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METHODS AND TECHNIQUES FOR COLLECTING, REPORTING, AND
MANAGING INFORMATION ABOUT MEDICAL DIAGNOSTIC PROCEDURES

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of U.S. Provisional Patent Application Ser. No.
61/560,984, filed November 17, 2011, the entire contents of which are hereby incorporated

by reference.

BACKGROUND OF THE INVENTION
Field of the Invention
[0002] This disclosure relates to methods and techniques for collecting, reporting, and
managing information about medical diagnostic procedures, as well as analyzing and using
such information. Also provided are systems which implement the methods and techniques
described herein.
Description of Related Art
[0003] The following information is provided to assist the reader to understand the
environment in which the methods and techniques for collecting, reporting, and managing
information about medical diagnostic procedures of this disclosure will typically be used.
Specific terms used herein are not intended to be limited to any particular narrow
interpretation unless clearly stated otherwise in this document. References set forth herein
may facilitate understanding of the methods and techniques for collecting, reporting, and
managing information about medical diagnostic procedures of this disclosure. The disclosure
of all references cited herein is incorporated by reference.
[0004] In order to assess the efficacy of a change in a medical technique, technology, or
standard, a physician must perform the procedure, use the technology, or test the new
standard with a number of patients in a number of multi-site clinical trials. Naturally, those
trials must include a control group for proper assessment of the medical technique,
technology, or standard.
[0005] Following clinical trials, the physician typically describes and publishes his
findings in a suvitable medical journal. In addition, he may present his findings to his peers at
medical conferences. As can be readily understood, this process often may take a number of

years.
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[0006] Moreover, the sheer magnitude of the undertaking often means that only the most
deserving of medical techniques and technologies and the establishment of the most
beneficial standards are pursued.

[0007] In addition, the enormous costs associated with studies prohibit most doctors and
physicians from testing any techniques or equipment or from establishing new standards
without assistance from large companies and research organizations that have sufficient
financial resources to fund these activities.

[0008] For example, when performing a diagnostic evaluation that involves the use of a
medical injector in combination with a scanning device (such as a CT (Computed
Tomography) or MRI (Magnetic Resonance Imaging) scanner), it may be the widely
accepted practice to inject contrast media into the patient at a rate of X ml per minute to
assure that the diagnostic evaluation provides useable information to the physician. The
standard rate of injection probably was established through the clinical trial method described
above. This standard rate may be expected to provide a certain level of enhancement.

[0009] However, it may be that the rate of injection of contrast media may not need to be
as high as the rate initially thought because, due to slight variations in scanning technology,
patient demographics, or other protocol measures, an optimal result could have been achieved
using less contrast media. For example, the sensitivity of the scanner used for a particular
diagnostic may have improved (and probably has improved) since the development of the
standard(s) associated with its use. By way of another example, the model patient for which
the standard was developed may vary slightly in height or weight from the patient now
subject to the imaging procedure. Some doctors will adapt their protocols to the capabilities
of the new equipment or otherwise adapt to the changed circumstances. However, other
practitioners, despite advances in technology, may continue to use the established contrast
flow rate simply because the flow rate falls within the standard established for the particular
diagnostic technique.

[0010] Not only does this increase the cost of the procedure (because more contrast media
is used than is required), it also increases the possibility that the patient may have an adverse
reaction to the contrast media. In addition, and perhaps more importantly, due to its
increased sensitivity, the scanner’s performance may be hindered by the use of contrast media
at the standard rate if it performs optimally at a lower injection rate that is not recognized by
the standard. Similarly, practitioners may be oblivious to improvements realized by other

practitioners who have successfully achieved optimal study results using protocols that
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diverge from what, at one time, was the accepted practice or which are more closely tailored
to the actual study being performed.

[0011] In summary, what the prior art and current practice fails to provide is a system or
methodology for the appropriately rapid adoption of advances in medicine that develop on a
continuing basis, the kind of incremental changes that result from daily practice. There are
few existing mechanisms by which incremental advances and successful results may be
shared with other practitioners in the medical profession to more rapidly advance medical

care and quality, among other things.

SUMMARY OF THE INVENTION

[0012] In one aspect, a method of collecting and managing information relating to medical
imaging procedures is provided. The method can involve collecting information about a
plurality of medical imaging procedures from a plurality of information sources. The
information collected for each of the medical imaging procedures can include objective
information about the medical imaging procedure and a subjective assessment of a result of
the medical imaging procedure. The objective information can include at least information
about the parameters of the medical imaging procedure and information about the patient that
underwent to the medical imaging procedure. The method can further involve forming a
plurality of procedure records, wherein each of the procedure records corresponds to one of
the medical imaging procedures, and wherein each of the procedure records includes at least
the objective information about the medical imaging procedure and the subjective assessment
of the result of the medical imaging procedure. In addition, the method can involve storing
the procedure records in a database, wherein the database is in electronic communication with
at least a portion of the information sources.

[0013] In certain non-limiting embodiments, the information sources can include a
plurality of medical imaging devices. The information sources can include at least one
medical record system comprising a digitized image or document that is associated with one
of the medical imaging procedures. In some non-limiting embodiments, the information
sources can include a plurality of medical imaging devices and at least one medical record
system.

[0014] In certain non-limiting embodiments, collecting information from the medical
record system can involve extracting information from the image using at least one of optical
character recognition and natural language processing. In certain non-limiting embodiments,

optical character recognition is performed using an optical character recognition engine
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which includes a font database, wherein the font database comprises font characteristic
information that has been specifically adapted for use with the image. Optical character
recognition can include a residual error correction process in which one or more errors that
have occurred during the optical character recognition are detected and corrected and
information about the errors is transferred to the font database.

[0015] In some non-limiting embodiments, natural language processing can be used to
identify language within the image that is indicative of a subjective assessment of the result
of the medical imaging procedure.

[0016] In certain non-limiting embodiments, the method can further involve transferring
the information stored in the database to a data reporting and analysis application, wherein
the data reporting and analysis application generates one or more reports based on the
information stored in the database.

[0017] In certain non-limiting embodiments, the subjective assessment of the result of the
medical imaging procedure is an individual’s opinion that relates to the quality of the result
of the medical imaging procedure.

[0018] In certain non-limiting embodiments, for at least a portion of the procedure records,
the information sources from which the objective information about the medical imaging
procedure and the subjective assessment of the result of the medical imaging procedure are
collected are different.

[0019] In certain non-limiting embodiments, for at least a portion of the procedure records,
the information sources from which the objective information about the medical imaging
procedure and the subjective assessment of the result of the medical imaging procedure are
collected are the same.

[0020] In certain non-limiting embodiments, at least one of the information sources is a
medical imaging device, wherein the medical imaging device performs a medical imaging
procedure and generates an electronic report thereof, and wherein the subjective assessment
of the result of the medical imaging procedure is entered into and stored as part of the
electronic report. In some embodiments, the subjective assessment can be entered into the
electronic report at a user interface associated with the medical imaging device. In some
embodiments, the subjective assessment can be entered into the electronic report at a
computer workstation. In certain embodiments, the electronic report can be structured to
include a set of pre-defined attribute fields and the subjective assessment is entered into one

of the pre-defined fields.
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[0021] In another aspect, provided is a method of determining a protocol for use in a
medical imaging procedure to be performed on a subject patient. The method can involve
receiving information about the subject patient. The method can further involve accessing a
database, the database including a plurality of procedure records, wherein each of the
procedure records corresponds to an imaging procedure that was previously performed, and
wherein each of the procedure records contains objective information about the imaging
procedure and a subjective assessment of a result of the imaging procedure, the objective
information including at least information about the patient who underwent the imaging
procedure and information on a protocol used for the imaging procedure. The method can
further involve determining a suggested protocol, wherein the suggested protocol is
determined based on a consideration of the information of the subject patient and the
objective information and subjective assessments contained in the database. In addition, the
method can involve presenting the suggested protocol in a visually perceptible form.

