 may 
be any three Successive points in time, such as the points in 
time described in association with FIGS. 5 and 6 that are 
deemed significant in a longitudinal study. In the illustrated 
embodiment, endoluminal images 220, 222, and 224 depict 
an area of interest of the vessel 206 that includes a stenosis 
generally representative of any blockage or other structural 
arrangement that results in a restriction to the flow of fluid 
through the vessel. The area of interest shown in FIG. 6 may 
be the same area of interest as pointed to by the arrow 208 in 
FIG. 5. As shown in the endoluminal images 220, 222, and 
224, the vessel 206 includes a lumen 226 configured to allow 
the flow of fluid through the vessel. 
0059. The endoluminal image 220 was captured at time 0, 
which, in the illustrated embodiment, represents a point in 
time before an intravascular procedure was performed on the 
vessel 206 to remove the stenosis. The endoluminal image 
222 was captured at time 1, which represents a point in time 
Subsequent to the intravascular procedure being performed on 
the vessel 206. In the illustrated example, a stent 228 has been 
placed in the lumen 226 as part of the intravascular procedure. 
Minutes, hours, days, weeks, months, or years may have 
passed between time 0 and time 1. At time 1, as compared to 
time 0, the lumen 228 has a larger diameter, indicating that the 
intravascular procedure was generally Successful. In one 
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embodiment, the endoluminal image 222 was captured 
immediately after the insertion of the stent 228 during the 
course of the intravascular procedure. In another embodi 
ment, the endoluminal image 222 was captured during a 
follow-up visit after the intravascular procedure. The endolu 
minal image 224 was captured at time 2, which represents a 
point in time Subsequent to time 1. Minutes, hours, days, 
weeks, months, or years may have passed between time 1 and 
time 2. In one embodiment, the endoluminal image 224 was 
captured during a first or Subsequent follow-up visit after the 
intravascular procedure. Although FIG. 7 depicts three 
endoluminal images captured at three points in time, a greater 
or fewer number of endoluminal images may be captured at 
greater or fewer number of points in time. 
0060 Additionally, although FIG. 7 depicts several points 
in time during a longitudinal study meant to assess the effec 
tiveness of a stent, the longitudinal study may alternatively 
assess the effectiveness of a non-invasive procedure. For 
example, a drug to reduce the Stenosis may have been admin 
istered sometime before or during the time span represented 
by times 0, 1, and 2, and the endoluminal images may allow 
a practitioner to evaluate whether the stenosis was affected by 
the administration of the drug. 
0061. In one embodiment, the endoluminal images 220, 
222, and 224 may be displayed concurrently on a display 
associated with the processing system 101 So that a practitio 
ner may evaluate any changes in the physiological condition 
of the vessel 206 over time. Spatial co-registration may be 
performed on the endoluminal images 220, 222, and 224 so 
that the same portions of the patient’s vasculature are dis 
played in each of the endoluminal images. Such spatial co 
registration positionally aligns the endoluminal images 220, 
222, and 224 whether they are all associated with the same 
imaging modality (e.g., IVUS) or whether they are associated 
with two or more different imaging modalities (e.g., IVUS 
and OCT). In some embodiments, spatial co-registration may 
be performed so as to place a specific portion of the vessel 206 
at the same relative position in each of the endoluminal 
images 220, 222, and 224. Placing the same portion of the 
vessel—such as the center—in the same position in each of 
the endoluminal images 220, 222, and 224 may allow a prac 
titioner to compare the condition of the vessel at the area of 
interest in a more efficient manner. 

0062 Referring now to FIG. 8, illustrated is a composite 
endoluminal image 230 according to an embodiment of the 
present invention. Specifically, the endoluminal image 230 
depicts a combination of the endoluminal image 220 and the 
endoluminal image 222 from FIG. 7. A solid line 232 repre 
sents the outline of the vessel 206 and lumen 226 as depicted 
in the endoluminal image 220 captured at time 0, and the 
broken line 234 represents the outline of the vessel 206 and 
lumen 226 as depicted in the endoluminal image 222 captured 
at time 1. In the illustrated embodiment, the endoluminal 
images 220 and 222 have been spatially aligned using one or 
more of the co-registration techniques incorporated by refer 
ence above. In some embodiments, the processing system 101 
may automatically (i.e., without human intervention) spa 
tially align two or more images using one or more co-regis 
tration algorithms implemented in Software and/or hardware. 
After co-registration, the composite endoluminal image 230 
may be generated by the processing system 101 and visually 
output on a display so that a practitioner may evaluate any 
changes in the physiological condition of the vessel 206 over 
time. 



