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METHOD FOR RECORDING DIAGNOSTIC MEASUREMENT DATA OF A HEAD VIA A MAGNETIC RESONANCE DEVICE

Priority Statement

[0001] The present application hereby claims priority under 35
U.S.C. § 119 to U.S. Provisional Application No. 62/424,570
filed November 21, 2016, the entire contents of which are

hereby incorporated by reference.

Field

[0002] The invention relates to a method for recording
diagnostic measurement data of a head of an examination object
in head imaging via a magnetic resonance device, a magnetic
resonance device and a computer program product.

Background

[0003] In a magnetic resonance device, also referred to as a
magnetic resonance imaging system, the body of an examination
object to be examined, for example, of a patient, a healthy
subject, an animal or a phantom, 1is usually exposed to a
relatively high main magnetic field, for example, of 1.5 or 3
or 7 Tesla, with the aid of a main magnet. In addition,
gradient circuits are output with the aid of a gradient coil
unit. By way of a high-frequency antenna unit high-frequency
pulses, for example, excitation pulses, are then emitted via
the appropriate antenna equipment resulting in the nuclear
spins of certain atoms resonantly excited by these high-
frequency pulses being tilted around a defined flip angle
opposite the magnetic field lines of the main magnetic fields.
Upon relaxation of the nuclear spins, high-frequency signals,
so-called magnetic resonance signals, are emitted, which are

received via the appropriate high-frequency antennae and then
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further processed. The desired image data can be finally

reconstructed from the raw data acquired in this way.

[0004] Us 6529762 Bl describes a method that simplifies the
operation of a magnetic resonance device and makes interaction
of the operator largely unnecessary during the execution of
the measurement or scan. US 7990141 B2 describes a method for
operation of a magnetic resonance system in which the creation
of measurement protocols is significantly simplified. US

8190232 B2 describes a method for automating brain scanning.

SUMMARY
[0005] Magnetic resonance imaging can be used particularly
advantageously to record diagnostic image data of a head of
the examination object in head imaging. The object of the
invention is to specify an improved method for head imaging
via a magnetic resonance device. Head imaging may be referred
to as brain imaging. Acquiring images of a head generally
includes acquiring images of the brain. This object is
achieved by the features of the independent claims.

Advantageous embodiments are described in the subclaims.

[0006] The method according to at least one embodiment of the
invention for recording diagnostic measurement data of a head
of an examination object in head imaging via a magnetic
resonance device comprises the following method steps:
- performing an overview scan of the head of the examination
object, wherein overview measurement data is acquired in the
overview scan,

- performing various diagnostic scans of the head of the
examination object based on the acquired overview measurement
data, wherein diagnostic measurement data is acquired in the

various diagnostic scans.
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[0007] One embodiment provides that the head imaging comprises

a maximum of one user interaction.

[0008] One embodiment provides that the number of diagnostic

scans 1is at least three.

[0009] One embodiment provides that the measurement layers of

at least two diagnostic scans correspond.

[0010] One embodiment provides that at least two diagnostic

scans have a different orientation.

[0011] One embodiment provides that based on the overview
measurement data for the diagnostic scans, necessary
parameters and/or adjustments are determined individually for

the examination object in one evaluation step.

[0012] One embodiment provides that recording parameters of
the diagnostic scans and the overview scans are coordinated in
such a way that head imaging is concluded within an imaging

period not exceeding a maximum of 10 minutes.

[0013] One embodiment provides that the examination object
only remains in the magnetic resonance device for the period

of imaging.

[0014] One embodiment provides that each diagnostic scan has
its own contrast which is one of the following: a Tl contrast,
a T2 contrast, a FLAIR-contrast, a susceptibility contrast, a

diffusion-weighted contrast.
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[0015] One embodiment provides that head imaging comprises the
administration of contrast agent and the number of diagnostic

scans is at least eight.

[0016] One embodiment provides that chronologically before the
administration of contrast agent, an overview scan and at
least three diagnostic scans take place and chronologically
after the administration of contrast agent at least two

diagnostic scans take place.

[0017] One embodiment provides that at least one of the at
least two diagnostic scans which take place chronologically
after the administration of contrast agent is insensitive to
the contrast agent administered, and at least one of the at
least two diagnostic scans which take place chronologically
after the administration of contrast agent is sensitive to the

contrast agent administered.

[0018] One embodiment provides that within a waiting period
between the administration of contrast agent and the start of
at least two diagnostic scans which takes place
chronologically after the administration of contrast agent and
is sensitive to the contrast agent administered, one of the at
least two diagnostic scans which takes place chronologically
after the administration of contrast agent and is insensitive

to the contrast agent takes place.

[0019] One embodiment provides that at least two diagnostic
scans which take place chronologically after the
administration of contrast agent, are insensitive to the
contrast agent administered and the sequence of the at least

two diagnostic scans is variable.
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[0020] One embodiment provides that the sequence of the at
least three diagnostic scans which take place chronologically

before the administration of contrast agent is variable.

[0021] One embodiment provides that at least one diagnostic
scan which takes place chronologically before the
administration of contrast agent is only distinguished from at
least one diagnostic scan which takes place chronologically
after the administration of contrast agent by the timing of

the diagnostic scans.

[0022] One embodiment provides that the diagnostic scan

produces a Tl contrast.

[0023] One embodiment provides that each diagnostic scan has

its own contrast which is one of the following: a Tl contrast,
a T2 contrast, a FLAIR contrast, a susceptibility contrast, a
diffusion-weighted contrast, a GM-WM-T1 contrast in which the
contrast between Gray Mass and White Mass is greater compared

to the Tl contrast.

[0024] One embodiment provides that recording parameters of
the overview scan and the diagnostic scans, and their
sequence, are coordinated in such a way that head imaging is
concluded within an imaging period not exceeding a maximum of

19 minutes.

[0025] The magnetic resonance device according to at least one
embodiment of the invention comprises a measurement data
acquisition unit and a computing unit, wherein the magnetic
resonance device is designed to perform a method according to

at least one embodiment of the invention.
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[0026] Thus, the computing unit in particular is designed to
execute computer-readable instructions to perform the method
according to at least one embodiment of the invention. In
particular, the magnetic resonance device comprises a storage
unit, wherein computer-readable information is stored on the
storage unit, wherein the computing unit is designed to load
the computer-readable information from the storage unit and to
execute the computer-readable information to perform a method

according to at least one embodiment of the invention.

[0027] The computing unit can be designed to transmit control
signals to the magnetic resonance device, in particular to the
measurement data acquisition unit of the magnetic resonance
device and/or to receive and/or process control signals to
perform a method according to at least one embodiment of the
invention. The computing unit can be integrated in the
magnetic resonance device. The computing unit can also be
installed separately from the magnetic resonance device. The
computing unit can be connected to the magnetic resonance

device.

[0028] To provide support for the performance of the method
according to at least one embodiment of the invention, the
computing unit can be designed in several sub-computing units
which support the performance of various tasks for head

imaging or perform these various tasks.

[0029] Thus, a first sub-computing unit of the computing unit
can be designed as a service computer, also referred to as a
host computer. The service computer is, in particular,
designed to prepare and process user interactions.
Furthermore, the service computer can be designed to control

the magnetic resonance device for the performance of head
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imagings. Furthermore, the service computer can already
further process reconstructed image data in the overview scans
and diagnostic scans. The further processing of image data by
the host computer may, for example, comprise an evaluation of
the image data, for example, a determination of a spatial
extent of a particular tissue. Further processing of the image
data by the host computer may alternatively or in addition,
also comprise a calculation of recording parameters for the

following measurements on the basis of the image data.

[0030] 2 second sub-computing unit of the computing unit can
be designed as a reconstruction computer. The reconstruction
computer is, in particular, designed to reconstruct image data
from the overview measurement data and diagnostic measurement
data. The reconstruction computer can exchange data with the
service computer for this purpose. The reconstruction computer
can, in particular, be integrated into the magnetic resonance
device. The reconstruction computer can reconstruct already
acquired measurement data parallel to the acquisition of
additional measurement data. In such a manner, reconstructed
image data can already be available for further processing by
the service computer during the performance of head imaging in
the sense of “inline-processing”. The reconstruction computer
can also take over part of the further processing of
reconstructed image data, 1in particular for the calculation of
recording parameters for the following measurements. In such a
manner, the reconstruction computer can, for example, be
designed to recognize landmarks on image data to automatically

determine a recording area.

[0031] The components of the computing unit of the magnetic
resonance device according to at least one embodiment of the

invention can predominantly be designed in the form of
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software components. In principle, however, some these
components can also be realized, especially where particularly
rapid calculations are involved, in the form of software-
supported hardware components, for example, FPGAs or the like.
Likewise, the requisite interfaces can, for example, be
designed as software interfaces if it is only a matter of the
transfer of data from other software components. However, they
can also be designed as hardware interfaces which are
controlled by appropriate software. Naturally, it is also
conceivable that several of the aforementioned components are
combined in the form of an individual software component or

software-supported hardware components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Hereinafter the invention is described and explained in
more detail with reference to the exemplary embodiments shown

in the figures.

[0033] The figures show:

[0034] Fig. 1 illustrates a sequence of a first head imaging

according to an example embodiment,

[0035] Fig. 2 a sequence of a second head imaging according to

an example embodiment,

[0036] Fig. 3 illustrates a magnetic resonance device for the
performance of head imagings according to an example

embodiment, and
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[0037] Fig. 4 illustrates a selection system which enables a
user to select a head imaging to be performed according to an

example embodiment.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0038] The drawings are to be regarded as being schematic
representations and elements illustrated in the drawings are
not necessarily shown to scale. Rather, the various elements
are represented such that their function and general purpose
become apparent to a person skilled in the art. Any connection
or coupling between functional blocks, devices, components, or
other physical or functional units shown in the drawings or
described herein may also be implemented by an indirect
connection or coupling. A coupling between components may also
be established over a wireless connection. Functional blocks
may be implemented in hardware, firmware, software, or a

combination thereof.

[0039] vVarious example embodiments will now be described more
fully with reference to the accompanying drawings in which
only some example embodiments are shown. Specific structural
and functional details disclosed herein are merely
representative for purposes of describing example embodiments.
Example embodiments, however, may be embodied in various
different forms, and should not be construed as being limited
to only the illustrated embodiments. Rather, the illustrated
embodiments are provided as examples so that this disclosure
will be thorough and complete, and will fully convey the
concepts of this disclosure to those skilled in the art.
Accordingly, known processes, elements, and techniques, may
not be described with respect to some example embodiments.
Unless otherwise noted, like reference characters denote like

elements throughout the attached drawings and written
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description, and thus descriptions will not be repeated.The
present invention, however, may be embodied in many alternate
forms and should not be construed as limited to only the

example embodiments set forth herein.

[0040] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers, and/or sections, these elements,
components, regions, layers, and/or sections, should not be
limited by these terms. These terms are only used to
distinguish one element from another. For example, a first
element could be termed a second element, and, similarly, a
second element could be termed a first element, without
departing from the scope of example embodiments of the present
invention. As used herein, the term "and/or," includes any
and all combinations of one or more of the associated listed
items. The phrase "at least one of" has the same meaning as

"and/or™.

[0041] Spatially relative terms, such as “beneath,” “below,”
“lower,” *“under,” *"“above,” *“upper,” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as

r

“below,” “beneath,” or "“under,” other elements or features
would then be oriented “above” the other elements or features.
Thus, the example terms “below” and “under” may encompass both
an orientation of above and below. The device may be

otherwise oriented (rotated 90 degrees or at other
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orientations) and the spatially relative descriptors used
herein interpreted accordingly. In addition, when an element
is referred to as being “between” two elements, the element
may be the only element between the two elements, or one or

more other intervening elements may be present.

[0042] Spatial and functional relationships between elements
(for example, between modules) are described using various
terms, including *“connected,” *“engaged,” “interfaced,” and

rnr

“coupled.” Unless explicitly described as being “direct,” when
a relationship between first and second elements is described
in the above disclosure, that relationship encompasses a
direct relationship where no other intervening elements are
present between the first and second elements, and also an
indirect relationship where one or more intervening elements
are present (either spatially or functionally) between the
first and second elements. In contrast, when an element is
referred to as being "directly” connected, engaged,
interfaced, or coupled to another element, there are no
intervening elements present. Other words used to describe
the relationship between elements should be interpreted in a

like fashion (e.g., "between," versus "directly between,"

"adjacent," versus "directly adjacent," etc.).

[0043] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of example embodiments of the invention. As used
herein, the singular forms "a," "an," and "the," are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. As used herein, the terms
“and/or” and “at least one of” include any and all
combinations of one or more of the associated listed items. It

will be further understood that the terms "comprises,”
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"comprising, " "includes," and/or "including," when used
herein, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one
of,” when preceding a list of elements, modify the entire list
of elements and do not modify the individual elements of the
list. Also, the term “exemplary” is intended to refer to an

example or illustration.

rz rnr

[0044] When an element is referred to as being “on,
“connected to,” "coupled to,” or “adjacent to,” another
element, the element may be directly on, connected to, coupled
to, or adjacent to, the other element, or one or more other
intervening elements may be present. In contrast, when an
element is referred to as being “directly on,” “directly

r

connected to,” “directly coupled to,” or “immediately adjacent
to,” another element there are no intervening elements

present.

[0045] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of the
order noted in the figures. For example, two figures shown in
succession may 1in fact be executed substantially concurrently
or may sometimes be executed in the reverse order, depending

upon the functionality/acts involved.

[0046] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same

meaning as commonly understood by one of ordinary skill in the
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art to which example embodiments belong. It will be further
understood that terms, e.g., those defined in commonly used
dictionaries, should be interpreted as having a meaning that
is consistent with their meaning in the context of the

relevant art and will not be interpreted in an idealized or

overly formal sense unless expressly so defined herein.

[0047] Before discussing example embodiments in more detail,
it i1s noted that some example embodiments may be described
with reference to acts and symbolic representations of
operations (e.g., in the form of flow charts, flow diagrams,
data flow diagrams, structure diagrams, block diagrams, etc.)
that may be implemented in conjunction with units and/or
devices discussed in more detail below. Although discussed in
a particularly manner, a function or operation specified in a
specific block may be performed differently from the flow
specified in a flowchart, flow diagram, etc. For example,
functions or operations illustrated as being performed
serially in two consecutive blocks may actually be performed
simultaneously, or in some cases be performed in reverse
order. Although the flowcharts describe the operations as
sequential processes, many of the operations may be performed
in parallel, concurrently or simultaneocusly. In addition, the
order of operations may be re-arranged. The processes may be
terminated when their operations are completed, but may also
have additional steps not included in the figure. The
processes may correspond to methods, functions, procedures,

subroutines, subprograms, etc.

[0048] Specific structural and functional details disclosed
herein are merely representative for purposes of describing
example embodiments of the present invention. This invention

may, however, be embodied in many alternate forms and should
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not be construed as limited to only the embodiments set forth

herein.

[0049] Units and/or devices according to one or more example
embodiments may be implemented using hardware, software,
and/or a combination thereof. For example, hardware devices
may be implemented using processing circuity such as, but not
limited to, a processor, Central Processing Unit (CPU), a
controller, an arithmetic logic unit (ALU), a digital signal
processor, a microcomputer, a field programmable gate array
(FPGA), a System-on-Chip (SoC), a programmable logic unit, a
microprocessor, or any other device capable of responding to
and executing instructions in a defined manner. Portions of
the example embodiments and corresponding detailed description
may be presented in terms of software, or algorithms and
symbolic representations of operation on data bits within a
computer memory. These descriptions and representations are
the ones by which those of ordinary skill in the art
effectively convey the substance of their work to others of
ordinary skill in the art. 2An algorithm, as the term is used
here, and as it is used generally, 1is conceived to be a self-
consistent sequence of steps leading to a desired result. The
steps are those requiring physical manipulations of physical
quantities. Usually, though not necessarily, these quantities
take the form of optical, electrical, or magnetic signals
capable of being stored, transferred, combined, compared, and
otherwise manipulated. It has proven convenient at times,
principally for reasons of common usage, to refer to these
signals as bits, values, elements, symbols, characters, terms,

numbers, or the like.

[0050] It should be borne in mind, however, that all of these

and similar terms are to be associated with the appropriate
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physical guantities and are merely convenient labels applied
to these gquantities. Unless specifically stated otherwise, or
as 1s apparent from the discussion, terms such as “processing”
or “computing” or “calculating” or “determining” of
“displaying” or the like, refer to the action and processes of
a computer system, or similar electronic computing
device/hardware, that manipulates and transforms data
represented as physical, electronic quantities within the
computer system’s registers and memories into other data
similarly represented as physical quantities within the
computer system memories or registers or other such

information storage, transmission or display devices.

[0051] In this application, the term ‘module’ may refer to, be
part of, or include processor hardware (shared, dedicated, or
group) that executes code and memory hardware (shared,
dedicated, or group) that stores code executed by the

processor hardware.

[0052] The module may include one or more interface circuits.
In some examples, the interface circuits may include wired or
wireless interfaces that are connected to a local area network
(LAN), the Internet, a wide area network (WAN), or
combinations thereof. The functionality of any given module of
the present disclosure may be distributed among multiple
modules that are connected via interface circuits. For
example, multiple modules may allow load balancing. In a
further example, a server (also known as remote, or cloud)
module may accomplish some functionality on behalf of a client

module.

[0053] Software may include a computer program, program code,

instructions, or some combination thereof, for independently
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or collectively instructing or configuring a hardware device
to operate as desired. The computer program and/or program
code may include program or computer-readable instructions,
software components, software modules, data files, data
structures, and/or the like, capable of being implemented by
one or more hardware devices, such as one or more of the
hardware devices mentioned above. Examples of program code
include both machine code produced by a compiler and higher

level program code that is executed using an interpreter.

[0054] For example, when a hardware device is a computer
processing device (e.g., a processor, Central Processing Unit
(CPU), a controller, an arithmetic logic unit (ALU), a digital
signal processor, a microcomputer, a microprocessor, etc.),
the computer processing device may be configured to carry out
program code by performing arithmetical, logical, and
input/ocutput operations, according to the program code. Once
the program code is loaded into a computer processing device,
the computer processing device may be programmed to perform
the program code, thereby transforming the computer processing
device into a special purpose computer processing device. 1In
a more specific example, when the program code is loaded into
a processor, the processor becomes programmed to perform the
program code and operations corresponding thereto, thereby

transforming the processor into a special purpose processor.

[0055] Software and/or data may be embodied permanently or
temporarily in any type of machine, component, physical or
virtual equipment, or computer storage medium or device,
capable of providing instructions or data to, or being
interpreted by, a hardware device. The software also may be
distributed over network coupled computer systems so that the

software is stored and executed in a distributed fashion. In
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particular, for example, software and data may be stored by
one or more computer readable recording mediums, including the
tangible or non-transitory computer-readable storage media

discussed herein.

[0056] Even further, any of the disclosed methods may be
embodied in the form of a program or software. The program or
software may be stored on a non-transitory computer readable
medium and i1s adapted to perform any one of the aforementioned
methods when run on a computer device (a device including a
processor). Thus, the non-transitory, tangible computer
readable medium, is adapted to store information and is
adapted to interact with a data processing facility or
computer device to execute the program of any of the above
mentioned embodiments and/or to perform the method of any of

the above mentioned embodiments.

[0057] Example embodiments may be described with reference to
acts and symbolic representations of operations (e.g., in the
form of flow charts, flow diagrams, data flow diagrams,
structure diagrams, block diagrams, etc.) that may be
implemented in conjunction with units and/or devices discussed
in more detail below. Although discussed in a particularly
manner, a function or operation specified in a specific block
may be performed differently from the flow specified in a
flowchart, flow diagram, etc. For example, functions or
operations illustrated as being performed serially in two
consecutive blocks may actually be performed simultaneously,

or in some cases be performed in reverse order.

[0058] According to one or more example embodiments, computer
processing devices may be described as including various

functional units that perform various operations and/or
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functions to increase the clarity of the description.

However, computer processing devices are not intended to be
limited to these functional units. For example, in one or
more example embodiments, the various operations and/or
functions of the functional units may be performed by other
ones of the functional units. Further, the computer
processing devices may perform the operations and/or functions
of the various functional units without sub-dividing the
operations and/or functions of the computer processing units

into these wvarious functional units.

[0059] Units and/or devices according to one or more example
embodiments may also include one or more storage devices. The
one or more storage devices may be tangible or non-transitory
computer-readable storage media, such as random access memory
(RAM), read only memory (ROM), a permanent mass storage device
(such as a disk drive), solid state (e.g., NAND flash) device,
and/or any other like data storage mechanism capable of
storing and recording data. The one or more storage devices
may be configured to store computer programs, program code,
instructions, or some combination thereof, for one or more
operating systems and/or for implementing the example
embodiments described herein. The computer programs, program
code, instructions, or some combination thereof, may also be
loaded from a separate computer readable storage medium into
the one or more storage devices and/or one or more computer
processing devices using a drive mechanism. Such separate
computer readable storage medium may include a Universal
Serial Bus (USB) flash drive, a memory stick, a Blu-
ray/DVD/CD-ROM drive, a memory card, and/or other like
computer readable storage media. The computer programs,
program code, instructions, or some combination thereof, may

be loaded into the one or more storage devices and/or the one
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or more computer processing devices from a remote data storage
device via a network interface, rather than via a local
computer readable storage medium. Additionally, the computer
programs, program code, instructions, or some combination
thereof, may be loaded into the one or more storage devices
and/or the one or more processors from a remote computing
system that is configured to transfer and/or distribute the
computer programs, program code, instructions, or some
combination thereof, over a network. The remote computing
system may transfer and/or distribute the computer programs,
program code, instructions, or some combination thereof, via a
wired interface, an air interface, and/or any other like

medium.

[0060] The one or more hardware devices, the one or more
storage devices, and/or the computer programs, program code,
instructions, or some combination thereof, may be specially
designed and constructed for the purposes of the example
embodiments, or they may be known devices that are altered

and/or modified for the purposes of example embodiments.

[0061] 2~ hardware device, such as a computer processing
device, may run an operating system (0S) and one or more
software applications that run on the 0S. The computer
processing device also may access, store, manipulate, process,
and create data in response to execution of the software. For
simplicity, one or more example embodiments may be exemplified
as a computer processing device or processor; however, one
skilled in the art will appreciate that a hardware device may
include multiple processing elements or porcessors and
multiple types of processing elements or processors. For

example, a hardware device may include multiple processors or
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a processor and a controller. In addition, other processing

configurations are possible, such as parallel processors.

[0062] The computer programs include processor-executable
instructions that are stored on at least one non-transitory
computer-readable medium (memory). The computer programs may
also include or rely on stored data. The computer programs may
encompass a basic input/output system (BIOS) that interacts
with hardware of the special purpose computer, device drivers
that interact with particular devices of the special purpose
computer, one or more operating systems, user applications,
background services, background applications, etc. As such,
the one or more processors may be configured to execute the

processor executable instructions.

[0063] The computer programs may include: (i) descriptive text
to be parsed, such as HTML (hypertext markup language) or XML
(extensible markup language), (1ii) assembly code, (iii) object
code generated from source code by a compiler, (iv) source
code for execution by an interpreter, (v) source code for
compilation and execution by a just-in-time compiler, etc. As
examples only, source code may be written using syntax from
languages including C, C++, C#, Objective-C, Haskell, Go, SQL,
R, Lisp, Java®, Fortran, Perl, Pascal, Curl, OCaml,
Javascript®, HTML5, Ada, ASP (active server pages), PHP,
Scala, Eiffel, Smalltalk, Erlang, Ruby, Flash®, Visual Basic®,
Lua, and Python®.

[0064] Further, at least one embodiment of the invention
relates to the non-transitory computer-readable storage medium
including electronically readable control information
(procesor executable instructions) stored thereon, configured

in such that when the storage medium is used in a controller
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of a device, at least one embodiment of the method may be

carried out.

