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Description

[0001] The present application generally relates to imaging systems. In particular, it relates to computed tomography
(CT) and, more particularly, to generating and detecting radiation and processing data indicative thereof.

[0002] Computed tomography (CT) imaging often includes scanning an object in motion. For example, cardiac CT
imaging includes scanning a beating heart. With cardiac CT, it typically is more desirable to reconstruct data corresponding
to a phase of the heart cycle in which the heart is relatively motionless. Various techniques including electrocardiogram
(ECQG) signal gating have been used to locate projection data corresponding to such a phase within projection data
representative of the heart cycle(s).

[0003] With retrospective gating, electrical activity of the heart, which reflects the state of the heart throughout a heart
cycle, is sensed by an electrocardiograph while a beating heart is scanned. Data corresponding to a desired heart phase
is then gated (selected) and reconstructed based on the signal representing the electrical activity. The data is selected
to obtain projection data collected over an angular range that provides a complete CT data set.

[0004] In one instance, the cardiac scanning procedure detects projection data over multiple successive heart cycles.
A sub-set of data for each heart cycle corresponding to the desired phase is then selected for reconstruction. Recon-
structing data from multiple heart cycles can improve temporal resolution. However, an irregular heart rhythm, which
generally is unpredictable, can change one or more heart cycles relative to the average heart cycle. This may result in
the selection of data corresponding to a different cardiac phase. As a consequence, the reconstructed image data may
be degraded.

[0005] One attempt to improve the quality of such data is discussed in Cademartiri F. et al., Improving diagnostic
accuracy of MDCT coronary angiography in patients with mild heart rhythm irregularities using ECG editing, AR Am J
Roentgenol. 2006 Mar;186(3):634-8. Cademartiri F. et al. describes a manual technique in which a user deletes a window
that identifies data for reconstruction for a heart cycle if the heart cycle is followed by a premature heart cycle and, if
this results in insufficient data for reconstruction, adds such a window(s) to the premature heart cycle. Unfortunately,
the quality of resulting image data may be less than desired based on the available data.

[0006] Document US2003016851 A1 may be considered to disclose a method and device according to the preambles
of claim 1 and claim 6 respectively.

[0007] Aspects of the present application address the above-referenced matters and others.

[0008] According to one aspect, a system includes a computed tomography system includes a windowing component
that receives an ECG signal that includes a premature heart cycle that occurs earlier than expected. The ECG signal is
time-synchronized with x-ray projection data of a beating heart. An analyzing component determines the effect that the
premature heart cycle has on data identified for reconstruction via a first reconstruction window and a desired cardiac
phase, wherein the windowing component positions the first reconstruction window within a first heart cycle to correspond
to the desired cardiac phase when the analyzing component determines that the premature heart cycle causes the first
reconstruction window to correspond to a different cardiac phase. A reconstructor reconstructs projection data corre-
sponding to a plurality of reconstruction windows from different cardiac cycles to generate image data indicative of the
desired phase of the heart.

[0009] According to another aspect, a system includes a windowing component that deletes a first reconstruction
window that corresponds to a suboptimal cardiac phase due to an anomalous signal in an ECG signal. The ECG signal
is mapped in time with x-ray projection data of a beating heart over a plurality of heart cycles. The windowing component
adds a replacement reconstruction window to optimize the reconstruction data set based on the anomalous signal and
available projection data. A reconstructor reconstructs the reconstruction data set to generate image data indicative of
the desired phase of the heart.

[0010] According to an embodiment the anomalous signal is a premature heart beat.

[0011] According to an embodiment the system further includes a recommendation component that recommends the
replacement reconstruction window.

[0012] According to an embodiment the windowing component automatically adds the replacement reconstruction
window.

[0013] According to an embodiment the system further includes an anomalous signal finder that automatically locates
and identifies the anomalous signal in the ECG signal.

[0014] According to an embodiment the windowing component moves at least a second reconstruction window within
a heart cycle to correspond to the desired cardiac phase when the anomalous signal causes the second reconstruction
window to correspond to a different cardiac phase.

[0015] According to an embodiment the windowing component adds a second reconstruction window if a first product
of a time interval from a previous normal reconstruction window to a subsequent normal reconstruction window and a
speed of a support in a longitudinal direction is greater than a second product of a collimation of an x-ray beam and an
x-ray source rotation time divided by the time interval.

[0016] Accordingto another aspect, a system includes a recommendation component that recommends a reconstruc-
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tion window for a cardiac phase within a plurality of successive heart cycles based on an ECG signal and an arrhythmia
therein. The ECG signal is obtained while concurrently scanning a beating heart with a computed tomography scanner.
A reconstructor reconstructs data corresponding to the data for each cycle corresponding to the reconstruction window.
[0017] Accordingto an embodiment the reconstruction window corresponds to a generally motionless state of the heart.
[0018] According to an embodiment the reconstruction window corresponds to data having a relatively high probability
of having no data gaps after removing a reconstruction window due to the arrhythmia.

[0019] According to an embodiment an operator selects an initial cardiac phase and the recommended reconstruction
window corresponds to a different cardiac phase.

[0020] According to an embodiment the recommendation component recommends at least a second reconstruction
window that corresponds to a different cardiac phase.

[0021] According to another aspect, a system includes a windowing component that automatically repositions or
removes a first reconstruction window for a heart cycle based on a premature heart cycle within an ECG that is signal
synchronized with x-ray projection data of a beating heart. A recommendation component automatically recommends
at least one additional reconstruction window based on the premature heart cycle. A reconstructor reconstructs data
corresponding to the reconstruction windows.