[0022] In certain non-limiting embodiments, the method can involve modifying the
suggested protocol.

[0023] In another aspect, provided is a method of collecting and utilizing information
about a plurality of medical imaging procedures. The method can involve receiving
information about a subject patient on which a medical imaging procedure is to be performed.
The method can further involve accessing a database, the database including a plurality of
procedure records, wherein each of the procedure records corresponds to a past imaging
procedure, and wherein each of the procedure records contains objective information about
the past imaging procedure and a subjective assessment of a result of the past imaging
procedure, the objective information including at least information about the patient who
underwent the past imaging procedure and information on a protocol used for the past
imaging procedure. The method can further involve determining a suggested protocol,
wherein the suggested protocol is determined based on a consideration of the information of
the subject patient and the objective information and the subjective assessment contained in
the plurality of records. The method can additionally involve presenting the suggested
protocol in a visually perceptible form. The method can also involve performing the medical
imaging procedure on the subject patient in accordance with one of the suggested protocol
and a modification thereof. In addition, the method can involve providing a subjective
assessment of a result of the medical imaging procedure performed on the subject patient,
collecting objective information about the medical imaging procedure performed on the

subject patient and the subjective assessment of the result of the medical imaging procedure
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performed on the subject patient, forming a subject patient procedure record comprising the
objective information about the medical imaging procedure performed on the subject patient
and the subjective assessment of the result of the medical imaging procedure performed on
the subject patient, and storing the subject patient procedure record in the database.

[0024] In one embodiment, the method can further involve receiving information about a
second subject patient on which a medical imaging procedure is to be performed, accessing
the database, the database further including the subject patient procedure record, and
determining a second suggested protocol, wherein the second suggested protocol is
determined based on a consideration of the information of the second subject patient and the
objective information and the subjective assessment contained in the plurality of procedure
records, including the objective information and the subjective assessment contained in the
subject patient procedure record.

[0025] In yet another aspect, provided is a medical imaging system. The medical imaging
system can include a plurality of medical imaging devices, wherein each of the medical
imaging devices is configured to perform a medical imaging procedure according to an
imaging protocol provided to the medical imaging device. The system can further include
one or more protocol management applications, wherein each of the protocol management
applications is in electronic communication with one or more of the medical imaging devices
and wherein each of the protocol management applications is configured to deliver the
imaging protocol to the medical imaging device. In addition, the system can include a
database in electronic communication with each of the protocol management applications,
wherein the database includes a plurality of procedure records, wherein each of the procedure
records comprises objective information about a past medical imaging procedure and a
subjective assessment of the result of the past medical imaging procedure. The objective
information includes at least information about the parameters that were used in the past
medical imaging procedure and information about the patient that was the subject of the past
medical imaging procedure. The database is in electronic communication with a plurality of
information sources configured to provide to the database objective information about the
medical imaging procedures and subjective assessments of the results of the medical imaging
procedures.

[0026] In certain non-limiting embodiments, the information sources can include at least
one medical record system.

[0027] In another aspect, a distributed system for determining a protocol for use in a

medical imaging procedure to be performed on a subject patient is provided. The distributed
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system can include a server having access to a database, wherein the database includes a
plurality of procedure records, wherein each of the procedure records corresponds to a past
imaging procedure, and wherein each of the procedure records contains objective information
about the past imaging procedure and a subjective assessment of a result of the past imaging
procedure, the objective information including at least information about the patient who
underwent the past imaging procedure and information on a protocol used for the past
imaging procedure. The system can further include one or more clients, each of the clients
being in electronic communication with the server and being configured to execute a protocol
management application that is in electronic communication with a medical imaging device.
For each of the clients, the protocol management application can be configured to receive
from the client information about the subject patient on which the medical imaging procedure
is to be performed, determine a suggested protocol based on a consideration of the
information of the subject patient received from the client and the objective information and
the subjective assessment contained in the plurality of records accessed from the database,
and deliver the suggested protocol to the medical imaging device so as to enable the medical
imaging procedure to be performed thereby on the subject patient in accordance with one of
the suggested protocol and a modification thereof by an operator of the client.

[0028] In certain non-limiting embodiments of the system, the protocol management
application is further configured to, for each of the clients, enable the operator to make a
subjective assessment of a result of the medical imaging procedure that was performed on the
subject patient, collect objective information about the medical imaging procedure performed
on the subject patient, form a subject patient procedure record including the objective
information about the medical imaging procedure performed on the subject patient and the
subjective assessment of the result of the medical imaging procedure performed on the
subject patient, and store in the database the subject patient procedure record.

[0029] The foregoing exemplary embodiments and other embodiments, along with the
attributes and attendant advantages thereof, will best be appreciated and understood in view

of the following detailed description taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES
[0030] FIG. 1 illustrates a flowchart for a representative embodiment of a system
according to this disclosure.
[0031] FIG. 2 illustrates a flowchart for a second representative embodiment of a system

according to this disclosure.
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[0032] FIG. 3 illustrates a flowchart for a third representative embodiment of a system
according to this disclosure.

[0033] FIG. 4 illustrates a flowchart of one embodiment of a closed loop configuration
according to this disclosure.

[0034] FIG. 5 illustrates a flowchart illustrating the distribution of information between
different systems according to this disclosure.

[0035] FIG. 6 illustrates a representative example of one aspect of an optical character
recognition error correction technique according to the present disclosure.

[0036] FIG. 7 illustrates a representative example of another aspect of an optical character
recognition error correction technique according to the present disclosure.

[0037] FIG. 8 illustrates a flowchart for an embodiment of an optical character recognition
system according to the present disclosure.

[0038] FIG. 9 illustrates a representative user interface display for entry of subjective
assessment information according to the present disclosure.

[0039] FIG. 10 illustrates a workflow diagram of one embodiment of collecting subjective
assessment information according to the present disclosure.

[0040] FIG. 11 illustrates a flowchart of the embodiment of collecting subjective
assessment information according to FIG. 10.

[0041] FIG. 12 illustrates a flowchart for an embodiment of an automated method of
collecting subjective assessment information according to the present disclosure.

[0042] FIG. 13 illustrates a representative format in which information can be presented
using a data analysis and reporting application according to the present disclosure.

[0043] FIG. 14 illustrates another representative format in which information can be
presented using a data analysis and reporting application according to the present disclosure.
[0044] FIG. 15 illustrates another representative format in which information can be
presented using a data analysis and reporting application according to the present disclosure.
[0045] FIG. 16 illustrates another representative format in which information can be
presented using a data analysis and reporting application according to the present disclosure.
[0046] FIG. 17 illustrates a representative stack of information services, technologies and
software systems for enabling the collection, persistence and distribution of information
according to the present disclosure.

[0047] FIG. 18 illustrates a representative example of a user display and interface for

presenting information according to the present disclosure.
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[0048] FIG. 19 illustrates a representative example of a user display and interface for
presenting information according to the present disclosure.

[0049] FIG. 20 illustrates a flowchart for an embodiment of computing scan delay
according to the present disclosure.