US 2015/0320325 A1 

0063 As shown in the composite endoluminal image 230, 
the solid line 232 of the endoluminal image 220 and the 
broken line 234 of the endoluminal image 222 are substan 
tially aligned with the regard to the outer circumference of the 
vessel 206. However, with regard to the lumen 226, the lines 
232 and 234 diverge, indicating that some physiological 
change has happened to the vessel between time 0 and time 1. 
In the illustrated example, the performance of an intravascu 
lar procedure between time 0 and time 1 has increased the 
diameter of the lumen 226, and thus, lessened the severity of 
a Stenosis. In this manner, by spatially co-registering the 
endoluminal image 220 and the endoluminal image 222 and 
displaying a composite on a display device, a practitioner can 
quickly visually access the change in a patient's physiologi 
cal condition and determine if the intravascular procedure 
was successful. 

0064. In additional embodiments, more than two endolu 
minal images of a patient’s vasculature may be co-registered 
and combined into a composite image for display to a prac 
titioner. Additionally, in Some embodiments, the processing 
system 101 may automatically determine any change in the 
physiological condition of the vessel 206 and lumen 226 
based on an automated analysis of the composite endoluminal 
image 230. In that regard, after Such analysis the processing 
system 101 may output a textual and/or graphical report high 
lighting any changes in the physiological condition of the 
vessel for consideration by a practitioner. The processing 
system 101 may include software and/or hardware modules 
configured to perform such analysis. 
0065 Referring now to FIG. 9, illustrated is a simplified 
flow chart of a method 250 of assessing the condition of a 
vessel overtime (i.e., alongitudinal study of a vessel), accord 
ing to embodiments of the present disclosure. Portions of the 
method 250 may correspond to the techniques discussed in 
association with FIGS. 5-8, and may be performed with hard 
ware and/or Software components of the processing system 
101. Method 250 begins at block 252 where a first graphical 
diagnostic measurement of a portion of a patient’s vascula 
ture is captured at a first time. The portion of a patients 
vasculature captured may include an area of interest Such as a 
vessel that includes some type of Stenosis. The first graphical 
diagnostic measurement may be an image associated with 
any endoluminal or extraluminal imaging modality, Such as 
those described in association with FIGS. 5-8. The point in 
time at which the first graphical diagnostic measurement is 
captured may correspond to any point intime in alongitudinal 
study. The point in time may be before an intravascular pro 
cedure is performed, during the course of an intravascular 
procedure, after an intravascular procedure, or another point 
in time deemed diagnostically significant. The method 250 
then proceeds to block 254 where a second graphical diag 
nostic measurement of the same portion of the patient’s vas 
culature is captured at a second time Subsequent to the first 
time. In one embodiment, the second graphical diagnostic 
measurement is an image associated with the same imaging 
modality as associated with the first graphical diagnostic 
measurement. In other embodiments, the first and second 
graphical diagnostic measurements are associated with dif 
ferent imaging modalities. Further, the first and second 
graphical diagnostic measurements may be captured by one 
or more imaging instruments and/or imaging systems 
described in association with FIGS. 1-8. The second point in 
time may be another point in time in the longitudinal study. In 
one embodiment, the first point in time is before an intravas 
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cular procedure and the second point in time is after the 
procedure. In other embodiments, the first and second times 
are both after an intravascular procedure. Alternatively, the 
longitudinal study is simply designed to monitor a patients 
vasculature in the absence of an intravascular procedure. 
0066 Next, the method 250 proceeds to block 256 where 
the first and second graphical diagnostic measurements are 
spatially co-registered. That is, the image of the patients 
vasculature captured at the first time is spatially aligned with 
the image of the patient's vasculature captured at the second 
time. The co-registration may be performed according to one 
or more of the co-registration techniques discussed above or 
incorporated by reference. In that regard, the processing sys 
tem 101 may perform the co-registration using co-registra 
tion algorithms implemented in hardware and/or software. In 
one embodiment, spatially co-registering the first and second 
graphical diagnostic measurements includes overlaying the 
second graphical diagnostic measurement over the first 
graphical diagnostic measurement to form a composite 
image, as discussed in association with FIGS. 6 and 8. One of 
ordinary skill in the art would recognize that the same tech 
niques may be applied to co-register and overlay more than 
two graphical diagnostic measurements and form a compos 
ite image. In some cases, overlaying more than two graphical 
diagnostic measurements may allow a practitioner to better 
evaluate a patient. 
0067. The method 250 then continues to block 258 where 
a visual representation of the co-registered first and second 
graphical diagnostic measurements is output on a display 
associated with the processing system 101. In some embodi 
ments, the visual representation is a composite image of the 
first and second graphical diagnostic measurements, as illus 
trated in FIGS. 6 and 8. In other embodiments, the visual 
representation includes the first and second graphical diag 
nostic measurements arranged in an adjacent manner with the 
area of interest in the first and second graphical diagnostic 
measurements located in the same relative position in each of 
the images. Then, at block 260, it is determined whether there 
is a physiological difference between the portion of the 
patient's vasculature at the first time and at the second time 
based on the co-registration of the first and second graphical 
diagnostic measurements. In one embodiment, a practitioner 
visually inspects the visual representation of the co-registered 
first and second graphical diagnostic measurements to make 
Such a determination. In other embodiments, the processing 
system 101 automatically makes the determination using 
diagnostic algorithms that analyze the first and second 
graphical diagnostic measurements. In that regard, after an 
automated determination, the processing system 101 may 
output a textual and/or graphical report highlighting any 
changes in the physiological condition of the vessel for con 
sideration by a practitioner. 
0068 Finally, the method 250 ends at block 262, where the 
physiological condition of the patient's vasculature is evalu 
ated based on the determined physiological difference. In 
Some embodiments, this evaluation may include determining 
whether a blood flow through a vessel has improved between 
the point in time the first graphical diagnostic measurement 
was captured and the point in time the second graphical 
diagnostic measurement was captured. In that regard. Such an 
evaluation of the physiological condition of the patient's vas 
culature may be part of a longitudinal study to measure the 
effectiveness of an intravascular procedure, such as the place 
ment of a stent within a lumen, the effectiveness of a non 
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invasive procedure, such as the administration of a drug, or 
the effectiveness of a combination of an invasive and a non 
invasive procedure. In some embodiments, the evaluation in 
block 262 may be performed by the processing system 101 
with hardware and/or software-based evaluation algorithms 
that analyze the determined physiological difference and pro 
vide a human-readable evaluation of the patient’s vessel. 
0069. In this manner, the method 250 displays co-regis 
tered image data collected during the course of a longitudinal 
study for use by a practitioner in evaluatingapatient. Because 
Such image data has been spatially co-registered, a practitio 
ner may efficiently evaluate the condition of a patient over 
time in a visual manner, which may lead to more accurate 
diagnoses than evaluations based on numerical measure 
ments alone. 