[0022] According to an embodiment the reconstruction data represents an optimal set of data in that it includes a
complete set of data for reconstruction and reduces artifact introduced from reconstructing data corresponding to different
cardiac phases.

[0023] According to an embodiment the system is a computed tomography (CT) scanner.

[0024] According to another aspect, a method includes receiving an ECG signal including a premature heart cycle
that occurs earlier than expected, wherein the ECG signal is time-synchronized with x-ray projection data of a beating
heart over multiple heart cycles, determining the effect that the premature heart cycle has on data identified for recon-
struction via a first reconstruction window and a desired cardiac phase, relocating a first reconstruction window within
afirst heart cycle that has been determined to correspond to data other than a desired cardiac phase due to the premature
heart cycle, wherein each of a plurality of heart cycles includes a reconstruction window; and reconstructing the projection
data corresponding to the plurality of reconstruction windows to generate image data indicative of the desired phase of
the heart.

[0025] According to another aspect, a computer readable storage medium containing instructions which, when exe-
cuted by a computer, cause the computer to carry out the method of receiving an ECG signal including a premature
heart cycle, relocating a first reconstruction window within a first heart cycle that corresponds to data other than a desired
cardiac phase due to the premature heart cycle, and reconstructing the projection data corresponding to the plurality of
reconstruction windows to generate image data indicative of the desired phase of the heart.

[0026] According to an embodiment the computer is a console of a computed tomography system, including a rotating
radiation source that emits x-rays that traverse an examination region, and a detector that rotates in coordination with
the radiation source and detects radiation that traverses the examination region, wherein the detector generates the
projection data time-synchronized with the ECG signal.

[0027] Still further aspects of the present invention will be appreciated to those of ordinary skill in the art upon reading
and understand the following detailed description.

[0028] The drawings are only for purposes of illustrating the preferred embodiments and are not to be construed as
limiting the invention.

FIGURE 1 illustrates an exemplary imaging system.

FIGURE 2 illustrates a representative ECG signal.

FIGURE 3 illustrates a representative ECG signal having an anomalous heart cycle.

FIGURES 4a, 4b, 4c, 4d, 4e, 5a, 5b, 5¢, 5d, and 5e provide examples in which the system uses the ECG signal
having the anomalous heart cycle to select reconstruction data.

FIGURE 6 illustrates an example in which a different phase for reconstruction is recommended.

FIGURE 7 illustrates an exemplary method.

FIGURES 8, 9, and 10 graphically illustrate an exemplary method.

[0029] With reference to FIGURE 1, a computed tomography (CT) scanner 100 includes a rotating gantry portion 104
which rotates about a longitudinal or z-axis. The portion 104 supports an x-ray source 108 such as a x-ray tube, and an
x-ray detector 112, which generates x-ray projection data at a plurality of projection angles or views with respect to an
examination region 116. The detector 112 includes a generally two-dimensional array of detector elements that generate
output signals or projection data indicative of the detected radiation. A memory 120 or other storage device stores the
projection data.

[0030] An object support 124 such as a couch supports a patient or other subject in the examination region 116. The
object support 124 is movable so as to guide the patient or other subject within respect to the examination region 116
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before, during, and after a scan.

[0031] A biological monitor 128, such as an electrocardiogram (ECG) or a respiratory monitor, provides information
regarding the cardiac phase or other motion state of the subject. The biological monitor 128 signal, in the case of
retrospective gating, is used to correlate the projection data with the motion phase or state at which it was acquired.
[0032] A processing component 132 communicates with the biological monitor 128 and facilitates selecting a set of
reconstruction data from the projection data based on the biological signal. The processing component 132 includes an
analyzing component 136, a windowing component 140, and a recommendation component 144. These components,
individually or a combination thereof, facilitate selecting the set of reconstruction data when the biological signal includes
an anomalous signal. In one instance, the set of data represents the optimal use of the available data in the presence
of the anomalous signal.

[0033] Inthe case of cardiac CT, one example of such an anomalous signal is an arrhythmia or irregular rhythm such
as a premature heart beat or extrasystole. In this case, the analyzing component 136 facilitates determining whether
and how a reconstruction window is affected by a premature heart beat. If a reconstruction window is affected by the
premature heart cycle, the windowing component 140 facilitates adjusting, removing, or adding one or more reconstruction
windows based on the premature heart cycle. The recommendation component 144 recommends reconstruction window
and cardiac phases based on the on the premature heart cycle and the available data. These components are described
in greater detail below.

[0034] A reconstructor 148 reconstructs the selected projection data to generate image data. In the case of a retro-
spectively gated reconstruction, projection data corresponding to one or more desired motion states or phases of the
subject or a region of interest thereof is reconstructed to generate image data corresponding to the desired cardiac
phase(s).

[0035] A general purpose computer serves as an operator console 152. The console 152 includes a human readable
output device such as a monitor or display and an input device such as a keyboard and mouse. Software resident on
the console allows the operator to control and interact with the scanner 100. In one instance, the interaction includes
presenting the biological signal to an operator, for example, by superimposing a reconstruction window identifying a
cardiac phase with the biological signal. In addition, the interaction includes allowing the operator to manually identify
an anomaly within the biological signal, generate a reconstruction window for a cardiac cycle, select or confirm a set of
data for reconstruction, invoke automatic data selection and reconstruction, and otherwise interact with the scanner 100,
for example, through a graphical user interface (GUI).

[0036] Inthe examples described below, the system 100 is used for a retrospective gated cardiac CT application. For
this application, the biological monitor 128 provides an ECG signal that is synchronized with projection data corresponding
to multiple heart beats.