[0050] FIG. 21 illustrates another flowchart for the embodiment of computing scan delay
of FIG. 22.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0051] FIGS. 1-3 illustrate several embodiments of a system 10 according to this
disclosure. System 10 can include a database 20 for collecting and storing information
concerning medical diagnostic procedures from a variety of information sources 30. While
database 20 is represented as a single unit, database 20 can be comprised of a series of units
which are in electronic communication with one another. Database 20 can be populated from
a variety of different information sources 30, each of which may be in electronic
communication with database 20 and/or with each other. As will be described herein, these
sources can include medical devices, medical record systems, computer workstations, and
other sources of information which are typically involved in gathering, collecting, and/or
storing information related to a medical diagnostic procedure, including information about
the procedure and information about the patient. These sources 30 can provide objective or
quantitative information about the patient or procedure itself, such as operating parameters of
a medical imaging scanner and injection systems that deliver contrasting agents into a patient,
as well as information about the results of the procedure, which can include some subjective
assessment of the quality of the results obtained. Furthermore, estimates of certain
information, such as the absorbed, equivalent effective organ and effective radiation dose in
an imaging procedure, may be computed based upon procedure information and patient-
specific information. A record of each procedure can be created from this information, and
the record can be stored in database 20.

[0052] System 10 can also include one or more components which utilize, either directly or
indirectly, information from database 20 in connection with performing one or more medical
diagnostic procedures or with analyzing the information stored in database 20. For example,
system 10 may be configured such that one or more medical devices can utilize the
information stored in database 20 to perform a medical diagnostic procedure. Such medical
devices, in some non-limiting embodiments, work in conjunction with one or more protocol

management applications which can provide the group of parameters for a procedure to be
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performed by the medical device. Protocol management applications can be in electronic
communication with database 20 and utilize the information therein in determining the
appropriate protocol to deliver to the medical device. System 10 may also include one or
more data analysis and reporting applications which can analyze information stored in
database 20 and generate reports therefrom. Components which utilize information from
database 20 may be information sources 30 as well. In this sense, system 10 can form a
“closed loop” configuration in which previously-collected information is used to developedv
new information which is then collected and used to generate yet additional information.
FIG. 4 illustrates a representative embodiment of certain aspects of a closed loop
configuration. For instance, as illustrated in FIG. 4, a radiologist can develop a protocol with
the help of a protocoling client in communication with database 20 and protocol management
application, the technologist can then deliver the procedure according to the developed
protocol, the technologist and/or radiologist can then review the results of the procedure and
rate the results, and the results can then be sent to a medical record system and, eventually,
provided to database 20.

[0053] In some non-limiting embodiments, system 10 can be configured as a distributed
system including at least one server and a plurality of clients. For instance, system 10 can be
configured to include a server which has access to database 20 and one or more clients
capable of communicating with the server. Clients can include components of system that
may benefit from access to database 20, including information sources 30 as well as medical
devices, data reporting and analysis applications, protocol management applications, etc.
which may or may not also serve as information sources 30.

[0054] Throughout this description, communication links from one component to another
will be discussed and illustrated. For clarity, the arrows indicate the direction of the
communication. The arrows may be understood to indicate either separate, one-way
communication links. Alternatively, they may indicate a single communication link that
facilitates two-way communication. As would be appreciated by those skilled in the art, the
communication link(s) may be a telephone line, a wireless communication link, or the
Internet, among others. Data communicated from one component to another can also pass
through one or more nodes, which can serve as a local data collection and communication
module performing functionality commonly associated with a networked system, such as
“store and forward” and other low-level data collection, processing and communication

functions.
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[0055] What follows is a description of exemplary types of information that can be useful
in the system, exemplary techniques and methods of collecting that information, and
exemplary usages of that information. Because of its far-reaching applicability, to facilitate
an understanding, the discussion that follows focuses primarily on the application of the
present invention to medical imaging, and particularly medical imaging which involves the
use of ionizing radiation, non-limiting examples of which include computed tomography
(CT), x-ray, angiography, nuclear medicine, computed radiography (CR), direct radiography
(DR), and mammography. However, the scope of this disclosure is not intended to be so
limited unless otherwise expressly stated.

[0056] As mentioned above, system 10 is designed to collect and utilize both objective and
subjective information about a particular medical imaging procedure or set of medical
imaging procedures. For purposes of this disclosure, objective information relates to
information that is a quantifiable value concerning the procedure itself or the outcome
thereof. This would include, for example, patient demographics, study or protocol
parameters used to define the performance of the medical device, operational data gathered
by the medical device during the procedure, as well as other quantifiable information about
the procedure. Objective information can also include knowledge that the system 10 has
accumulated about the particular medical devices involved in the procedure. Parameters
could include information extracted from the medical device, such as a DICOM conformance
statement(s), which may provide insight into the device capabilities and/or limitations that is
not gathered during the imaging procedure. To further illustrate this point, examples of
objective information associated with a CT imaging procedure could include information
such as study or procedure name, study UID, contrast volume used, saline volume used,
contrast brand name, contrast concentration, tube voltage, injection flow rate, injection site,
bolus timing, syringe type, scan delay, scan region, patient location, protocol name, scanner
model and manufacturer, scanner software, radiation dose index parameters such as
permutations of CTDI (CT Dose Index) and the Dose Length Product (DLP) or Dose Area
Product (DAP), acquisition parameters such as slice thickness, rotation time, image resolution
matrix, maS index, etc., as well as information about the age, gender, height, weight, medical
condition, heart rate, etc. of the patient. For purposes of this disclosure, subjective
information about a particular medical imaging procedure relates to a subjective, or
qualitative, assessment of the quality of the result or outcome of a particular procedure. Such
information can, for example, take the form of a reviewing technician or physician’s opinion

about the quality of an image which resulted from an imaging procedure. This is not to say
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that the qualitative assessment cannot be computer-generated or computer-aided, since the
disclosure contemplates that this can occur, such as through a computation of the level of
contrast enhancement achieved during a particular imaging procedure. However, the
subjective information discussed throughout is focused more on how ‘“good” the result is
rather than on what operating parameters were used to achieve these results.

[0057] Information sources 30 can include one or more conventional medical imaging
devices, such as devices used in performing the procedures discussed above. For purposes of
this disclosure, a medical imaging device can include the contrast injector system, the scanner
system, or a combination thereof, as well as the associated software and user interfaces used
to operate the various components. In certain non-limiting embodiments, system 10 can
include more than one medical imaging device, more than one type of medical imaging
device, and/or medical imaging devices manufactured by different manufacturers. Because
medical imaging devices manufactured by different manufacturers, and even medical
imaging devices from the same manufacturer but of different generations, often have
different reporting capabilities, the system can include multiple means of collecting
information from the medical imaging devices to account for such differences in reporting
capabilities across different devices.

[0058] Information about imaging procedures can be collected from medical imaging
devices according to a variety of techniques. For instance, it is well known that medical
imaging devices are capable of generating and capturing information about an imaging
procedure. By way of example, operational information generated before, during, or after use
of the device can be captured and/or stored by the device. For instance, operational
information can include data pertaining to the operation of the imaging device that is
generated during the operation and captured either in real time or periodically during the
procedure. Medical imaging devices can also capture information about the study or protocol
parameters used to define the performance of the medical imaging device as well as patient
demographics to the extent that this information has been provided to or otherwise made
known to medical imaging device. Techniques for collecting, managing, and disseminating
information from a medical device include those discussed in United States Patent No.
7,996,381 to Uber et al., which is expressly incorporated herein by reference. In some non-
limiting embodiments, information from the medical imaging device is transferred directly to
database 20 through an electronic communication link. In other non-limiting embodiments,
information from the device is initially sent elsewhere, such as a medical record system, and

then later transferred to database 20. Information from the device can also be sent to multiple
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locations simultaneously, and some types of information, such as contrast usage or radiation
dose usage, can be transferred to one location while other information, such as information
about scan delay or the injection parameters, goes elsewhere.