0070. It should be recognized that the method 250 of 
assessing the condition of a vessel over time may include 
different and/or additional steps, and that one or more of the 
illustrated blocks may be performed in a different order. 
Examples of the anatomical structure to which the aforemen 
tioned co-registration of graphical diagnostic images cap 
tured over time may be applied include a coronary vessel, a 
coronary lesion, a vessel, a vascular lesion, alumen, aluminal 
lesion, and/or a valve. One of ordinary skill in the art would 
recognize that the techniques of method 250 may be applied 
to lumens of a subject’s body other than blood vessels (for 
example, a lumen of the gastrointestinal or respiratory tract). 
Additionally, any number of graphical diagnostic measure 
ments may be utilized during the course of method 250 to 
assess the condition of a vessel or other lumen. 

0071 Referring now to FIG. 10, illustrated is a graphical 
user interface (GUI) screen 300 configured to facilitate the 
multi-modality assessment of a patient’s vasculature over 
time, according to aspects of the present disclosure. Specifi 
cally, the GUI screen 300 includes a plurality of stylized 
images of a portion of a patient's vasculature captured at 
different points in time and with multiple different imaging 
modalities. One of ordinary skill in the art will recognize that 
the images illustrated in FIG. 10 are simply examples, and the 
intravascular elements depicted may correspond to any blood 
vessel—coronary, systemic, pulmonary, or otherwise—in a 
patient. Further, the GUI screen 300 may be displayed on a 
display of a system assessing a patient's vasculature, such as 
display 118 and/or display 122 associated with the processing 
system 101 (FIGS. 1, 4). That is, one or more components 
(e.g., a processor, processing circuit, and/or dedicated graph 
ics processor, etc.) of the system 101 may cause the display of 
the GUI screen 300. 