[0065] The computer readable medium or storage medium may be a
built-in medium installed inside a computer device main body
or a removable medium arranged so that it can be separated
from the computer device main body. The term computer-readable
medium, as used herein, does not encompass transitory
electrical or electromagnetic signals propagating through a
medium (such as on a carrier wave); the term computer-readable
medium i1is therefore considered tangible and non-transitory.
Non-limiting examples of the non-transitory computer-readable
medium include, but are not limited to, rewriteable non-
volatile memory devices (including, for example flash memory
devices, erasable programmable read-only memory devices, or a
mask read-only memory devices); volatile memory devices
(including, for example static random access memory devices or
a dynamic random access memory devices); magnetic storage
media (including, for example an analog or digital magnetic
tape or a hard disk drive); and optical storage media
(including, for example a CD, a DVD, or a Blu-ray Disc).
Examples of the media with a built-in rewriteable non-volatile
memory, include but are not limited to memory cards; and media
with a built-in ROM, including but not limited to ROM
cassettes; etc. Furthermore, various information regarding
stored images, for example, property information, may be

stored in any other form, or it may be provided in other ways.

[0066] The term code, as used above, may include software,
firmware, and/or microcode, and may refer to programs,
routines, functions, classes, data structures, and/or objects.
Shared processor hardware encompasses a single microprocessor

that executes some or all code from multiple modules. Group
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processor hardware encompasses a microprocessor that, in
combination with additional microprocessors, executes some or
all code from one or more modules. References to multiple
microprocessors encompass multiple microprocessors on discrete
dies, multiple microprocessors on a single die, multiple cores
of a single microprocessor, multiple threads of a single

microprocessor, or a combination of the above.

[0067] Shared memory hardware encompasses a single memory
device that stores some or all code from multiple modules.
Group memory hardware encompasses a memory device that, in
combination with other memory devices, stores some or all code

from one or more modules.

[0068] The apparatuses and methods described in this
application may be partially or fully implemented by a special
purpose computer created by configuring a general purpose
computer to execute one or more particular functions embodied
in computer programs. The functional blocks and flowchart
elements described above serve as software specifications,

which can be translated into the computer programs.

[0069] 2Although described with reference to specific examples
and drawings, modifications, additions and substitutions of
example embodiments may be variously made according to the
description by those of ordinary skill in the art. For
example, the described technigques may be performed in an order
different with that of the methods described, and/or
components such as the described system, architecture,
devices, circuit, and the like, may be connected or combined
to be different from the above-described methods, or results
may be appropriately achieved by other components or

equivalents.
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[0070] The method according to at least one embodiment of the
invention for recording diagnostic measurement data of a head
of an examination object in head imaging via a magnetic
resonance device comprises the following method steps:

- performing an overview scan of the head of the examination
object, wherein overview measurement data is acquired in the
overview scan,

- performing various diagnostic scans of the head of the
examination object based on the acquired overview measurement
data, wherein diagnostic measurement data is acquired in the

various diagnostic scans.

[0071] One embodiment provides that the head imaging comprises

a maximum of one user interaction.

[0072] One embodiment provides that the number of diagnostic

scans 1is at least three.

[0073] One embodiment provides that the measurement layers of

at least two diagnostic scans correspond.

[0074] One embodiment provides that at least two diagnostic

scans have a different orientation.

[0075] One embodiment provides that based on the overview
measurement data for the diagnostic scans, necessary
parameters and/or adjustments are determined individually for

the examination object in one evaluation step.

[0076] One embodiment provides that recording parameters of

the diagnostic scans and the overview scans are coordinated in
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such a way that head imaging is concluded within an imaging

period not exceeding a maximum of 10 minutes.

[0077] One embodiment provides that the examination object
only remains in the magnetic resonance device for the period

of imaging.

[0078] One embodiment provides that each diagnostic scan has
its own contrast which is one of the following: a Tl contrast,
a T2 contrast, a FLAIR-contrast, a susceptibility contrast, a

diffusion-weighted contrast.

[0079] One embodiment provides that head imaging comprises the
administration of contrast agent and the number of diagnostic

scans is at least eight.

[0080] One embodiment provides that chronologically before the
administration of contrast agent, an overview scan and at
least three diagnostic scans take place and chronologically
after the administration of contrast agent at least two

diagnostic scans take place.

[0081] One embodiment provides that at least one of the at
least two diagnostic scans which take place chronologically
after the administration of contrast agent is insensitive to
the contrast agent administered, and at least one of the at
least two diagnostic scans which take place chronologically
after the administration of contrast agent is sensitive to the

contrast agent administered.

[0082] One embodiment provides that within a waiting period
between the administration of contrast agent and the start of

at least two diagnostic scans which takes place
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chronologically after the administration of contrast agent and
is sensitive to the contrast agent administered, one of the at
least two diagnostic scans which takes place chronologically
after the administration of contrast agent and is insensitive

to the contrast agent takes place.

[0083] One embodiment provides that at least two diagnostic
scans which take place chronologically after the
administration of contrast agent, are insensitive to the
contrast agent administered and the sequence of the at least

two diagnostic scans is variable.

[0084] One embodiment provides that the sequence of the at
least three diagnostic scans which take place chronologically

before the administration of contrast agent is variable.

[0085] One embodiment provides that at least one diagnostic
scan which takes place chronologically before the
administration of contrast agent is only distinguished from at
least one diagnostic scan which takes place chronologically
after the administration of contrast agent by the timing of

the diagnostic scans.

[0086] One embodiment provides that the diagnostic scan

produces a Tl contrast.

[0087] One embodiment provides that each diagnostic scan has

its own contrast which is one of the following: a Tl contrast,
a T2 contrast, a FLAIR contrast, a susceptibility contrast, a
diffusion-weighted contrast, a GM-WM-T1 contrast in which the
contrast between Gray Mass and White Mass is greater compared

to the Tl contrast.
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[0088] One embodiment provides that recording parameters of
the overview scan and the diagnostic scans, and their
sequence, are coordinated in such a way that head imaging is
concluded within an imaging period not exceeding a maximum of

19 minutes.

[0089] The proposed procedures for head imaging(s) may have
the advantage that very high gquality image data of the head of
the examination object can be recorded. In such a manner, via
the acquired image data a multiplicity of possible diseases
and/or pathologies of the head of the examination object can
be detected particularly advantageously where they occur.
Naturally, additional indications appearing useful to a person
skilled in the art can also be examined via the acquired image
data. Thus, for example, lesions with diffusion restriction
can be determined particularly advantageously. Alternatively,
or in addition, further tissue and/or fluid properties and/or
a function and/or an activity of the brain can also be
ascertained. A diagnosis of a stenosis and/or a stroke may

also be possible.

[0090] Precisely a possible integrated evaluation of the
acquired measurement data (so-called inline processing) can
lead to a reduction in the time until the final examination
results and/or examination reports are available. The
integrated evaluation of the acquired measurement data for the
preparation of diagnostic information can take place in full
after conclusion of the acquisition of all the measurement
data. Alternatively, it is also conceivable that diagnostic
measurement data is already being reconstructed and/or
evaluated as long as the acguisition of additional measurement
data of the examination object is still going on. The

integrated evaluation of the acguired measurement data can be
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used for the integrated evaluation of measurement data of the
examination object acquired during a measuring block to
determine recording parameters, such as for example, the
positioning of measurement layers and/or the size of a
recording area or for the acquisition of measurement data of
the examination object in a subsequent measuring block. Thus,
the integrated evaluation of the acquired measurement data can

fulfill a valuable dual role.

[0091] Furthermore, the proposed head imaging may have the
advantage that the image data of the head of the examination
object required for a particular diagnostic question can be
recorded particularly quickly. At the same time, especially
few movement artifacts may be present in the acquired image
data. The proposed head imaging can therefore also be used
advantageously for examination objects which do not behave

cooperatively.

[0092] Furthermore, the proposed head imaging may have the
advantage that it is particularly user-friendly and easy to
use. It is advantageously conceivable that the proposed head
imaging may also be performed by personnel who are not
specially trained. Above all, the proposed automation can also
enable an inexperienced user to acquire high-quality image
data in the course of head imaging and/or the proposed
minimization of necessary user interaction for head imaging. A
standardized procedure for the proposed head imaging can also

lead to consistent and easily comparable examination results.

[0093] The magnetic resonance device according to at least one
embodiment of the invention comprises a measurement data

acquisition unit and a computing unit, wherein the magnetic
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resonance device is designed to perform a method according to

at least one embodiment of the invention.

[0094] Thus, the computing unit in particular is designed to
execute computer-readable instructions to perform the method
according to at least one embodiment of the invention. In
particular, the magnetic resonance device comprises a storage
unit, wherein computer-readable information is stored on the
storage unit, wherein the computing unit is designed to load
the computer-readable information from the storage unit and to
execute the computer-readable information to perform a method

according to at least one embodiment of the invention.

[0095] The computing unit can be designed to transmit control
signals to the magnetic resonance device, in particular to the
measurement data acquisition unit of the magnetic resonance
device and/or to receive and/or process control signals to
perform a method according to at least one embodiment of the
invention. The computing unit can be integrated in the
magnetic resonance device. The computing unit can also be
installed separately from the magnetic resonance device. The
computing unit can be connected to the magnetic resonance

device.

[0096] To provide support for the performance of the method
according to at least one embodiment of the invention, the
computing unit can be designed in several sub-computing units
which support the performance of various tasks for head

imaging or perform these various tasks.

[0097] The computing unit may be hardware, firmware, hardware
executing software or any combination thereof. When the

computing unit is hardware, such existing hardware may include
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one or more Central Processing Units (CPUs), digital signal
processors (DSPs), system on chips (SoCs), application-specific-
integrated-circuits (ASICs), field programmable gate arrays
(FPGAs) computers or the like configured as special purpose
machines to perform the functions of the at least one of the
image information generator 510, image information outputter
520, luminance compensation coefficient determiner 530, and
color compensation coefficient determiner 540. CPUs, DSPs,
ASICs and FPGAs may generally be referred to as processors

and/or microprocessors.

[0098] In the event where the computing unit is a processor
executing software, the processor is configured as a special
purpose machine to execute the software to perform the
functions of the computing unit. In such an embodiment, the
processor may include one or more Central Processing Units
(CPUs), digital signal processors {(DSPs), application-
specific-integrated-circuits (ASICs), field programmable gate

arrays (FPGAs) computers.

[0099] Thus, a first sub-computing unit of the computing unit
can be designed as a service computer, also referred to as a
host computer. The service computer is, in particular,
designed to prepare and process user interactions.
Furthermore, the service computer can be designed to control
the magnetic resonance device for the performance of head
imagings. Furthermore, the service computer can already
further process reconstructed image data in the overview scans
and diagnostic scans. The further processing of image data by
the host computer may, for example, comprise an evaluation of
the image data, for example, a determination of a spatial
extent of a particular tissue. Further processing of the image

data by the host computer may alternatively or in addition,
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also comprise a calculation of recording parameters for the

following measurements on the basis of the image data.

[00100] 2 second sub-computing unit of the computing unit can
be designed as a reconstruction computer. The reconstruction
computer is, in particular, designed to reconstruct image data
from the overview measurement data and diagnostic measurement
data. The reconstruction computer can exchange data with the
service computer for this purpose. The reconstruction computer
can, in particular, be integrated into the magnetic resonance
device. The reconstruction computer can reconstruct already
acquired measurement data parallel to the acquisition of
additional measurement data. In such a manner, reconstructed
image data can already be available for further processing by
the service computer during the performance of head imaging in
the sense of “inline-processing”. The reconstruction computer
can also take over part of the further processing of
reconstructed image data, 1in particular for the calculation of
recording parameters for the following measurements. In such a
manner, the reconstruction computer can, for example, be
designed to recognize landmarks on image data to automatically

determine a recording area.

[00101] The components of the computing unit of the magnetic
resonance device according to at least one embodiment of the
invention can predominantly be designed in the form of
software components. In principle, however, some these
components can also be realized, especially where particularly
rapid calculations are involved, in the form of software-
supported hardware components, for example, FPGAs or the like.
Likewise, the requisite interfaces can, for example, be
designed as software interfaces if it is only a matter of the

transfer of data from other software components. However, they
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can also be designed as hardware interfaces which are
controlled by appropriate software. Naturally, it is also
conceivable that several of the aforementioned components are
combined in the form of an individual software component or

software-supported hardware components.

[00102] Thus, the magnetic resonance device, in particular the
measurement data acquisition unit and the computing unit, is
designed to execute a method for recording diagnostic
measurement data of a head of an examination object in head
imaging using the following methods:

- performing of an overview scan of the head of the
examination object, overview measurement data being acquired
in the overview scan,

- performing of several diagnostic scans of the head of the
examination object based on the acquired overview measurement
data, wherein diagnostic measurement data is acquired in the

various diagnostic scans.

[00103] The computer program product according to at least one
embodiment of the invention can be loaded directly into a
storage unit of a programmable computing unit of a magnetic
resonance device and has program code means to perform a
method according to at least one embodiment of the invention
if the computer program product is executed in the computing
unit of the magnetic resonance device. The computer program
product may be a computer program or include a computer
program. As a result, the execution of the method according to
at least one embodiment of the invention can be quick,
identically reproducible and robust. The computer program
product is configured such that it can perform the method
steps according to at least one embodiment of the invention

via the computing unit. The computing unit must satisfy each
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of the conditions such as, for example, a corresponding main
memory, a corresponding graphic card or a corresponding logic
unit so that the respective method steps can be efficiently
performed. The computer program product is, for example,
stored on a computer-readable medium or on a network or server
from where it can be loaded into the processor of a local
computing unit which is directly linked to the magnetic
resonance device or can be designed as part of the magnetic
resonance device. Furthermore, control information from the
computer program product can be stored on a machine-readable
data medium. The control information of the machine-readable
data medium can be designed such that it performs a method
according to at least one embodiment of the invention when the
data medium is used in a computing unit of the magnetic
resonance device. Thus, the computer program product can also
represent the machine-readable data medium. Examples of
machine-readable data media are a DVD, a magnetic tape, a hard
disk or a USB stick on which machine-readable control
information, 1in particular software (see above), 1is stored. If
this control information (software) is read from the data
medium and stored in a control and/or computing unit of the
magnetic resonance device, all the embodiments according to at
least one embodiment of the invention of the aforementioned
method can be performed. Thus, the invention can also
originate from the computer-readable medium in question and/or

the electronically-readable data medium.

[00104] The advantages of the magnetic resonance device
according to at least one embodiment of the invention and the
computer program product according to at least one embodiment
of the invention essentially correspond to the advantages of
the method according to at least one embodiment of the

invention previously described in detail. Features, advantages
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or alternative embodiments mentioned here are likewise also to
be transferred to the other claimed objects and vice versa. In
other words, the claims in question can also be developed with
the features which are described or claimed in connection with
a method. The corresponding functional features of the method
are embodied by corresponding representational modules, in

particular by hardware modules.

[00105] General preliminary remarks regarding the description

of head imagings

[00106] In Figs. 1-2, two possible head imaging sequences are
shown. Thus, in Fig. 1 a sequence of a first head imaging is
shown. Fig. 2 shows a sequence of a second head imaging. In
the respective description of the figures, first the concrete
sequence or workflow for the respective head imaging is
described for each head imaging. Then various acceleration
techniques and automation techniques are explained for the
respective head imaging and underlying principles. The
description of the head imagings in Figs. 1-2 is based on the
use of a magnetic resonance device with a main magnetic field
with a strength of 3 Tesla and a receive unit with 32
reception channels. When using a different main magnetic field
strength and/or a different receive unit, the head imagings of
the head imagings shown in Figs. 1-2, in particular the
precise periods and/or recording parameters, may differ. This

is described separately.

[00107] The head imagings presented in Figs. 1-2 in particular
represents a measuring session in each case in which the

examination object is examined via the magnetic resonance
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device. In this manner, the examination object remains
positioned in the magnetic resonance device throughout the
entire sequence of a presented head imaging. In particular,
the positioning of the patient bed and/or the positioning of
the brain of the patient in the magnetic resonance device does
not change or preferably only after completion of the overview
scan and before the start of the diagnostic scans of

respective head imaging.

[00108] In each case, the head imaging described is divided
into several, in particular immediately, consecutive measuring
blocks Ba, Bb. In each measuring block Ba, Bb in particular,
in each case a recording Ma, Mb of measurement data takes
place. Besides the recording Ma, Mb of the measurement data, a
measuring block Ba, Bb may comprise a user interaction

regarding the preparation of the recording Ma, Mb.

[00109] The recording may be an overview scan in which overview
measurement data is acquired. The overview measurement data is
mainly, possibly exclusively, provided for the determination
of recording parameters of a recording Ma, Mb which takes
place in one of the following measuring blocks Ba, Bb. The
overview measurement data is primarily used to determine
recording parameters for a measurement in a subsequent
measuring block Ba, Bb. From the overview measurement data,
furthermore, image data, in particular overview image data,
can also be reconstructed and are stored in a database. The
determination of recording parameters for a subsequent
recording usually takes place with the aid of the overview
image data; thus, for example, via the overview image data the
layer positioning, the layer orientation and/or the layer

spacing are determined.
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[00110] However, the overview image data reconstructed from the
overview measurement data is usually not of key interest for a
diagnosis. The overview measurement data can also be stored
together with the overview image data. As a rule, overview
measurement data is only shown to a doctor for the diagnosis
insofar as they show him the point at which the actual
diagnostic image data was recorded. Thus, in the overview
measurement data, for example, the position or positions which
indicate the position of the actual diagnostic image data in
the body can be marked. In some cases, it is also conceivable
that the overview measurement data is not stored in a database
and after being used to determine recording parameters are

discarded again.

[00111] Alternatively, or in addition, the recording Ma, Mb can
be a diagnostic scan in which diagnostic measurement data is
acquired. From the diagnostic measurement data, in particular
diagnostic image data can be generated which can be displayed
for a diagnosing doctor on a display unit. In particular,
therefore, the diagnostic measurement data present data which
is reconstructed as image data which in a later diagnostic
diagnosis are shown to a doctor to make the actual diagnosis
by way of the image data. From the diagnostic measurement
data, alternatively or in addition, physiological parameters
of the head of the examination object can be calculated which
can be made available to the diagnosing doctor. In a recording
of diagnostic measurement data, no diagnosis in the proper
sense is activated. Only diagnostic measurement data is
recorded and if necessary, reconstructed as diagnostic image
data which in its entirety enables a trained radiologist to
recognize an adequate range of neurological diseases. If
necessary, a diagnosis can be made on the basis of the

diagnostic measurement data. In addition, the diagnostic
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measurement data can also be used to determine recording
parameters of a recording Ma, Mb which takes place in one of
the following measuring blocks Ba, Bb. In the first head
imaging and in the second head imaging, the determination of
recording parameters takes place from a recording Ma, Mb

preferably based on the overview measurement data.

[00112] In addition, the measuring blocks Ba, Bb may also
comprise an evaluation step Ea, Eb in which the measurement
data acquired during the respective measuring block Ba, Bb is
evaluated. The evaluation of the measurement data takes place
in the evaluation step Ea, Eb in particular, immediately after
the acquisition of the measurement data. The evaluation of the
measurement data in the evaluation step Ea, Eb typically
provides information to determine recording parameters from a
recording Ma, Mb which takes place in one of the following
measuring blocks Ba, Bb. Before determining the recording
parameters, typically a reconstruction of image data is
already performed from the overview measurement data, wherein
the recording parameters can then be determined on the basis
of image data. Alternatively, the measurement data in the
evaluation step Ea, Eb can also only be reconstructed to such
an extent that only the determination of the recording
parameters from a recording which takes place in one of the
following measuring blocks is possible on the basis of the

reconstructed image data.

[00113] The automatic determination of the recording parameters
can take place, in particular algorithmic, evaluation of
overview image data which has been reconstructed from the
acquired overview measurement data. If an evaluation of
overview measurement data to determine recording parameters

for a measurement in a subsequent measuring block Ba, Bb takes
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place in the evaluation step Ea, Eb, the determination of the
recording parameters and consequently the preparation of the
diagnostic scans Ma2 - Ma6 can take place particularly
quickly. Overview image data reconstructed from the overview
measurement data can be reconstructed in a fraction of the
time of the associated measuring block and shown to a user on
a user interface, for example, to validate the determination
of the recording parameters. Recording parameters can thus be
automatically proposed to a user and a user can decide to

either accept or modify the proposal.

[00114] In addition, the measuring blocks Ba, Bb may also
comprise user interaction Ia, Ib. With user interaction Ia,
Ib, in particular, preparation of head imaging takes place,
wherein the examination object, in particular of the patient,
is positioned. User interaction Ia, Ib may comprise the input
of a user command by way of an appropriate input unit. In the
user interaction Ia, Ib, recording parameters for the
recording Ma, Mb can be entered in the respective measuring
block Ba, Bb and/or for a subsequent recording Ma, Mb. In the
user action Ta, Ib, naturally recording parameters can also be

changed.

[00115] The depiction of the head imagings in the Figs. 1-2 is
always along a horizontal timeline t which is arranged at the
bottom of the figures. On the timeline, in each case several
points in time Ta, Tb are plotted several times. The points in
time are starting and ending times of measuring blocks Ba, Bb;
the temporal period and arrangement of which is plotted
immediately above the horizontal timeline. For each measuring
block Ba, Bb, the respective recording Ma, Mb is plotted as a
box. Indications for the temporal period of the recordings Ma,

Mb and the positioning of the recordings Ma, Mb within the
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respective measuring block Ba, Bb can be read out from the

Figs. 1-2. Of course, temporal periods of the recordings Ma,
Mb different from the depiction and different positioning of
the recordings Ma, Mb inside the respective measuring block

Ba, Bb are also conceivable, however.

[00116] Possible user interactions Ia, Ib taking place in the
measuring block Ba, Bb are plotted as a circle over the
recordings Ma, Mb. Possible evaluation steps Ea, Eb taking
place in the measuring block Ba, Bb are plotted as a circle
under the recordings Ma, Mb. The user interactions Ia, Ib and
evaluation steps Ea, Eb are plotted with an exemplary period
at their respective typical temporal position inside the head
imaging. Reference points for the temporal positioning of the
user interactions Ta, Ib and evaluation steps Ea, Eb inside
the respective measuring block Ba, Bb can be read from the
Figs. 1-2. Naturally, however, different temporal positioning
and temporal periods of the user interactions Ia, Ib and
evaluation steps Ea, Eb inside the respective measuring block

Ba, Bb are also conceivable from the depiction.

[00117] Fig. 1 - First head imaging

[00118] General information about the first head imaging

[00119] The first head imaging, the sequence of which is shown
in Fig. 1, in particular provides diagnostic measurement data
which can serve as the basis for an assessment of the anatomy
and/or pathology of the head of the examination object.
Preferably, the first head imaging can take place so
thoroughly that a multiplicity of possible diseases and/or
pathologies of the head of the examination object can be

detected when they occur. Examples of such diseases are
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intracranial mass-1like lesions, intracranial hemorrhage,
ischemia and other lesions with diffusion restriction, white
matter hyperintensities, subarachnoid FLAIR hyperintensities,
and hydrocephalus. In principle, gray-white matter
differentiation should also take place. In particular, it is
an objective of the first head imaging to record the
diagnostic measurement data required for the assessment of the
anatomy and/or pathology of the head of the examination object
in a short first imaging period, compared with traditional,
comparable examinations of the head via a magnetic resonance
device. The diagnostic measurement data is preferably recorded
in the short first imaging period such that the anatomy and/or
pathology of the head can be ascertained and provided in
sufficient quality despite the comparatively short first

imaging period.

[00120] The first head imaging has a first imaging period which
elapses from a starting time Tal of the first head imaging
until a seventh point in time Ta7, in which the recording of
measurement data in the first head imaging is finished. The
first imaging period is preferably 10 minutes maximum,
advantageously 8 minutes maximum and particularly
advantageously 6 minutes maximum, most advantageously 5

minutes maximum.

[00121] The first imaging period is, in particular, dependent
on the choice of the receive unit which is used to receive
magnetic resonance signals. The higher the number of
individual receive channels of the receive unit employed, the
shorter the first imaging period can be. A variability of the
first imaging period is given, in particular analogous to the
specified areas, or to the variability for the period of the

measuring blocks comprised by the first imaging. The first
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imaging period is, in particular, designed as a maximum
imaging period which ideally is not exceeded for the
performance of the first head imaging. A period of user
interactions or parameter settings can be included in the
first imaging period for the acguisition of measurement data.
In certain cases, it is also conceivable that a period of
patient positioning is included in the first imaging period.
Alternatively, the first imaging period may also be
characterized by the fact that more than 60 percent, in
particular more than 75 percent, most advantageously more than
90 percent of a series of various examinations which are
performed in accordance with the diagram in Fig. 1 for the
first head imaging in the clinical routine include the first

imaging period.

