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(57) ABSTRACT 

Apparatus is described for use With a portion of a subject’s 
body that moves as a result of cyclic activity of a body system. 
An imaging device acquires a plurality of image frames of the 
portion. A sensor senses a phase of the cyclic activity. A 
medical tool performs a function With respect to the portion. 
A control unit generates a stabilized set of image frames of the 
medical tool disposed Within the portion, actuates the tool to 
perform the function or move, in response to the sensor sens 
ing that the cyclic activity is at a given phase thereof, and 
inhibits the tool from performing the action or moving in 
response to the sensor sensing that the cyclic activity is not at 
the given phase. A display facilitates use of the tool by dis 
playing the stabilized set of image frames. Other embodi 
ments are also described. 
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IMAGING AND TOOLS FOR USE WITH 
MOVING ORGANS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present patent application claims the bene?t of 
Us. Provisional Patent Application Nos. 60/ 906,091 ?led on 
Mar. 8,2007, 60/924,609 ?led on May 22, 2007, 60/929,165 
?led on Jun. 15, 2007, 60/935,914 ?led on Sep. 6, 2007, and 
60/ 996,746 ?led on Dec. 4, 2007, all named “Apparatuses and 
methods for performing medical procedures on cyclically 
moving body organs,” all of Which applications are incorpo 
rated herein by reference. 
[0002] The present application is related to the following 
applications, Which are incorporated herein by reference: 

[0003] a U8. patent application, entitled “Imaging for 
use With moving organs,” to TolkoWsky et al., Which is 
?led on even date With the current application. 

[0004] a U8. patent application, entitled “Tools for use 
With moving organs,” to Iddan et al., Which is ?led on 
even date With the current application. 

[0005] a PCT Application, entitled “Imaging and tools for 
use With moving organs,” to Iddan et al., ?led on Mar. 9, 2008. 

FIELD OF THE INVENTION 

[0006] The present invention generally relates to medical 
apparatus. Speci?cally, the present invention relates to stabi 
lizing imaging of cyclically moving body portions and syn 
chroniZing the actuation and/or movement of tools With the 
cyclical motion of cyclically moving body portions. 