0072. In more detail, the GUI screen 300 includes a three 
dimensional CT reconstruction 302 of a patient’s heart 304. 
In the illustrated embodiment, the heart 304 includes the 
vessel 206 illustrated in FIGS.5-8. In some embodiments, the 
three-dimensional CT reconstruction 302 may be rotated 
about a vertical axis, a horizontal axis, or an arbitrarily 
chosen axis. In some implementations, the three dimensional 
model is displayed adjacent to a corresponding two dimen 
sional depiction of the vessel. In that regard, the GUI screen 
300 also includes the extraluminal images 200, 202, and 204 
previously illustrated in FIG. 5 and the endoluminal images 
220, 222, and 224 previously illustrated in FIG. 7. Notably, 
the extraluminal images 200, 202, and 204 are images asso 
ciated with a different imaging modality than the endolumi 
nal images 220, 222, and 224. For instance, the extraluminal 
images 200, 202, and 204 may be angiographic images cap 
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tured by the external imaging system 117, and the endolumi 
nal images 220, 222, and 224 may be IVUS images captured 
by any of the catheter-based instruments 108, 110,130, 132, 
152, and 175 discussed above. The GUI screen 300 also 
includes a plurality of numerical measurements 306 associ 
ated with the portion of the patient’s vasculature captured in 
the adjacent extraluminal and endoluminal images. The 
numerical measurements 306 were taken at the same points in 
time as the extraluminal and endoluminal images (i.e., time 0, 
time 1, and time 2). In the illustrated embodiment, the 
numerical measurements 306 are iFR calculations (as 
described, for example, in U.S. patent application Ser. No. 
13/460,296, filed Apr. 30, 2012, which is hereby incorporated 
by reference in its entirety) associated with a stenosis in the 
vessel 206, but, in alternative embodiments, they may be 
other types of numerical measurements related to pressure 
and/or flow of blood through a vessel such as FFR, CFR, or 
BSR measurements. 
(0073. In the GUI screen 300, extraluminal images 200, 
202, and 204 have been spatially co-registered such they 
depict the same portion of the patient's vasculature overtime. 
Similarly, endoluminal images 220, 222, and 224 have been 
spatially co-registered such they depict the same portion of 
the patient’s vessel 206 over time. 
0074. Additionally, the extraluminal image 200 captured 
at time 0 is positioned adjacent to the endoluminal image 220 
also captured at time 0. In that regard, the extraluminal image 
200 has been spatially and temporally co-registered with the 
endoluminal image 220 so that the images depict the same 
portion of the patient's vasculature at the same time (i.e. at 
time 0). In this case, the images 200 and 220 both depict the 
area of interest in the vessel 206 that includes a stenosis, as 
described above. Further, as shown in FIG. 10, a numerical 
measurement 308 is positioned adjacent the images 200 and 
220. In that regard, the numerical measurement 308 has been 
spatially and temporally co-registered with the images 200 
and 220, such that the numerical measurement 308 corre 
sponds to the state of the vessel 206 at the time the images 200 
and 220 were captured. Similarly, extraluminal image 202 
captured at time 1 is positioned adjacent to the endoluminal 
image 222 also captured at time 1. In that regard, the extralu 
minal image 202 has been spatially and temporally co-regis 
tered with the endoluminal image 222 so that the images 
depict the same portion of the patient’s vasculature at the 
same time. Further, a numerical measurement 310 adjacent 
the images 202 and 222 has been spatially and temporally 
co-registered with the images, such that the numerical mea 
surement corresponds to the state of the vessel 206 as shown 
in the images 202 and 222. Similarly, images 204 and 224 and 
a numerical measurement 312 have been spatially and tem 
porally co-registered. 
(0075. In this manner, the GUI screen 300 displays co 
registered multi-modality data collected during the course of 
one or more longitudinal Studies. Because Such multi-modal 
ity image data has been spatially and temporally co-regis 
tered, a practitioner may efficiently evaluate the condition of 
a patient overtime in a visual manner, which may lead to more 
accurate diagnoses than evaluations based on numerical mea 
Surements alone. 
(0076 Further, in the example embodiment of FIG. 10, the 
extraluminal images 200, 202, and 204 and endoluminal 
images 220, 222, and 224 have been spatially co-registered 
with the three-dimensional CT reconstruction 302. In that 
regard, a practitioner may select an area of interest with the 
arrow 208 and all available diagnostic data corresponding to 
the selected area is displayed in the GUI screen 300. In the 
illustrated example, the portion of the vessel 206 selected by 
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the arrow 208 in the three-dimensional CT reconstruction 302 
has been imaged using angiographic and IVUS techniques 
over the course of a longitudinal study spanning time 0 to time 
2. An iFR, FFR, or other pressure-based longitudinal study 
corresponding to the area of interest in vessel 206 is also 
available and thus displayed in GUI screen 300. In one 
embodiment, the user may select both the type of depiction(s) 
(two dimensional (including imaging modality type) and/or 
three dimensional) along with what visualization mode(s) 
and/or portions thereof will be utilized. The system will out 
put a corresponding display based on the user's preferences/ 
selections and/or system defaults. In some embodiments, 
two-dimensional image data may include multiple views 
about a vertical axis such that different two-dimensional 
views are shown when the three-dimensional CT reconstruc 
tion 302 is rotated. While the visual representations of FIG. 
10 have been described in the context of a single GUI screen 
300, it is understood that a system may display any combina 
tion of these visual representations in series, simultaneously, 
and/or combinations thereof. In some instances, a system 
provides the user the ability to select which individual visual 
representation and/or combination of visual representations 
will be displayed. 
0077 One of ordinary skill in the art would recognize that 
the GUI screen 300 is simply an example and that such user 
interface screens may include additional and/or different 
graphical and textual components and control elements. For 
instance, the GUI screen 300 may also include composite 
diagnostic images generated from two or more endoluminal 
or extraluminal images captured over time, such as the com 
posite images 210 and 230 respectively illustrated in FIGS. 6 
and 8. Such composite images may allow a practitioner to 
more effectively identify changes in a patient's physiology 
over time. Additionally, one of ordinary skill in the art would 
recognize that although three endoluminal images and three 
extraluminal images have been co-registered on the GUI 
screen 300, the same techniques may be applied to any num 
ber of endoluminal and/or extraluminal images. In some 
cases, displaying more than three images of each type may 
allow a practitioner to better evaluate a patient. 
0078 Referring now to FIG. 11, illustrated is a simplified 
flow chart of a method 350 for assessing the condition of a 
vessel overtime (i.e., alongitudinal study of a vessel), accord 
ing to embodiments of the present disclosure. Portions of the 
method 350 may correspond to the techniques discussed in 
association with FIGS. 5-8 and 10, and may be performed 
with hardware and/or software components of the processing 
system 101. Method 350 begins at blocks 352 and 354 where 
first and second graphical diagnostic measurements of a por 
tion of a patient's vasculature are captured at a first time. The 
portion of the patient’s vasculature captured may include an 
area of interest Such as a vessel that includes some type of 
Stenosis. The first and second graphical diagnostic measure 
ments may be images associated with different imaging 
modalities. In one embodiment, the first graphical diagnostic 
measurement may be an image associated with an endolumi 
nal imaging modality—such as IVUS, OCT, IVPA, intravas 
cular MRI, thermal, ICE, TEE, TTE and/or other internal 
imaging techniques—and the second graphical diagnostic 
measurement may be an image associated with an extralumi 
nal imaging modality. Such as X-ray, angiogram, CT, PET, 
PET-CT, MRI, SPECT, and/or other external-based imaging 
modality. Further, the first and second graphical diagnostic 
measurements may be captured by one or more imaging 
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instruments and/or imaging systems described in association 
with FIGS.1-8. The point in time at which the first and second 