[0037] FIGURE 2 illustrates a representative baseline ECG signal 200 that is "normal" in the sense that it does not
include an extrasystole such as arrhythmia or irregular heart beat. Each of the heart cycles 204, 208, 212, and 216
includes a systolic period 220 in which the atria (the P wave) and subsequently the ventricles (the QRS complex) contract
and the ventricles then re-polarize (the T wave), and a subsequent diastolic period 224 in which the heart relaxes after
contraction and refills with circulating blood. The distance 228 between heart cycles or R-R intervals is represented by
time period t. For explanatory purposes, in this example t is about one (1) second, and each of the systolic and diastolic
periods represents about half of a heart cycle.

[0038] Assuming the baseline ECG signal 200 is recorded by the monitor 128, when the ECG signal 200 is received
by the console 152, the console 152 displays the ECG signal 200 to the operator and provides a mechanism for the
operator to select a desired cardiac phase for reconstruction or otherwise input information indicative of a desired cardiac
phase. In one instance, the input invokes generation of a reconstruction window for different portions of the ECG signal
200, each corresponding to the desired cardiac phase.

[0039] By way of example, the operator may provide an input that leads to the generation of a reconstruction window
for a "quiet" or relatively motionless cardiac phase of the diastolic period. One such phase generally occurs mid to end
diastole. In one instance, this phase is approximated to be at about seventy (70) percent of the time duration of a heart
cycle relative to the peak of the R wave. An exemplary reconstruction window 236 for this phase is shown in FIGURE 2.
[0040] Another phase in which the heart is relatively motionless occurs at about the end of systole. This phase is
approximated to be at about forty (40) percent of the time duration of the cycle. An exemplary reconstruction window
232 for this phase is also shown in FIGURE 2. Other techniques for approximating the location of a cardiac phase within
the ECG signal 200 such as, but not limited to, time based approaches are also contemplated herein. In addition, the
operator may additionally or alternatively select a different cardiac phase.

[0041] In general, the width of a reconstruction window is configured so that the data acquired over the multiple
revolutions provides a complete set of data (or at least one hundred and eighty (180) degrees plus a fan angle of data)
for reconstruction. Since the ECG 200 is synchronized with the projection data, the reconstruction window identifies the
projection data that corresponds to the desired cardiac phase.

[0042] In this example, the system is configured so that the data acquired during adjacent heart cycles overlap in the
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z-axis or longitudinal direction. The overlapping data acquisitions accommodates heart cycle time duration differences
between adjacent heart cycles and mitigates data gaps, orinstances in which there is alack of data between reconstruction
windows corresponding to adjacent heart cycles. System parameters such as table pitch are suitably configured based
on the individual’s average heart rate, the number and width of the detectors and the rotation speed in order to provide
a suitable table speed for the overlapping data acquisitions.

[0043] FIGURE 3illustrates an ECG signal 300 having a premature heart cycle 312. For this example the heart cycles
304, 308 and 316 are considered "normal" in the sense that they generally occur in time as expected (although they
may be affected by the premature heart cycle 312 as discussed below) based on the one (1) second time duration
intervals depicted in the heart cycles in FIGURE 2.

[0044] The heart cycle 312 is premature in that it occurs earlier than expected. In this example, the premature heart
cycle 312 occurs six tenths (.6) of a second after the R wave of the heart cycle 308 instead of one (1) second. As a
consequence, a diastolic period 320 of the second heart cycle 308 is shortened, or ends after six tenths (.6) of a second
instead of one (1) second after its corresponding R wave.

[0045] In addition, a diastolic 324 period of the premature heart cycle 312 is extended. In this example, the diastolic
period of the premature heart cycle 312 is prolonged such that the distance from the R wave of the heart cycle 308 to
the R wave of the next "normal" heart cycle, the heart cycle 316, is about the same distance as between two normal
heart cycles, or about two (2) seconds.

[0046] The analyzing component 136, the windowing component 140, and the recommendation component 144 are
now further described. In the following examples, assume that the ECG signal 300 having the premature heart cycle
312, the identification of the premature cycle 312, and the reconstruction windows and desired cardiac phase are provided
to the processing component 132.

[0047] The analyzing component 136 determines the affect that the premature heart cycle 312 has on the data identified
for reconstruction via the reconstruction window and desired cardiac phase. The heart cycles 304 and 316 are not
affected by the premature heart cycle 312. As a result, the reconstruction windows within these heart cycles correspond
to the desired cardiac phase.

[0048] In contrast, the heart cycles 308 and 312 are affected (as discussed above) in that the heart cycle 308 is
shortened and the heart cycle 312 is extended. As a results, a reconstruction window positioned within the heart cycle
308 based on a percentage of the time duration of the heart cycle 308 is located relatively early in time within the heart
cycle, and a reconstruction window positioned within the heart cycle 312 based on a percentage of the time duration of
the heart cycle 312 is located relatively later in time within the heart cycle.

[0049] With respect to the heart cycle 308, the analyzing component 136 determines whether the reconstruction
windows occurs prior to or after the premature heart cycle 312 in terms of time from the peak of its R wave.

[0050] FIGURE 4a illustrates a case in which a reconstruction window 408 within the heart cycle 308 is located, in
time relative to a peak of the R wave, after the premature heart cycle 312. It is to be appreciated that a reference other
than the peak of the R wave can alternatively be used.