[0059] A medical imaging device can also be configured to create an electronic study
report based on the raw data generated during the procedure. Information captured by the
medical imaging device can then be stored in the electronic study report. The use of
electronic study reports that comply with one or more industry standard formats is common
in medical imaging. Non-limiting examples of electronic study reports include DICOM
Secondary Capture Image and DICOM Structure Report Radiation or Contrast Dose Report.
[0060] Information sources 30 can also includes registries, repositories, and reporting
systems which are commonly associated with medical imaging. These include picture
archiving and communication systems (PACS), radiology information systems (RIS),
hospital information systems (HIS), electronic health records (EHR), and similar systems and
data repositories. These sources typically contain information in the form of images, imaging
reports, patient demographics, patient medical history, etc. For purposes of this disclosure,
these are referred to as medical record systems. Information can be transferred from these
sources to database 20 using techniques known in the art, including those discussed above in
connection with medical imaging devices.

[0061] Information sources 30 can also include workstations located, for example, in the
office of a technician or physician, in a reading room, or at any other location either on site or
off site. A workstation typically includes a computer device which is capable of receiving
and transferring data through a network and which has installed thereon software which can
be executed to perform a designed task. Workstations can be configured to receive data from
any component of system 10, including medical imaging devices, medical record systems, or
database 20, to enable the operator to review and/or update the data, and then to transfer the
updated data to any component of the system 10. Workstations can be used, for example, to
receive an electronic study report from a medical imaging device, to input additional
information into the study report, such as a subjective assessment about the result of the
study, and then to transfer the updated study report to another component of the system such
as a medical record system or database 20.

[0062] System 10 is designed to handle each information source 30 simultaneously
providing data to the database 20. Information can be transferred to database 20 using any
technique known in the art for transferring data between components on a network.

Information can be obtained by database 20 by querying the information source 30 with a
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request for certain information and allowing the information source to deliver the information
in response to this request. Information can also, or additionally, be “pushed” from the
information source 30 either in real time as the information is generated or periodically in a
batch operation. Whether information is automatically pushed or sent only when requested
can be information-dependent in the sense that some types of information may be sent
automatically while other types of information may only be sent when requested. Rules
governing the transfer of information can be determined by a system administrator based
upon the particular needs of the system 10 and can be programmed into system 10 at the
appropriate location.

[0063] The information from each information source 30 can be transferred directly from
information source to database 20, indirectly to database 20 through one or more
intermediary locations, including through one or more other information sources 30 or
databases, or some combination thereof. For example, certain information obtained from a
medical imaging device related to a particular medical imaging procedure can be first
transferred to a medical record system, such as PACS or RIS, where it can be processed and
stored for some amount of time before it is transferred to database 20, while other
information obtained from a medical imaging device related to the same medical imaging
procedure can be sent directly to database 20.

[0064] Information about the same procedure collected from various information sources
30 can be combined to form a procedure record using study identification values associated
with the information that aids in determining which procedure a piece of information
corresponds to. For example, certain information about Study A can be collected from a
medical imaging device while other information about Study A can be collected from a
medical record system. A procedure record about Study A can be created, and the record can
include the information from both information sources. A study identification value
associated with the information from the medical imaging device can be matched with a
study identification value associated with the medical record system to help in forming the
record.

[0065] In some non-limiting embodiments, additional information can be added to the
output of information sources by passing the information source output through a pre-
processor module, which may be contained on a node. For instance, a pre-processor module
can be used to add information that would not typically be generated by the information
source 30, such as location context, including site tags or geo-location tags, and any other

desired user-defined data, such as informal names for certain procedures used at certain
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locations. For example, if a hospital refers to CT scans of the abdomen as “CT Abdominal,”
a pre-processor can add this field to the output of the medical device. Similarly, pre-processor
can add location information (e.g., scan room number) that may not be otherwise part of the
information that is output from the information source 30. System 10 can also include other
intermediate processing components for converting information from information source 30
into one or more preferred formats before being transferred to database 20. Alternatively,
some or all of the necessary formatting can occur at database 20 or at the information source
30 itself.

[0066] Database 20 can also be in communication with other similar systems, including
systems within the same hospital or systems at other hospitals on a local, regional, national,
or international level. In some non-limiting embodiments, database 20 can run on a cloud
computing platform. FIG. 5 illustrates various levels across which communication can
occur, with the lowest level being represented as a single hospital, a mid level being
represented by a collection of hospitals (collectively referred to as an IDN, or integrated
delivery network), and the highest level represented by a series of IDNs which each can be
composed of a plurality of hospitals.

[0067] As mentioned above, the invention is designed to collect and compile both
objective information about a particular imaging procedure as well some measure of the
quality of the results of the imaging procedure. Various techniques are envisioned for
collecting this information. These include techniques of collecting information known in the
art, including those discussed in United States Patent No. 7,996,381 to Uber, which is
expressly incorporated by reference. A desired goal is to develop a robust set of data that
includes key pieces of information that can be used by to provide assistance in improving
overall image quality through consideration and analysis of the results achieved in past
imaging procedures.

[0068] In some non-limiting embodiments, the information collection process involves
extracting, “mining,” or “harvesting,” certain pieces of information from the data available
from the information sources 30. The extracted information can then be used to create a
record of the procedure which can be stored in database 20. Data extraction can involve
parsing a data set to locate the information of interest, extracting that information,
transferring the extracted information to a particular location, and storing that information at
the location. With respect to the system described herein, data extraction can take place at
any point in system 10, including at information source 30, or at database 20 itself, as well as

at an intermediate component located between an information source 30 and database 20, or
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between two information sources 30, that may be equipped with the necessary hardware and
software for performing data extraction techniques.

[0069] Data extraction techniques can be adapted to address the various configurations in
which information is typically provided by information sources 30. This could include
developing data extraction techniques that consider the typical structure and/or content of
information (e.g., DICOM dose report secondary capture, MPPS, Digital Radiography Dose
Report, text, speech, etc.), the types of information typically contained therein (e.g.,
procedure parameters, quality assessments, scan images, dose reports, etc.), or the source of
the data (e.g., a scanner by a certain manufacturer, a handwritten report, etc.). Data
extraction techniques that can operate across the widest number of potential formats and
sources are preferred. For instance, extraction techniques that are configured to work with
industry standards, such as DICOM, HL7, and other standards commonly used for handling,
storing, printing, and transmitting information in medical imaging procedures, are
particularly useful. By way of example, a medical imaging device operating according to the
DICOM standard can be configured to record data about the images acquired, beginning
time, end time, and duration of a study, as well as total dose delivered, among other
information, in the objects of the modality performed procedure step (MPPS). This data can
be extracted using data extraction techniques that are based upon a familiarity with the file
format and the location of the targeted piece of information within the MPPS objects. As
another example, information stored in the objects of a DICOM Structured Report, including
radiation dose data, can be extracted by parsing the contents of the Structured Report using
known data collection software. There are other techniques of parsing and extracting
information from the DICOM objects known in the art as well, and these techniques may be
incorporated herein. Data extraction techniques that can be adapted to work across a wide
variety of medical devices, including devices from different manufacturers or different
versions from the same manufacturer, are also preferred.