graphical diagnostic measurements are captured may corre 
spond to any point in time in alongitudinal study. The point in 
time may be before an intravascular procedure is performed, 
during the course of an intravascular procedure, after an intra 
vascular procedure, or another point in time deemed diagnos 
tically significant. Note that, in some embodiments, the 
"point in time' at which the first and second graphical diag 
nostic measurements are captured may refer to a non-instan 
taneous block of time. That is, a diagnostically-insignificant 
amount of time may transpire between the capture of the first 
image and the capture of the second image in blocks 352 and 
354. In one example, the first and second images may be 
captured sequentially during a diagnostic session. 
007.9 The method 350 continues to blocks 356 and 358 
where third and fourth graphical diagnostic measurements of 
the same portion of the patient’s vasculature is captured at a 
second time Subsequent to the first time. The third graphical 
diagnostic measurement is an image associated with the same 
imaging modality as associated with the first graphical diag 
nostic measurement, but may be captured with the same or a 
different instrument. Similarly, the fourth graphical diagnos 
tic measurement is an image associated with the same imag 
ing modality as associated with the second graphical diag 
nostic measurement, but may be captured with the same or a 
different instrument. Further, the third and fourth graphical 
diagnostic measurements may be captured by one or more 
imaging instruments and/or imaging Systems described in 
association with FIGS. 1-8. The second point in time may be 
another point in time in the longitudinal study. In one embodi 
ment, the first time is before an intravascular procedure and 
the second time is after the procedure. In other embodiments, 
the first and second times are both after an intravascular 
procedure. Alternatively, the longitudinal study is simply 
designed to monitor a patient's vasculature in the absence of 
an intravascular procedure. Note that, in some embodiments, 
the “point in time' at which the third and fourth graphical 
diagnostic measurements are captured may refer to a non 
instantaneous block of time. That is, a diagnostically-insig 
nificant amount of time may transpire between the capture of 
the third image and the capture of the fourth image in blocks 
356 and 358. In one example, the third and fourth images may 
be captured sequentially during a diagnostic session. 
0080 Next, in block 360, the first and third graphical 
diagnostic measurements are spatially co-registered. That is, 
the image of the patient's vasculature captured at the first time 
in the first modality is spatially aligned with the image of the 
patient's vasculature captured at the second time in the same 
modality. In one embodiment, spatially co-registering the 
first and third graphical diagnostic measurements includes 
overlaying the third graphical diagnostic measurement over 
the first graphical diagnostic measurement to form a compos 
ite image, as discussed in association with FIGS. 6 and 8. 
Similarly, in block362, the second and fourth graphical diag 
nostic measurements are spatially co-registered. That is, the 
image of the patient’s vasculature captured at the first time in 
the second modality is spatially aligned with the image of the 
patient's vasculature captured at the second time in the same 
modality. In one embodiment, spatially co-registering the 
second and fourth graphical diagnostic measurements 
includes overlaying the fourth graphical diagnostic measure 
ment over the second graphical diagnostic measurement to 
form a composite image, as discussed in association with 
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FIGS. 6 and 8. The co-registration in blocks 360 and 362 may 
be performed according to one or more of the co-registration 
techniques described in association with FIGS. 5-9 or incor 
porated by reference. In one embodiment, the processing 
system 101 may perform the co-registration using co-regis 
tration algorithms implemented in hardware and/or software. 
I0081. The method 350 next proceeds to block 364 where 
the first and second graphical diagnostic measurements are 
spatially and temporally co-registered. In that regard, the 
image of the patient’s vasculature captured at the first time in 
the first modality is spatially co-registered with the image of 
the patient’s vasculature also captured at the first time but in 
the second modality. In one embodiment, this spatial So 
registration aligns an endoluminal image with an extralumi 
nal image. Further, the temporal co-registration between the 
first and second graphical diagnostic measurements ensures 
that the images depict the portion of the patient’s vasculature 
at the same time to enable accurate diagnoses. In block 366, 
the third and fourth graphical diagnostic measurements are 
similarly spatially and temporally co-registered. In that 
regard, the image of the patient's vasculature captured at the 
second time in the first modality is spatially and temporally 
aligned with the image of the patient’s vasculature also cap 
tured at the second time but in the second modality. 
0082. The method then continues to block 368 where 
visual representations of the co-registered first, second, third, 
and fourth graphical diagnostic measurements are output on a 
display associated with the processing system 101. In some 
embodiments, such as GUI screen 300 illustrated in FIG. 10, 
the visual representations include the first, second, third, and 
fourth graphical diagnostic measurements arranged in an 
adjacent manner, where each image depicts the area of inter 
est (e.g., a Stenosis in a vessel) in the same relative position to 
aid diagnosis. In other embodiments, the visual representa 
tions include a composite image of the first and third graphi 
cal diagnostic measurements (that are in the first modality) 
and a composite image of the second and fourth graphical 
diagnostic measurements (that are in the second modality). 
0083. Next, at block 370, it is determined whether there is 
a physiological difference between the portion of the patients 
vasculature at the first time and the second time based on the 
spatial and temporal co-registration of the first, second, third, 
and fourth graphical diagnostic measurements. In one 
embodiment, a practitioner visually inspects the visual rep 
resentations of the spatially co-registered first and third 
graphical diagnostic measurements, the spatially co-regis 
tered second and fourth graphical diagnostic measurements, 
the spatially and temporally co-registered first and second 
graphical diagnostic measurements, and spatially and tempo 
rally co-registered third and fourth graphical diagnostic mea 
Surements to make Such a determination. In other embodi 
ments, the processing system 101 automatically makes the 
determination using diagnostic algorithms that analyze the 
graphical diagnostic measurements. In that regard, after an 
automated determination, the processing system 101 may 
output a textual and/or graphical report highlighting any 
changes in the physiological condition of the vessel for con 
sideration by a practitioner. 
I0084 Finally, the method 350 ends at block372, where the 
physiological condition of the patient’s vasculature is evalu 
ated based on the determined physiological difference. In 
Some embodiments, this evaluation may include determining 
whether a blood flow thorough a vessel has improved between 
the point in time the first and second graphical diagnostic 
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measurements were captured and the point in time the third 
and fourth graphical diagnostic measurements were captured. 
In that regard, such an evaluation of the physiological condi 
tion of the patient’s vasculature may be part of a longitudinal 
study to measure the effectiveness of an intravascular proce 
dure, such as the placement of a stent within alumen. In some 
embodiments, the evaluation in block 372 may be performed 
by the processing system 101 with hardware and/or software 
based evaluation algorithms that analyze the determined 
physiological difference and provide a human-readable 
evaluation of the patient’s vessel. 
I0085. In this manner, the method 350 displays spatially 
and temporally co-registered image data collected during the 
course of a longitudinal study for use by a practitioner in 
evaluating a patient’s physiological condition. Because Such 
image data has been spatially and temporally co-registered, a 
practitioner may efficiently evaluate the condition of a patient 
overtime in a visual manner, which may lead to more accurate 
diagnoses than evaluations based on numerical measure 
ments alone. 