[0051] As depicted, the premature heart cycle 312 occurs at about six tenths (.6) of a second after the peak of the R
wave for the heart cycle 308, and the reconstruction windows 404, 408, 412, and 416 are at about seventy (70) percent
(%) of their corresponding heart cycle. As a result, in terms of time after the peak of the R wave the reconstruction
window 408 is at about forty-two hundredths (.42) of a second instead of at about seven tenths (.7) of a second after
the peak of the R wave, as is the reconstruction windows 404 and 416 within the unaffected heart cycles 304 and 316.
[0052] The analyzing component 136 recognizes that the reconstruction window 408 does not correspond to the
desired cardiac phase and that the reconstruction data is suboptimal for reconstruction purposes since includes data
corresponding to a different cardiac phase. The windowing component 140 removes the reconstruction window 408 so
that the corresponding data is not selected for reconstruction or reconstructed. This is illustrated in FIGURE 4b. In
general, if a reconstruction window in time after the peak of its corresponding R wave occurs at or later than a premature
heart cycle, then the reconstruction window is removed so that the corresponding data is not selected for reconstruction
or reconstructed.

[0053] FIGURE 5a illustrates the case in which a reconstruction window 508 within the heart cycle 308 is located, in
time relative to the peak of the R wave, before the premature heart cycle 312.

[0054] As depicted, the premature heart cycle 312 occurs at about six tenths (.6) of a second after the peak of the
relevant R wave, and the reconstruction windows 504, 508, 512, and 516 are at about forty (40) percent (%) of their
corresponding heart cycle. In terms of time after the peak of the R wave, the reconstruction window 508 is at about
twenty-four hundredths (.24) of a second after the peak of its corresponding R wave instead of at about four tenths (.4)
of a second after the peak of the R wave like the reconstruction windows 504 and 516 within the unaffected heart cycles
304 and 316.

[0055] The heart cycle 308 up to the occurrence of the premature heart cycle 312 is regular so the data within this
region is normal, or is as if the premature heart cycle never occurred. The analyzing component 136 recognizes that
the premature heart cycle 312 has caused the reconstruction window 508 to shift away from the desired cardiac phase,
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resulting in suboptimal reconstruction data.

[0056] The windowing component 140 moves or positions the reconstruction window 508 in terms of time so that it is
positioned from the peak of its R wave in terms of time rather than as a percentage of the cycle time duration. As a
result, the reconstruction window is moved to a position at about four tenths (.4) seconds from the R wave so that the
reconstruction window 508 corresponds to the desired cardiac phase. This is illustrated in FIGURE 5b.

[0057] With respect to the premature heart cycle 312, the cycle 312 is always abnormal to some degree and therefore
optimally it should be removed. The analyzing component 136 determines whether, after removing window 412 or 512,
a data gap occurs. If there is no data gap, the window 412 or 512 is removed as illustrated in FIGURES 4c and 5c.
[0058] If there is a data gap, then the windowing component 140 makes optimal use of the data available. For an atrial
extrasystole, the cycle 312 is approximately normal so the reconstruction window 412 is placed at about seven tenths
(.7) of a second from the R wave of cycle 312 as shown in FIGURE 4d, and the reconstruction window 512 is placed at
about four-tenths (.28) of a second from the R wave of cycle 312 as shown in FIGURE 5d.

[0059] For a ventricular extrasystole, the cycle 312 is more abnormal. The window 412 is placed at about three tenths
(-3) of a second (1 second - 0.7 seconds) before the next R as shown in FIGURE 4e. The window 512 is placed at about
four-tenths (.28) of a second from the R wave of cycle 312 (like it is for an atrial extrasystole as described above) as
shown in FIGURE 5e.

[0060] The analyzing component 136 determines whether a data gap occurs if a window is removed by determining
whether the data corresponding to the remaining reconstruction windows would provide sufficient data for reconstruction
purposes so that there is no missing data. One technique for approximating whether sufficient data exists includes
checking to see whether the inequality in Equation 1 is satisfied:

Equation 1 (T*TS) > (SC*T/RT),

wherein T represents the time interval, TS represents the table speed, SC represents the x-ray beam collimation, and
RT represents the x-ray source rotation time. The time interval T is measured from the previous normal reconstruction
window to the reconstruction window of the following normal heart cycle. If the product of the time interval and the
scanner table speed is greater, then a data gap exists and there is not enough data to reconstruct the image at all z-
axis locations.

[0061] If repositioning the seventy (70) percent (%) reconstruction windows as described above in connection with
FIGURES 4d and 4e results in data gaps, then the recommendation component 144 provides a global recommendation.
For the global recommendation, the recommendation component 144 recommends an entirely new reconstruction at a
different phase(s) located before the premature R wave as shown in FIGURE 6. In this example, the recommended
phase is the forty (40) percent (%) phase depicted in FIGURE 5a. This ensures a valid reconstruction window for the
cycle 308 and provides the option to deciding whether to delete or relocate the reconstruction window for 312 and, thus,
ensures having one or more reconstruction without data gaps. The seventy (70) percent (%) phase is reconstructed
according to FIGURE 4b-e and the new forty (40) percent (%) phase is reconstructed according to FIGURE 5b-e.
[0062] FIGURE 7 illustrates an exemplary method for selecting optimal reconstruction windows by the system 100.
At 704, an ECG signal synchronized with projection data is obtained. At 708, an anomalous heart cycle such as a
premature heart cycle is identified within the ECG signal, and a desired cardiac phase is selected for reconstruction.
Based on this information, the processing component 128 determines optimal use of the available data in the presence
of the anomaly in the heart signal.