[0070] One particular data extraction technique involves optical character recognition
(OCR). OCR techniques can be used to convert the text or other information contained
within a digitized image or document, such as a bitmap image, into a machine-recognizable
format to enable the information to be reviewed, analyzed, and potentially extracted. OCR
techniques may be useful in the context of this invention to extract pieces of information
from, for example, electronic study reports that have been generated during a medical
imaging procedure and stored as a digital image in a medical record system such as PACS or

RIS. For example, many medical imaging devices can create a static study report, which may
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be in the form of a secondary capture object that is typically sent to PACS as a digital image.
The image may include information about the procedure itself, including the parameters used
in the procedure. In a CT procedure, for instance, information about the X-ray tube settings,
CTDIlvol and DLP, among others, may be contained in a report. Techniques have been
developed to extract the static data that is “burned” into the report using OCR techniques.
These approaches can also be implemented in the present system to extract information from
images generated by or stored in certain information sources. One or more OCR engines that
are responsible for performing the OCR techniques may be utilized. The OCR engines can
be implemented in the form of hardware and software and can be located anywhere along the
path of information flow within system 10. The present system can also be architected such
that different OCR engines may be incorporated into the software to perform different OCR
techniques. Techniques taught in Wang S, Pavlicek W, Roberts C, Langer S, Zhang M, Hu
M, et al. “An Automated DICOM Database Capable of Arbitrary Data Mining (Including
Radiation Dose Indicators) for Quality Monitoring” Journal of Digital Imaging (2010, Sept.),
which is expressly incorporated by reference, can also be used to “mine” radiation dose data
from metadata in imagery kept in a medical record system like PACS.

[0071] OCR techniques which are optimized for the specific images or types of images that
will be analyzed can also be implemented. For instance, electronic study reports and other
documents and images generated in connection with medical imaging procedures typically
have a set of common formatting characteristics which are shared among reports, documents,
and/or images that are generated by the same medical imaging device or that are generated at
the same institution. For example, scanners manufactured by the same company often
generate reports that have a common layout and utilize the same character font or set of fonts.
Similarly, reports that are generated within the same hospital or other institution often have a
common layout and use a common set of fonts. An OCR engine can be developed which
applies device-specific or site-specific text processing and extraction rules in order to analyze
an image that comes from a particular source. For example, an OCR engine can be designed
so that it can recognize the particular character set that is used in reports generated by a
particular scanner manufacturer or by a particular hospital. It is believed that an OCR engine
designed in this manner can operate with little to no human intervention with accuracy levels
approaching 100%.

[0072] An OCR engine according to the above can include a font database which contains
a confirmed character set where the confirmed character set includes an accurate and pre-

defined set of characters that are expected to be contained within an image. The confirmed
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character set can be prepared automatically by one or more OCR engines and/or it can be
manually input. The confirmed character set should have some level of human oversight to
ensure that the character identities contained are accurate. Before implementing the OCR
engine, one or more fraining passes can be done with exemplary images to ensure adequate
coverage and accuracy and expand or correct the initial confirmed character set as needed.
The font database can also be updated periodically to add new characters or correct existing
entries based upon, for instance, the past performance of the OCR engine or upon changes to
the character sets being used in the input images. In some non-limiting embodiments,
updating can occur automatically through a feedback process, as described below. The
confirmed character sets contained in the font database should be specific to the information
source or information sources which the OCR engine typically encounters and any images
which may be contained therein. For example, if the OCR engine is used to analyze images
or reports generated by a scanner manufactured by Seimens, the font database should contain
at least a confirmed set of those characters typically used by a Seimens scanner. By way of
another example, if the OCR engine is being used to analyze images or reports from Hospital
X, the font database should include at least a confirmed set of those characters typically used
by Hospital X. The font database can contain more than one confirmed character set, and the
OCR engine can also work in conjunction with more than one font database.

[0073] Once the font database is in place, the OCR engine can be used to analyze a
particular image or document by detecting and identifying characters in the image based upon
information contained in the font database. In one non-limiting embodiment, a sweeping
algorithm is used to identify characters using character raster bitmap patterns, beginning with
the widest and tallest characters and continuing down to the smallest cells in the image.
[0074] The OCR engine can also employ one or more quality monitor and/or error
correction techniques that can identify potential errors in the analyzed image, including areas
of incompleteness, and then take the appropriate steps to correct those errors, including
through the use of adaptive correction and residual error correction techniques. One type of a
residual error correction that can be used is subtractive masking. Subtractive masking
involves a process in which characters which have been identified are “removed” from the
image by, for example, replacing the character with the background color of the image. For
example, if the image includes white characters on a black background, characters which
have been identified through the OCR process can be “removed” by replacing the white
character with a black character of equal size and shape. Characters which have not been

determined through OCR will then remain visible after the subtractive masking process. A
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non-limiting example of subtractive masking is shown in FIG. 6, which shows the result of a
subtractive masking process. In FIG. 6, the font database is not complete and the subtractive
masking produces the image on the right from the image on the left. The unrecognized
characters are the following: “ () : x /. . The image on the right can then be sent through a
residual error correction algorithm. The residual characters can then be extracted and the
residual characters can be identified either through one or more other OCR engines or
through some level of human review, including a process whereby the residual characters are
sent to a human who can then identify the character in question. Once the residual characters
have been identified through an error correction process, the image can be updated, and the
updated image can be again subject to subtractive masking to confirm whether or not any
residual characters remain. In addition, the characters identified through this process can be
added to the font database so that, if that same character is encountered in the future, the font
database will be able to accurately identify the character based on this newly input value.
Thus, the OCR engine can be adapted based on previous outcomes. FIG. 7 shows a non-
limiting example of the error correction technique with the image on the left showing several
unrecognized characters that have not been “removed” and the image on the right showing
the result of subtractive masking after the unrecognized characters have been identified and
added to the font database and the image has been again reviewed.

[0075] The OCR engine can also utilize a mechanical turking agent for error correction or
font database update purposes. The concept of mechanical turking involves coordinating the
use of human intelligence to perform tasks that a computer is unable to do. In the field of
character recognition, this can include presenting to a human or set of humans one or more
characters that were not recognized by the computer. The human or humans then identify the
character and the results of this identification can then be returned to the computer and used
for future analysis. Mechanical turking is sometimes associated with the concept of “crowd
sourcing” in that it involves outsourcing tasks to a group of people who then each perform the
task and return the requested information. The OCR engine described above can use a
mechanical turking agent to populate a font database through a process of presenting
characters that are not part of font database, including residual characters that remain after
error correction, to a human or set of humans for identification. The results of the human
identification of these characters can then be inputted into the font database.

[0076] FIG. 8 represents a representative workflow of one embodiment of the OCR

techniques described above.
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[0077] The OCR engine can also be adapted to recognize, in addition to characters
contained in an image, the structure of the image, including where certain types of
information is located within the image. Through the use of image templates and format
rules associated with the OCR engine, location context and other information about the
recognized characters contained in the image can be appended to the analyzed image. For
instance, a particular institution may require completion of a certain form document
following completion of a medical diagnostic procedure. These forms may then be converted
to digital format (e.g. by scanning) and stored in an image repository. These forms, by their
nature, may contain information requested in the form and this information may be located at
a pre-determined location on the form. By way of example, a handwritten hospital
examination report prepared after completion of an imaging procedure which has been
converted into digital format and stored in a hospital database may include a segment of text
identifying the radiation dose for that procedure, and this text may be located in a text box
located on the right margin of the report, four inches from the top of the report. A template
can be developed for this report, where the template is used to identify the location of certain
information (e.g., right hand margin, four inches from top of document) and the content of
this information (e.g., this text represents radiation dose). The OCR engine can then access
this template from a template database, which may be the same or different from the font
database, use the template to identify the location of certain information, and apply a set of
format rules to append additional information to the analyzed image. Such information can
be used to create a record of the procedure with information about the procedure appended
thereto, either alone or in combination with one or more data extraction techniques discussed
herein. Information extracted using OCR can be transferred to database 20 and used in
creating a record of the procedure that can be stored in database 20.