BACKGROUND OF THE INVENTION 

[0007] Continuous images of a cyclically-moving body 
organ are typically displayed in the course of many medical 
procedures such as procedures performed on the heart, the 
thorax, the respiratory tract, the eyes, or the cardiovascular 
system. Such images typically shift constantly and are also 
prone to blurring. Consequently, such images are typically 
dif?cult to observe, and are di?icult to use in making clinical 
decisions over an extended period of time (such as the entire 
duration of the procedure). 
[0008] Many procedures are performed With respect to 
moving body parts, for example the insertion of balloons and 
stents into moving blood vessels. A di?iculty associated With 
such procedures is the targeted deployment and/ or actuation 
of tools With respect to the moving body part. 
[0009] Us. Pat. No. 4,865,043 to Shimoni, Which is incor 
porated herein by reference, describes a data selection 
method and system using a plurality of multi-dimensional 
WindoWs Wherein tWo parameters of ECG signals are tested 
for determining Whether the imaging data received simulta 
neously With the ECG signal is to be accepted. The plurality 
of WindoWs are described as providing a capability to gate and 
to sort imaging data based on the passage of associated ECG 
signals through each of the plurality of WindoWs With differ 
ent parameters. Thus images are described as being recon 
structed for a population of abnormally short or long heart 
cycles from a common data pool. 
[0010] Us. Pat. No. 3,954,098 to Dick et al., Which is 
incorporated herein by reference, describes a scan converter 
storage surface Which is divided into image spaces corre 
sponding to different points in the heart cycle. Ultrasound 
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echoes from heart structures are plotted in the image spaces 
by means of special x, y sWeeps Which are offset to the image 
spaces by timing circuitry. 
[0011] Us. Pat. No. 4,382,184 to Wernikoff, Which is 
incorporated herein by reference, describes X-ray apparatus 
and methods for producing discrete images of a human organ 
in ?uctuating motion, e. g., the heart and related vessels. Each 
image is derived at a selected time related to the cardiac cycle. 
The images are independently presented on respective dis 
crete areas Within a common image plane. A source of X-rays 
irradiates the organ. A physiological synchroniZer produces 
timing signals Within the cardiac cycle for controlling the 
periods of transmission of the X-ray beam through the organ 
during, for example, end diastole and end systole. An anti 
scattering, masking frame has alternate parallel slits and bars 
at equal intervals exposing substantially half the area of pre 
sentation of an X-ray sensitive ?lm in alternate, equally 
spaced area strips during, e.g., diastole. The frame is reposi 
tioned in response to a signal from the synchroniZer for actu 
ating it relative to the ?lm, such that the bars then cover the 
sensitiZed areas of the ?lm and expose substantially the 
remaining half of the ?lm during systole. The image elements 
are interdigitally juxtaposed to present the diastolic and sys 
tolic images in an interlaced pattern. Relative displacements 
of the organ during a cardiac cycle may be determined from 
the juxtaposed image elements. 
[0012] Us. Pat. No. 4,016,871 to Schiff, Which is incorpo 
rated herein by reference, describes a system Which is capable 
of simultaneously displaying a plurality of Waveforms on the 
face of a CRT Which are representative of ECG, arterial 
pressures and operating states of the mechanical heart assis 
tance devices, as Well as a “timing bar” Which sWeeps across 
the CRT face in synchronism With the ECG trace, for 
example. Optical pickups are slidably mounted adjacent the 
CRT face across the path of the “timing bar” sWeep for acti 
vating photodetectors Which in turn initiate in?ation and 
de?ation of mechanical assistive devices at any desired point 
along the ECG or pressure trace. Any one of the pressure or 
ECG traces may be “froZen” on the display face to facilitate 
comparison betWeen a trace of the condition of the heart prior 
to the use of heart assistance and a trace of the augmented 
condition. All traces may be freely moved to any location 
upon the display face so as to permit close positioning and 
even superimposition of tWo or more traces to still further 
facilitate visual comparisons. The timing bar may also be 
utiliZed to provide an electrical pacing assist for controlling 
patient heart rate as Well as for extending the heart refractory 
period enabling the assistance devices to operate at reduced 
rates. 

[0013] Us. Pat. No. 3,871,360 to Van Horn et al., Which is 
incorporated herein by reference, describes a system for tim 
ing biological imaging, measuring, or therapeutic apparatus 
in accordance With selected physiological states of a subject, 
featuring in various aspects generation of respiratory Win 
doWs on the basis of processed electrical signals derived from 
prior respiration history, digital offset correction circuitry for 
the respiratory signals, and generation of cardiac timing sig 
nals on the basis of prior cardiac cycle history. 
[0014] Us. Pat. No. 4,031,884 to HenZel, Which is incor 
porated herein by reference, describes apparatus for correlat 
ing the respiratory and cardiac cycles includes a circuit for 
de?ning a chosen period in the progress of the respiratory 
cycle as the end of a regulatable delay beginning When the 
ascending front of the inspiratorial pressure reaches a regu 
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latable level as Well as a circuit for de?ning a chosen period in 
the progress of the cardiac cycle as the end of a regulatable 
delay beginning When the differential dV/dt of the blood 
pressure reaches a regulatable level. An operator such as a 
terminal relay is activated upon the coincidence of these tWo 
periods in time after a regulatable delay and during a regulat 
able period. 
[0015] Us. Pat. No. 4,994,965 to Crawford et al., Which is 
incorporated herein by reference, describes a method of 
reducing image artifacts in tomographic, projection imaging 
systems due to periodic motion of the object being imaged, 
and includes the acquisition of a signal indicative of the 
periodic motion. This signal is used to identify a quiescent 
period in the periodic motion so that the acquisition of pro 
jection data may be coordinated to be centered Within the 
quiescent period. 
[0016] Us. Pat. No. 4,878,115 to Elion, Which is incorpo 
rated herein by reference, describes a method in Which a 
dynamic coronary roadmap of the coronary artery system is 
produced by recording and storing a visual image of the heart 
creating a mask sequence, recording and storing another 
dynamic visual image of the heart after injection of a contrast 
medium thereby creating a contrast sequence, matching the 
different durations of tWo sequences and subtracting the con 
trast sequence from the mask sequence producing a roadmap 
sequence. The roadmap sequence is then replayed and added 
to live ?uoroscopic images of the beating heart. Replay of the 
roadmap sequence is triggered by receipt of an ECG R-Wave. 
The result is described as a dynamically moving coronary 
roadmap image Which moves in precise synchronization With 
the live incoming ?uoroscopic image of the beating heart. 
[0017] Us. Pat. No. 4,709,385 to Pfeiler, Which is incor 
porated herein by reference, describes an x-ray diagnostics 
installation for subtraction angiography, Which has an image 
memory connected to an output of an x-ray image intensi?er 
video chain Which has a number of addresses for storing 
individual x-ray video signals obtained during a dynamic 
body cycle of a patient under observation. A differencing unit 
receives stored signals from the image memory as Well as 
current video signals and subtracts those signals to form a 
superimposed image. Entry and readout of signals to and 
from the image memory is under the command of a control 
unit Which is connected to the patient through, for example, 
an EKG circuit for identifying selected occurrences in the 
body cycle under observation. Entry and readout of data from 
the image memory is thereby controlled in synchronization 
With the selected occurrences in the cycle. 