[0063] At 712, the analyzing component 132 determines whether the anomaly results in a reconstruction window that
corresponds to a cardiac phase other than the desired cardiac phase. If not, the reconstruction windows or the data
corresponding to the reconstruction windows is selected for reconstruction.

[0064] However, if the anomaly affects the reconstruction data, then at 716 it is determined whether there is sufficient
data so that an affected reconstruction window can be removed without introducing a data gap. If there is sufficient data,
then at 720 the reconstruction window is removed, and the remaining reconstruction windows or the data corresponding
thereto are selected for reconstruction.

[0065] Otherwise, at 724, the affected reconstruction window is moved as described above, and the reconstruction
windows or the data corresponding thereto are selected for reconstruction.

[0066] At 728, itis determined whether moving the reconstruction window introduced a data gap. At 732, if a data has
been introduced, then a new reconstruction with sufficient data is also recommended.

[0067] FIGURES 8, 9, and 10 graphically show an example. Initially referring to FIGURE 8, an exemplary ECG signal
with reconstruction windows 804, 808, 812, 816, and 820 covering phases located at about seventy-five (75) percent
(%) respectively within each heart cycle 824, 828, 832, 836, and 840 as illustrated. The heart cycle 836 is identified as
an atrial premature beat (APB).
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[0068] In this example, the premature heart cycle 836 begins prior to the reconstruction window 812 when the recon-
struction window 812 is expressed in terms of time from a peak of an R wave 848 of the heart cycle 832. Since the
reconstruction windows 804-840 are positioned based on a percentage of the heart cycle and the heart cycle 832 is
shortened, the reconstruction window 812 is suboptimal in that is does not correspond to the desired cardiac phase at
seventy-five (75) percent of an average heart cycle. As a result, the reconstruction window 812 is removed, as illustrated
in FIGURE 9.

[0069] Premature heartcycle 836 is abnormal and therefore the system examines whether window 816 can be removed
as well. Since this results in missing data, an alternative strategy is applied, and the reconstruction window 816 is
relocated to a more optimal location as shown in FIGURE 9 based on the time from the peak of the R wave of the
premature heart cycle 836.

[0070] In this example, removing both reconstruction window 812 and 816 results in a deficient data for reconstruction
purposes, whereas deleting 812 and relocating 816 as described above may lead to a suboptimal correction. As an
alternative solution, anew reconstruction phase of 45% corresponding to windows 1002, 1004 and 1008, is recommended
as shown in FIGURE 10. This now enables window 1006 belonging to premature cycle 836 to be removed.

[0071] Other aspects are now described.

[0072] In the illustrated embodiment, the operator identifies the premature heart cycle within the ECG signal. In an
alternative embodiment, the processing component 132 automatically identifies anomalous heart cycles via a premature
heart cycle detector 156. In one instance, the processing component 132 prompts the operator for confirmation. In
another instance, an automatically identified anomalous heart cycle is automatically considered to be an anomalous
heart cycle.

[0073] In the illustrated embodiment, the operator provides a desired cardiac phase. In an alternative embodiment,
the processing component 132 automatically recommends reconstruction windows and/or a reconstruction phase based
on the ECG signal and anomalous signal without user input regarding a desired cardiac phase.

[0074] In another embodiment, the processing component 128 automatically locates anomalous heart cycles, selects
an optimal reconstruction phase based on an anomalous heart cycle, and generates reconstruction windows for each
heart cycle. Optionally, the processing component 128 automatically invokes reconstruction of the reconstruction data set.
[0075] In the above description, the new phase is recommended only when there is insufficient data. It is to be appre-
ciated thatin an alternative embodiment an additional new phase is always recommended. In one instance, this increases
the chances of obtaining a good reconstruction.

[0076] The processing component 132, including the analyzing component 136, the windowing component 140, and
the recommendation component 144, may be implemented by way of computer readable instructions which, when
executed by a computer processor(s), cause the processor(s) to carry out the described techniques. In such a case, the
instructions are stored in a computer readable storage medium associated with or otherwise accessible to the relevant
computer.

[0077] Note also that the described techniques need not be performed concurrently with the data acquisition. They
may also be performed using a computer (or computers) which are associated with the scanner 100; they may also be
located remotely from the scanner 100 and access the relevant data over a suitable communications network such as
a HIS/RIS system, PACS system, the internet, or the like.

[0078] Applications of the forgoing and variations thereof include, but are not limited to, selecting suitable data for
gated CT, magnetic resonance imaging (MRI), nuclear cardiology and three-dimensional (3D) echo studies.

Claims
1. A system, comprising:

a windowing component (140) that is adapted to receive an ECG signal that includes a premature heart cycle
(312), which is one that occurs earlier than expected, wherein the ECG signal is time-synchronized with x-ray
projection data of a beating heart and wherein the windowing component (140) is adapted to position a first
reconstruction window (508) within a first heart cycle to correspond to a desired cardiac phase, said reconstruc-
tion window defining a plurality of reconstruction windows (504, 508, 512, 516) each located in a different cardiac
cycle (304,308,312,316);

characterised by an analyzing component that is adapted to recognize that a reconstruction window (412,
512) does not correspond to the desired cardiac phase and to determine whether a data gap occurs if said
reconstruction

window is removed by determining whether the data corresponding to the remaining reconstruction windows
provides sufficient data for reconstruction purposes such that there is no missing data;

a recommendation component (144); and
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areconstructor (148) that is adapted to reconstruct projection data corresponding to a plurality of reconstruction
windows from different cardiac cycles and to generate image data indicative of the desired phase of the heart,
wherein the windowing componentis adapted such that the reconstruction window is removed if there is sufficient
data and remaining reconstruction windows or data corresponding thereto are selected for reconstruction by
the reconstructor and adapted such that in case of insufficient data the recommendation component provides
a global recommendation of a different phase or different phases located before the premature heart cycle and
wherein an effected reconstruction window is movable, reconstruction windows or data corresponding thereto
are selected for reconstruction by the reconstructorand wherein the analyzing componentin that case determines
whether a data gap has been introduced by moving of the reconstruction window.