[0078] Natural language processing (NLP) techniques can also be employed to search for
certain phrases and language that may be contained in a particular digitized image or
document and, based on the presence or absence of such language, perform one or more data
extraction or information gathering processes. NLP can be applied to electronic study
reports, images, or other documents or voice recordings, among other sources of information.
In addition, NLP can be applied to images that have been first subjected to one or more of the
OCR techniques described above. The system 10 can include an NLP engine containing one
or more NLP algorithms and a NLP database that identifies the various phrases of interest.

NLP engine can also be configured to include data processing rules that are used to perform
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some action in the event that certain phrases are determined to be present (or absent) in a
particular report, recording, image, etc.

[0079] One exemplary use of NLP techniques is to determine whether an examination
report for a particular procedure includes language that is indicative of the quality of the
result of the procedure. For example, the presence of phrases such as “ineffective,”
“unsuccessful,” or “inconclusive” within an examination report may be indicative of a
procedure that produced sub-optimal results. On the other hand, “informative,” “successful,”
or “ideal,” may be indicative of a procedure that produced optimal results. The NLP engine
could determine the presence of one or more of these phrases and, if so, apply data processing
rules to the report. Parsing of the language of such reports in this manner can locate
procedures that had poor results, or good results, and the results and corresponding
procedures can be labeled accordingly so that they can be more easily located. Information
indicative of the quality of the result could also be used in creating a record of the procedure
that can be stored in database 20. NLP techniques can also be used to target and extract other
information. For instance, information which identifies objective parameter information
about a procedure could be located and extracted using NLP techniques as described above.
[0080] The knowledge gathered by previously mentioned data extraction and NLP
techniques can also be used to enrich the aggregate total information associated with the
procedure. The enriched data is then available as input for other additional and potentially
new data extraction and NLP processes. For example, the concept of CT Suite efficiency
(throughput) can be learned through the data analysis process and then can be used to label
the source data. The concept of efficiency could then be analyzed in the context of operator
name and/or shift number to derive additional insight — potentially also again enriching the
source data, and again making it available for new insight discovery.

[0081] NLP and OCR techniques, as well as voice recognition techniques, can also be used
to identified and extract information from voice recording,

[0082] As mentioned above, another aspect also involves collecting information
concerning a subjective assessment of the quality of the result of a medical diagnostic
procedure. This information can be collected in a variety of ways, including through the NLP
techniques described above. Subjective assessment information can be inputted directly at
the point of care, such as at a user interface associated with the medical device which is being
used in connection with the procedure. Alternatively, the subjective information could be

inputted at a location other than the point of care, such as at a workstation, reading room, or
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even home office. Still further, subjective information can be computed through an analysis
of existing examination reports or images stored in a repository.

[0083] Regardless of how the subjective information is collected, this information can be
linked up with other information concerning the procedure, including objective information
about the procedure to create a record of the procedure which includes both objective
information about the procedure and a subjective assessment of the results thereof.

[0084] In one non-limiting embodiment, the subjective assessment information can be
input at the point of care at or shortly after the procedure is completed, such as at a user
interface associated with the medical imaging device. A non-limiting example of the layout
of a user interface which would allow for entry of such information is shown in FIG. 9. This
has the advantage in that information concerning both the objective and subjective aspects of
a particular procedure can be compiled in real time, or near real time. It is also more likely
that the subjective assessment will be completed if done so immediately while the procedure
is still fresh in the technician and/or physician’s mind. In other non-limiting embodiments,
the subjective assessment information can be entered at a later time, and can then be linked
with the other information about the procedure which might already be stored in one or more
locations through the use of a study identification value or other tracking information
associated with the particular procedure. For example, a physician can receive at his or her
workstation or office the results of one or more imaging procedures that were conducted over
a specified time period. The physician can then review the results, enter his or her subjective
assessment of each result, and send the assessments either in real time or in batch mode to the
appropriate location of system 10, such as database 20, which can be in electronic
communication with the physician’s workstation or office. This embodiment has the
advantage in providing greater flexibility as to where and when the results can be reviewed
and assessed. This embodiment also provides the advantage that someone who was not
present when the imaging procedure was performed would be given an opportunity to weigh
in on the results of that procedure. Multiple reviews of the same result by different persons
or by the same person at different times can also be accomplished and the results of each
review can be included in the procedure record where they can be presented as an average or
kept as separate values associated with each reviewer.

[0085] The manner in which the subjective assessment can be entered into the record are in
no way limited, so long as the technician, physician or other reviewer is provided a way to
express his or her opinion or opinions about the imaging procedure. In one non-limiting

example, the results of a particular medical imaging procedure can be reviewed and then
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“rated” or “scored” according to the reviewer’s subjective belief about the quality of the
result. For instance, the reviewer can be prompted to assign the result a score from 1 to 5 or
from 1 to 10 or using another scale, such as a Likert scale, that may be developed by the
particular institution at which the review is being completed or by a standard-setting body.
The reviewer can also be asked to score different aspects of the same procedure, such as the
contrast quality and/or image quality. Alternatively, or additionally, a result can be “tagged”
with a label such as “Optimal” or “Ideal Result,” or with data which would be understood to
represent such a result, if the technician and/or physician finds the result to be particularly
noteworthy. In either case, the quality assessment of a particular procedure can be stored
along with other information about the procedure in a manner that allows the results to be
associated with the parameters which were used to acquire them. Over time, data on highly
rated or tagged results can be accumulated which provides not only the results but other vital
clinical/diagnostic data about how those results were achieved, such as the type of study
performed, the procedure protocol, patient demographics, etc. In some non-limiting
embodiments, procedure records for procedures which achieved highly rated results can be
transferred to and stored in a dedicated “best practices” database.

[0086] Sentiment analysis techniques to better define and normalize the collected
subjective assessment information can also be used. Sentiment analysis is a natural language
processing or machine learning technique that attempts to understand the attitude of a speaker
or writer. Sentiment analysis can be particularly useful because the review of a study is
expressing a judgment. For example, here is a statement from a CT Pulmonary Embolus
reading: “This is a limited quality study for the evaluation of pulmonary embolism.” One
would suspect that this reviewer would not supply the highest quality measure to this study
result. Another example could be: “No axillary adenopathy is appreciated.” While using
language typically associated with a negative review, this is actually a positive statement, in
that no swelling of the axillary lymph nodes was observed.

[0087] System can be configured to perform sentiment analysis on different inputs
(including text, speech, scanned documents) to better determine the attitudes that are present
in the clinical corpus under analysis. Determining the underlying attitudes and emotional
content behind the clinical corpus is a corollary analysis and cross-check for the subjective
image quality analysis techniques described herein. For example, if the sentiment analysis
reveals an overall negative sentiment polarity but the rating was high, then this may enable

the system to flag the rating as questionable.
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[0088] In addition, sentiment analysis may provide useful information for improving the
quality of care if it is conducted on very large data sets. For example, it may reveal hidden
beliefs, opinions, or biases that a large group of readers may have, that while widely held,
may not be accurate, or may be capable of correction.

[0089] In some non-limiting embodiments, the subjective assessment information can be
entered into an electronic study report generated by a medical imaging device. In some non-
limiting examples, the subjective assessment information can be entered into the electronic
study report without altering the existing format of that report. This provides an advantage in
that subjective assessment information collection can be easily integrated into existing
systems with minimal interruption of the existing workflow. Subjective assessment
collection can even be performed using a pluggable and/or vendor neutral software solution
which works in conjunction with software that may already exist on the system. Further,
continued compliance with recognized file format standards helps ensure compatibility across
multiple components of the same system or across different systems.