[00122] Fig. 1 shows the particularly advantageous case in
which the first imaging period of the first head imaging lasts
5 minutes. After completion of the recording of the
measurement data in the first head imaging, further time may
elapse in which subsequent processing and/or evaluation of the
measurement data takes place. However, the examination object
must only remain in the magnetic resonance device during the
first imaging period. After the first imaging period, a
subsequent examination object can be positioned in the
magnetic resonance device as a result of which better

utilization of the device can be achieved.

[00123] Description of a possible concrete sequence of the

first head imaging

[00124] Preparation of the first head imaging



WO 2018/093434 PCT/US2017/048345

41

[00125] Firstly, in particular, it is established that head
imaging of the examination object should be performed. A
maximum imaging period of the first head imaging can be
determined, wherein the maximum imaging period in particular
may not be exceeded by first imaging period. The establishment
of the maximum imaging period can take place directly, for
example, by a user entering the maximum imaging period for the
entire examination sequence of the first head imaging directly
into an input screen. The establishment of the maximum imaging
period can also take place indirectly, for example, by the
user selecting a variant linked to the maximum imaging period,
in particular the first head imaging from a multiplicity of
different established procedures for head imaging, for
example, by way of an interaction on a user interface. Once a
maximum imaging period is established, a user obtains planning
security for the period and/or feasibility of the first head

imaging.

[00126] Before the starting time Tal of the first head imaging,
patient-specific features can be automatically or manually
recorded. Imaging parameters for the first head imaging can
then be adjusted by way of the patient-specific features. The
subsequent temporal sequence of the individual measuring
blocks can be varied on the basis of the specific input of the

patient-specific feature and as a function thereof.

[00127] A possible patient-specific feature is a language which
is to be used for commands to the examination object.
Furthermore, for example, the height of the examination object
can be recorded. A typical position of the head of the
examination object can be estimated using the height, enabling
the head of the examination object to be positioned in

approximately the isocenter of the magnetic resonance device
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or in the field of view of the magnetic resonance device

before the recording of the first measurement data.

[00128] After entering the patient-specific features and
appropriately positioning the patient support device on which
the examination object is supported in the magnetic resonance
device, the first head imaging can be started. The first head
imaging starts, in particular, after activation of a start

button by a user.

[00129] Measuring block Bal

[00130] The first head imaging displayed starts at a first
point in time Tal or starting time Tal with a first measuring
block Bal. In the first measuring block Bal, a first user
interaction Ial takes place, an overview scan Mal during which
first overview measurement data is acquired, and a first

evaluation step Eal.

[00131] In the case shown, the first measuring block Bal has a
first period of 15 seconds. The first period is preferably
between 5 seconds and 25 seconds, in particular between 10 and
20 seconds, in particular between 12 seconds and 17 seconds.
Between 2 and 20 seconds, in particular between 9 and 18
seconds, 1n particular 14 seconds of the first period are in
the pure measurement period of the first overview scan Mal for
the acquisition of the first overview measurement data. In
particular, only that time which is required for the
acquisition of the magnetic resonance signals which constitute
the measurement data, in other words, for the playing out of
the actual magnetic resonance sequence for this section of the
first measuring block Bal, is designated as a pure measurement

period. The pure measurement period may therefore only
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comprise a period for filling the k-space with the measurement

data.

[00132] another period of the first measuring block Bal is
partly attributable to the first user interaction Ial and to
the first evaluation step Eal. The first user interaction Ial
may, for example, comprise the preparation of the acquisition
of the first overview measurement data. In particular, the
first user interaction Tal may comprise the output of voice
commands to the examination object. The first user interaction
Ial may, for example, comprise the activation of a start
button by a user at the beginning of the overview scan Mal. If
the first user interaction Ial comprises the preparation of
the acquisition of the first overview measurement data, the
first head imaging can also start automatically after
completion of the preparations. Furthermore, adjustment
measurements which, for example, comprise the adjustment of a
transmitter and receiver voltage of the magnetic resonance
device, can be made inside the first measuring block Bal
before starting the first overview scan Mal in preparation for

the acquisition of the measurement data.

[00133] The first overview scan Mal is performed from a head
region of the examination object. The first overview scan Mal
is therefore, in particular, a measurement which is used to
establish the recording parameters for subsequent measuring
blocks. After performance of the recording scheme shown in
Fig. 1, it does not usually play a significant role in the
further diagnosis of the diagnostic measurement data. Thus,
the first overview scan Mal can also generally speaking be
described as a localizer measurement or scout measurement. The
overview measurement data recorded in the first overview scan

Mal comprises, in particular, several low-resolution
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measurement layers, advantageously in various layer
orientations. In particular, the layer orientations in which
the first overview scan Mal was produced differ from the layer
orientations in which the subsequent measurement data is
recorded in that the layer orientations for the first overview
scan Mal are tilted in relation to the subsequent layer

orientations.

[00134] The first overview scan Mal can be performed in
accordance with DE102011079503 Al and in particular take place
in two stages. Thus, the first overview measurement data may
comprise two datasets, which two datasets at least partly
comprise an equal section of the area under examination. When
reconstructing as image data, a first dataset of the two
datasets preferably has a lower resolution than a second
dataset of the two datasets. The first overview scan Mal is
preferably designed in such a way that based on the first
overview measurement data, the parameters and/or adjustments
necessary for the subsequent recordings can be determined
individually for the examination object in the first
evaluation step Eal. This preferably takes place automatically
and is therefore robust, replicable and independent of the
user, in particular, objective. The first overview scan Mal is
typically performed with a gradient echo magnetic resonance

sequence.

[00135] The first overview scan Mal is designed as a three-
dimensional image of the head. To acquire the first overview
measurement data Mal, a gradient echo magnetic resonance
sequence 1is preferably used which, for example, is implemented

as a Fast Low-Angle Shot (FLASH) magnetic resonance sedguence.
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[00136] The recording area which is recorded by the first
overview scan Mal is a volume which is phase-coded in a first
direction and in a second direction and frequency-coded in a
third direction. The second direction is perpendicular to the
first direction and the third direction is perpendicular to
the first and to the second direction. The first direction and
the second direction preferably define a sagittal layer
orientation. The pixel resolution is preferably isotropic. As
a result, the orientation and/or tilting of the measurement
layers for at least one diagnostic scan can typically be
determined with particular precision. As a pixel resolution in
the first direction and/or in the second direction and/or in
the third direction, a range of between 1.0 mm and 2.2 mm,
preferably a range of between 1.3 mm and 1.9 mm and
particularly preferably a range of between 1.5 mm and 1.7 mm
has proved appropriate. In particular, in the third direction
the aforementioned pixel resolution can be produced via
interpolation, wherein the pixel resolution in the third
direction which would result from the measured points in the
k-space, for example, 1s lower by at least 10%, advantageously
by at least 20% and most advantageously by 31%. By zero
filling of the k-space, interpolated voxels can be produced
which are of the same size in the first direction and in the
second direction and in the third direction. In this way, the
first period can be reduced without any visible decline in

quality.

[00137] The recording area of the first overview scan Mal is
preferably a volume which has a spatial expansion in the range
of between 200 mm and 400 mm, preferably between 220 mm and
300 mm and particularly preferably of 260 mm in the first
direction and/or in the second direction. The spatial

expansion in the first direction and in the second direction
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preferably match. The spatial expansion of the recording area
in the third direction is in the range of between 200 mm and
400 mm, preferably between 220 mm and 300 mm and particularly
preferably between 240 mm and 250 mm. The second direction
preferably connects an anterior and a posterior position of
the head of the examination object. The first direction is

preferably a lateral direction.

[00138] The high frequency pulse which is used to excite
nuclear spins in the context of the gradient magnetic
resonance seqguence is, for example, between 2° and 20°,
preferably between 5° and 15° and particularly preferably 8°.
The number of voxels per measurement layer in the first
direction is, for example, between 96 and 256, preferably
between 125 and 195 and particularly preferably 160. The
number of voxels in the second direction preferably

corresponds to the number of voxels in the first direction.

[00139] The repetition time of the first overview scan Mal is
preferably selected such that the repetition time preferably
does not exceed the minimum repetition time by 20% maximum,
preferably by 10% maximum, in particular. A period of less
than 10 ms, preferably of less than 6 ms and particularly
preferably of less than 4 ms is preferably selected as a
repetition time. Preferably, the first overview scan Mal takes
place with an echo time which preferably does not exceed the
minimum echo time by 20% maximum, preferably by 10% maximum,
in particular. The minimum echo time typically corresponds to
the period between the high frequency pulse of excitation and
the temporal focus of the echo, which period is at least
required on account of the magnetic resonance device used
and/the high-frequency pulses used for excitation and/or for

refocusing. A period of less than 5 ms, preferably of less
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than 3 ms and particularly preferably of less than 2 ms is
preferably selected as the echo time. The bandwidth of the
frequency coding in the first overview scan Mal is typically
in the range of between 450 Hertz per pixel and 650 Hertz per
pixel, preferably between 400 Hertz per pixel and 500 Hertz

per pixel.

[00140] To acquire the first overview measurement data,
acceleration technology is preferably used. In particular, the
use of parallel imaging is conceivable, which is preferably
used with an acceleration factor of between 2 and 4, in
particular preferably with an acceleration factor of 3. In
particular, the use of Compressed Sensing acceleration

technology is conceivable.

[00141] The aforementioned parameters concerning the magnetic
resonance sequence for the first overview scan Mal are
advantageously selected such that the first overview
measurement data can be recorded in full in less than 30
seconds, in particular in less than 20 seconds, advantageously
in less than 15 seconds with the magnetic resonance sequence
used. Reconstructed image data can be reconstructed and
provided from the first overview measurement data immediately

after completion of the first overview scan Mal.

[00142] Furthermore, the first evaluation step Eal can partly
account for the remaining period of the first measuring block
Bal. The first evaluation step Eal may comprise an evaluation
or subsequent processing of the first overview measurement
data acquired during the first overview scan Mal. Typically,
the first overview measurement data is partly reconstructed to
form overview image data. On the basis of the first overview

measurement data acquired in the first overview scan Mal, a
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position and/or orientation of the head of the examination
object can be identified, in particular on the basis of
landmarks. The identification of the position and/or
orientation of the head preferably takes place automatically
in the first evaluation step Eal. Alternatively, the
identification of the position and/or orientation of the head
can take place manually or semi-automatically. On the basis of
the position of the head identified, the patient positioning
device of the magnetic resonance device is preferably
repositioned such that the head of the examination object is
positioned in the isocenter of the magnetic resonance device.
Thus, the following recordings MaZ, Ma3, Ma4, Mab5, Ma6 can be
performed in the following measuring blocks BaZ2, Ba3, Bai4,
Bab, Babt of the head of the examination object positiocned in

the isocenter.

[00143] Overall, the head is not yet specifically positioned in
the isocenter (or only by chance or in the vicinity of the
isocenter) for the recording of the first overview measurement
data in the first measuring block Bal, while on the basis of
the first overview measurement data a repositioning of the
patient can take place for the following measuring blocks BaZz,
Ba3, Ba4, Bab, Bab so that when recording the additional
measurement data of the subsequent measuring blocks BaZ2, Ba3,
Bad, Bab5, Ba6, the head is more precisely in or closer to the

isocenter than during the first measuring block Bal.

[00144] In the first evaluation step Eal, positioning data can
be extracted from the first overview measurement data. The
positioning data comprises, in particular, the spatial
position of the examination object relative to the magnetic
resonance device and/or a plane of symmetry in the head of the

examination object and/or the identified position and/or



WO 2018/093434 PCT/US2017/048345

49

orientation of the head and/or information for the
repositioning of the patient positioning device. Based on the
positioning data, in the context of the first evaluation steps
Fal and/or in the context of a subsequent measuring block BaZz,
Ba3, Ba4, Bab, Bab, measurement layers or their positioning
and/or their orientation and/or a recording area and/or if
applicable, phase oversampling can be determined for at least
one of the following recordings MaZ2, Ma3, Ma4d4, Mab, Mab. The
positioning data can be provided for the subsequent measuring

blocks Ba2, Ba3, Ba4, Bab, Bab6.

[00145] In the context of the first evaluation steps Eal and/or
in the context of a subsequent measuring block Ba2, Ba3, Bai,
Bab, Bab, based on the positioning data of the recording area
at least one of the subsequent recordings Ma2, Ma3, Ma4, Mab,
Maé6 can preferably be defined such that the center of the head
of the examination object is positioned in the center of the
recording area and/or an axis of symmetry of the head of the
examination object matches an axis of symmetry of the
recording area. The measurement layers can also be positioned
such that the recording area is covered uniformly. The
following recordings MaZ, Ma3, Ma4, Mab5, Ma6 can each cover
different recording areas. The following measuring blocks BaZ,
Ba3, Ba4, Bab, Bab can typically be performed chronologically
after completion of the first measuring block Bal in

chronologically arbitrary sequence.

[00146] The first measuring block Bal, in particular the first
overview scan Mal, is preferably independent of the receive
unit and can be used with a magnetic resonance device which
has a main magnetic field of 3 Tesla. If the first overview
scan Mal is performed with a magnetic resonance device which

has a main magnetic field of 1.5 Tesla, in particular the



WO 2018/093434 PCT/US2017/048345

50

repetition time and the echo time may vary. The repetition
time at 1.5 Tesla is preferably 4.5 ms and the echo time is

preferably 2.4 ms.

[00147] Measuring block Ba2

[00148] Following the first measuring block Bal, at a second
point in time Ta2, a second measuring block Ba2 starts during
the first head imaging. In the second measuring block BaZ, a
first diagnostic scan Ma2 takes place during which first

diagnostic measurement data is acquired.

[00149] The second point in time Ta2 in the case shown is 15 s
after the starting time Tal of the first head imaging. The
second measuring block Ba2 in the case shown has a second
period of 41 s. The second period is preferably between 20
seconds and 60 seconds, in particular between 30 and 50
seconds, 1n particular between 35 seconds and 45 seconds. The
second period is preferably almost completely in the pure

measurement period of the first diagnostic scan MaZ2.

[00150] Furthermore, within the second measuring block Ba2
before the start of the first diagnostic scan Ma2 in
preparation for the acguisition of measurement data,
adjustment measurements can be performed which, for example,
comprise the adjustment of a transmitter and receiver voltage
of the magnetic resonance device. Such adjustment measurements
are, 1in particular, performed for recordings, which recordings
concern a recording area and/or a layer orientation, which
recording area and/or which layer orientation differs from the
previous recording. Such an adjustment measurement is

typically attributed to a recording and a measuring block Ma,
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Mb comprises the recording and the adjustment measurement

attributed to the recording.

[00151] In addition to the first diagnostic scan Ma2, the
second measuring block BaZ2 may comprise an adjustment
measurement which typically lasts 15 seconds maximum, in
particular 8 seconds maximum, in particular 5 seconds maximum,
in particular 2 seconds maximum. The second period is
typically extended by the duration of the adjustment
measurement if an adjustment measurement is needed. A
remaining period of the second measuring block Ba2 may be
partly included in the preparation of the acquisition of the
first diagnostic measurement data. For example, the recording
area and/or the location of the measurement layers and/or the
layer orientation for the first diagnostic scan MaZ2 can be
determined on the basis of the positioning data determined in
evaluation step Eal. The remaining period of the second
measuring block BaZ2 can furthermore be partly included in an
evaluation or subseguent processing of the first diagnostic

measurement data.

[00152] The first diagnostic scan Ma2 is a Tl-weighted image of
the head. To acquire the first diagnostic measurement data
Ma2, a gradient echo magnetic resonance seguence i1s preferably
used which, for example, is implemented as a Fast Low-Angle
Shot (FLASH) magnetic resonance sequence. The acquisition of
the recording area for the first diagnostic scan Ma?2
preferably takes place two-dimensionally, wherein several
measurement layers parallel to each other are recorded. A
range of between 0.6 mm and 1.2 mm and particularly preferably
0.9 mm, has proved appropriate as pixel resolution within a
measurement layer (in-plane resolution). Selection of the

layer thickness, in other words the thickness of a measurement
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layer, of the first diagnostic scan Ma2 is preferably between
2 mm and 6 mm, preferably between 3 mm and 5 mm and
particularly preferably 4 mm. The measurement layers exhibit a
first layer orientation. The first layer orientation is

preferably a sagittal layer orientation.

[00153] The distance between two adjacent measurements is
preferably between 0% and 50% of the layer thickness,
preferably between 10% and 30% of the layer thickness and
particularly preferably 20 % of the layer thickness.
Typically, between 20 and 50 measurement layers, preferably
between 30 and 40 measurement layers and particularly
preferably 35 measurement layers are acquired. The recording
area of the first diagnostic scan MaZ is preferably a volume
which has a spatial expansion in the range of between 100 mm
and 250 mm, preferably between 150 mm and 200 mm and
particularly preferably between 160 mm and 180 mm
perpendicular to a measurement layer. The recording area of
the first diagnostic scan Ma2 is preferably a volume which has
a spatial expansion in the range of between 150 mm and 300 mm,
preferably between 200 mm and 240 mm and particularly
preferably of 220 mm within a measurement layer in a first
direction. The recording area of the first diagnostic scan MaZ2
preferably has a spatial expansion in the range of between 150
mm and 300 mm, preferably between 200 mm and 240 mm and
particularly preferably of 220 mm in a second direction
perpendicular to the first direction. The spatial expansion in
the second direction preferably corresponds to the spatial

expansion in the first direction.

[00154] For spatial encoding of the first direction a frequency
coding is preferably used and for spatial encoding of the

second direction a phase coding. The second direction
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preferably connects an anterior and a posterior position of

the head of the examination object.

[00155] In the second direction measurement data acquisition,
also referred to as phase oversampling, preferably takes place
of an additional range beyond the spatial expansion of the
area under examination. The additional range is preferably
between 10% and 80%, in particular preferably between 30% and
50%, preferably 40% of the spatial expansion of the area under
examination in the second direction. This can reduce and/or
eliminate fold artifacts and/or increase the signal-to-noise
ratio of the resulting image data. The bandwidth of the
frequency coding for the first diagnostic scan MaZ is
typically in the range of between 200 Hertz per pixel and 500
Hertz per pixel and preferably between 300 Hertz per pixel and
400 Hertz per pixel. The bandwidth of the frequency coding for
the first diagnostic scan MaZ2 is preferably 360 Hertz per

pixel.

[00156] The number of voxels per measurement layer in the first
direction is preferably between 128 and 512 and particularly
preferably between 200 and 300 and preferably 256. The number
of voxels per measurement layer in the second direction
preferably corresponds as a maximum to the number of voxels in
the first direction, preferably the number of voxels in the
direction perpendicular to the first direction is between 50%
and 98%, preferably between 70% and 85% and particularly
preferably 81% of the number of voxels in the first direction.
The interpolation of voxels or zero-filling of the k-space can
take place so that the interpolated voxels in the first

direction and in the second direction are the same size.
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[00157] o high frequency pulse which is used to excite nuclear
spins in the context of the first diagnostic scan Ma?2
preferably produces a defined flip angle between 60° and 90°
and particularly preferably between 70° and 85° and preferably
of 80°. A period in the range of between 200 ms and 280 ms,
preferably between 220 ms to 260 ms and particularly
preferably 240 ms is preferably selected as the repetition
time. A period in the range of between 2 ms and 3 ms,
preferably between 2.2 ms to 2.7 ms and particularly

preferably 2.5 ms is preferably selected as the echo time.

[00158] Acceleration technology is preferably employed to
acquire the first diagnostic measurement data. In particular,
the use of parallel imaging is conceivable and is preferably
used with an acceleration factor of 3 maximum, in particular
preferably with an acceleration factor of 2. In particular,
the use of Compressed Sensing acceleration technology is

conceivable alternatively or in addition.

[00159] The aforementioned parameters regarding the magnetic
resonance sequence for the first diagnostic scan MaZ2 are
advantageously selected such that the first diagnostic
measurement data can be recorded in full with the magnetic
resonance seqgquence used in less than 80 seconds, in particular
in less than 60 seconds, advantageously in less than 50
seconds and most advantageously in less than 42 seconds. First
image data reconstructed from the first diagnostic measurement
data can be reconstructed and provided for diagnosis

immediately after completion of the first diagnostic scan MaZ.

[00160] The second measuring block Ba2, in particular the first
diagnostic scan MaZ, 1is dependent on the receive unit and the

strength of the main magnetic field of the magnetic resonance
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device. The specified ranges of areas for parameters which are
specified in the description of the second measuring block BRaZ2
for 3 Tesla and a receive unit with 32 reception channels are
typically also valid for other configurations. The
aforementioned embodiment of the first diagnostic scan MaZ is
preferably used at 3 Tesla and for receive units with up to
32, for example, with 16, 20 or 32 reception channels. If a
receive unit with 64 reception channels is used at 3 Tesla, an
acceleration factor of 4 maximum, preferably 3, and phase
oversampling of 60% can be used whereby the second period can

be reduced to less than 35 s.

[00161] If the first diagnostic scan Ma2 is performed with a
magnetic resonance device with a main magnetic field with a
strength of 1.5 Tesla, a spin echo magnetic resonance sequence
is preferably used instead of the gradient echo magnetic
resonance sequence. In addition to the underlying magnetic
resonance sequence, the following parameters preferably
change:

- the layer thickness is 5 mm instead of 4 mm

- the number of layers is reduced from 35 to 27

- the repetition time is preferably between 200 ms and 280 ms
and particularly preferably between 230 ms and 250 ms

- the echo time is preferably less than 6 ms and particularly
preferably less than 3 ms

- a high frequency pulse to excite nuclear spins preferably
produces a defined flip angle of 90°

- the recording area in the first direction is preferably
between 200 mm and 260 mm and particularly preferably between
220 mm and 240 mm

- the bandwidth selected for frequency coding is preferably in
the range of between 100 Hertz per pixel and 200 Hertz per

pixel, preferably 150 Hertz per pixel
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- the resulting second period is typically between 60 s and 90
s, preferably between 70 s and 80 s.

[00162] Measuring block Ba3

[00163] Following the second measuring block Ba2, a third
measuring block Ba3 starts at a third point in time Ta3 during
the first head imaging. A second diagnostic scan Ma3 takes
place in the third measuring block Ba3, during which second

diagnostic measurement data is acquired.

[00164] The third point in time Ta3 in the case shown is 56 s
after the starting time Tal of the first head imaging. The
third measuring block Ba3 in the case shown has a third period
of 62 s. The third period is preferably between 40 seconds and
85 seconds, in particular between 50 and 75 seconds, in
particular between 60 seconds and 70 seconds. Preferably, the
third period is almost completely included in the pure
measurement period of the second diagnostic scan Ma3. During
the third measuring block Ba3, the first diagnostic
measurement data can be at least partly reconstructed as image
data and/or evaluated and/or processed, 1f necessary
simultaneously with the recording of the second diagnostic

scan Ma3.

[00165] Furthermore, in the third measuring block Ba3 before
the start of the second diagnostic scan Ma3 in preparation for
the acquisition of the measurement data an adjustment
measurement which, for example, comprises an adjustment of a
transmitter and/or receiver voltage of the magnetic resonance
device, can be performed. The adjustment measurement typically
lasts 15 seconds maximum, in particular 8 seconds maximum, in

particular 5 seconds maximum, in particular 2 seconds maximum.
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If an adjustment measurement is required, the third period is
typically extended by the duration of the adjustment

measurement.

[00166] 2 remaining period of the third measuring block Ba3 can
be partly included in the preparation of the acquisition of
the second diagnostic measurement data. For example, based on
the positioning data determined in evaluation step Eal, the
recording area and/or the position of the measurement layers
and/or the layer orientation for the second diagnostic scan
Ma3 can be determined. The remaining period of the third
measuring block Ba3 can furthermore be partly included in an
evaluation or subsequent processing of the second diagnostic

measurement data.