The system of claim 1, wherein the windowing component (140) is adapted to reposition the first reconstruction
window in terms of time relative to a reference signal within the first heart cycle when a first time interval from the
reference signal to the first reconstruction window is less than a second time interval from the reference signal to
the premature heart cycle.

The system of claim 2,

wherein the windowing component (140) is adapted to

remove the first reconstruction window when a first time interval from the reference signal to the first reconstruction
window is greater than a second time interval from the reference signal to the premature heart cycle.

The system of claim 3,

wherein the recommendation component (144) is adapted to recommends a different phase that ensures that the
first time interval from the reference signal to the first reconstruction window is less than the second time interval
from the reference signal to the premature heart cycle.

The system of claim 1,

wherein the recommendation component (144) is adapted to recommend a second phase for reconstruction when
the second phase has a relatively higher probability of having sufficient data for reconstruction after removing a
reconstruction window due to the premature heart cycle.

A method, comprising:

receiving an ECG signal including a premature heart cycle, which is one that occurs earlier than expected,
wherein the ECG signal is time-synchronized with x-ray projection data of a beating heart over multiple heart
cycles;

positioning a first reconstruction window within a first heart cycle to correspond to a desired cardiac phase, said
reconstruction window defining a plurality of reconstruction windows (504, 508, 512, 516) each located in a
different cardiac cycle (304,308,312,316);

characterised by recognizing that a reconstruction window does not correspond to the desired cardiac phase
and determining whether a data gap occurs if said reconstruction window is removed by

determining whether data corresponding to remaining reconstruction windows provides sufficient data for re-
construction purposes so that there is no missing data; wherein the reconstruction window is removed if there
is sufficient data and remaining reconstruction windows or data corresponding thereto are selected for recon-
struction; and ifthere is insufficient data, providing, with a recommendation component, a global recommendation
of a different phase or differnet phases located before the premature heart cycle and moving the effected
reconstruction window and selecting the reconstruction windows or data corresponding thereto for reconstruc-
tion; and further in that case determining whether a data gap has been introduced by moving the reconstruction
window.

The method of claim 6, further including relocating a second reconstruction window within the premature heart cycle
relative to a reference signal in the premature heart cycle in terms of time or relative to a reference signal in a next
heart cycle in terms of time, depending on type of premature heart cycle.

The method of claim 7, further including removing the first reconstruction window.

A computer readable storage medium containing instructions which, when executed by a computer, cause the
computer to carry out the method of claim 6.
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Patentanspriiche

1.

System, das Folgendes umfasst:

eine Fensterungskomponente (140), die dafiir ausgelegt ist, ein EKG-Signal zu empfangen, das einen vorzei-
tigen Herzzyklus (312) umfasst, bei dem es sich um einen Herzzyklus handelt, der friiher als erwartet auftritt,
wobei das EKG-Signal zeitlich mit Réntgenprojektionsdaten eines schlagenden Herzens synchronisiert ist und
wobei die Fensterungskomponente (140) dafiir ausgelegt ist, ein erstes Rekonstruktionsfenster (508) innerhalb
eines ersten Herzzyklus so zu positionieren, dass es einer gewlinschten Herzphase entspricht, wobei das
genannte Rekonstruktionsfenster eine Vielzahl von Rekonstruktionsfenstern (504, 508, 512, 516) definiert, die
jeweils in einem anderen Herzzyklus (304, 308, 312, 316) liegen;

gekennzeichnet durch eine Analysekomponente, die dafiir ausgelegt ist, zu erkennen, dass ein Rekonstruk-
tionsfester (412, 512) nicht mitder gewlinschten Herzphase tibereinstimmt, und zu ermitteln, ob eine Datenliicke
auftritt, wenn das genannte Rekonstruktionsfenster entfernt wird, indem sie ermittelt, ob die Daten, die den
verbleibenden Rekonstruktionsfenstern entsprechen, gentigend Daten fiir Rekonstruktionszwecke liefern, so
dass es keine fehlenden Daten gibt;

eine Empfehlungskomponente (144); und

eine Rekonstruktionseinheit (148), die daflir ausgelegt ist, aus verschiedenen Herzzyklen Projektionsdaten zu
rekonstruieren, die einer Vielzahl von Rekonstruktionsfenstern entsprechen, und Bilddaten zu generieren, die
die gewlinschte Herzphase angeben, wobei die Fensterungskomponente derartig ausgelegt ist, dass das Re-
konstruktionsfenster entfernt wird, wenn gentigend Daten vorhanden sind, und die verbleibenden Rekonstruk-
tionsfenster oder diesen entsprechende Daten durch die Rekonstruktionseinheit fiir die Rekonstruktion aus-
gewahlt werden, und derartig ausgelegt ist, dass wenn nicht gentigend Daten vorhanden sind, die Empfeh-
lungskomponente eine globale Empfehlung einer anderen Phase oder anderer Phasen gibt, die vor dem vor-
zeitigen Herzzyklus liegen, und wobei ein ausgefiihrtes Rekonstruktionsfenster verschiebbar ist und Rekonst-
ruktionsfenster oder diesen entsprechende Daten durch die Rekonstruktionseinheit flir die Rekonstruktion
ausgewahlt werden, und wobei die Analysekomponente in diesem Fall ermittelt, ob durch das Verschieben
des Rekonstruktionsfensters eine Datenllicke eingefihrt wurde.