[0018] Us. Pat. No. 4,270,143 to Morris, Which is incor 
porated herein by reference, describes a cross-correlation 
video tracker and method for automatically tracking a rela 
tively moving scene by storing elements from a frame of a 
video signal to establish a reference frame and comparing 
elements from a subsequent frame With the stored reference 
frame to derive signals indicating the direction and angular 
distance of scene relative movement. A cross-correlation dif 
ference signal is generated Which represents the difference 
betWeen a pair of cross-correlation signals dependent on the 
correlations of the subsequent frame elements and the stored 
reference elements at tWo predetermined opposite relative 
shifts. A circuit is responsive to this difference signal for 
generating an error signal indicative of the amount of shift 
required to center the stored reference frame With respect to 
the subsequent frame. 
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[0019] Us. Pat. No. 4,758,223 to Rydell, Which is incor 
porated herein by reference, describes a hand-operated device 
for in?ating the expander on a balloon-type catheter and for 
perfusing ?uids through the catheter and out its distal end. 
[0020] Us. Pat. No. 4,723,938 to Goodin et al., Which is 
incorporated herein by reference, describes an in?ation/de 
?ation device for an angioplasty balloon catheter Which per 
mits quick in?ation to an approximate Working pressure fol 
loWed by a ?ne but sloWer adjustment to a ?nal desired 
pressure. 

[0021] Us. Pat. No. 6,937,696 to Mostafavi, Which is 
incorporated herein by reference, describes a method and 
system for physiological gating. A method and system for 
detecting and estimating regular cycles of physiological 
activity or movements is also disclosed. Another disclosed 
embodiment is directed to predictive actuation of gating sys 
tem components. Yet another disclosed embodiment is 
directed to physiological gating of radiation treatment based 
upon the phase of the physiological activity. Gating can be 
performed, either prospectively or retrospectively, to any type 
of procedure, including radiation therapy or imaging, or to 
other types of medical devices and procedures such as PET, 
MRI, SPECT, and CT scans. 
[0022] Us. Pat. No. 6,246,898 to Vesely et al., Which is 
incorporated herein by reference, describes a method for car 
rying out a medical procedure using a 3-D tracking and imag 
ing system. A surgical instrument, such as a catheter, probe, 
sensor, pacemaker lead, needle, or the like is inserted into a 
living being, and the position of the surgical instrument is 
tracked as it moves through a medium in a bodily structure. 
The location of the surgical instrument relative to its imme 
diate surroundings is displayed to improve a physician’s abil 
ity to precisely position the surgical instrument. The medical 
procedures including targeted drug delivery, seWing sutures, 
removal of an obstruction from the circulatory system, a 
biopsy, amniocentesis, brain surgery, measurement of cervi 
cal dilation, evaluation of knee stability, assessment of myo 
cardial contractibility, eye surgery, prostate surgery, trans 
myocardial revasculariZation (TMR), robotic surgery, and 
evaluation of RF transmissions. 