[0090] In one non-limiting embodiment, subjective assessment information can be
incorporated into one or more attribute fields in an electronic study report. For example, if a
reviewer is reviewing a particular image which complies with the DICOM standard and
wants to tag the image as noteworthy, he or she can do so using a specific object within the
DICOM format, such as the key object selection (KOS) in DICOM. The key object selection
can, in this manner, be considered to serve as a digital “Post It.” The key object selection
template is intended for flagging one or more significant images, waveforms, or other
composite Service Object Pair Instances. Key object selection can contain a coded document
title stating the reason for the significance of the referenced objects in the key object
selection, an optional free form text comment in an explicitly identified language, and an
optional identification of the observer (device or person) which created the key object
selection.

[0091] The above concept is further explained by reference to the following example,
which is not intended to be limiting. Reference is made to FIG. 10 and 11, illustrating the
workflow and flowchart for an embodiment of this example, in which the diagnostic
procedure in question is a CT scan to patient A. An injection is performed to patient A,
patient A’s clinical context is obtained from a medical record system such as HIS, and study
context is obtained. A contrast-dose report and secondary image capture, both in DICOM
format, are created, transmitted, and stored in PACS by software associated with the

scanner/injector. A radiologist, at his or her workstation or elsewhere, then accesses from
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PACS the results of patient A’s procedure. If impressed with the results, the radiologist
“tags” the report and/or secondary capture image as a “key image” using software installed
on his or her workstation to create a key-object document object with a specific document
title such as “Of Interest,” “For Teaching,” “For Research,” “Best In Set,” etc. These
strings can be defined in Context group CID 7010 under DICOM standard Part-16.
Alternatively, the tag could be assigned at the point of care through a user interface
associated with the CT scanner and/or injector which can be used to create a key-object
document object.

[0092] The created key-object DICOM document could refer to the report or secondary
capture images and is stored in PACS, database 20, or a separate database dedicated to
collecting and storing records of procedures that are found to have particularly desirable
results. A subsequent query of PACS, or the other source, for key-object instances would
lead one to this record and, from the record, one could obtain information about the
procedure which resulted in this favorable result, including the injection protocol parameters,
radiation dose parameters, and patient-specific clinical and demographic information that is
stored in the record. For example, database 20 could query PACS for all key-object instances
in order to collect information about these procedures. Such information, including
information about the objective and subjective aspects of the procedure, could then be
transferred to database 20. Information about the key-practice object, such as the key-
practice protocol parameters, could also be submitted to a centralized, secured location
accessible through the web.

[0093] While the above example relates to the use of the key object selection in PACS, one
could envision other similar solutions in which subjective assessment information is stored
within existing data format structures already being used in a particular system.

[0094] In some embodiments, system 10 can also make a quality assessment determination
directly from images obtained as part of the imaging procedure. Such images can include
those that are stored in a medical record system such as a PACS. These images may be
queried and a copy of the examination images and information moved, using standard
DICOM services, to a software module. The software can be configured to perform
automated image analysis and extrication of various anatomical structures and also local and
global features of the image quality and noise inherent in the data set such as the power
spectral density, the standard deviation of noise within sections of the image, and other well-
known measures. A particularly useful processing step for assessing quantitative contrast

opacification and enhancement makes use of well-known image segmentation and extraction
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methods, such as seed-growing, level-set, and gradient-descent approaches and those
disclosed in United States Published Patent Application No. 2009/0316970 to Kemper et al.,
to be issued as U.S. Patent No. 8,315,449, which is expressly incorporated herein by
reference, to isolate various anatomical structures in the image data set, for example the
descending aorta. Because the level of contrast opacification in anatomical structures is
dependent on the scanner and injection parameters when exogenous contrast agents are
introduced into the patient, a measure of actual contrast opacification is critical when
ascertaining the success of various strategies to optimize and personalize scanning and
contrast delivery parameters for individual patients and across patient populations. These
methods for extracting contrast opacification can be applied to the image sets. In the instance
of assessing the contrast opacification in the aorta, for example, a segmentation and
extraction software module can compute the average contrast enhancement along a center-
line down the middle of the aorta. A calculation of average contrast opacification in a Region
Of Interest around the center-line point and extending to the boundary of the vessel lumen at
linear increments (e.g., every 5 mm) along the vessel can be performed. The result of these
automated calculations is a vector of contrast enhancement values with dimension determined
by the number of increments along the vessel. This vector of opacficiation points is stored in
database 20 and can be associated with the patient and the procedure.

[0095] Subsequent use of the opacification vector can be made when determining the
relationship among the scanner and injection parameters with patient and examination
constraints. For example, it is well understood that at CT Angigophy, the contrast
opacification of vascular structures such as the aorta should be at least 250HU to ensure
adequate differentiation between clots, constrictions and the lumen of the vessel. A sufficient
contrast enhanced CT Angiogram of the chest can be defined by the clinicians at an imaging
facility and serve as a subjective measure against which the results of the study can be
compared to provide a subjective assessment of the results in accordance with the description
herein. One such example of a quality parameter that could be applied would be “contrast
opacification greater than 250HU for the entire spatial length of the aorta during the
acquisition.” A quality metric or Key Performance Index may be defined such that the
denominator of the metric is the spatial extent (in cm or mm) of the aorta. The numerator
value could be the number of vector data points in which the contrast opacification is greater
than 250HU and the larger the ratio the better the study. Across many patients, descriptive
statistics of this parameter may be made so as to understand in what percentage of CT chest

studies is there “sufficient,” according to the defined subjective quality parameter, aortic
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contrast opacification. A representative workflow to further illustrate the disclosed
embodiment of an automated contrast enhancement determination technique is provided as
FIG. 12.

[0096] The foregoing techniques of collecting information related to the objective and
subjective are intended to be exemplary and other techniques may be appreciated by those
skilled in the art. As mentioned above, a goal is to populate database 20 with information
about not only the objective parameters and other information related to a particular imaging
procedure, but also a subjective assessment of the quality of the results of that procedure.
Any of the above procedures of information collection can be used in any combination to
formulate a procedure record that contains relevant information about the procedures
performed and that can be stored in database 20.

[0097] Once collected, information stored in database 20 can be used for a variety of
purposes to help understand and improve upon the medical imaging process. The system can
be configured to allow the information from database 20 to be queried from one or more
locations simultaneously. The system can also be configured to be permission based,
whereby only certain users can access database 20 and/or update the information within the
database. Information stored in the database, or any portion thereof, can also be offloaded to
another location, including to a cloud storage system, which can be accessed.

[0098] In some non-limiting embodiments, the information collected at database 20 is
made available to other components within the system, to other similar systems, and to
internal or external registries set up by professional societies or governmental agencies that
may be interested in gaining access to the collected information. Information from database
20 can also be hosted “in the cloud” to improve ease of access. In such instances, patient-
specific data may be anonymized to protect patient privacy. Analysis applications could be
used to access the database information to conduct a variety of studies on the data set,
including both patient-specific and patient-neutral studies. Examples include per-patient
dosimetry tracking, quality analysis, and trending determinations. The information could also
be used to generate alerts when dose index values exceed predefined thresholds. The
database information can interact with certain patient information databases, such as those
housing hospital or patient records, to generate patient-specific dose index and dosimetry
feports. For instance, this analysis can be accomplished following techniques described in
United States Patent No. 7,996,381 to Uber et al., United States Patent No. 6,442,418 to
Evans, III et al., and United States Patent No. 7,933,782 to Reiner, each of which is expressly

incorporated herein by reference.
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[0099] Results of these prior studies can be presented in a manner that can be easily
browsed and/or filtered based on parameters of interest.