I0086. It should be recognized that the method 350 of 
assessing the condition of a vessel over time may include 
different and/or additional steps, and that one or more illus 
trated blocks may be performed in a different order. For 
instance, the method 350 may also include blocks related to 
collecting numerical measurements—such as pressure and 
flow measurements/calculations—at the each of the first and 
second times. Such numerical measurements may then be 
temporally co-registered with the graphical diagnostics mea 
Surements. Such that determining any physiological differ 
ence in the patient is also based on the co-registered numeri 
cal measurements. Examples of the anatomical structure to 
which the aforementioned co-registration of graphical diag 
nostic images captured over time may be applied include a 
coronary vessel, a coronary lesion, a vessel, a vascular lesion, 
alumen, aluminal lesion, and/or a valve. One of ordinary skill 
in the art would also recognize that the techniques of method 
350 may be applied to lumens of a subjects body other than 
blood vessels (for example, a lumen of the gastrointestinal or 
respiratory tract). Additionally, any number of graphical 
diagnostic measurements may be utilized during the course of 
method 350 to assess the condition of a vessel or other lumen. 

I0087 Persons skilled in the art will recognize that the 
apparatus, Systems, and methods described above can be 
modified in various ways. Accordingly, persons of ordinary 
skill in the art will appreciate that the embodiments encom 
passed by the present disclosure are not limited to the par 
ticular exemplary embodiments described above. In that 
regard, although illustrative embodiments have been shown 
and described, a wide range of modification, change, and 
Substitution is contemplated in the foregoing disclosure. It is 
understood that Such variations may be made to the foregoing 
without departing from the scope of the present disclosure. 
Accordingly, it is appropriate that the appended claims be 
construed broadly and in a manner consistent with the present 
disclosure. 