[00167] The second diagnostic scan Ma3 is a T2-weighted image
of the head. To acquire the second diagnostic measurement data
Ma3, a spin echo magnetic resonance seguence 1s preferably
used which, for example, is implemented as a Turbo-spin-Echo
(TSE) magnetic resonance sequence. The acquisition of the
recording area for the second diagnostic scan Ma3 preferably
takes place two-dimensionally, wherein various measurement
layers in parallel to each other are recorded. A range of
between 0.6 mm and 1.2 mm, and particularly preferably 0.9 mm,
has proved suitable as the pixel resclution in a measurement
layer (in-plane resolution). The layer thickness of the second
diagnostic scan Ma3 selected is preferably between 3 mm and 7
mm, preferably between 4 mm and 6 mm and particularly
preferably 5 mm. The measurement layers have a second layer
orientation. The second layer orientation is preferably
perpendicular to the first layer orientation and a transverse

orientation.
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[00168] The distance between two adjacent measurement layers is
preferably between 0% and 50% of the layer thickness,
preferably between 10% and 30% of the layer thickness and
particularly preferably 20 % of the layer thickness.
Typically, between 10 and 40 measurement layers, preferably
between 20 and 30 measurement layers and particularly
preferably 25 measurement layers are acquired. The recording
area of the second diagnostic scan Ma3 is preferably a volume
which has a spatial expansion in the range of between 100 mm
and 200 mm, preferably between 120 mm and 180 mm and
particularly preferably between 140 mm and 160 mm
perpendicular to a measurement layer. The recording area of
the second diagnostic scan Ma3 is preferably a volume which
has a spatial expansion in the range of between 150 mm and 300
mm, preferably between 200 mm and 240 mm and particularly
preferably of 220 mm in a measurement layer in a first
direction. The recording area of the second diagnostic scan
Ma3 preferably has a spatial expansion in the range of between
150 mm and 230 mm, preferably between 170 mm and 210 mm and
particularly preferably between 185 mm and 195 mm in a second
direction perpendicular to the first direction. The spatial
expansion in the second direction is preferably less than the
spatial expansion in the first direction. Frequency coding is
preferably used for spatial encoding of the first direction
and phase coding is preferably used for spatial encoding of
the second direction. The second direction is preferably a

lateral direction.

[00169] The number of voxels per measurement layer in the first
direction is preferably between 128 and 512 and particularly
preferably between 200 and 300, preferably 256. The number of
voxels per measurement layer in the second direction is

preferably selected such that a second ratio between the
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spatial expansion in the second direction and the number of
voxels in the second direction corresponds to a first ratio of
the spatial expansion in the first direction and the number of
voxels in the first direction maximum. The second ratio is
preferably between 80% and 100%, preferably between 95% and
100% of the first ratio. The bandwidth of the frequency coding
for the second diagnostic scan Ma3 is typically in the range
of between 200 Hertz per pixel and 320 Hertz per pixel,
preferably between 230 Hertz per pixel and 290 Hertz per

pixel.

[00170] 2 high frequency pulse which is used for refocusing
nuclear spins in the context of the second diagnostic scan Ma3
preferably produces a defined flip angle between 100° and 180°
and particularly preferably between 110° and 130°, preferably
of 120°. A period in the range of between 5000 ms and 10000
ms, preferably between 5500 ms and 7000 ms and particularly
preferably of 6200 ms is preferably selected as the repetition
time. A period in the range of between 50 ms and 200 ms,
preferably between 65 ms to 100 ms and particularly preferably

of 78 ms is preferably selected as the echo time.

[00171] Acceleration technology is preferably used to acquire
the second diagnostic measurement data. In particular, the use
of parallel imaging is conceivable which is preferably used
with an acceleration factor of 4 maximum, particularly
preferably with an acceleration factor of 3. In particular,
the use of Compressed Sensing acceleration technology is

conceivable as an alternative or in addition.

[00172] The aforementioned parameters concerning the magnetic
resonance sequence to the second diagnostic scan Ma3 are

advantageously selected such that the second diagnostic
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measurement data can be recorded in full with the magnetic
resonance sequence used in less than 100 seconds, in
particular in less than 80 seconds, advantageously in less
than 70 seconds and most advantageously in less than 63
seconds. Second image data reconstructed from the second
diagnostic measurement data can be reconstructed and provided
for diagnosis immediately after completion of the second

diagnostic scan Ma3.

[00173] The third measuring block Ba3, in particular the second
diagnostic scan Ma3, 1s preferably independent of the receive
unit and can be used with a magnetic resonance device which
has a main magnetic field with 3 Tesla. The specified ranges
of the areas for parameters which are specified in the
description of the third measuring block Ba3 for 3 Tesla and a
receive unit with 32 reception channels are typically also
applicable to other configurations. If the second diagnostic
scan Ma3 is performed with a magnetic resonance device which
has a main magnetic field with 1.5 Tesla, in particular the
acceleration factor, the high frequency pulse for refocusing,
the repetition time and the echo time may change. The
repetition time at 1.5 Tesla is preferably 4700 ms and the
echo time is preferably 111 ms. A maximum of 3, preferably 2
is used as the acceleration factor and the flip angle produced
by the high frequency pulse for refocusing is preferably 180°.

The third period can be reduced to less than 60 s as a result.

[00174] Measuring block Ba4

[00175] Following the third measuring block Ba3, a fourth
measuring block Ba4 starts at a fourth point in time Ta4d

during the first head imaging. In the fourth measuring block
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Ba4, a third diagnostic scan Ma4 takes place during which

third diagnostic measurement data is acquired.

[00176] The fourth point in time Tad4 in the case shown is 118 s
after the starting time Tal of the first head imaging. The
fourth measuring block Ba4 in the case shown has a fourth
period of 96 s. The fourth period is preferably between 70
seconds and 130 seconds, 1in particular between 80 seconds and
120 seconds, in particular between 90 seconds and 115 seconds.
Preferably, the fourth period is included almost in full in
the pure measurement period of the third diagnostic scan Mad.
During the fourth measuring block BRa4, if necessary,
simultaneously with the recording of the third diagnostic scan
Mad4, the first and/or second diagnostic measurement data can
be at least partly reconstructed and/or evaluated and/or

processed as image data.

[00177] Furthermore, in the fourth measuring block Ba4 before
the start of the third diagnostic scan Ma4 in preparation for
the acquisition of measurement data an adjustment measurement
can be performed which, for example, comprises an adjustment
of a transmitter and/or receiver voltage of the magnetic
resonance device. The adjustment measurement typically lasts
15 seconds maximum, in particular 8 seconds maximum, in
particular 5 seconds maximum, in particular 2 seconds maximum.
The fourth period is typically extended by the duration of the
adjustment measurement if an adjustment measurement is
required. Preferably, no adjustment measurement is necessary
as the resolution and/or orientation of the third diagnostic
scan Ma4d preferably do not differ from the second diagnostic

scan Ma3.
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[00178] 2 remaining period of the fourth measuring block Bai4
can partly be included in the preparation of the acguisition
of the third diagnostic measurement data. For example, based
on the positioning data determined in evaluation step Eal, the
recording area and/or the position of the measurement layers
and/or the layer orientation for the third diagnostic scan Ma4
can be determined. Preferably, this is unnecessary as the
resolution and/or layer orientation of the third diagnostic
scan Ma4d preferably do not differ from the second diagnostic
scan Ma3. Furthermore, the remaining period of the fourth
measuring block Bad can be partly included in the evaluation
or subsequent processing of the third diagnostic measurement

data.

[00179] The third diagnostic scan Ma4 is a T2-weighted image of
the head with cerebrospinal fluid suppression, in particular
with fluid suppression. To acquire the third diagnostic
measurement data Ma4, preferably a spin echo magnetic
resonance sequence with Inversion Recovery is used which for
example, 1s implemented as a Turbo-spin-Echo (TSE) magnetic
resonance sequence with fluid suppression (FLAIR). The
acquisition of the recording area for the third diagnostic
scan Ma4d preferably takes place two-dimensionally, wherein
various measurement layers parallel to each other are
recorded. The measurement layers, the layer orientation, the
layer thickness, the resolution, the number of voxels, the
spatial expansion of the area under examination for the third
diagnostic scan Ma4 is preferably in conformity with the
second diagnostic scan Ma3. A range of between 0.6 mm and 1.2
mm and particularly preferably 0.9 mm has proved suitable as a
pixel resolution in a measurement layer (in-plane resolution).
The layer thickness of the third diagnostic scan Ma4 is

preferably selected between 3 mm and 7 mm, preferably between
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4 mm and 6 mm and particularly preferably 5 mm. The
measurement layers have a second layer orientation. The second
layer orientation is preferably perpendicular to the first

layer orientation and a transverse orientation.

[00180] The distance between two adjacent measurement layers is
preferably between 0% and 50% of the layer thickness,
preferably between 10% and 30% of the layer thickness and
particularly preferably 20% of the layer thickness. Typically,
between 10 and 40 measurement layers, preferably between 20
and 30 measurement layers and particularly preferably 25
measurement layers are acquired. The recording area of the
third diagnostic scan Ma4d is preferably a volume which has a
spatial expansion in the range of between 100 mm and 200 mm,
preferably between 120 mm and 180 mm and particularly
preferably between 140 mm and 160 mm perpendicular to a
measurement layer. The recording area of the third diagnostic
scan Ma4 is preferably a volume which has a spatial expansion
in the range of between 150 mm and 300 mm, preferably between
200 mm and 240 mm and particularly preferably of 220 mm in a
measurement layer in a first direction. The recording area of
the third diagnostic scan Ma4 preferably has a spatial
expansion in the range of between 150 mm and 230 mm,
preferably between 170 mm and 210 mm and particularly
preferably between 185 mm and 195 mm in a second direction
perpendicular to the first direction. The spatial expansion in
the second direction is preferably less than the spatial
expansion in the first direction. Frequency coding is
preferably used for spatial encoding of the first direction
and phase coding is preferably used for spatial encoding of
the second direction. The second direction is preferably a

lateral direction.
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[00181] The number of voxels per measurement layer in the first
direction is preferably between 128 and 512 and particularly
preferably between 200 and 300, preferably 256. The number of
voxels per measurement layer in the second direction is
preferably selected such that a second ratio between the
spatial expansion in the second direction and the number of
voxels in the second direction corresponds to a maximum of the
first ratio of the spatial expansion in the first direction
and the number of voxels in the first direction. The second
ratio is preferably between 80% and 100%, preferably between
95% and 100% of the first ratio. The bandwidth of the
frequency coding for the third diagnostic scan Ma4d is
typically in the range of between 240 Hertz per pixel and 340
Hertz per pixel, preferably between 270 Hertz per pixel and

310 Hertz per pixel.

[00182] o high frequency pulse which is used for refocusing of
nuclear spins in the context of the third diagnostic scan Ma4
preferably produces a defined flip angle between 100° and 180°
and particularly preferably between 130° and 160°, preferably
of 150°. A period in the range of between 5000 ms and 10000
ms, preferably between 6000 ms and 9000 ms and particularly
preferably of 8000 ms is preferably selected as the repetition
time. A period in the range of between 50 ms and 200 ms,
preferably between 100 ms to 140 ms and particularly

preferably of 119 ms is preferably selected as the echo time.

[00183] For cerebrospinal fluid suppression, in particular for
fluid suppression, a high frequency pulse is typically used to
invert the nuclear spins of the resocnantly excited atoms which
typically produces a flip angle of 180°. The high freguency
pulse for inversion is typically output before an excitation

pulse of the magnetic resonance sequence, wherein the period
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between the two pulses is described as the inversion time. The
inversion time is preferably between 2000 ms and 2600 ms and
particularly preferably between 2300 ms and 2450 ms and
particularly preferably between 2350 ms and 2400 ms.

[00184] Acceleration technology is preferably used to acquire
the third diagnostic measurement data. In particular, the use
of parallel imaging is conceivable, which is preferably used
with an acceleration factor of 4 maximum, in particular
preferably with an acceleration factor of 2. In particular,
the use of Compressed Sensing acceleration technology is

conceivable in turn.

[00185] The aforementioned parameters regarding the magnetic
resonance sequence to the third diagnostic scan Ma4d are
advantageously selected such that the third diagnostic
measurement data in less than 130 seconds, in particular in
less than 120 seconds, advantageously in less than 100
seconds, most advantageously in less than 97 seconds, can be
recorded in full with the magnetic resonance seguence used.
Reconstructed image data can be reconstructed from the third
diagnostic measurement data and provided for diagnosis

immediately after completion of the third diagnostic scan Mad4.

[00186] The fourth measuring block Ba4, in particular the third
diagnostic scan Ma4, is dependent on the receive unit and the
strength of the main magnetic field of the magnetic resonance
device. The specified ranges of the areas for parameters which
are specified in the description of the fourth measuring block
Bad4 for 3 Tesla and a receive unit with 32 reception channels
are typically also applicable to other configurations. The
aforementioned embodiment of the third diagnostic scan Mad is

preferably used at 3 Tesla and with a receive unit with 32
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reception channels. If fewer than 32 receive channels are
used, phase oversampling is preferably increased. For 20
reception channels, phase oversampling of 25% is preferably
used and for 16 reception channels, phase oversampling of 48%
is preferably used whereby the fourth period increases to 112
s and 128 s. If a receive unit with 64 reception channels is
used at 3 Tesla, an acceleration factor of 4 maximum,
preferably 3 can be used whereby the fourth period can be

reduced to less than 85 s.

[00187] If the third diagnostic scan Ma4 is performed with a
magnetic resonance device with a main magnetic field with a
strength of 1.5 Tesla, the following parameters preferably
change:

- the repetition time is preferably between 4000 ms and 7000
ms and particularly preferably between 5000 ms and 6000 ms,
most preferably 5500 ms

- the echo time is preferably between 60 ms and 100 ms and
particularly preferably between 75 ms and 80 ms

- the inversion time 1is preferably between 1800 ms and 2100
ms, preferably between 1900 ms and 2000 ms, in particular
preferably 1930 ms

- a high frequency pulse for refocusing of nuclear spins
preferably produces a defined flip angle of 180°

- preferably no acceleration technology is used

- the resulting fourth period is typically between 110 s and
140 s, preferably between 120 s and 130 s.

[00188] Measuring block Bab

[00189] Following the fourth measuring block Ba4, a fifth

measuring block Bab starts at a fifth point in time Tab during

the first head imaging. In the fifth measuring block Bab a
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fourth diagnostic scan Mab takes place during which fourth

diagnostic measurement data is acquired.

[00190] The fifth point in time Ta5 in the case shown is 214 s
after the starting time Tal of the first head imaging. The
fifth measuring block Bab in the case shown has a fifth period
of 80 s. The fifth period is preferably between 50 seconds and
110 seconds, in particular between 60 seconds and 100 seconds,
in particular between 70 seconds and 90 seconds. Preferably,
the fifth period is included almost in full in the pure
measurement period of the fourth diagnostic scan Mab. During
the fifth measuring block Bab5, if necessary, simultaneously
with the recording of the fourth diagnostic scan Mab5, the
first and/or second and/or third diagnostic measurement data
can be at least partly reconstructed and/or evaluated and/or

processed as image data.

[00191] Furthermore, in the fifth measuring block Ba5 before
the start of the fourth diagnostic scan Mab in preparation for
the acquisition of the measurement data, an adjustment
measurement can be performed which, for example, comprises an
adjustment of a transmitter and/or receiver voltage of the
magnetic resonance device. The adjustment measurement
typically lasts 15 seconds maximum, 1in particular 8 seconds
maximum, in particular 5 seconds maximum, in particular 2
seconds maximum. If an adjustment measurement is required, the
fifth period is typically extended by the duration of the
adjustment measurement. Preferably, no adjustment measurement
is necessary as the layer orientation of the fourth diagnostic
scan Mab5 preferably does not differ from the third diagnostic

scan Mad.
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[00192] 2 remaining period of the fifth measuring block Ba5 can
partly be included in the preparation of the acquisition of
the fourth diagnostic measurement data. For example, based on
the positioning data determined in evaluation step Eal, the
recording area and/or the position of the measurement layers
and/or the layer orientation for the fourth diagnostic scan
Ma5 are determined. The remaining period of the fourth
measuring block Bad can furthermore be partly included in an
evaluation or subsequent processing of the fourth diagnostic

measurement data.

[00193] The fourth diagnostic scan Ma5 is a diffusion-weighted
image of the head. To acquire the fourth diagnostic
measurement data Mab5, preferably a gradient echo magnetic
resonance sequence is used which, for example, is implemented
as an Echoplanar (EPI) magnetic resonance sequence. The fourth
diagnostic measurement data is recorded with fat saturation.
The acquisition of the recording area for the fourth
diagnostic scan Mab preferably takes place two-dimensionally,
wherein a number of measurement layers parallel to each other
are recorded. The layer orientation for the fourth diagnostic
scan Mab is preferably in conformity with the third diagnostic
scan Mad4d. A range of between 1.2 mm and 1.8 mm and
particularly preferably 1.5 mm has proved suitable as the
pixel resolution in a measurement layer (in-plane resolution).
Selection of the layer thickness of the fourth diagnostic scan
Mab is preferably between 3 mm and 7 mm, preferably between 4
mm and 6 mm and particularly preferably 5 mm. The measurement
layers have a second layer orientation. The second layer
orientation is preferably perpendicular to the first layer

orientation and a transverse orientation.
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[00194] The distance between two adjacent measurement layers is
preferably between 0% and 40% of the layer thickness,
preferably between 5% and 20% of the layer thickness,
preferably between 10% and 15% of the layer thickness and
particularly preferably 12% of the layer thickness. Typically,
between 15 and 50 measurement layers, preferably between 25
and 40 measurement layers and particularly preferably 31
measurement layers are acquired. The recording area of the
fourth diagnostic scan Mab is preferably a volume which has a
spatial expansion in the range of between 130 mm and 220 mm,
preferably between 150 mm and 200 mm and particularly
preferably between 170 mm and 180 mm perpendicular to a
measurement layer. The recording area of the fourth diagnostic
scan Mab is preferably a volume which has a spatial expansion
in the range of between 170 mm and 300 mm, preferably between
210 mm and 270 mm and particularly preferably of 240 mm in a
measurement layer in a first direction. The recording area of
the fourth diagnostic scan Mab preferably has a spatial
expansion in the range of between 170 mm and 300 mm,
preferably between 210 mm and 270 mm and particularly
preferably between 235 mm and 245 mm in a second direction
perpendicular to the first direction. Frequency coding is
preferably used for spatial encoding of the first direction
and phase coding is preferably used for spatial encoding of
the second direction. The second direction preferably connects
an anterior and a posterior position of the head of the

examination object.

[00195] The number of voxels per measurement layer in the first
direction is preferably between 128 and 256 and particularly
preferably 160. The number of voxels per measurement layer in
the second direction preferably corresponds to the number of

voxels in the first direction. Interpolation of the voxels or
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zero-filling of the k-space can take place so that the
interpolated voxels in the first direction and in the second
direction are the same size. A period in the range of between
2000 ms and 6000 ms, preferably between 3000 ms and 5000 ms
and particularly preferably of 4000 ms is preferably selected
as the repetition time. A period in the range of between 40 ms
and 90 ms, preferably between 55 ms to 75 ms and particularly
preferably of 65 ms is preferably selected as the echo time.
The bandwidth of the frequency coding for the fourth
diagnostic scan Mab is typically in the range of between 900
Hertz per pixel and 1500 Hertz per pixel, preferably between

1100 Hertz per pixel and 1300 Hertz per pixel.

[00196] Acceleration technology is preferably used to acquire
the fourth diagnostic measurement data. In particular, the use
of parallel imaging is conceivable which is preferably used
with an acceleration factor of between 2 and 4, in particular
preferably with an acceleration factor of 3. Furthermore, to
acquire the fourth diagnostic measurement data a partial
Fourier technique is used to accelerate acquisition, which
partial Fourier technique provides that the k-space is only
partially sampled, typically 6/8. In particular, the use of
Compressed Sensing acceleration technology is conceivable in

turn.

[00197] For diffusion weighting, a monopolar diffusion diagram
is used for the acquisition of the fourth diagnostic
measurement data, wherein 6 diffusion weightings maximum,
preferably 4 diffusion weightings maximum and particularly
preferably 2 diffusion weightings are undertaken. A first
diffusion weighting of the diffusion weightings takes place
with a first b-value and a second diffusion weighting of the

diffusion weightings takes place with a second b-value. The
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first b-value is preferably 0 S/mm? and the second b-value is
between 500 S/mm? and 1300 S/mm?, preferably between 700 S/mm?
and 900 S/mm?, in particular preferably 800 S/mm?. A diffusion
weighting takes place in a maximum of 15 different directions,
preferably in a maximum of 12 different directions and
particularly preferably in a maximum of 6 directions, in
particular preferably in a maximum of 3 different directions.
The diffusion weighting is preferably performed with the TRACE
method.

[00198] The aforementioned parameters regarding the magnetic
resonance sequence for the fourth diagnostic scan Mab are
advantageously selected such that the fourth diagnostic
measurement data can be recorded in full in less than 100
seconds, in particular in less than 90 seconds, advantageously
in less than 81 seconds with the magnetic resonance sequence
used. Fourth image data reconstructed from the fourth
diagnostic measurement data can be reconstructed and provided
for diagnosis immediately after completion of the fourth

diagnostic scan Mab.

[00199] The fifth measuring block Ba5, in particular the fourth
diagnostic scan Mab, 1is dependent on the receive unit and the
strength of the main magnetic field of the magnetic resonance
device. The specified ranges of the areas for parameters which
are specified in the description of the fifth measuring block
Bab for 3 Tesla and a receive unit with 32 reception channels
are typically also applicable to other configurations. The
aforementioned embodiment of the third diagnostic scan Mad is
preferably used at 3 Tesla and with a receive unit with 32 or
64 reception channels. If fewer than 32 receive channels are
used, the echo time and the repetition time is preferably

increased and the acceleration factor reduced. Thus, with 16
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or 20 reception channels a repetition time of 4200 ms, an echo
time of 72 ms and an acceleration factor of 2 is preferably

selected whereby the fifth period is between 75 s and 80 s.

[00200] If the fourth diagnostic scan Ma5 is performed with a
magnetic resonance device with a main magnetic field with a
strength of 1.5 Tesla, the echo time and the repetition time
is preferably increased and the acceleration factor reduced.
Thus, with 1.5 Tesla and 16 or 20 reception channels, a
repetition time of 4500 ms, an echo time of 77 ms and an
acceleration factor of 2 is preferably selected whereby the

fifth period is between 80 s and 85 s.

[00201] Measuring block Bab

[00202] Following the fifth measuring block Ba5, a sixth
measuring block Baé6 starts at a sixth point in time Ta6 during
the first head imaging. In the sixth measuring block Ba6, a
fifth diagnostic scan Ma6 takes place during which diagnostic

measurement data is acquired.

[00203] The sixth point in time Ta6 in the case shown is 294 s
after the starting time Tal of the first head imaging. The
sixth measuring block Ba6 in the case shown has a sixth period
of 6 s. The sixth period is preferably between 2 seconds and
10 seconds, in particular between 4 seconds and 8 seconds.
Preferably, the sixth period is included almost in full in the
pure measurement period of the fifth diagnostic scan Maéb.
During the sixth measuring block Baé6, i1if necessary
simultaneously with the recording of the fifth diagnostic scan
Ma6, the first and/or second and/or third and/or fourth
diagnostic measurement data can be at least partly

reconstructed and/or evaluated and/or processed as image data.
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[00204] Furthermore, in the sixth measuring block Ba6 before
the start of the fifth diagnostic scan Ma6 in preparation for
the acquisition of measurement data, an adjustment
measurement, for example, comprising an adjustment of a
transmitter and/or receiver voltage of the magnetic resonance
device, can be performed. The adjustment measurement typically
lasts 15 seconds maximum, in particular 8 seconds maximum, in
particular 5 seconds maximum, in particular 2 seconds maximum.
If an adjustment measurement is required, the sixth period is
typically extended by the duration of the adjustment
measurement. Preferably, no adjustment measurement is
necessary as the resolution and/or orientation of the fifth
diagnostic scan Ma6 preferably do not differ from the third

diagnostic scan Mad4.

[00205] 2 remaining period of the sixth measuring block Ba6 can
be partly included in the preparation of the acquisition of
the fifth diagnostic measurement data. For example, based on
the positioning data determined in evaluation step Eal, the
recording area and/or the position of the measurement layers
and/or the layer orientation for the fifth diagnostic scan Maéb
can be determined. The remaining period of the sixth measuring
block Ba6t can furthermore be partly included in an evaluation
or subsequent processing of the fifth diagnostic measurement

data.