[0023] US Patent Application Publication 2006/0058647 to 
Strommer et al., Which is incorporated herein by reference, 
describes a method for delivering a medical device coupled 
With a catheter, to a selected position Within a lumen of the 
body of a patient, the method comprising the procedures of: 
registering a three-dimensional coordinate system With a 
tWo-dimensional coordinate system, the three-dimensional 
coordinate system being associated With a medical position 
ing system (MPS), the tWo-dimensional coordinate system 
being associated With a tWo-dimensional image of the lumen, 
the tWo-dimensional image being further associated With an 
organ timing signal of an organ of the patient; acquiring MPS 
data respective of a plurality of points Within the lumen, each 
of the points being associated With the three-dimensional 
coordinate system, each of the points being further associated 
With a respective activity state of the organ; determining a 
temporal three-dimensional trajectory representation for 
each of the respective activity states from the acquired MPS 
data Which is associated With the respective activity state; 
superimposing the temporal three-dimensional trajectory 
representations on the tWo-dimensional image, according to 
the respective activity state; receiving position data respective 
of the selected position, by selecting at least one of the points 
along the temporal three-dimensional trajectory representa 
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tion; determining the coordinates of the selected position in 
the three-dimensional coordinate system, from the selected at 
least one point; determining the current position of the medi 
cal device in the three-dimensional coordinate system, 
according to an output of an MPS sensor attached to the 
catheter in the vicinity of the medical device; maneuvering 
the medical device through the lumen, toWard the selected 
position, according to the current position relative to the 
selected position; and producing a noti?cation output When 
the current position substantially matches the selected posi 
tion. 
[0024] US. Pat. No. 6,666,863 to WentZel et al., Which is 
incorporated herein by reference, describes devices and 
methods for performing percutaneous myocardial revascular 
iZation (PMR). An embodiment is described in Which a detec 
tor of an ablation controller provides a detect signal When a 
sensor block output signal indicates that a ?rst electrode is 
touching the Wall of the heart. The ablation controller may 
also provide a detect signal When the heart is in a less vulner 
able portion of the cardiac rhythm, such as When the ven 
tricles of the heart are contracting. As such, the ablation 
controller is described as helping to identify When the ?rst 
electrode is in contact With the Wall of the heart, thereby 
reducing the likelihood that an ablation Will be triggered 
When the ?rst electrode is not in contact With the endocardium 
of the heart and cause damage to the blood platelets Within the 
heart. 
[0025] US. Pat. No. 5,176,619 to SegaloWitZ, Which is 
incorporated herein by reference, describes a heart-assist 
device Which includes a ?exible catheter carrying at least a 
ventricular balloon, such balloon corresponding in siZe and 
shape to the siZe and shape of the left ventricle in the heart 
being assisted, the ventricular balloon being progressively 
in?ated creating a Wave-like pushing effect and de?ated syn 
chronously and automatically by means of a control console 
Which responds to heart signals from the catheter or else 
Where. 
[0026] PCT Publication WO 94/010904 to Nardella, Which 
is incorporated herein by reference, describes an ablation 
catheter that has an ablation electrode at a distal end coupled 
to an ablation poWer source through a loW impedance cou 
pling. In some embodiments, ablation only occurs While the 
heart is in a desired part of the cardiac cycle, the ablation 
poWer intervals being triggered by timing pulses synchro 
niZed With detection of the R Wave. This mode of actuation is 
described as assuring that the heart is essentially stationary 
before delivery of ablation energy, thus minimiZing the risk of 
inadvertently ablating healthy tissue. 
[0027] An article by Boyle et al., entitled “Assessment of a 
Novel Angiographic Image Stabilization System for Percuta 
neous Coronary Intervention” (Journal of Interventional Car 
diology,” Vol. 20 No. 2, 2007), Which is incorporated herein 
by reference, describes a system for stabiliZing angiographic 
images at a region of interest in order to assist during percu 
taneous coronary intervention (PCI). 
[0028] An article by Timinger et al., entitled “Motion com 
pensated coronary interventional navigation by means of dia 
phragm tracking and elastic motion models” (Phys Med Biol. 
2005 Feb. 7; 50(3):491 -503), Which is incorporated herein by 
reference, presents a method for compensating the location of 
an interventional device measured by a magnetic tracking 
system for organ motion and thus registering it dynamically 
to a 3D virtual roadmap. The motion compensation is accom 
plished by using an elastic motion model Which is driven by 
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the ECG signal and a respiratory sensor signal derived from 
ultrasonic diaphragm tracking. 
[0029] An article by Timinger et al., entitled “Motion com 
pensation for interventional navigation on 3D static road 
maps based on an af?ne model and gating” (Phys Med Biol. 
2004 Mar. 7; 49(5):719-32), Which is incorporated herein by 
reference, describes a method for enabling cardiac interven 
tional navigation on motion-compensated 3D static road 
maps. 
[0030] An article by Turski et al., entitled “Digital Subtrac 
tion Angiography ‘Road Map’” (American Journal of Roent 
genology, 1982), Which is incorporated herein by reference, 
describes a technique called roadmapping. An arterial road 
map for the subsequent manipulation of catheters under ?uo 
roscopy is generated by means of ?rst injecting a contrast 
agent into said arteries and using the resulting, “highlighted” 
arterial image as a background to the real-time ?uoroscopic 
imaging of the catheteriZation procedure. 
[0031] An article by Iddan et al., entitled “3D imaging in 
the studio and elseWhere” (SPIE Proceedings Vol. 4298 
2001), Which is incorporated herein by reference, describes 
the technique of background subtraction and replacement of 
video images, Which has been used in TV studios. 
[0032] The folloWing patents and patent applications, 
Which are incorporated herein by reference, may be of inter 
est: 