What is claimed is: 

1. A method of evaluating a vessel of a patient, comprising: 
obtaining, at a first time, a first graphical diagnostic mea 

surement of the vessel of the patient, the first graphical 
diagnostic measurement being in a first medical modal 
ity; 
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obtaining, at a second time Subsequent to the first time, a 
second graphical diagnostic measurement of the vessel, 
the graphical diagnostic measurement being in the first 
medical modality; 

spatially co-registering the first and second graphical diag 
nostic measurements; 

outputting a visual representation of the co-registered first 
and second graphical diagnostic measurements on a dis 
play; and 

determining a physiological difference between the vessel 
at the first time and the vessel at the second time based on 
the co-registered first and second graphical diagnostic 
measurements to evaluate the physiological condition of 
the vessel of the patient. 

2. The method of claim 1, wherein an intravascular proce 
dure was performed on the vessel between the first time and 
the second time. 

3. The method of claim 2, wherein the intravascular pro 
cedure includes inserting a stent into the vessel. 

4. The method of claim 1, wherein spatially co-registering 
includes generating a composite diagnostic image by over 
laying the second graphical diagnostic measurement on the 
first graphical diagnostic measurement. 

5. The method of claim 4, wherein outputting the visual 
representation includes outputting the composite diagnostic 
image on the display. 