[00206] The fifth diagnostic scan Ma6 i1s a susceptibility-
weighted image of the head. To acquire the fifth diagnostic
measurement data Ma6, a gradient echo magnetic resonance
sequence 1is preferably used which, for example, is implemented
as an Echoplanar (EPI) magnetic resonance sequence. The fifth

diagnostic measurement data is recorded such that the fifth
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diagnostic measurement data can be reconstructed as fifth
image data and the fifth image data indicates a susceptibility
of the tissue of the head of the examination object in a
spatial distribution. The fifth diagnostic measurement data is

recorded with fat saturation.

[00207] The acquisition of the recording area for the fifth
diagnostic scan Ma6 preferably takes place two-dimensionally,
wherein a number of measurement layers parallel to each other
are recorded. The measurement layers, the layer orientation,
the layer thickness, the resolution, and/or the spatial
expansion of the area under examination in at least one
direction is preferably in conformity with the second
diagnostic scan Ma3 for the fifth diagnostic scan Maé. A range
of between 0.6 mm and 1.2 mm and particularly preferably 0.9
mm has proved appropriate as the pixel resolution in a
measurement layer (in-plane resolution). Selection of the
layer thickness of the fifth diagnostic scan Ma6 is preferably
between 3 mm and 7 mm, preferably between 4 mm and 6 mm and
particularly preferably 5 mm. The measurement layers have a
second layer orientation. The second layer orientation is
preferably perpendicular to the first layer orientation and a

transverse orientation.

[00208] The distance between two adjacent measurement layers is
preferably between 0% and 50% of the layer thickness,
preferably between 10% and 30% of the layer thickness and
particularly preferably 20% of the layer thickness. Typically,
between 10 and 40 measurement layers, preferably between 20
and 30 measurement layers and particularly preferably 25
measurement layers are acquired. The recording area of the
fifth diagnostic scan Ma6 is preferably a volume which has a

spatial expansion in the range of between 100 mm and 200 mm,
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preferably between 120 mm and 180 mm and particularly
preferably between 140 mm and 160 mm perpendicular to a
measurement layer. The recording area of the fifth diagnostic
scan Mab is preferably a volume which has a spatial expansion
in the range of between 150 mm and 300 mm, preferably between
200 mm and 240 mm and particularly preferably of 220 mm in a
measurement layer in a first direction. The recording area of
the fifth diagnostic scan Ma6 preferably has a spatial
expansion in the range of between 150 mm and 300 mm,
preferably between 200 mm and 240 mm and particularly
preferably of 220 mm in a second direction perpendicular to
the first direction. The spatial expansion in the second
direction preferably corresponds to the spatial expansion in
the first direction. Frequency coding is preferably used for
spatial encoding of the first direction and phase coding is
preferably used for spatial encoding of the second direction.
The second direction preferably connects an anterior and a

posterior position of the head of the examination object.

[00209] The number of voxels per measurement layer in the first
direction is preferably between 64 and 256 and particularly
preferably 128. The number of voxels per measurement layer in
the second direction preferably corresponds to the number of
voxels in the first direction. Interpolation of voxels or
zero-filling of the k-space can take place so that the
interpolated voxels in the first direction and in the second
direction are the same size. The bandwidth of the frequency
coding for the fifth diagnostic scan Maé6 is typically in the
range of between 1200 Hertz per pixel and 1800 Hertz per
pixel, preferably between 1400 Hertz per pixel and 1600 Hertz

per pixel.
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[00210] 2 high frequency pulse which is used to excite nuclear
spins in the context of the first diagnostic scan Ma?2
preferably produces a defined flip angle of between 60° and
90°, preferably of 90°. A period in the range of between 4000
ms and 10000 ms, preferably between 5000 ms and 7000 ms and
particularly preferably between 6000 ms and 6300 ms is
preferably selected as the repetition time. A period in the
range of between 5 ms and 50 ms, preferably between 15 ms to
40 ms and particularly preferably of 30 ms is preferably

selected as the echo time.

[00211] Acceleration technology is preferably used to acquire
the fifth diagnostic measurement data. To acguire the fifth
diagnostic measurement data, a partial Fourier technique is
used to accelerate acquisition, which partial Fourier
technique provides that the k-space is only partially sampled,
typically 6/8. In particular, the use of Compressed Sensing

acceleration technology is conceivable in turn.

[00212] The aforementioned parameters regarding the magnetic
resonance sequence for the fifth diagnostic scan Mab6 are
advantageously selected such that the fifth diagnostic
measurement data can be recorded in full in less than 10
seconds, in particular in less than 8 seconds, advantageously
in less than 6 seconds, with the magnetic resonance sequence
used. Fifth image data reconstructed from the fifth diagnostic
measurement data can be reconstructed and provided for
diagnosis immediately after completion of the fifth diagnostic

scan Mab6.

[00213] The sixth measuring block Ba6 ends at the seventh point

in time Ta7.
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[00214] The seventh point in time Ta7 thus constitutes an end
to the acguisition of the measurement data and an end to the
evaluation in the first head imaging shown. The seventh point
in time Ta7 thus concludes the first head imaging. The seventh
point in time Ta7 in the case shown is 300 s after the

starting time Tal of the first head imaging.

[00215] Ratio of recording parameters between diagnostic scans

[00216] The magnetic resonance sequences used for the
recordings Mal, Ma2, Ma3, Mad, Mab, Mab6b have characteristic
properties and/or characteristic dependencies which relate to
various parameters. For example, the sampling of the k-space
for the recordings Mal, Ma3, Ma4 takes place in a Cartesian
manner, preferably the sampling of the k-space for all the
recordings Mal, Ma2, Ma3, Ma4d4, Mab, Ma6b takes place in a
Cartesian manner. The diagnostic scans MaZ2, Ma3, Ma4, Mab, Mab
preferably take place two-dimensionally by way of acquisition
of parallel layers. The first overview scan Mal preferably
takes place three-dimensionally. The in-plane resolution for
the diagnostic measurement data which has no diffusion
weighting is preferably the same and/or in particular also
independent of the layer orientation. If the spatial expansion
and/or the in-plane resolution and/or the layer thickness
and/or the distance between adjacent measurement layers
corresponds for the same layer orientation of different
diagnostic recordings, the wvarious diagnostic scans are
particularly easily comparable: such diagnostic image data
shows the same sections of the area under examination in
different contrasts, whereby a tissue and/or an anatomy and/or

a pathology can be identified with particular precision.
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[00217] For a diagnostic scan Ma2, Ma3, Ma4, Ma5, Ma6, if the
spatial expansion in the second direction corresponds the
spatial expansion in the first direction, the second direction
preferably connects an anterior and a posterior position of
the head of the examination object. If the spatial expansion
in the second direction corresponds to the spatial expansion
in the first direction for a diagnostic scan of diagnostic
scans MaZ2 - Ma6, the diagnostic scan is typically based on a
gradient echo magnetic resonance seguence, in particular on a
FLASH and/or an EPI. This is advantageous as such a magnetic
resonance sequence for recording diagnostic measurement data
is designed to scan a layer in the k-space particularly
guickly, 1in particular after a single high frequency pulse
which is used to excite nuclear spins. By way of the quadratic
expansion of a measurement layer, in other words, of a
corresponding spatial expansion in the first direction and in
the second direction, the efficiency of such a magnetic
resonance sequence can be put to particularly good use in
recording a large amount of measurement data and thereby
increasing the signal-to-noise ratio of the resulting image

data.

[00218] If the spatial expansion in the second direction is
less than the spatial expansion in the first direction for a
diagnostic scan of the diagnostic scans MaZ2 - Ma6, then the
diagnostic scan is typically based on a spin echo magnetic
resonance sequence, 1n particular on a TSE. This is
advantageous as the period of such a magnetic resonance
sequence for recording diagnostic measurement data is
determined, in particular, by the number of voxels in the
second direction and a reduction in the number of voxels in
the second direction can bring about a reduction of the

corresponding period. The choice of such a spatial expansion
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in the second direction results in it being possible to cover
the lower spatial expansion of the head of an examination
object in the anterior-posterior direction than in the head-
foot direction via a correspondingly adjusted recording area.
By this means, with full coverage of the examination object in
an anterior-posterior direction, fold artifacts can be

particularly efficiently avoided and the period reduced.

[00219] The resolution of the overview measurement data is
preferably isotropic. A layer thickness preferably corresponds
to recordings of diagnostic measurement data which are
recorded with the same layer orientation. Thereby, the
diagnostic measurement data which is recorded with the same
layer orientation and same layer thickness are particularly
easily comparable. The layer orientation of at least two
recordings of the recordings Ma2 - Ma6 of the diagnostic
measurement data i1is different. This makes possible at least
two different views of the area under examination, these views

preferably also having different contrasts.

[00220] Diagnostic measurement data which does not have any
diffusion weighting are preferably recorded with the same
layer thickness, same distance between two adjacent
measurement layers and/or same in-plane resolution. At least
two, preferably at least three of the five diagnostic scans
Ma2, Ma3, Mad, Mab5, Mab have the same number of voxels per
layer in at least one direction, in particular in the first
direction. The spatial expansion in at least one direction, in
particular in the first direction, preferably corresponds to
at least two, 1in particular to at least three, preferably to
at least four of the five diagnostic scans MaZ2, Ma3, Ma4, Mab,
Maé6. Such diagnostic measurement data is particularly easily

comparable.
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[00221] For the fourth diagnostic scan Ma5, in other words, for
the diffusion-weighted recording, the number of voxels in one
direction is preferably less than for at least one of the
diagnostic scans MaZ2, Ma3, Mad4. By reducing the number of
voxels, for example, the period which is necessary for the
fourth diagnostic scan Mab can be reduced which, in
particular, is efficient for diffusion-weighted recording as
the corresponding magnetic resonance sequence has modules for
fat saturation and/or diffusion weighting. The number of
measurement layers for the fourth diagnostic scan Mab5 is
preferably greater than for at least one of the diagnostic
scans MaZ2, Ma3, Mad, Ma6. The distance between two adjacent
measurement layers for the fourth diagnostic scan Mab is
preferably less than for at least one of the diagnostic scans
Ma2, Ma3, Mad, Ma6. This 1is particularly advantageous as
compared to the diagnostic scans Ma2, Ma3, Ma4, Mab, the
diffusion-weighted fourth diagnostic scan Mb5 thus exhibits a
continuous transition between adjacent layers, whereby an ADC
card and/or a TRACE image can be determined with particular

precision.

[00222] For the fifth diagnostic scan Ma6, the number of voxels
in one direction is preferably less than for at least one of
the diagnostic scans MaZ2, Ma3, Mad, Mab. Thereby, the k-space
can be scanned particularly quickly, whereby in particular for
an EPI-based magnetic resonance sequence, the signal intensity
can be improved and/or a largely constant contrast achieved

during scanning.

[00223] Diagnostic measurement data is preferably recorded such
that the spatial expansion in at least one direction, in

particular in the first direction, i1s greater for the fourth
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diagnostic scan Mab, in other words, the diagnostic scan with
diffusion weighting, than for another diagnostic scan MaZz,
Ma3, Mad4, Maé6. Thereby, in particular, for diagnostic scanning
with diffusion weighting the signal-to-noise ratio can be
increased, which is particularly advantageous for diagnostic
scanning with diffusion weighting as the modules for fat
saturation and/or diffusion weighting reduce the signal-to-

noise ratio.

[00224] Preferably, a Tl-weighted recording Ma2 has a layer
orientation auf which differs from at least one layer
orientation of the recordings Ma3, Ma4, Ma5, Ma6. Preferably,
the diagnostic scans MaZ2, Ma3, Mad, Mab5, Ma6b each have
different contrasts from each other. Preferably, at least one
of the diagnostic scans Ma2 - Mab has a Tl contrast,
preferably at least one of the diagnostic scans Ma2 - Ma6 has
a T2 contrast, preferably at least one of the diagnostic scans
Ma2 - Ma6 has a FLAIR contrast, preferably at least one of the
diagnostic scans Ma2 - Ma6b has a susceptibility contrast, and
preferably at least one of the diagnostic scans Ma2 - Ma6 has
a diffusion-weighted contrast. Typically, the signal intensity
depends on the underlying tissue and the contrast of the
recording, so that different tissues are depicted differently
with different contrasts, whereby a tissue particularly can be
determined particularly precisely and therefore a pathology
particularly precisely detected. With the reconstruction of
the diagnostic measurement data to diagnostic image data, the
diagnostic image data displays the contrast of the diagnostic
measurement data. The aforementioned contrasts in particular
enable a comprehensive diagnosis of different clinical
pictures, in particular of the aforementioned diseases in the

section *“General information about the first head imaging”.
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[00225] Preferably, at least two of the five diagnostic scans
Ma2, Ma3, Mad, Mab, Mab are recorded by way of spin echo
magnetic resonance sequences. The high frequency pulse which
is used for refocusing nuclear spins in the context of the
spin echo magnetic resonance sequence is preferably less than
180°, in particular preferably less than 155°. The advantage
of such a choice of high-frequency pulse for refocusing is
that the SAR burden on the patient caused by the high-
frequency pulse for refocusing is reduced, whereby the entire
SAR burden on the patient can be reduced for the output of the
magnetic resonance sequence and/or the frequency of the high-
frequency pulse for refocusing can be increased, whereby the

period of the diagnostic scan can be reduced.

[00226] Preferably, at least two, in particular preferably at
least three, of the five diagnostic scans MaZ2, Ma3, Ma4d, Mab,
Mab are recorded by way of the gradient echo magnetic
resonance sequences. Preferably, two of the five diagnostic
scans MaZ2, Ma3, Mad, Mab, Mab are recorded by way of an EPI
magnetic resonance sequence. Preferably, the measurement data
recorded with an EPI magnetic resonance segquence 1s recorded
with fat saturation. A combination of a module for fat
saturation with a particularly fast magnetic resonance
sequence such as, for example, an EPI-based magnetic resonance
sequence, and/or with a magnetic resonance sequence with a
particularly small number of high-frequency pulses and
therefore with a particularly low SAR load for the examination
object such as, for example, a gradient echo-based magnetic
resonance sequence is particularly advantageous as a module
comprising a magnetic resonance sequence for fat saturation
especially increases the period of a magnetic resonance

sequence and/or the SAR load for the examination object.
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[00227] Preferably, the measurement data recorded with an EPI
magnetic resonance sequence 1s recorded with an echo time,
which echo time particularly preferably does not exceed the
minimum echo time by 20% maximum, preferably by 10% maximum.
Thereby, the period of the corresponding measuring block
and/or the first imaging period can be reduced. The high
frequency pulse which is used to excite nuclear spins in the
context of the gradient magnetic resonance sequence is
preferably between 80° and 90°. A particularly high signal can
be produced by this means. Phase oversampling is preferably
omitted for a recording with an EPI magnetic resonance
sequence. Thereby the period of the corresponding measuring

block and/or the first imaging period can be reduced.

[00228] The bandwidth of the frequency coding for the fourth
and for the fifth diagnostic scan Mab, Ma6 is typically wider
than 1000 Hertz per pixel and preferably wider than 1200 Hertz
per pixel. In particular, rapid scanning of the k-space, a
high signal intensity and/or a largely constant contrast
during scanning can be ensured thereby for EPI-based magnetic
resonance sequences. The lower signal-to-noise ratio produced
by the high bandwidth of the frequency coding can be
compensated by a higher number of recorded points in the k-
space with such magnetic resonance sequences, whereby the
function of the EPI-based magnetic resonance sequences can be
utilized particularly well by the high bandwidth of the
frequency coding. In addition, particularly due to movement,
artifacts can be reduced. The bandwidth of the frequency
coding for the second and for the third diagnostic scan Ma3,
Mad is typically in the range of between 100 Hertz per pixel
and 500 Hertz per pixel, preferably in the range of between
200 Hertz per pixel and 300 Hertz per pixel. In particular,

the signal-to-noise ratio can be improved by the choice of
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such a low bandwidth of frequency coding for spin echo-based
magnetic resonance sequences. The bandwidth of the frequency
coding 1is typically smaller for the first, second, and/or
third diagnostic scan MaZ2, Ma3, Ma4 than for the fourth and/or
fifth diagnostic scan Ma5, Ma6. The bandwidth of the frequency
coding for the first diagnostic scan MaZ is typically in the
range of between 200 Hertz per pixel and 500 Hertz per pixel,
preferably between 300 Hertz per pixel and 400 Hertz per
pixel. The bandwidth of the frequency coding for the first
diagnostic scan MaZ2 is preferably 360 Hertz per pixel. These
dependencies of the bandwidth of the frequency coding enable a
particularly good signal-to-noise ratio of the diagnostic
measurement data, or diagnostic image data, based on which a
particularly reliable diagnosis can be made and/or a
particularly short first imaging period which is within the

aforementioned limits.

[00229] The repetition time of the third diagnostic scan Ma4 is
preferably longer than the repetition time of the second
diagnostic scan Ma3. The echo time of the third diagnostic
scan Mad4 1is preferably longer than the echo time of the second
diagnostic scan Ma4. The repetition time of the fifth
diagnostic scan Ma6 is preferably longer than the repetition
time of the fourth diagnostic scan Mab. The echo time of the
fourth diagnostic scan Mab is preferably longer than the echo
time of the fifth diagnostic scan Maé. These dependencies of
the repetition times and/or echo times enable particularly
advantageous contrasts of the diagnostic measurement data, or
diagnostic image data, based on which a particularly reliable
diagnosis can be made and/or a particularly short first

imaging period which is within the aforementioned limits.

[00230] Temporal sequence of the diagnostic scans
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[00231] The first head imaging is characterized in that a
maximum of one first user interaction Ial is necessary at the
start of the first head imaging. The subsequent measuring
blocks Ba2, Ba3, Ba4, Bab, Bab take place automatically,
enabling the user to monitor the embodiment of the methods,
for example. The temporal sequence of the measuring blocks
BaZ2, Ba3, Ba4, Bab5, Ba6 can be selected as required. The
sequence of the measuring blocks Ba2 - Ba6b is preferably
selected such that the measurement data recorded via the
measuring blocks BaZ - Ba6t and image data that can be
reconstructed from it is in descending order of importance for
the user. Thus, measurement data of particular relevance for a
diagnosis can be recorded at an earlier time at which the
patient is more cooperative and/or the probability of the
patient moving is lower, whereby the quality of the diagnostic
measurement data can be increased. The sequence of the
measuring blocks Ba2 - Bab 1s preferably selected such that
diagnostic scans of consistent orientation can be combined in
one block and the at least two blocks are executed one after
the other. Thereby the probability of the patient moving
between two diagnostic scans of the same orientation, in other
words, two diagnostic scans of the same block, is reduced,
whereby the two diagnostic scans of the same orientation can
be better compared with each other and in particular also
depicted superimposed and/or a subtraction can be performed.
The sequence of the blocks and/or the sequence of the
diagnostic scans within a block can be selected as required.
It is thereby possible to individually adjust the sequence to

the requirements of the user.

[00232] Ratio of the periods between the diagnostic scans and

the overview scan
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[00233] The period of the fourth measuring block Bad is
typically longer than the period of the fifth measuring block
Bab5. The period of the fifth measuring block Bab is typically
longer than the period of the third measuring block Ba3. The
period of the third measuring block Ba3 is typically longer
than the period of the second measuring block Ba2. The period
of the second measuring block Ba2 is typically longer than the

period of the sixth measuring block Baéb.

[00234] The period of the first measuring block Bal and of the
sixth measuring block Ba6 combined is preferably shorter than
the period of the second measuring block Ba2. The period of
the first measuring block Bal and of the second measuring
block BaZ2 combined is preferably shorter than the period of
the third measuring block Ba3. The period of the first
measuring block Bal and of the second measuring block Ba2 and
of the sixth measuring block Baé combined is preferably
shorter than the period of the third measuring block Ba3. The
period of the first measuring block Bal and of the second
measuring block Ba2 and of the sixth measuring block Bab
combined is preferably shorter than the period of the fourth
measuring block Ba4 or of the fifth measuring block Bab. The
period of the third measuring block Ba3 and of the sixth
measuring block Ba6 combined is preferably shorter than the
period of the fourth measuring block Ba4 or of the fifth
measuring block Bab. The period of the first measuring block
Bal, of the second measuring block BaZ2, of the sixth measuring
block Ba6t and of the third measuring block Ba3 combined is
preferably shorter than the total of the period of the fourth
measuring block Bad and the period of the fifth measuring

block Bab.
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[00235] The two measuring blocks lasting the longest are
preferably structured such that the recording of the
corresponding measurement data takes place with fat
saturation. This is particularly advantageous as a magnetic
resonance sequence with a module for fat saturation typically
lasts longer than a magnetic resonance sequence without a
module for fat saturation. The sixth and last measuring block
Ba6 preferably has a particularly short sixth period, wherein
the fifth diagnostic scan Maé6 of the sixth measuring block Bab
takes place with a contrast which immediately depicts physical
properties, in particular the susceptibility, of the tissue in
the area under examination. For the fifth diagnostic scan Mab,
a magnetic resonance sequence was selected such that the
physical property can be detected immediately in a

particularly short period.

[00236] The fourth diagnostic scan Ma5 which has a diffusion
weighting, typically regquires at least one module for fat
saturation and one module for diffusion weighting, whereby for
this reason the fifth period Tab is typically at least two
modules longer than one period of a measuring block which has
one or none of the modules and is based on the same magnetic
resonance sequence as the fourth diagnostic scan Mab5.
Nevertheless, in order to keep the fifth period Tab5 as short
as possible, the fourth diagnostic scan Ma5 is performed with
an EPI-based magnetic resonance sequence. EPI-based magnetic

resonance sequences are characterized by a short period.

[00237] The period of a measuring block typically comprises the
recording period of the measuring block and if applicable, a

period of reconstruction, insofar as the reconstruction of the
measurement data is performed within the measuring block which

may, 1in particular, be applicable to overview measurement
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data. The reconstruction period of the overview measurement
data is typically 20% maximum, preferably 10% maximum and
particularly preferably 5% maximum of the recording period of
the overview measurement data Mal. The period of the
reconstruction diagnostic measurement data is typically at
least 1 s and/or 10% maximum, preferably 5% maximum and
particularly preferably 3% maximum of the recording period of

the diagnostic measurement data Ma2 - Mab.

[00238] Fig. 2 - Second head imaging

[00239] General information about the second head imaging

[00240] The first head imaging, the sequence of which is shown
in Fig. 1, in particular provides diagnostic measurement data
which can serve as the basis for an assessment of the anatomy
and/or pathology of the head of the examination object. In
addition, the second head imaging provides diagnostic
measurement data which enables a comprehensive diagnosis of
the head as, in particular, tumors, neoplasms, inflammation,
infections and vascular diseases can be diagnosed. In
particular, the second head imaging can serve as the basis for
the diagnosis of a stenosis and/or a stroke as, for example,
perfusion, microlesions, internal bleeding and/or
calcifications can be detected in vessels by way of the
additional measurement data. In particular, small
intracerebral hemorrhages can be detected by way of the second
head imaging. In addition, the second head imaging provides
further diagnostic measurement data on the basis of which
White Matter (WM) and Gray Matter (GM) can be distinguished
particularly well. As in the first head imaging, in
particular, it is an aim of the second head imaging to record

the diagnostic measurement data required for the assessment of
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the anatomy and/or pathology of the head of the examination
object in a short second imaging period, compared with
traditional comparable examinations of the head via a magnetic
resonance device. The diagnostic measurement data is
preferably recorded in the short second imaging period such
that sufficiently high-quality image data can be ascertained
and provided as the basis for a diagnosis of the head despite

the comparatively short second imaging period.

[00241] The second head imaging has a second imaging period
which is from a starting time Tbl of the second head imaging
to a tenth point in time Tb1l0, at which the recording of
measurement data in the second head imaging is completed. If
the second head imaging is performed via a magnetic resonance
device with a main magnetic field with a strength of 1.5
Tesla, the second imaging period preferably lasts a maximum of
19 minutes. If the second head imaging is performed via a
magnetic resonance device with a main magnetic field with a
strength of 3 Tesla, the second imaging period advantageously
lasts a maximum of 15 minutes, in particular advantageously a
maximum of 12 minutes, particularly advantageously a maximum
of 10.5 minutes and most advantageously a maximum of 10
minutes. If a maximum imaging period is established, the user
has planning security for the period and/or feasibility of the

second head imaging.