[0033] US. Pat. No. 5,830,222 to MakoWer 
[0034] US. Pat. No. 4,245,647 to Randall 
[0035] US. Pat. No. 4,316,218 to Gay 
[0036] US. Pat. No. 4,849,906 to Chodos et al. 
[0037] US. Pat. No. 5,062,056 to Lo et al. 
[0038] US. Pat. No. 5,630,414 to Horbaschek 
[0039] US. Pat. No. 6,442,415 to Bis et al. 
[0040] US. Pat. No. 6,473,635 to Rasche 
[0041] US. Pat. No. 4,920,413 to Nakamura 
[0042] US. Pat. No. 6,233,478 to Liu 
[0043] US. Pat. No. 5,764,723 to Weinberger 
[0044] US. Pat. No. 5,619,995 to LobodZinski 
[0045] US. Pat. No. 4,991,589 to Hongo et al. 
[0046] US. Pat. No. 5,538,494 to Matsuda 
[0047] US. Pat. No. 5,020,516 to Biondi 
[0048] US. Pat. No. 7,209,779 to Kaufman 
[0049] US. Pat. No. 6,858,003 to Evans et al. 
[0050] US. Pat. No. 6,786,896 to Madhani et al. 
[0051] US. Pat. No. 6,999,852 to Green 
[0052] US. Pat. No. 7,155,315 to Niemeyer et al. 
[0053] US. Pat. No. 5,971,976 to Wang et al. 
[0054] US. Pat. No. 6,377,011 to Ben-Ur 
[0055] US. Pat. No. 6,711,436 to Duhaylongsod 
[0056] US. Pat. No. 7,269,457 to Shafer 
[0057] US. Pat. No. 6,959,266 to Mostafavi 
[0058] US. Pat. No. 7,191,100 to Mostafavi 
[0059] US. Pat. No. 6,708,052 to Mao et al. 
[0060] US. Pat. No. 7,180,976 to Wink et al. 
[0061] US. Pat. No. 7,085,342 to Younis et al. 
[0062] US. Pat. No. 6,731,973 to Voith 
[0063] US. Pat. No. 6,728,566 to Subramanyan 
[0064] US. Pat. No. 5,766,208 to McEWan 
[0065] US. Pat. No. 6,704,593 to Stainsby 
[0066] US. Pat. No. 6,973,202 to Mostafavi 
[0067] US Patent Application Publication 2007/0173 861 to 
Strommer 
[0068] US Patent Application Publication 2007/ 02083 88 to 
Jahns 






















