System nach Anspruch 1, wobei die Fensterungskomponente (140) dafiir ausgelegt ist, das erste Rekonstruktions-
fenster zeitlich in Bezug auf ein Referenzsignal innerhalb des ersten Herzzyklus neu zu positionieren, wenn ein
erstes Zeitintervall von dem Referenzsignal zum ersten Rekonstruktionsfenster kleiner als ein zweites Zeitintervall
von dem Referenzsignal zum vorzeitigen Herzzyklus ist.

System nach Anspruch 2, wobei die Fensterungskomponente (140) dafiir ausgelegt ist, das erste Rekonstruktions-
fenster zu entfernen, wenn ein erstes Zeitintervall von dem Referenzsignal zum ersten Rekonstruktionsfenster
groéRer als ein zweites Zeitintervall von dem Referenzsignal zum vorzeitigen Herzzyklus ist.

System nach Anspruch 3, wobei die Empfehlungskomponente (144) dafiir ausgelegt ist, eine andere Phase zu
empfehlen, welche sicherstellt, dass das erste Zeitintervall von dem Referenzsignal zum ersten Rekonstruktions-
fenster kleiner ist als das zweite Zeitintervall von dem Referenzsignal zum vorzeitigen Herzzyklus.

System nach Anspruch 1, wobei die Empfehlungskomponente (144) dafiir ausgelegt ist, eine zweite Phase flr die
Rekonstruktion zu empfehlen, wenn die zweite Phase eine relativ héhere Wahrscheinlichkeit hat, dass gentigend
Daten fir die Rekonstruktion vorliegen, nachdem das Rekonstruktionsfenster aufgrund des vorzeitigen Herzzyklus
entfernt wurde.

Verfahren, das Folgendes umfasst:

Empfangen eines EKG-Signals, das einen vorzeitigen Herzzyklus umfasst, bei dem es sich um einen Herzzyklus
handelt, der friiher als erwartet auftritt, wobei das EKG-Signal zeitlich mit Réntgenprojektionsdaten eines schla-
genden Herzens Uber mehrere Herzzyklen synchronisiert ist;

Positionieren eines ersten Rekonstruktionsfensters innerhalb eines ersten Herzzyklus auf derartige Weise, dass
es einer gewlnschten Herzphase entspricht, wobei das genannte Rekonstruktionsfenster eine Vielzahl von
Rekonstruktionsfenstern (504, 508, 512, 516) definiert, die jeweils in einem anderen Herzzyklus (304, 308, 312,
316) liegen; gekennzeichnet durch das Erkennen, dass ein Rekonstruktionsfester nicht mit der gewiinschten
Herzphase Ubereinstimmt, und das Ermitteln, ob eine Datenliicke auftritt, wenn das genannte Rekonstruktions-
fenster entfernt wird, indem ermittelt wird, ob die Daten, die den verbleibenden Rekonstruktionsfenstern ent-
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sprechen, geniigend Daten fir Rekonstruktionszwecke liefern, so dass es keine fehlenden Daten gibt; wobei
das Rekonstruktionsfenster entfernt wird, wenn gentigend Daten vorhanden sind, und die verbleibenden Re-
konstruktionsfenster oder diesen entsprechende Daten fir die Rekonstruktion ausgewahlt werden; und wenn
nicht geniigend Daten vorhanden sind mittels einer Empfehlungskomponente eine globale Empfehlung einer
anderen Phase oder anderer Phasen bereitgestellt wird, die vor dem vorzeitigen Herzzyklus liegen, und das
ausgefiihrte Rekonstruktionsfenster verschoben wird und die Rekonstruktionsfenster oder diesen entsprechen-
de Daten durch die Rekonstruktionseinheit fir die Rekonstruktion ausgewahlt werden; und wobei in diesem
Fall ermittelt wird, ob durch das Verschieben des Rekonstruktionsfensters eine Datenliicke eingefiihrt wurde.

7. Verfahren nach Anspruch 6, weiterhin umfassend das Neupositionieren eines zweiten Rekonstruktionsfensters
innerhalb des vorzeitigen Herzzyklus in Bezug auf ein Referenzsignal in dem zeitlich vorzeitigen Herzzyklus oder
in Bezug auf ein Referenzsignal in einem zeitlich ndchsten Herzzyklus, abhangig von der Art des vorzeitigen Herz-
zyklus.

8. Verfahren nach Anspruch 7, weiterhin umfassend das Entfernen des ersten Rekonstruktionsfensters.

9. Computerlesbares Speichermedium mit Anweisungen, die, wenn sie durch einen Computer ausgefiihrt werden,
den Computer veranlassen, das Verfahren nach Anspruch 6 durchzufiihren.