[00242] The second imaging period is, in particular, dependent
on the choice of receive unit which is used to receive
magnetic resonance signals. The higher the number of
individual receive channels the receive unit has, the shorter
the second imaging period can be. A variability of the second
imaging period is, in particular, analogous to the specified

areas, or to the variability for the periods of the measuring
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blocks comprising the second imaging. The second imaging
period is, 1in particular, arranged as a maximum imaging period
which ideally is not exceeded for the performance of the
second head. A period of user interactions or parameter
settings for the acquisition of measurement data can be
included in the second imaging period. In certain cases, 1t is
also conceivable that a period of patient positioning is
included in the second imaging period. Alternatively, the
second imaging period can also be characterized in that more
than 60 percent, in particular more than 75 percent, most
advantageously more than 90 percent of a series of several
examinations in the clinical routine which are performed in
accordance with the diagram shown in Fig. 2 for the second

head imaging include the second imaging period.

[00243] Fig. 2 shows a particularly advantageous case in which
the second imaging period of the second head imaging lasts
less than 10.5 minutes. After recording of the measurement
data has been completed in the second head imaging, further
time may elapse in which subsequent processing and/or
evaluation of the measurement data takes place. However, the
examination object must only remain in the magnetic resonance
device during the second imaging period. After the second
imaging period, the next examination object can be positioned
in the magnetic resonance device, whereby better utilization

of the device is achieved.

[00244] Description of a possible concrete sequence of the

second head imaging

[00245] Preparation of the second head imaging
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[00246] The preparation of the second head imaging may in
principle comprise some or all the elements already described
for the preparation of the first head imaging. Therefore, with
regard to the description of the preparation of the second
head imaging, please refer to the description of the

preparation of the first head imaging.

[00247] In addition to the preparation of the first head
imaging, preparation of the administration of the contrast
agent Cb takes place in the preparation of the second head
imaging. The administration of contrast agent Cb for the
second head imaging takes place during the measuring procedure
of the second head imaging. In the case shown in Fig. 2, the
administration of contrast agent Cb takes place immediately
before the start of the sixth measuring block Bb6 of the
second head imaging. The preparation of the administration of
contrast agent may, for example, comprise an injection of a
needle into the examination object, via which a magnetic
resonance contrast agent can be administered during the
measurement procedure. Common magnetic resonance contrast
agents, such as gadolinium, for example, Gd-DTPA, can be used

for this.

[00248] Sequence of the measuring blocks

[00249] The measuring block Bbl of the second head imaging is
analogous to the measuring block Bal of the first head
imaging. The measuring block Bb2 of the second head imaging is
analogous to the measuring block BaZ2 of the first head
imaging. The measuring block Bb3 of the second head imaging is
analogous to the measuring block Ba4 of the first head
imaging. The measuring block Bb6 of the second head imaging

comprises a recording Mb6 which is analogous to the fourth
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diagnostic scan Mb5 of the measuring block Bab of the first
head imaging. The measuring block Bb7 of the second head
imaging is analogous to the measuring block Ba3 of the first
head imaging. Therefore, reference is made to the description
of the corresponding measuring blocks in the first head
imaging for the description of the measuring blocks Bbl, BbZ,
Bb3, Bb6, Bb7. Likewise, for the ratios of the recording
parameters between the diagnostic scans Bbl, Bb2, Bb3, Bbo,
Bb7, reference is made to the description of the corresponding
measuring blocks in the first head imaging. Likewise, for the
ratio of the period between the diagnostic scans Bbl, BbZ,
Bb3, Bb6, Bb7 and the overview scan, reference is made to the
description of the corresponding measuring blocks in the first

head imaging.

[00250] The sequence of the nine measuring blocks Bbl, Bb2,
Bb3, Bb4, Bbb5, Bb6, Bb7, Bb8, BbY9 of the second head imaging
is briefly summarized at this point, wherein with regard to
further descriptions and alternative expiry options for the
measuring blocks Bbl, Bb2, Bb3, Bb6, Bb7, reference is made to
the description of the measuring blocks BRal, Ba2, Ba3, Bad4,
Bab5 in Fig. 1. The measuring blocks Bb4, Bb5, Bb8, BbY are
explained in detail. The measuring blocks Ba2, Ba3, Ba4, Bab

can be performed in any order.

[00251] Measuring block Bbl

[00252] The second head imaging shown starts at a first point
in time Tbl or starting time Tbl with the first measuring
block Bbl. In the first measuring block Bal a first user
interaction Ibl, a first overview scan Mbl, takes place during
which first overview measurement data is acquired, and a first

evaluation step Ebl analogous to the first user interaction
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Tal, the first overview scan Mal and the first evaluation step
Fal, wherein positioning data can be extracted. The
positioning data can be provided for the following recordings
Mb2, Mb3, Mb4, Mb5, Mbo6, Mb7, Mb8, Mb9. Based on the
positioning data, further measures can be taken in the context
of the first evaluation step Ebl analogous to the first
evaluation step Eal. The first measuring block Bbl ends at the

point in time Tb2.

[00253] Measuring block Bb2

[00254] The second measuring block Bb2 begins at the point in
time Tb2. In the second measuring block Bb2 a first diagnostic
scan Mb2 takes place which is arranged as a Tl-weighted image
of the head and corresponds to the first diagnostic scan MaZ2
of the first head imaging. The second measuring block BbZ ends

at the point in time Tb3.

[00255] Measuring block Bb3

[00256] The third measuring block Bb3 begins at the point in
time Tb3. In the third measuring block Bb3 a second diagnostic
scan Mb3 takes place which is arranged as a T2-weighted image
of the head with cerebrospinal fluid suppression, in
particular with fluid suppression, and corresponds to the
third diagnostic scan Ma4 of the first head imaging. The third
measuring block Bb3 ends at the point in time Tb4. The fourth
point in time Tb4 in the case shown is 152 s after the

starting time Tbl of the second head imaging.

[00257] Measuring block Bb4
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[00258] The fourth measuring block Bb4 begins at the point in
time Th4d. In the fourth measuring block Bb4 a third diagnostic
scan Mb4 takes place during which third diagnostic measurement
data 1s acquired and which is arranged as a susceptibility-
weighted image of the head. The fourth measuring block Bbi4
ends at the point in time Tb5. The fifth point in time Tb5 in
the case shown is 225 s after the starting time Tbl of the

second head imaging.

[00259] The fourth measuring block Bb4 in the case shown has a
fourth period of 73 s. The fourth period is preferably between
45 seconds and 110 seconds, in particular between 60 seconds
and 95 seconds, in particular preferably between 70 seconds
and 80 seconds. Preferably, the fourth period is almost
completely included in the pure measurement period of the
third diagnostic scan Mb4. During the fourth measuring block
Bb4d, if necessary, simultaneously with the recording of the
third diagnostic scan Mb4, the first and/or second diagnostic
measurement data can be at least partly reconstructed and/or

evaluated and/or processed as image data.

[00260] Furthermore, in the fourth measuring block Bb4 before
the start of the third diagnostic scan Mb4 in preparation for
the acquisition of the measurement data, an adjustment
measurement can be performed which, for example, comprises an
adjustment of a transmitter and/or receiver voltage of the
magnetic resonance device. The adjustment measurement
typically lasts 15 seconds maximum, 1in particular 8 seconds
maximum, in particular 5 seconds maximum, in particular 2
seconds maximum. If an adjustment measurement is required, the
fourth period is typically extended by the duration of the
adjustment measurement. Preferably, no adjustment measurement

is necessary because the resolution and/or orientation of the
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third diagnostic scan Mb4 preferably do not differ from the

second diagnostic scan Mb3.

[00261] 2 remaining period of the fourth measuring block Bbi4
can be partly included in the preparation of the acqguisition
of the third diagnostic measurement data. For example, the
recording area and/or the position of the measurement layers
and/or the layer orientation for the third diagnostic scan Mb4
can be determined on the basis of the positioning data
determined in evaluation step Ebl. Furthermore, the remaining
period of the fourth measuring block Bb4 can be partly
included in the evaluation or subsequent processing of the

third diagnostic measurement data.

[00262] The third diagnostic scan Mb4 is arranged as a
susceptibility-weighted image of the head. To acgquire the
third diagnostic measurement data Mb4A a gradient echo
magnetic resonance sequence is preferably used which for
example, is implemented as a Fast Low-Angle Shot (FLASH)
magnetic resonance sequence. The third diagnostic measurement
data is recorded such that the third diagnostic measurement
data can be reconstructed as third image data and the third
image data specifies a susceptibility of the head of the

examination object in a spatial distribution.

[00263] The acquisition of the recording area for the third
diagnostic scan Mb4 preferably takes place two-dimensionally,
wherein several measurement layers parallel to each other are
recorded. The measurement layers, the layer orientation, the
layer thickness, the resolution, and/or the spatial expansion
of the area under examination in at least one direction for
the third diagnostic scan Ma4 is preferably in conformity with

the second diagnostic scan Ma3. A range of between 0.6 mm and
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1.2 mm and particularly preferably 0.9 mm, has proved suitable
as a pixel resolution in a measurement layer (in-plane
resolution). The selection of the layer thickness of the third
diagnostic scan Ma4 is preferably between 3 mm and 7 mm,
preferably between 4 mm and 6 mm and particularly preferably 5
mm. The measurement layers have a second layer orientation.
The second layer orientation is preferably perpendicular to

the first layer orientation and a transverse orientation.

[00264] The distance between two adjacent measurement layers is
preferably between 0% and 50% of the layer thickness,
preferably between 10% and 30% of the layer thickness and
particularly preferably 20% of the layer thickness. Typically,
between 10 and 40 measurement layers, preferably between 20
and 30 measurement layers and particularly preferably 25
measurement layers are acquired. The recording area of the
third diagnostic scan Mb4 is preferably a volume which has a
spatial expansion in the range of between 100 mm and 200 mm,
preferably between 120 mm and 180 mm and particularly
preferably between 140 mm and 160 mm perpendicular to a

measurement layer.

[00265] The recording area of the third diagnostic scan Mb4 is
preferably a volume which has a spatial expansion in the range
of between 150 mm and 300 mm, preferably between 200 mm and
240 mm and particularly preferably of 220 mm in a measurement
layer in a first direction. The recording area of the third
diagnostic scan Mb4 preferably has a spatial expansion in the
range of between 150 mm and 230 mm, preferably between 170 mm
and 210 mm and particularly preferably between 185 mm and 195
mm in a second direction perpendicular to the first direction.
Frequency coding is preferably used for spatial encoding of

the first direction, and phase coding is preferably used for
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spatial encoding of the second direction. The second direction

is preferably a lateral direction.

[00266] The magnetic resonance sequence used to record the
third diagnostic scan Mb4 preferably has a module which
ensures compensation of a flux in the direction of frequency
coding and/or in a third direction which is perpendicular to
the first direction and to the second direction. The number of
voxels per measurement layer in the first direction is
preferably between 128 and 512 and particularly preferably
between 200 and 300, preferably 256. The number of voxels per
measurement layer in the second direction is preferably
selected such that a second ratio between the spatial
expansion in the second direction and the number of voxels in
the second direction corresponds as a maximum to a first ratio
of the spatial expansion in the first direction and the number
of voxels in the first direction. The second ratio is
preferably between 80% and 100% and preferably between 95% and
100% of the first ratio. Interpolation of the voxels or zero-
filling of the k-space can take place so that the interpolated
voxels in the first direction and in the second direction are
the same size. A high frequency pulse which is used to excite
nuclear spins in the context of the third diagnostic scan Mb3
preferably produces a defined flip angle of between 10° and
30° and preferably of 20°.

[00267] 2 period in the range of between 250 ms and 1000 ms,
preferably between 400 ms and 800 ms and particularly
preferably between 5500 ms and 650 ms is preferably selected
as the repetition time. A period in the range of between 5 ms
and 50 ms, preferably between 10 ms to 30 ms and particularly
preferably of 20 ms is preferably selected as the echo time.

Acceleration technology is preferably used to acgquire the
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third diagnostic measurement data Mb4. In particular, the use
of parallel imaging is conceivable, which is preferably used
with an acceleration factor of 3 maximum and particularly
preferably with an acceleration factor of 2. Here too in turn,
the use of Compressed Sensing acceleration technology is
conceivable. The bandwidth of frequency coding for the third
diagnostic scan Mb4 is typically in the range of between 200
Hertz per pixel and 500 Hertz per pixel, preferably between

300 Hertz per pixel and 400 Hertz per pixel.

[00268] The aforementioned parameters regarding the magnetic
resonance sequence for the third diagnostic scan Mb4d are
advantageously selected such that the third diagnostic
measurement data can be recorded in full in less than 90
seconds, in particular in less than 80 seconds, advantageously
in less than 75 seconds, with the magnetic resonance sequence

used.

[00269] The fourth measuring block Bb4 of the second head
imaging may alternatively also comprise the fifth diagnostic
scan Ma6 of the first head imaging as a diagnostic scan, so
that the third diagnostic scan Mb4 of the second head imaging
corresponds to the fifth diagnostic scan Maé6 of the first head
imaging. In this case, the fourth period is reduced
accordingly from 73 s to, for example, 6 s. For a
comprehensive diagnosis of the head, in particular for the
detection of intracerebral hemorrhages, the susceptibility-
weighted image of the head based on an EPI is typically
preferred. Third image data reconstructed from the third
diagnostic measurement data can be reconstructed and provided
for diagnosis immediately after completion of the third

diagnostic scan Mb4.



WO 2018/093434 PCT/US2017/048345

99

[00270] The fourth measuring block Bb4, in particular the third
diagnostic scan Mb4, is preferably independent of the receive
unit and can be used with a magnetic resonance device which
has a main magnetic field with 3 Tesla. If the third
diagnostic scan Mb4 is performed with a magnetic resonance
device which has a main magnetic field with 1.5 Tesla, so in
particular the repetition time and the echo time may change.
The specified ranges of the areas for parameters which are
specified in the description of the fourth measuring block BRbi4
for 3 Tesla and a receive unit with 32 reception channels are
typically also applicable to other configurations. The
repetition time at 1.5 Tesla is preferably 830 ms and the echo
time is preferably 25 ms. The fourth period may be increased

to 103 s as a result.

[00271] Measuring block Bb5

[00272] The fifth measuring block Bb5 begins at the point in
time Tb5. In the fifth measuring block Bb5 a fourth diagnostic
scan Mb5 takes place which is arranged as a Tl-weighted image
of the head. The fifth measuring block Bbb5 ends at the point
in time Tb6. The sixth point in time Tbh6 in the case shown is

258 s after the starting time Tbl of the second head imaging.

[00273] The fifth measuring block Bb5 in the case shown has a
fifth period of 33 s. The fifth period is preferably between
20 seconds and 45 seconds, 1n particular between 25 seconds
and 40 seconds, 1in particular preferably between 30 seconds
and 35 seconds. Preferably, the fifth period is included
almost completely in the pure measurement period of the fourth
diagnostic scan Mbb. During the fifth measuring block Bbb5, if
necessary, simultaneously with the recording of the fourth

diagnostic scan Mb5, the first and/or second and/or third
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diagnostic measurement data can be at least partly

reconstructed and/or evaluated and/or processed as image data.

[00274] Furthermore, in the fifth measuring block Bb5 before
the start of the fourth diagnostic scan Mb5 in preparation for
the acquisition of the measurement data, an adjustment
measurement can be performed which, for example, comprises an
adjustment of a transmitter and/or receiver voltage of the
magnetic resonance device. The adjustment measurement
typically lasts 15 seconds maximum, 1in particular 8 seconds
maximum, in particular 5 seconds maximum, in particular 2
seconds maximum. The fifth period is typically extended by the
duration of the adjustment measurement if an adjustment
measurement is required. Preferably, no adjustment measurement
is necessary as the resolution and/or orientation of the
fourth diagnostic scan Mbb preferably do not differ from the

third diagnostic scan Mb4.

[00275] 2 remaining period of the fifth measuring block Bb5 can
be partly included in a preparation of the acquisition of the
fourth diagnostic measurement data. For example, the recording
area and/or the position of the measurement layers and/or the
layer orientation for the fourth diagnostic scan Mb5 can be
determined on the basis of the positioning data determined in
evaluation step Ebl. Furthermore, the remaining period of the
fifth measuring block Bb5 can be partly included in an
evaluation or subsequent processing of the fourth diagnostic

measurement data.

[00276] The fourth diagnostic scan Mb4 is arranged as a Tl-
weighted image of the head. The acquisition of the fourth

diagnostic measurement data Mb4d preferably takes place with
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the magnetic resonance sequence which is used for the third

diagnostic scan, with the following changed parameters:

[00277] o high frequency pulse which is used to excite nuclear
spins in the context of the fifth diagnostic scan Mbb
preferably produces a defined flip angle of between 70° and
90°, preferably of 80°. A period in the range of between 100
ms and 400 ms, preferably between 200 ms and 300 ms and
particularly preferably between 220 ms and 260 ms is
preferably selected as the repetition time. Preferably, the
measurement data is recorded with an echo time which exceeds
the minimum echo time by 20% maximum, preferably by 10%
maximum and particularly preferably does not exceed it. A
period of less than 5 ms, preferably of less than 4 ms and
particularly preferably of less than 3 ms is preferably
selected as the echo time. The fifth diagnostic scan Mb5 is
preferably free of the module of the fourth diagnostic scan
Mb4 which ensures compensation of a flux in the direction of
frequency coding and/or in a third direction which is
perpendicular to the first direction and to the second

direction.

[00278] The aforementioned parameters regarding the magnetic
resonance sequence for the fourth diagnostic scan Mbb are
advantageously selected such that the fourth diagnostic
measurement data can be recorded in full in less than 50
seconds, in particular in less than 40 seconds, advantageously
in less than 35 seconds, with the magnetic resonance sequence
used. Fourth image data reconstructed from the fourth
diagnostic measurement data can be reconstructed and provided
for diagnosis immediately after completion of the fourth

diagnostic scan Mbb.
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[00279] The fifth measuring block Bb5, in particular the fourth
diagnostic scan Mbb, is preferably independent of the receive
unit and can be used with a magnetic resonance device which
has a main magnetic field with 3 Tesla. If the fourth
diagnostic scan Mbb is performed with a magnetic resonance
device which has a main magnetic field with 1.5 Tesla, a spin
echo magnetic resonance sequence is preferably used instead of
the gradient echo magnetic resonance sequence. In addition to
the underlying magnetic resonance sequence, the following
parameters are preferably changed:

- the repetition time is preferably between 450 ms and 700 ms
and particularly preferably between 550 ms and 570 ms

- the echo time is preferably between 5 ms and 25 ms and
particularly preferably between 10 ms and 15 ms

- a high frequency pulse to excite nuclear spins preferably
produces a defined flip angle of 90°

- the bandwidth for frequency coding is preferably selected in
the range of between 100 Hertz per pixel and 200 Hertz per
pixel, preferably 150 Hertz per pixel

- the second direction, the direction of phase coding,
preferably connects an anterior and a posterior position of
the head of the examination object

- the resulting second period is typically between 50 s and 90
s, preferably between 65 s and 75 s.

[00280] Measuring block Bbb6

[00281] The sixth measuring block Bb6 begins at the point in
time Thé6.

[00282] In the example shown in Figure 2, the administration of
contrast agent Cb takes place at the start of the sixth

measuring block Bb6 at the point in time Tbé6. For this, a
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magnetic resonance contrast agent is administered, in
particular injected into the examination object. The
administration of contrast agent Cb for the second head
imaging advantageously takes place before, at the start of, or
during the fifth diagnostic scan Mb6. The administration of
contrast agent Cb is preferably automated. The administration
of contrast agent Cb can also take place manually or semi-
automatically, which may require a second user interaction.
The second user interaction may then comprise the
administration of contrast agent Cb. In the sixth measuring
block Bb6 a fifth diagnostic scan Mbé6 takes place which is
arranged as a diffusion-weighted image of the head and
corresponds to the fourth diagnostic scan Ma5 of the first
head imaging. The sixth measuring block Bb6 ends at the point
in time Tb7. The seventh point in time Tb7 in the case shown
is 338 s after the starting time Tbl of the second head
imaging. The fifth diagnostic scan Mb6 is preferably

insensitive to contrast agent.

[00283] Measuring block Bb7

[00284] The seventh measuring block Bb7 begins at the point in
time Tb7. In the seventh measuring block Bb7 a sixth
diagnostic scan Mb7 takes place which is arranged as a T2-
weighted image of the head and corresponds to the second
diagnostic scan Ma3 of the first head imaging. The seventh
measuring block Bb7 ends at the point in time Tb8. The eighth
point in time Tb8 in the case shown is 400 s after the
starting time Tbl of the second head imaging. The sixth
diagnostic scan Mb7 is preferably insensitive to contrast

agent.

[00285] Measuring block Bb8
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[00286] The eighth measuring block Bb8 begins at the point in
time Tb8. The eighth point in time Tb8 in the case shown is
400 s after the starting time Tbl of the second head imaging.
The eighth point in time Tb8 in the case shown is 142 s after
the point in time Tb6 at which the administration of the
contrast agent Cb takes place. The eighth measuring block BDbS8
preferably begins at least 100 s, in particular at least 120 s
and particularly preferably at least 140 s after the point in
time Tb6 at which the administration of the contrast agent Cb
takes place. The eighth measuring block Bb8 ends at the ninth
point in time Tb9. The ninth point in time Tb9 in the case
shown is 433 s after the starting time Tbl of the second head

imaging.

[00287] The eighth measuring block Bb8 preferably begins in the
range of between 50 s and 300 s, in particular in the range of
between 100 s and 200 s and particularly preferably in the
range of between 125 s and 165 s, after the point in time Tbb6
at which the administration of the contrast agent Cb takes
place. In the eighth measuring block Bb8 a seventh diagnostic
scan Mb8 takes place which is arranged as a Tl-weighted image
of the head and corresponds to the fourth diagnostic scan Mbb
of the second head imaging. Therefore, the seventh diagnostic
scan Mb8 preferably only differs from the fourth diagnostic
scan Mb5 in that a contrast agent was administered to the
examination object before the start of the seventh diagnostic
scan Mb8. If, for example, the fourth diagnostic measurement
data 1is reconstructed as fourth image data and the seventh
diagnostic measurement data as seventh image data, 1in a
comparison of the fourth image data with the seventh image
data, areas in which the contrast agent is concentrated can be

identified. Thus, for example, a tumor and/or blood vessels
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and/or inflammation can be detected. Seventh image data
reconstructed from the seventh diagnostic measurement data can
be reconstructed and provided for diagnosis immediately after

completion of the seventh diagnostic scan MbS§.

[00288] Measuring block BbI

[00289] The ninth measuring block Bb9 begins at the point in
time Tb9. The ninth point in time Tb9® in the case shown is 433
s after the starting time Tbl of the second head imaging. The
ninth point in time Tbh9 in the case shown is 175 s after the
point in time Tb6 at which the administration of the contrast
agent Cb takes place. The ninth measuring block Bb9 preferably
begins at least 150 s, in particular at least 160 s and
particularly preferably at least 170 s after the point in time
Th6 at which the administration of the contrast agent Cb takes

place.

[00290] In the ninth measuring block Bb9 an eighth diagnostic
scan Mb9 takes place which is arranged as a Tl-weighted image
of the head. The ninth measuring block Bb9 in the case show
has a ninth period of 182 s. The ninth period is preferably
between 150 seconds and 280 seconds, in particular between 170
seconds and 200 seconds, 1n particular between 180 seconds and
190 seconds. Preferably, the ninth period is almost completely
included in the pure measurement period of the eighth
diagnostic scan Mb9. During the ninth measuring block Bb9, if
necessary, simultaneously with the recording of eighth
diagnostic scan Mb9, diagnostic measurement data recorded
previously can be at least partly reconstructed and/or

evaluated and/or processed as image data.
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[00291] Furthermore, in the ninth measuring block Bb9 before
the start of the eighth diagnostic scan Mb9 in preparation for
the acquisition of the measurement data, an adjustment
measurement can be performed which, for example, comprises an
adjustment of a transmitter and/or receiver voltage of the
magnetic resonance device. The adjustment measurement
typically lasts 15 seconds maximum, 1in particular 8 seconds
maximum, in particular 5 seconds maximum, in particular 2
seconds maximum. If an adjustment measurement is required, the
ninth period is typically extended by the duration of the
adjustment measurement. An adjustment measurement may be
necessary as, contrary to the preceding recordings, the eighth
diagnostic scan Mb9 typically takes place three-dimensionally
and the recording area of the eighth diagnostic scan Mb2 can
be distinguished from the preceding recordings in at least one
direction. Preferably, an adjustment measurement which also
includes the recording area of the eighth diagnostic scan Mb9

was already performed in a preceding measuring block.