6. The method of claim 4, wherein determining the physi 
ological difference is based on the composite diagnostic 
image. 

7. The method of claim 1, wherein determining a physi 
ological difference includes visually comparing a first depic 
tion of the vessel in the first graphical diagnostic measure 
ment and a second depiction of the vessel in the second 
graphical diagnostic measurement. 

8. The method of claim 7, wherein the comparing includes 
comparing a first cross-sectional lumen area of the vessel at a 
point of interest as depicted in the first graphical diagnostic 
measurement and a second cross-sectional lumen area of the 
vessel at the point of interest as depicted in the second graphi 
cal diagnostic measurement. 

9. The method of claim 1, wherein the first graphical diag 
nostic measurement is an extraluminal image. 

10. The method of claim 9, wherein the first graphical 
diagnostic measurement is one of an X-ray image, an angio 
gram image, an ultrasound image, a two-dimensional com 
puted tomography (CT) image, a three-dimensional CT 
image, a computed tomography angiogram (CTA) image, a 
positron emission tomography (PET) image, a PET-CT 
image, a magnetic resonance image (MRI), and a single 
photon emission computed tomography (SPECT) image. 

11. The method of claim 1, wherein the first graphical 
diagnostic measurement is an endoluminal image. 

12. The method of claim 11, wherein the first graphical 
diagnostic measurement is one of an intravascular ultrasound 
(IVUS) image, a forward looking IVUS (FL-IVUS) image, 
an intravascular photoacoustic (IVPA) image, a near-infrared 
Spectroscopy (NIRS) image, an optical coherence tomogra 
phy (OCT) image, an intracardiac echocardiography (ICE) 
image, a forward-looking ICE (FLICE) image, and an intra 
vascular magnetic resonance image (MRI). 
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13. A system of evaluating a vessel of a patient, compris 
1ng: 

an instrument configured to obtain graphical diagnostic 
measurements of the vessel of the patient; 

a processing system in communication with the first instru 
ment, the processing unit configured to: 
obtain, at a first time, a first graphical diagnostic mea 

surement of the vessel from the instrument, the first 
graphical diagnostic measurement being in a first 
medical modality; 

obtain, at a second time Subsequent to the first time, a 
second graphical diagnostic measurement of the ves 
sel from the instrument, the graphical diagnostic mea 
Surement being in the first medical modality; 

spatially co-register the first and second graphical diag 
nostic measurements; 

output a visual representation of the co-registered first 
and second graphical diagnostic measurements on a 
display; and 

determine a physiological difference between the vessel 
at the first time and the vessel at the second time based 
on the co-registered first and second graphical diag 
nostic measurements to evaluate the physiological 
condition of the vessel of the patient. 

14. The system of claim 13, wherein an intravascular pro 
cedure was performed on the vessel between the first time and 
the second time. 

15. The system of claim 14, wherein the intravascular 
procedure includes inserting a stent into the vessel. 

16. The system of claim 13, wherein the system is further 
configured to generate a composite diagnostic image by over 
laying the second graphical diagnostic measurement on the 
first graphical diagnostic measurement. 

17. The system of claim 16, wherein the system is further 
configured to output the composite diagnostic image on the 
display. 

18. The system of claim 16, wherein the system is further 
configured to determine the physiological difference based 
on the composite diagnostic image. 

19. The system of claim 13, wherein the first graphical 
diagnostic measurement is an extraluminal image. 

20. The system of claim 19, wherein the first graphical 
diagnostic measurement is one of an X-ray image, an angio 
gram image, an ultrasound image, a two-dimensional com 
puted tomography (CT) image, a three-dimensional CT 
image, a computed tomography angiogram (CTA) image, a 
positron emission tomography (PET) image, a PET-CT 
image, a magnetic resonance image (MRI), and a single 
photon emission computed tomography (SPECT) image. 

21. The system of claim 13, wherein the first graphical 
diagnostic measurement is an endoluminal image. 

22. The system of claim 13, wherein the first graphical 
diagnostic measurement is one of an intravascular ultrasound 
(IVUS) image, a forward looking IVUS (FL-IVUS) image, 
an intravascular photoacoustic (IVPA) image, a near-infrared 
Spectroscopy (NIRS) image, an optical coherence tomogra 
phy (OCT) image, an intracardiac echocardiography (ICE) 
image, a forward-looking ICE (FLICE) image, and an intra 
vascular magnetic resonance image (MRI). 
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