Revendications
1. Systéme, comprenant :

un composant de fenétrage (140) qui est adapté pour recevoir un signal ’ECG qui inclut un cycle cardiaque
prématuré (312), qui est un qui se produit plus t6t que prévu, dans lequel le signal d’ECG est synchronisé
temporellement avec des données de projection de rayons X d’un coeur battant et dans lequel le composant
de fenétrage (140) est adapté pour positionner une premiére fenétre de reconstruction (508) a l'intérieur d’'un
premier cycle cardiaque pour correspondre a une phase cardiaque souhaitée, ladite fenétre de reconstruction
définissant une pluralité de fenétres de reconstruction (504, 508, 512, 516), chacune située dans un cycle
cardiaque différent (304, 308, 312, 316) ;

caractérisé par

un composant d’analyse qui est adapté pour reconnaitre qu’'une fenétre de reconstruction (412, 512) ne correspond
pas a la phase cardiaque souhaitée et pour déterminer qu’un espace de données se produit ou non si ladite fenétre
de reconstruction est enlevée en déterminant que les données correspondant aux autres fenétres de reconstruction
fournissent ou non des données suffisantes pour des objectifs de reconstruction de telle sorte qu’il n'y a aucune
donnée manquante ;

un composant de recommandation (144) ; et

un reconstructeur (148) qui est adapté pour reconstruire des données de projection correspondant a une pluralité
defenétres dereconstruction a partir de cycles cardiaques différents et pour générer des données d’image indicatives
de la phase souhaitée du coeur, dans lequel le composant de fenétrage est adapté de telle sorte que la fenétre de
reconstruction soit enlevée s'il y a des données suffisantes et des fenétres de reconstruction ou données corres-
pondant a celles-ci sont sélectionnées pour la reconstruction par le reconstructeur et adaptées de telle sorte que,
en cas de données insuffisantes, le composant de recommandation fournisse une recommandation globale d’'une
phase différente ou de phases différentes situées avant le cycle cardiaque prématuré et dans lequel une fenétre
de reconstruction effectuée est mobile, des fenétres de reconstruction ou données correspondant a celles-ci sont
sélectionnées pour la reconstruction par le reconstructeur et dans lequel le composant d’analyse dans ce cas
détermine qu’un espace de données a été introduit ou non en déplagant de la fenétre de reconstruction.

2. Systéme selon la revendication 1, dans lequel le composant de fenétrage (140) est adapté pour repositionner la
premiére fenétre de reconstruction en termes de temps par rapport a un signal de référence a I'intérieur du premier
cycle cardiaque lorsqu’un premier intervalle de temps du signal de référence a la premiére fenétre de reconstruction
est inférieur a un second intervalle de temps du signal de référence au cycle cardiaque prématuré.

3. Systéme selon la revendication 2, dans lequel le composant de fenétrage (140) est adapté pour enlever la premiére

fenétre de reconstruction lorsqu’un premier intervalle de temps du signal de référence a la premiere fenétre de
reconstruction est supérieur a un second intervalle de temps du signal de référence au cycle cardiaque prématuré.
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Systeme selon la revendication 3, dans lequel le composant de recommandation (144) est adapté pour recommander
une phase différente qui garantit que le premier intervalle de temps du signal de référence a la premiére fenétre de
reconstruction est inférieur au second intervalle de temps du signal de référence au cycle cardiaque prématuré.

Systeme selon larevendication 1, dans lequel le composant de recommandation (144) est adapté pour recommander
une seconde phase pour la reconstruction lorsque la seconde phase posséde une probabilité relativement plus
élevée de posséder des données suffisantes pour la reconstruction aprés avoir enlevé une fenétre de reconstruction
en raison du cycle cardiaque prématuré.

Procédé, comprenant :

la réception d’un signal d’'ECG incluant un cycle cardiaque prématuré, qui est un qui se produit plus tét que
prévu, dans lequel le signal ’ECG est synchronisé temporellement avec des données de projection de rayons
X d’un coeur battant durant de multiples cycles cardiaques ;

le positionnement d’'une premiére fenétre de reconstruction a l'intérieur d’'un premier cycle cardiaque pour
correspondre a une phase cardiaque souhaitée, ladite fenétre de reconstruction définissant une pluralité de
fenétres de reconstruction (504, 508, 512, 516) chacune située dans un cycle cardiaque différent (304, 308,
312, 316) ;

caractérisé par

la reconnaissance qu’une fenétre de reconstruction ne correspond pas a la phase cardiaque souhaitée et la déter-
mination qu’un espace de données se produit ou non si ladite fenétre de reconstruction est enlevée en déterminant
que des données correspondant a d’autres fenétres de reconstruction fournissent ou non des données suffisantes
pour des objectifs de reconstruction pour qu’il n’y ait aucune donnée manquante ; dans lequel la fenétre de recons-
truction est enlevée s’il y a des données suffisantes et des fenétres de reconstruction ou données correspondant
a celles-ci sont sélectionnées pour la reconstruction ; et s'il y a des données insuffisantes, la fourniture, avec un
composant de recommandation, d’'une recommandation globale d’une phase différente ou de phases différentes
situées avant le cycle cardiaque prématuré et le déplacement des fenétre de reconstruction effectuées et la sélection
des fenétres de reconstruction ou données correspondant a celles-ci pour la reconstruction ; et en outre dans ce
cas la détermination qu’un espace de données a été introduit ou non en déplacant la fenétre de reconstruction.

Procédé selon la revendication 6, incluant en outre la relocalisation d’'une seconde fenétre de reconstruction a
l'intérieur du cycle cardiaque prématuré par rapport a un signal de référence dans le cycle cardiaque prématuré en
termes de temps ou par rapport a un signal de référence dans un cycle cardiaque suivant en termes de temps, en
fonction de type de cycle cardiaque prématuré.

Procédeé selon la revendication 7, incluant en outre I'enlevement de la premiére fenétre de reconstruction.

Support de stockage lisible par ordinateur contenant des instructions qui, lorsqu’elles sont exécutées par un ordi-
nateur, font en sorte que l'ordinateur réalise le procédé selon la revendication 6.
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