[00292] 2 remaining period of the ninth measuring block Bb9 can
be partly included in a preparation of the acquisition of the
eighth diagnostic measurement data. For example, based on the
positioning data determined in evaluation step Ebl, the
recording area and/or the position of the measurement layers
and/or the layer orientation for the eighth diagnostic scan
Mb9 can be determined. Furthermore, the remaining period of
the ninth measuring block Bb% can be partly included in an
evaluation or subsequent processing of the eighth diagnostic

measurement data.

[00293] The eighth diagnostic scan Mb9 is arranged as a three-
dimensional image of the head with GM-WM-T1 contrast in which

the contrast between Gray Matter and White Matter is greater
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in comparison to the Tl contrast. To acquire the eighth
diagnostic measurement data Mb9, preferably a three-
dimensional gradient echo magnetic resonance sequence with
preparation of magnetization, in particular with Inversion
Recovery which, for example, is implemented as a
“Magnetization prepared rapid gradient-echo” (MP-RAGE)

magnetic resonance sequence, 1s used.

[00294] To prepare the magnetization, typically a high
frequency pulse for inversion of the nuclear spins of the
resonantly excited atoms is used, which typically produces a
flip angle of 180°. The high frequency pulse for inversion is
typically output before an excitation pulse of the magnetic
resonance sequence, wherein the period between the two pulses
is referred to as the inversion time. The inversion time is
preferably between 900 ms and 1300 ms and particularly
preferably between 1000 ms and 1200 ms and particularly
preferably 1100 ms. If the method according to at least one
embodiment of the invention is performed on a magnetic
resonance device with a main magnetic field with 1.5 T, then
the inversion time is typically between 800 ms and 1000 ms and
preferably between 900 ms and 950 ms. The high frequency pulse
which is used to excite nuclear spins in the context of the
gradient magnetic resonance sequence is, for example, between
2° and 20°, preferably between 5° and 15° and particularly
preferably between 8° and 10°.

[00295] The recording area which is recorded by the eighth
diagnostic scan Mb9 is a volume which is phase-coded in a
first direction and in a second direction and frequency-coded
in a third direction. The second direction is perpendicular to
the first direction and the third direction is perpendicular

to the first and to the second direction. The first direction
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and the second direction preferably define a sagittal layer
orientation. The pixel resolution is preferably isotropic. A
range of between 0.5 mm and 1.7 mm, preferably a range of
between 0.8 mm and 1.4 mm and particularly preferably a range
of between 1.0 mm and 1.2 mm has proved suitable as the pixel
resolution in the first direction and/or in the second

direction and/or in the third direction.

[00296] The recording area of the eighth diagnostic scan Mb9 is
preferably a volume which has a spatial expansion in the range
of between 150 mm and 300 mm, preferably between 200 mm and
240 mm and particularly preferably of 220 mm in the first
direction and/or in the second direction. The spatial
expansion in the first direction and in the second direction
preferably correspond. The spatial expansion of the recording
area in the third direction is in the range of between 150 mm
and 250 mm, preferably between 180 mm and 220 mm and
particularly preferably 200 mm. The second direction
preferably connects an anterior and a posterior position of
the head of the examination object. The first direction is

preferably a lateral direction.

[00297] The number of voxels per measurement layer in the first
direction is for example, between 128 and 256, preferably
between 160 and 220 and particularly preferably 192. The
number of voxels in the second direction preferably
corresponds to the number of voxels in the first direction.
Interpolation of the voxels or a zero-filling of the k-space
take place so that the interpolated voxels are the same size
in the first direction and in the second direction. The
bandwidth of the frequency coding for the eighth diagnostic

scan Mb9 is typically in the range of between 150 Hertz per
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pixel and 500 Hertz per pixel and preferably between 180 Hertz
per pixel and 270 Hertz per pixel.

[00298] 2 period in the range of between 1000 ms and 6000 ms,
preferably between 1500 ms and 3500 ms and particularly
preferably between 2200 ms and 2400 ms is preferably selected
as the repetition time. Preferably, the eighth diagnostic scan
Mb9 takes place with an echo time which exceeds the minimum
echo time by 20% maximum, preferably by 10% maximum, and
particularly preferably does not exceed it at all. A period of
less than 5 ms, preferably of less than 4 ms and particularly
preferably of less than 3 ms is preferably selected as the
echo time. Preferably, phase oversampling in the range of
between 10% and 50%, in particular between 20% and 30% takes
place in the first direction. Preferably, phase oversampling

is omitted in the second direction.

[00299] Acceleration technology is preferably used to acquire
the eighth diagnostic measurement data. In particular, the use
of parallel imaging is conceivable which is preferably used
with an acceleration factor of between 2 and 4, particularly
preferably with an acceleration factor of 3. In particular,
the use of Compressed Sensing acceleration technology is in

turn conceivable.

[00300] The aforementioned parameters regarding the magnetic
resonance sequence for the eighth diagnostic scan Mb9 are
advantageously selected such that the eighth diagnostic
measurement data can be recorded in full in less than 250
seconds, 1n particular in less than 200 seconds,
advantageously in less than 185 seconds with the magnetic
resonance sequence used. Eighth image data reconstructed from

the eighth diagnostic measurement data can be reconstructed
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and provided for diagnosis immediately after completion of the

eighth diagnostic scan Mb9.

[00301] The ninth measuring block Bb9 ends at the point in time
Tb1l0. The tenth point in time Tbl0 in the case shown is 615 s
after the starting time Tbl of the second head imaging. The
tenth point in time Tbl0 therefore represents the end of the
acquisition of the measurement data and the end of the
evaluation in the second head imaging shown. The tenth point

in time Tbl0 therefore ends the second head imaging.

[00302] The ninth measuring block Bb9, in particular the eighth
diagnostic scan Mb9, is dependent on the receive unit and the
strength of the main magnetic field of the magnetic resonance
device. The specified ranges of the areas for parameters which
are specified in the description of the ninth measuring block
BbY for 3 Tesla and a receive unit with 32 reception channels
are typically also applicable to other configurations. The
aforementioned embodiment of the eighth diagnostic scan Mb9 is
preferably used at 3 Tesla and with a receive unit with 32 or
more reception channels. If fewer than 32 receive channels are
used, the acceleration factor is preferably reduced, whereby

the fifth period can be increased to 246 s.

[00303] If the eighth diagnostic scan Mb9 is performed with a
magnetic resonance device with a main magnetic field with a
strength of 1.5 Tesla, the following parameters are preferably
changed:

- the repetition time is preferably 2200 ms

- the echo time is preferably between 235 ms

- the acceleration factor is preferably

- the resulting sixth period is typically between 210 s and
260 s, preferably between 230 s and 240 s.
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[00304] Recording parameter ratio between diagnostic scans

[00305] The magnetic resonance sequences used for the
recordings Mbl - Mb9 have characteristic properties and/or
characteristic dependencies which relate to different
parameters. For example, sampling of the k-space for at least
one, preferably for at least two, most preferably for at least
three recordings takes place in a Cartesian manner wherein,
for example, the recordings Mbl, Mb3, Mb7 can take place in a
Cartesian manner. Such recordings typically have a
particularly strong contrast. At least one, preferably at
least two of the diagnostic scans Mb2 - Mb9 take place three-
dimensiocnally, wherein the resolution for three-dimensional
recordings is preferably isotropic. Three-dimensional
recordings can typically be recorded faster and/or with a
higher signal-to-noise ratio compared to two-dimensional
recordings. The in-plane resoclution is preferably the same
and/or in particular also independent of the layer orientation
for two-dimensional diagnostic measurement data which has no
diffusion weighting. As a result, the different diagnostic

scans are particularly easily comparable.

[00306] If the spatial expansion in the second direction
corresponds to the spatial expansion in the first direction
for one of the diagnostic scans Mb2 - Mb9, the second
direction preferably connects an anterior and a posterior
position of the head of the examination object. If the spatial
expansion in the second direction corresponds to the spatial
expansion in the first direction in a diagnostic scan of the
diagnostic scans Mb2 - Mb9, the diagnostic scan is typically
based on a gradient echo magnetic resonance seqguence, 1in

particular on a FLASH and/or an EPI. This is advantageous as
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such a magnetic resonance sequence for recording diagnostic
measurement data i1is designed to scan a layer in the k-space
particularly rapidly, in particular after a single high
frequency pulse used to excite nuclear spins. Through a
quadratic expansion of a measurement layer, in other words, of
a corresponding spatial expansion in the first direction and
in the second direction, the efficiency of such a magnetic
resonance sequence can be put to particularly good use in the
recording of much measurement data and thus increase the

signal-to-noise ratio of the resulting image data.

[00307] If the spatial expansion in the second direction is
less than the spatial expansion in the first direction in one
of the diagnostic scans Mbl - Mb9, then the second direction
is preferably a lateral direction. Thereby, the special
anatomy of the head can be used advantageously to reduce the
corresponding period. In particular, this is advantageous for
spin echo-based magnetic resonance sequences as a period for
recording diagnostic measurement data is determined, in
particular, by the number of voxels in the second direction
and a reduction in the number of voxels in the second
direction can result in a reduction in the corresponding

period.

[00308] The resolution of the overview measurement data and/or
the eighth diagnostic measurement data is preferably
isotropic. Preferably, at least two of the recordings Mbl -
Mb9 and/or at least one of the diagnostic scans Mb2 - Mb9
takes place three-dimensiocnally. A layer thickness preferably
corresponds to recordings of two-dimensional diagnostic
measurement data which are recorded with the same layer
orientation. Thereby the diagnostic measurement data which is

recorded with the same layer orientation and same layer
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thickness is particularly easily comparable: such diagnostic
image data displays the same sections of the area under
examination in different contrasts, whereby a tissue and/or
the anatomy and/or a pathology can be identified with
particularly precision. The layer orientation of at least two
two-dimensional recordings of the recordings Mb2 - Mb9 of the
diagnostic measurement data differs. This enables at least two
different views of the area under examination, which views

preferably also have a different contrast from each other.

[00309] Two-dimensional diagnostic measurement data which does
not have diffusion weighting is preferably recorded with the
same layer thickness, same distance between two adjacent
measurement layers and/or same in-plane resolution. As a
result, the diagnostic measurement data is particularly easily
comparable. At least four, preferably at least five and
particularly preferably at least six of the eight diagnostic
scans Mb2 - Mb9 have the same number of voxels per layer in at
least one direction, 1in particular in the first direction. The
spatial expansion in at least one direction, in particular in
the first direction, preferably corresponds to at least five,
in particular to at least six, preferably to at least seven of
the eight diagnostic scans Mb2 - Mb9. The number of voxels in
one direction, in particular in the first direction, is
preferably lower for the fifth diagnostic scan Mb6 and/or
eighth diagnostic scan Mb9 than for at least one of the
diagnostic scans Mb2, Mb3, Mb4, Mbb, Mb7, Mb8. By reducing the
number of voxels, for example, the period which is necessary
for the fifth diagnostic scan Mb6 can be reduced, which is
efficient in particular for diffusion-weighted recording as it
has corresponding magnetic resonance sequence modules for fat
saturation and/or diffusion weighting. By reducing the number

of voxels, for example, the period which is necessary for the
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eighth diagnostic scan Mb9 can be reduced, which is efficient
in particular as it has corresponding magnetic resonance
sequence modules for fat saturation. The number of voxels in
one direction, in particular in the first direction, is
preferably lower for the fifth diagnostic scan Mb6 than for
the eighth diagnostic scan Mb9. This is particularly
advantageous as for the fifth diagnostic scan Mb6 compared to
the eighth diagnostic scan Mb9, it has a module for diffusion
weighting which also increases the SAR load for the

examination object and/or the sixth period.

[00310] The number of measurement layers for the sixth
diagnostic scan Mb6 is preferably greater than for at least
one of the two-dimensional diagnostic scans Mb2, Mb3, Mb4,
Mb5, Mb7, Mb8. The distance between two adjacent measurement
layers 1is preferably shorter for the fifth diagnostic scan Mbb
than for at least one of the diagnostic scans Mb2, Mb3, Mb4,
Mb5, Mb7, Mb8. This is particularly advantageous as the
diffusion-weighted fifth diagnostic scan Mb6 therefore has a
continuous transition between adjacent layers compared to the
diagnostic scans Mb2, Mb3, Mb4, Mbb, Mb7, Mb8, whereby an ADC
card and/or a TRACE image can be determined with particular
precision. The pixel resolution of the eighth diagnostic scan
Mb9 in the third direction is preferably greater than for the
recordings Mbl - Mb8. The spatial expansion of a pixel in the
third direction is typically smaller for the eighth diagnostic
scan Mb9 than for the recordings Mbl - Mb8. Thereby an
isotropic pixel resolution can be achieved in a time-efficient

manner for the eighth diagnostic scan Mb9.

[00311] Preferably, a Tl-weighted recording Mb2 has a layer
orientation which corresponds to the layer orientation of a

three-dimensional diagnostic scan Mb%. Preferably, the
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diagnostic scans Mb2 - Mb9 are recorded with at least two
different layer orientations. This enables at least two
different views of the area under examination and these views
preferably also have different contrast from each other.
Preferably, at least two diagnostic scans of the diagnostic
scans Mb2 - Mb9 take place respectively in one of the at least
two different layer orientations. Thereby the variety of views
and contrasts can be increased, enabling a more reliable

diagnosis.

[00312] Preferably the diagnostic scans Mb2 - Mb9 each have
different contrasts from each other. Preferably, two of the
diagnostic scans Mb2 - Mb9 differ from each other solely in
that they are recorded before and after the administration of
contrast agent Cb. As a result, tissue and/or fluid, in which
the contrast agent particularly accumulates, can be identified
and/or extracted particularly well. Preferably, an
accumulation of contrast agent in the head of the examination
object is necessary for at least two of the diagnostic scans
Mb2 - Mb9, enabling a characteristic contrast to be achieved.
As a result, a reliable diagnosis and/or a more reliable
exclusion of a disease can be guaranteed. Preferably, at least
one of the diagnostic scans Mb2 - Mb9 has a Tl contrast,
preferably at least one of the diagnostic scans Mb2 - Mb9 has
a T2 contrast, preferably at least one of the diagnostic scans
Mb2 - Mb9 has a FLAIR contrast, preferably at least one of the
diagnostic scans Mb2 - Mb9 has a susceptibility contrast,
preferably at least one of the diagnostic scans Mb2 - Mb9 has
a GM-WM-T1 contrast in which the contrast between Gray Matter
and White Matter is greater compared to the Tl contrast, and
preferably at least one of the diagnostic scans Mb2 - Mb9 has
a diffusion-weighted contrast. Typically, the signal intensity

depends on the underlying tissue and the contrast of the
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recording so that different tissue is displayed with different
contrasts, whereby a tissue can be determined with particular
precision and a pathology can thus be detected with particular
precision. When the diagnostic measurement data is
reconstructed as diagnostic image data, the diagnostic image
data displays the contrast of the diagnostic measurement data.
The aforementioned contrasts enable, in particular, a
comprehensive diagnosis of different clinical pictures, in
particular of the aforementioned diseases in the section

“General information about the second head imaging”.

[00313] At least two of the three-dimensional recordings Mbl,
Mb9 have the same layer orientation which is defined by the
first direction and the second direction. Preferably, at least
two of the eight diagnostic scans Mb2 - Mb9 are recorded by
way of spin echo magnetic resonance sequences. The high
frequency pulse which is used to refocus nuclear spins in the
context of the spin echo magnetic resonance sequence is
preferably less than 180°, in particular preferably less than
155°. The advantage of such a choice of high-frequency pulse
for refocusing is that the SAR load on the patient which is
caused by the high-frequency pulse for refocusing 1is reduced,
whereby the overall SAR load on the patient can be reduced
and/or the frequency of the high-frequency pulse for
refocusing can be increased, whereby the period of the

diagnostic scan can be reduced.

[00314] Preferably, at least five of the eight diagnostic scans
Mb2 - Mb9 are recorded by way of the gradient echo magnetic
resonance sequences. Preferably, one of the five diagnostic
scans Mb2 - Mb9 is recorded by way of an EPI magnetic
resonance sequence. Preferably, the measurement data recorded

with an EPI magnetic resonance sequence are recorded with fat
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saturation. As, 1in particular, a module comprising a magnetic
resonance sequence for fat saturation increases the period of
a magnetic resonance sequence and/or the SAR load for the
examination object, a combination of a module for fat
saturation with a particularly fast magnetic resonance
sequence such as, for example, an EPI-based magnetic resonance
sequence, and/or with a magnetic resonance sequence with a
particularly low number of high-frequency pulses and therefore
with a particularly low SAR load for the examination object
such as, for example, a gradient echo-based magnetic resonance

sequence, 1is particularly advantageous.

[00315] Preferably, the measurement data recorded with an EPI
magnetic resonance sequence is recorded with an echo time
which preferably exceeds the minimum echo time by 20% maximum,
preferably by 10% maximum, and particularly preferably does
not exceed it at all. Preferably, phase oversampling is
omitted with a recording with an EPI magnetic resonance
sequence phase. Thereby the period of the corresponding
measuring block and/or the first imaging period can be

reduced.

[00316] The bandwidth of frequency coding for the fifth
diagnostic scan Mb6 is typically greater than 1000 Hertz per
pixel and preferably greater than 1200 Hertz per pixel. In
particular, rapid scanning of the k-space, high signal
intensity and/or a largely constant contrast can be guaranteed
thereby for EPI-based magnetic resonance sequences during
scanning. The lower signal-to-noise ratio resulting from the
high bandwidth of frequency coding can be compensated by a
higher number of recorded points in the k-space for such
magnetic resonance sequences, whereby the function of the EPI-

based magnetic resonance sequences can be utilized
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particularly well by the high bandwidth of frequency coding.
In addition, artifacts, in particular due to movement, can be
reduced. The bandwidth of frequency coding for the first
and/or the third and/or the fourth and/or the seventh
diagnostic scan Mb2, Mb4, Mb5, Mb8 is typically in the range
of between 200 Hertz per pixel and 500 Hertz per pixel,
preferably between 300 Hertz per pixel and 400 Hertz per
pixel. In particular, for spin echo-based magnetic resonance
sequences the signal-to-noise ratio can be improved by the
choice of such a low bandwidth of frequency coding. The
bandwidth of the frequency coding of at least two, in
particular of at least three of the diagnostic scans Mb2, Mb4,
Mb5, Mb8 preferably corresponds or differs by a maximum of 50
Hertz per pixel. The bandwidth of the frequency coding is
typically less for the second and/or sixth and/or eighth
diagnostic scan Mb3, Mb7, Mb9 than for the first and/or the
third and/or the fourth and/or the seventh diagnostic scan
Mb2, Mb4, Mb5, Mb8. These dependencies of the bandwidth of the
frequency coding enable a particularly good signal-to-noise
ratio of the diagnostic measurement data, or diagnostic image
data, based on which a particularly reliable diagnosis can be
made and/or a particularly short first imaging period which is

within the aforementioned limits.

[00317] The repetition time of the overview scan Mbl is
preferably shorter than the repetition time of at least one
diagnostic scan Mb2 - Mb9. The repetition times of the Tl1-
weighted recordings Mb2, Mb5 and Mb8 preferably correspond.
The Tl-weighted recordings Mb2, Mb5 and Mb8 preferably have
the shortest repetition time of the diagnostic scans Mb2 -
Mb9. The second diagnostic scan Mb3 preferably has the longest
repetition time of the diagnostic scans Mb2 - Mb9. The

repetition time of the sixth diagnostic scan Mb7 is preferably
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at least 20 times as long as the repetition time of the first
diagnostic scan MbZ2. The repetition time of the fifth
diagnostic scan Mb6 is preferably at least 10 time as long as
the repetition time of the first diagnostic scan Mb2. The
repetition time of the eighth diagnostic scan Mb9 is
preferably at least 5 times as long as the repetition time of
the first diagnostic scan Mb2. The repetition time of the
third diagnostic scan Mb4 is preferably at least twice as long
as the repetition time of the first diagnostic scan Mb2. The
repetition time of the second diagnostic scan Mb3 is
preferably at least 30 times as long as the repetition time of

the first diagnostic scan Mb2.

[00318] The echo time of the overview scan Mbl is preferably
shorter than the echo time of at least one diagnostic scan Mb2
- Mb9. The echo times of the Tl-weighted recordings Mb2, Mbb
and Mb8 preferably differ by 0.3 ms maximum. The Tl-weighted
recordings Mb2, Mb5 and Mb8 preferably have the shortest echo
time of the diagnostic scans Mb2 - Mb9. The second diagnostic
scan Mb3 preferably has the longest echo time of the
diagnostic scans Mb2 - Mb9. The echo time of the sixth
diagnostic scan Mb7 is preferably at least 25 times as long as
the echo time of the first diagnostic scan Mb2. The echo time
of the fifth diagnostic scan Mb6 is preferably at least 15
times as long as the echo time of the first diagnostic scan
Mb2. The echo time of the eighth diagnostic scan Mb?9
preferably differs by a maximum of 2 ms from the echo time of
the first diagnostic scan Mb2. The echo time of the third
diagnostic scan Mb4 is preferably at least five times as long
as the echo time of the first diagnostic scan Mb2. The echo
time of the second diagnostic scan Mb3 is preferably at least
40 times as long as the echo time of the first diagnostic scan

Mb2.
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[00319] These dependencies of the repetition times and/or echo
times enable particularly advantageous contrasts of the

diagnostic measurement data, or diagnostic image data, based
on which a particularly reliable diagnosis can be made and/or
a particularly short first imaging period which is within the

aforementioned limits.

[00320] Temporal sequence of the diagnostic scans

[00321] The second head imaging is characterized in that a
maximum of one first user interaction Ibl is required at the
start of the first head imaging. The subsequent measuring
blocks Bb2 - Bb9 take place automatically, enabling the user
to monitor the embodiment of the methods, for example. The
temporal sequence of the measuring blocks BbZ2 - Bbb> before the
administration of the contrast agent Cb can be selected as
required. The temporal sequence of the measuring blocks Bb2 -
Bb5 is preferably selected such that the measurement data
recorded by way of the measuring blocks Bb2 - Bb5 and image
data which can be reconstructed from it is in descending order
of importance for the user. Thus, diagnostic measurement data
of particular relevance for a diagnosis can be recorded at an
earlier time at which the patient is more cooperative and/or
the probability of the patient moving is lower, whereby the
quality of the diagnostic measurement data can be increased.
The sequence of the measuring blocks Bb2 - Bbb is preferably
selected such that diagnostic scans with consistent
orientation are summarized in one block and the at least two
blocks are executed one after the other. This reduces the
probability of the patient moving between two diagnostic scans
of the same orientation, in other words, two diagnostic scans

of the same block, whereby the two diagnostic scans of the
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same orientation can be better compared with each other and in
particular can also be depicted superimposed and/or a
subtraction can be performed. The sequence of the blocks
and/or the sequence of the diagnostic scans in a block can be
selected as required. It is thereby possible to individually

adjust the sequence to the requirements of the user.

[00322] Specifically, in the second head imaging, contrast
agent Cb is administered at least once. The administration of
contrast agent Cb is chronologically arranged such that for
the following diagnostic scans, 1in particular for the seventh
diagnostic scan Mb8 and/or the eighth diagnostic scan Mb9 the
most appropriate possible accumulation of the administered
contrast agent is present in the head of the examination
object. At the same time, the diagnostic scans in the second
head imaging subsequent to the administration of contrast
agent Cb are chronologically arranged particularly
advantageously with regard to the accumulation of the
administered contrast agent. The temporal sequence of the
measuring blocks Bb6 - BbY9 after administration of the
contrast agent Cb is subject to particular criteria which, in
particular, result from the sensitivity of individual

diagnostic recordings in terms of the contrast agent used.

[00323] The measuring blocks Bb6 - Bb9 to be arranged after the
sixth point in time Tb6, the point in time at which contrast
agent Cb is administered, can typically be divided into two
groups. The first of the two groups comprises measuring blocks
with diagnostic scans which are insensitive to the
administered contrast agent Cb. The second of the two groups
comprises measuring blocks with diagnostic scans which require

the accumulation of a contrast agent.
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[00324] Measuring blocks in the second group are advantageously
performed at a point in time at which the contrast agent has
been distributed in full in vessels of the area under
examination. This point in time, in Figure 2 the eighth point
in time Tb8, 1is typically at least one minute, advantageously
at least two minutes and particularly advantageously at least
three minutes after the point in time Tb6 of the
administration of contrast agent Cb. Highly advantageously,
between 5 minutes and 15 minutes elapse between the
administration of the contrast agent Cb and the starting point
of the measuring blocks of the second group. A waiting period
between the point in time Thb6 of the administration of
contrast agent Cb and the start of the measuring blocks of the
second group Tb8 is preferably used for measuring blocks of
the first group. Preferably, the waiting time is completely
occupied by measuring blocks, wherein the measuring blocks are
preferably consecutive and/or the period of such a measuring
block is included in full in the pure measurement period of
the corresponding diagnostic scan. As a result, the second
imaging period which is required for the entire second head
imaging can be reduced and efficient use made of the waiting

period.

[00325] The temporal sequence of the measuring blocks in the
second group, in particular of the measuring blocks Bb8, Bb9,
after administration of the contrast agent Cb can be selected
as required. The temporal sequence of the measuring blocks of
the second group is preferably selected according to their
need for intensity and/or homogeneity in the accumulation of
the contrast agent. The temporal sequence of the measuring
blocks of the second group can be selected such that the
measurement data recorded by way of the measuring blocks of

the second group and image data which can be reconstructed
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from it is in descending order of importance for the user. The
temporal segquence of the measuring blocks of the second group
can be selected such that diagnostic scans with corresponding

orientation are performed in direct succession.

[00326] The measuring blocks of the second group preferably
produce diagnostic measurement data which can be reconstructed
as image data which has a contrast which is influenced by the
administration of contrast agent Cb. The seventh diagnostic
scan Mb8 and the fourth diagnostic scan Mbb5 preferably differ
only through the administration of contrast agent Cb which
takes place between the two measuring blocks Bb5 and Bb8. The
period between the two measuring blocks Bb5 and Bb8 is
preferably selected such that the contrast agent can on the
one hand disperse in vessels of the area under examination in
full and on the other hand, minimally so that the probability
of a movement between the two measuring blocks Bb5 and Bb8 is
minimized. The measuring block Bb5 is preferably performed
last before the administration of the contrast agent Cb.
Thereby vessels and/or tissue which are affected by an
accumulation of the contrast agent can be particularly easily

identified.

[00327] Particularly advantageously, a Tl contrast is selected
for the fourth diagnostic scan Mb5 and for the seventh
diagnostic scan Mb8. For a Tl contrast without contrast agent
enrichment, a fluid appears dark in the corresponding image
data reconstructed from the fourth diagnostic measurement
data. For a Tl contrast after contrast agent enrichment, a
fluid appears light in the corresponding image data
reconstructed from the seventh diagnostic measurement data. As
a result, when using a Tl contrast for the fourth diagnostic

scan Mb5 and for the seventh diagnostic scan Mb8, vessels with
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fluids can be depicted particularly easily. Likewise, a
recording corresponding to the eighth diagnostic scan Mb9 can
be performed before the time at which the contrast agent Cb is
administered so that the influence of the contrast agent on

the eighth diagnostic scan Mb9 can be determined.

[00328] Recordings which are insensitive to the administered
contrast agent Cb typically acquire insensitive measurement
data which can only be slightly altered by the presence of a
contrast agent or not at all. In particular, insensitive
measurement data reconstructed as image data is not influenced
by the administration of contrast agent Cb. The fifth and the
sixth diagnostic scan Mb6, Mb7 and therefore also the sixth
and the seventh measuring block are preferably insensitive.
Here any detrimental influence of the contrast agent
administered to the examination object on the fifth and sixth
diagnostic measurement data is accepted in order to be able to
keep the second imaging period as short as possible.
Insensitive measuring blocks are preferably performed
immediately after the administration of contrast agent Cb.
Preferably, all recordings included in the second head imaging
are performed in the period between the point in time Thé6 of
the administration of contrast agent Cb and the start of the
recordings of the second group Tb8. The second imaging period

can be minimized thereby.

[00329] The temporal sequence of the measuring blocks in the
first group, in particular of the measuring blocks Bb6, Bb7
after administration of the contrast agent Cb can be selected
as required. The temporal sequence of the measuring blocks of
the first group is preferably selected such that the
measurement data recorded via the measuring blocks of the

first group and image data which can be reconstructed from it
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is in descending order of importance for the user. The
temporal sequence of the measuring blocks of the first group
is preferably selected such that diagnostic scans with

corresponding orientation are performed in direct succession.

[00330] The waiting period between the administration of
contrast agent Cb and the seventh and eighth diagnostic scans
Mb8, Mb9 can be put to particularly good use by the
appropriate temporal arrangement of the fifth and sixth
diagnostic scans Mb6, Mb7. In this way, it is possible to
ensure that the maximum imaging period can be observed for the
second head imaging. For the second head imaging with the
administration of contrast agent Cb, the measuring blocks
after the administration of contrast agent Cb have a total
period which is longer than the total period of the measuring
blocks before the administration of contrast agent Cb. The
total period of the measuring blocks of the second group is
preferably less than the total period of the measuring blocks
before the administration of contrast agent Cb. Preferably,
all the insensitive measuring blocks of the second head
imaging are assigned to the first group so that the total
period of the measuring blocks of the first group is
maximized. Thereby the measuring blocks of the second group
can start at as late as possible a time when the contrast
agent has accumulated homogenously in the tissues and/or

vessels concerned.

[00331] Ratio of the period between the diagnostic scans and

the overview scan

[00332] The period of the ninth measuring block Bb9 is
typically longer than the period of the third measuring block
Bb3. The period of the third measuring block Bb3 is typically
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longer than the period of the sixth measuring block Bb6. The
period of the sixth measuring block Bb6 is typically longer
than the period of the fourth measuring block Bb4. The period
of the fourth measuring block Bb4 is typically longer than the
period of the seventh measuring block Bb7. The period of the
seventh measuring block Bb7 is typically longer than the
period of the second measuring block Bb2. The period of the
second measuring block Bb2 is typically longer than the period
of the fifth measuring block Bbb5. The period of the fifth
measuring block Bb5 typically corresponds to the period of the
eighth measuring block Bb8. The period of the fifth measuring
block Bb5 and/or the period of the eighth measuring block BbS8
is typically longer than the period of the first measuring

block Bbl.

[00333] The period of the first measuring block Bbl and of the
second measuring block Bb2 together is preferably shorter than
the period of the fourth measuring block Bb4. The period of
the first measuring block Bbl and of the fourth measuring
block Bb4 together is preferably shorter than the period of
the third measuring block Bb3. The period of the second
measuring block Bb2 and of the fifth measuring block Bbb
together is preferably shorter than the period of the sixth
measuring block Bb6. The period of the fourth measuring block
Bb4d and of the fifth measuring block Bb5 together is
preferably longer than the period of the third measuring block
Bb3. The period of the fourth measuring block Bb4 and of the
fifth measuring block BbS5 together is preferably longer than
the period of the third measuring block Bb3. The period of the
second measuring block Bb2 and of the fifth measuring block
Bb5 together is preferably longer than the period of the
seventh measuring block Bb7. The period of the third measuring

block Bb3 and of the sixth measuring block Bb6 together is
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preferably shorter than the period of the ninth measuring
block Bb9. The period of the first measuring block Bbl and of
the third measuring block Bb3 and of the sixth measuring block
Bb6 together is preferably longer than the period of the ninth
measuring block Bb9. The period of the second measuring block
Bb2 and of the seventh measuring block Bb7 together is
preferably longer than the period of the third measuring block
Bb3. The period of the fifth measuring block Bbb5 and of the
eighth measuring block Bb8 together is preferably longer than
the period of the seventh measuring block Bb7. The period of
the fifth measuring block BbS and of the eighth measuring
block Bb8 together is preferably shorter than the period of
the fourth measuring block Bb4. The period of the first
measuring block Bbl and of the fifth measuring block Bbb
together is preferably longer than the period of the second
measuring block Bb2. The period of the seventh measuring block
Bb7 and of the sixth measuring block Bb6 together is
preferably shorter than the period of the ninth measuring
block Bb9. The period of the second measuring block Bb2 and of
the fifth measuring block Bb5 and of the seventh measuring
block Bb7 and of the eighth measuring block Bb8 together is
preferably shorter than the period of the ninth measuring

block Bb9.

[00334] The two measuring blocks comprising two-dimensional
recordings which have the longest period are preferably
arranged such that the recording of the corresponding
measurement data takes place with fat saturation. This is
particularly advantageous as a magnetic resonance sequence
with a module for fat saturation typically has a longer period
than a magnetic resonance sequence without a module for fat
saturation. The fifth diagnostic scan Mbé6 which has diffusion

weighting typically requires at least one module for fat
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saturation and one module for diffusion weighting, whereby on
account of these at least two modules, the sixth period Th6 is
typically longer than a period of a measuring block which has
one or none of the modules and is based on the same magnetic
resonance sequence as the fifth diagnostic scan Mb6.
Nevertheless, in order to keep the sixth period Tbé6 as short
as possible, the fifth diagnostic scan Mb6 is performed with

an EPI-based magnetic resonance sequence.

[00335] The period of reconstruction of the overview
measurement data is typically 20% maximum, preferably 10%
maximum and particularly preferably 5% maximum of the period
of the recording of the overview measurement data Mbl. The
period of the reconstruction diagnostic measurement data is
typically at least 1 s and/or 10% maximum, preferably 5%
maximum and particularly preferably 3% maximum of the period

of the recording of the diagnostic measurement data Mb2 - Mb9.

[00336] General remarks concerning Fig. 1 and Fig. 2

[00337] The measurement data recorded in a measuring block Ba,
Bb is preferably reconstructed as image data and made
available to the user on the display unit and/or stored in a
database. The measurement data can also be stored in a
database. In order to be able to record meaningful diagnostic
measurement data in the maximum specified imaging period,
different acceleration technologies and/or automation
techniques are used for the presented procedures for head
imaging. Hereinafter some of the acceleration technologies and
automation techniques used for head imaging are presented. The
presented techniques can be used individually as well as
combined. Some techniques presented can be applied to both the

first head imaging and the second head imaging.



WO 2018/093434 PCT/US2017/048345

129

[00338] Reduction of user interactions

[00339] A maximum of one user interaction takes place during
the head imaging shown in Fig. 1. A maximum of two user
interactions preferably take place and particularly
advantageously only one user interaction takes place during
the head imaging shown in Fig. 2. The number of diagnostic
scans during head imaging is in particular greater and
particularly advantageously at least five times as great as
the number of user interactions during head imaging.
Furthermore, during head imaging at least the same number of
automatic evaluation steps as user interactions takes place

advantageously.

[00340] The number of user interactions is advantageously
reduced by appropriate automation measures during head
imaging. Measurement parameters such as, for example, layer
positioning and/or shim volume can be automatically copied
between different measuring blocks. Voice commands can also be
issued automatically to the examination object, for example,
for the administration of contrast agent and/or the
administration of the contrast agent itself can take place
automatically so that the user does not have to concentrate on
it during the performance of head imaging. At the same time,
the protocol used for head imaging can be dynamically adjusted
to patient-specific features. Thus, a recording area for the
diagnostic measurement data can be automatically ascertained
on the basis of a patient value and/or by way of the overview

measurement data.

[00341] At the same time, it is advantageous that at the points

in head imaging at which a user interaction Ia, Ib is
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required, the user is advantageously given an instruction for
the respective user interaction directly on the display unit.
Advantageously, proposals are already submitted to the user
automatically and it only remains for him to accept or amend
them. At the same time, for a necessary user interaction
directly appropriate tools are advantageously displayed to the
user for the performance of the user interaction. In such a
way, the user can be led through the workflow during head
imaging. The time required for the user interaction can be
reduced by way of the user guidance for the user interaction.
The usual time for the user interaction Ia, Ib may in this way
be half a minute maximum, advantageously 20 seconds maximum,
particularly advantageously 10 seconds maximum and most

advantageously 5 seconds maximum.

[00342] Overall, the renunciation by and large of user
interactions compared to traditional examinations of the head
which advantageously only take place at the start of head
imaging makes it possible to accelerate the sequence of head
imaging such that the acquisition of diagnostic measurement
data required for the assessment of the head of the
examination object in the maximum imaging period is enabled.
The evaluation of the overview measurement data in the
evaluation step Eal, Ebl also takes place automatically

particularly advantageously.

[00343] The reduction of the number of necessary user
interactions can result in a reduced requisite imaging period
for head imaging. The operation of head imaging is also
particularly user-friendly as a result. The results of head
imaging can be particularly robust as they are less
susceptible to user errors. The intelligent ranking of the

user interactions in the sequence of head imaging can
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therefore improve the technical reliability of the sequence of
head imaging. At the same time, diagnostic measurement data
standardized in this way can be acquired in head imaging. An
imaging period for head imaging is also standardized and can
therefore be well predicted. This can lead to improved

planning of the utilization of the magnetic resonance device.

[00344] The use of acceleration technology such as, for
example, parallel imaging, partial Fourier technigue and/or
Compressed Sensing can enable a recording of the diagnostic
measurement data in a particularly short recording time.
[00345] Particularly in a comprehensive diagnosis of the head,
the employment of acceleration technology can be particularly
useful due to the large amount of recording time usually
required. Thus, 1n particular, a condition which is temporary
on account of the administration of contrast agent can also be
recorded efficiently and quickly. In addition, the influence
of the movement of the examination object on the diagnostic
magnetic resonance measurement data can be significantly
reduced. The use of an acceleration technology can also enable
the robust acquisition of diagnostic magnetic resonance
measurement data in the case of an uncooperative patient or

children.

[00346] Fig. 3 - A magnetic resonance device

[00347] Fig. 3 shows a diagrammatic view of a magnetic
resonance device 11 according to at least one embodiment of
the invention for the performance of head imaging in
accordance with Fig. 1 - Fig. 2. The magnetic resonance device
11 comprises a detector unit formed by a magnet unit 13 with a
main magnet 17 for the generation of a strong and particularly

constant main magnetic field 18. In addition, the magnetic
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resonance device 11 has a cylindrical patient receiving area
14 for receiving an examination object 15, in the present case
a patient, wherein the patient receiving area 14 is
cylindrically enclosed in one peripheral direction of the
magnet unit 13. The patient 15 can be pushed into the patient
receiving area 14 via the patient positioning device 16 of the
magnetic resonance device 11. The patient positioning device
16 has a couch for this purpose which can be moved inside the
magnetic resonance device 11. The magnet unit 13 is shielded
to the outside via the housing cover 31 of the magnetic

resonance device.

[00348] Furthermore, the magnet unit 13 has a gradient coil
unit 19 for the production of magnetic field gradients which
is used for spatial encoding during imaging. The gradient coil
unit 19 is controlled via a gradient control unit 28. In
addition, the magnet unit 13 has a high-frequency antenna unit
20 which in the case shown is designed as a body coil
permanently integrated into the magnetic resonance device 11,
and a high-frequency antenna control unit 29 for exciting
polarization which sets itself in the main magnetic field 18
produced by the main magnet 17. The high-frequency antenna
unit 20 is controlled by the high-frequency antenna control
unit 29 and radiates high frequency magnetic resonance
sequences into an area under examination essentially formed by
the patient receiving area 14. Furthermore, the high-frequency
antenna unit 20 is designed to receive magnetic resonance

signals, in particular from the patient 15.

[00349] The magnetic resonance device 11 has a computing unit
24 to control the main magnet 17, the gradient control unit 28
and the high-frequency antenna control unit 29. The computing

unit 24 controls the magnetic resonance device 11 centrally,
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for example, the performance of a predetermined imaging
gradient echo sequence. Control information such as, for
example, imaging parameters and reconstructed magnetic
resonance images can be made available to a user on a display
unit 25 of the magnetic resonance device 11. In addition, the
magnetic resonance device 11 has an input unit 26 by way of
which information and/or parameters can be input by a user
during a measurement procedure. The computing unit 24 may
comprise the gradient control unit 28 and/or the high-
frequency antenna control unit 29 and/or the display unit 25

and/or the input unit 26.

[00350] Furthermore, the magnetic resonance device 11 comprises
a measurement data acquisition unit 32. The measurement data
acquisition unit 32 in the present case is formed by the
magnet unit 13 together with the high-frequency antenna
control unit 29 and the gradient control unit 28. The magnetic
resonance device 11 together with the measurement data
acquisition unit 32 and the computing unit 24 is therefore
designed for performing a method according to at least one

embodiment of the invention.

[00351] The magnetic resonance device 11 shown may, of course,
include other components usually found in magnetic resonance
devices 11. In addition, a general function of a magnetic
resonance device 11 is known to a person skilled in the art so
that there is no need for a detailed description of the other

components.

[00352] Fig. 4 - The selection system

[00353] Fig. 4 shows a selection system 100 which enables a

user to select the head imaging to be performed. The selection
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system 100 comprises a user interface via which the user can
select the head imaging to be performed. For this the user
interface comprises a sample unit 101 and an output unit 102.
The sample unit can, in particular, be designed as an input
unit 26 of the magnetic resonance device in accordance with
Fig. 3. The output unit 102 can, in particular, be designed as
a display unit 25 of the magnetic resonance device 11 in
accordance with Fig. 4. In certain cases, it is also
conceivable that the selection system 100 shown in Fig. 4 is

separate from the magnetic resonance device 11.

[00354] The various head imaging choices for selection are
shown on the output unit 102, in particular together with or
on a suitable button H1, H2. In the case shown in Fig. 4, the
first head imaging which is described in Fig. 1 is assigned to
a first button H1 of the output unit 102, and the second head
imaging which is described in Fig. 2 is assigned to a second

button H2 of the output unit 102.

[00355] The depiction of the buttons H1, H2 and the associated
inscription can be designed in a manner deemed appropriate to
a person skilled in the art. The buttons H1, H2 can, for
example, be inscribed with the diagnostic options of the
respectively assigned head imaging. Thus, for example, the
first button H1 can be inscribed such that the associated
first head imaging is designed for the assessment of the
anatomy and/or pathology of the head of the examination
object. The second button HZ2 can be inscribed such that the
associated second head imaging is designed for the assessment
of a vascular disease and any neoplasm of the examination
object. Furthermore, the maximum imaging period of the
assigned head imaging can be displayed on the buttons H1l, H2

respectively.
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[00356] With the sample unit 101, the user can thus select a
button H1, HZ2 in order to select the associated head imaging
to be performed. In this way, the user can select the first
head imaging to be performed by activating the first button H1
and the second head imaging to be performed by activating the
second button H2. The selection of the button can be made by
way of a method deemed appropriate by a person skilled in the
art, for example, via a click, a double click, a drag & drop

action, etc.

[00357] Naturally, other imaging procedures can also be
displayed on the output unit 102, possibly also from other
areas of the body of the examination object, and made
available to the user for selection. The buttons H1, H2 can be
arranged in a larger log tree which comprises other imaging

procedures for selection.

[00358] After selection of a button H1, H2 by the user via the
sample unit 101, the associated head imaging can be started.
In this way, information about the selection of the button HI,
H2 can be transferred from the selection system 100 to the
magnetic resonance device 11. The selection of the button HI,
H2 can immediately trigger the start of the associated head
imaging. Advantageously, however, the entry of patient-
specific features for respective head imaging is first made

possible for the user before head imaging starts.

[00359] Naturally it is also conceivable that at least one
additional diagnostic scan is introduced into the presented
head imaging. This can result in an extension of the imaging

period of the respective head imaging. The possible additional
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at least one diagnostic scan may, for example, comprise

functional head imaging.

[00360] 21though the invention was illustrated and described in
detail by the preferred exemplary embodiments, nevertheless
the invention is not restricted by the examples disclosed and
other variations can be derived by a person skilled in the

art, without departing from the scope of the invention.
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Claims

1. A method for recording diagnostic measurement data of a
head of an examination object in head imaging via a magnetic
resonance device, the method comprising:

performing an overview scan of the head of the examination
object, wherein overview measurement data is acquired in the
overview scan,

performing various diagnostic scans of the head of the
examination object based on the acquired overview measurement
data, wherein diagnostic measurement data is acquired in the

various diagnostic scans.

2. The method as claimed in claim 1,
wherein the head imaging includes a maximum of one user

interaction.

3. The method as claimed in claim 1,
wherein the number of diagnostic scans is a minimum of

three.

4, The method as claimed in claim 1,
wherein the measurement layers of at least two diagnostic

sCans correspond .

5. The method as claimed in claim 1,
wherein at least two diagnostic scans have a different

orientation.

6. The method as claimed in claim 1,
determining parameters and/or adjustments individually for
the examination object in an evaluation step based on the

overview measurement data for the diagnostic scans.



WO 2018/093434 PCT/US2017/048345

138

7. The method as claimed in claim 1,

wherein recording parameters of the diagnostic scans and
the overview scans are coordinated in such a way that head
imaging is concluded within an imaging period of 10 minutes

maximum.

8. The method as claimed in claim 7,
wherein the examination object only remains in the

magnetic resonance device during the imaging period.

9. The method as claimed in claim 1,

wherein each diagnostic scan has its own contrast which is
one of the following: a Tl contrast, a T2 contrast, a FLAIR
contrast, a susceptibility contrast, and a diffusion-weighted

contrast.

10. The method as claimed in claim 1,
wherein the head imaging includes administering a contrast

agent and the number of diagnostic scans is at least eight.

11. The method as claimed in c¢laim 10,

wherein the head imaging includes performing an overview
scan and at least three diagnostic scans chronologically
before the administration of the contrast agent and performing
at least two diagnostic scans chronologically after the

administration of contrast agent.

12. The method as claimed in claim 11,

wherein at least one of the at least two diagnostic scans
which are performed chronologically after the administration
of contrast agent is insensitive to the contrast agent

administered, and at least one of the at least two diagnostic
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scans which are performed chronologically after the
administration of contrast agent is sensitive to the contrast

agent.

13. The method as claimed in claim 12,

the head imaging includes performing one of the at least
two diagnostic scans which is performed chronologically after
the administration of contrast agent and is insensitive to the
contrast agent administered in a waiting period between the
administration of contrast agent and a start of one of the at
least two diagnostic scans which is performed chronologically
after the administration of contrast agent and is sensitive to

the contrast agent administered.

14. The method as claimed in claim 10,

wherein at least two diagnostic scans which are performed
chronologically after the administration of contrast agent are
insensitive to the contrast agent administered and the

sequence of the at least two diagnostic scans is variable.

15. The method as claimed in claim 10,
wherein the sequence of the at least three diagnostic
scans which take place chronologically before the

administration of contrast agent is variable.

16. The method as claimed in c¢laim 10,

wherein at least one diagnostic scan which takes place
chronologically before the administration of contrast agent
only differs from at least one diagnostic scan which takes
place chronologically after the administration of contrast

agent by one point in time of the diagnostic scan.

17. The method as claimed in claim 16,
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wherein the diagnostic scan produces a Tl contrast.

18. The method as claimed in claim 10,

wherein each diagnostic scan has its own contrast which is
one of the following: a Tl contrast, a T2 contrast, a FLAIR
contrast, a susceptibility contrast, a diffusion-weighted
contrast, a GM-WM-T1l contrast in which the contrast between
Gray Matter and White Matter is stronger compared to the T1

contrast.

18. The method as claimed in claim 10,

wherein recording parameters of the overview scan and the
diagnostic scans, and their sequence, are coordinated in such
a way that head imaging is concluded in an imaging period of

19 minutes maximum.

20. A magnetic resonance device comprising:
a measurement data acquisition unit; and
a computing unit, wherein the magnetic resonance device is

configured to perform the method of claim 1.

21. A non-transistory computer readable medium, when executed
by at least one processor, configured to cause the at least

one processor to perform the method of claim 1.
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