[00100] In some non-limiting embodiments, information from database 20 can serve as the
source data for a data reporting and analysis application. The data reporting and analysis
application can be accessed using a computer and can be in the form of software residing on
the computer, though it could also reside on a central server or a centralized cloud location
and be made accessible through the web as well. Information from database 20 can be
imported into the data reporting and analysis application and the application can then be used
to parse, arrange, and present this information in a form that is more readily understandable
by a user, as well as to generate reports based upon this information. For example, the
application can parse the information received from database 20 and populate a plurality of
fields which have been pre-defined by the user. The application can then be used to sort,
filter, present and/or analyze this information in a manner requested by a user in order to
provide the user with additional insight into the information that has been collected and
stored at database 20 and enable the discovery of connections in the information that may not
be otherwise known or appreciated. In one non-limiting embodiment the data reporting and
analysis application can be implemented using a macro-enabled Microsoft Excel file or a file
from a similar spreadsheet or database analysis program.

[00101] The application is particularly useful in analyzing and organizing objective
information that has been collected regarding a series of diagnostic procedures performed by
one or more medical devices. As described above, objective information can include
quantifiable information about the particular procedures, including the parameters and
protocol information input into the medical device as well as the operational information
generated during performance of the procedure.

[00102] While the data reporting and analysis application can be configured to work with
information related to any type of medical diagnostic procedure, the following discussion
refers to CT imaging as a non-limiting example.

[00103] For CT imaging, the procedures application could be used to present in a tabular
or graphical view basic metrics about the procedures such as, for example, the amount of
contrast or saline delivered, the amount of contrast or saline that was wasted, and the number
of syringe kits used on a per device basis or over across a range of devices. Calculations
could then be performed using this information to provide, for instance, utilization or cost
information, such as the overall volume and cost of the contrast media injected, or wasted, by

a particular device or by an entire institution. FIG. 13 illustrates a representative format in
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which this information can be presented, in both tabular and graphical form. Virtually any
type of information stored in database 20 can be presented by the application in a similar
manner.

[00104] The application can also be used to develop a variety of intelligence reports from
the source information. For example, the application can be used to perform a side by side
comparison of the information related to different procedures in order to more readily
understand differences between the procedures, including the results thereof. This
application could also be used to assess the differences between different protocols, including
a comparison of the average procedure metrics associated with different protocols.
Information which may be included in the report could include such objective information as
the number times a protocol was used, the average volume of contrast usage and contrast
waste, and the average flow rate of the fluid injection. In addition, information about the
result of the procedure could be presented as well, including a subjective assessment of the
result. FIG. 14 illustrates a representative format in which this report can be presented.
[00105] By way of another example, the application can be used to determine the extent to
which the same procedure was performed, or at least initiated, multiple times on the same
patient. Gaining insight into the details of such repeat procedures can be an important step in
limiting the frequency with which this occurs. For example, having identified an occurrence
of a repeat procedure, the user may be able to identify what necessitated this, and take
appropriate steps towards ensuring it does not happen again in the future. In the context of
CT studies, a repeat injection analysis report can identify which CT studies had multiple
injection procedures performed. The report can be generated by determining, based upon an
analysis of the objection information provided from database 20, which injections share the
same study identification value. The application can then generate a report which provides to
the user in a visually perceptible form key information about these repeat procedures,
including an itemized list of each injection that was associated with that study, the injection
start date and time, injection termination status, volume of fluid delivered, peak pressure,
study description, patient ID, accession number, patient name, suite name, number of
syringes used for the study, or any similar pieces of information. Information in the report
can be provided to the application from database 20 where it can be parsed and populated in
the appropriate field of the report. FIG. 15 illustrates a representative format in which this
information can be presented.

[00106] By way of another example, the application can be used to compare information

about various complementary protocols. For example, a CT imaging procedure typically
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includes both a scan protocol and a complementary injection protocol. Based on information
about the various procedures that is stored in database 20, the application can analyze this
information and present the results in a manner that shows, for example, which injection
protocols were used most often with a particular scan protocol, or vice versa. From this, the
user can gain an understanding as to what protocols are most commonly used for specific
study types. It also allows a user to uncover mismatches between injection and scanner
protocols. FIG. 16 illustrates a representative format in which this information can be
presented. FIG. 17 illustrates a representative stack of information services, technologies
and software systems for enabling the collection, persistence and distribution of information
as taught herein.

[00107] In another aspect of the invention, a user display and interface in operative
communication with a contrast delivery system may be used to inform a scanner operator
about previous visits the patient had, such as whether there were any difficulties with the
scan, whether there were any adverse reactions, and what the patient’s aggregate exposure to
contrast agents and ionizing radiation over a selectable time period has been. This
information may be used to alter the methods for determining the optimal imaging data set
for the patient on the present visit. As exemplified in the non-limiting embodiment of the
display shown in FIG. 18, the operator of the imaging and injection system may quickly
review patient allergies, previous imaging protocols, and also ask for assistance from the on-
call radiologist who may be linked to the contrast injection system’s communication system
through a messaging system, such as Microsoft Corporation’s Lync technology, or Google
Corporations talk technology.

[00108] FIG. 19 represents a representative example of a display which can present
aggregated objective information (e.g. operational information) and subjective assessments as
collected by the system described herein. Display can also include a facility for displaying
performance metrics relative to regional or nationally aggregated values. These data could be
used to understand the performance of the department, facility and health system over a
period of time and also in comparison to external benchmarks.

[00109] In other non-limiting embodiments, the information collected can be subject to
further analysis in order to understand and correct how certain objective parameters about a
procedure affect the subjective quality of the procedure results. Collecting and storing
information about the objective and subjective aspects of a procedure according to the

methods and techniques described herein enables the system to continuously improve the
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quality of the procedure results by continuously monitoring and analyzing the objective
information which led to the highest quality results.

[00110] One non-limiting embodiment relates to the computation of the effect of scan
delay on the quality of the results of different imaging procedures.

[00111] For imaging modalties in which a bolus of contrast agent is injected, the delay
between the injection of the bolus (both the start and the finish) is a critical parameter for
determining physiological function, disease states and the optimal temporal window for
visualization of vascular structures (at CT, MRI, Ultrasound, nuclear medicine modalities).
The contrast agent bolus is used as tracer, in effect, to determine attributes of the diseased or
healthy organism. If a scan is initiated too early, erroneous diagnostic information may be
produced and likewise for when scan delays are too long. In simpler cases, the inappropriate
timing of the bolus relative to the scan acquisition may produce uninterruptable data sets. A
further challenge to contemporary medical imaging practice is that advances in scanner
system technologies has shortened the time needed to acquire a full diagnostic data set. This
is typically true for all imaging modalities — MRI, ultrasound, nuclear imaging and
particularly CT scanning. It is not uncommon to acquire a full imaging data set with the
latest CT scanners in less than one second. These very short scan acquisition times
underscore the criticality of timing the scanning with the arrival and passage of the contrast
bolus and its distribution in the body. Also, advances that offer multiple means to gate and
trigger the scanner relative to some physiologic event, such as the heart’s electro-mechanical
cycle, make possible that two patients scanned sequentially may have drastically different
scan delay and timing considerations.

[00112] The following methods may be used to compute the delay by using image data,
operational parameters of the injection system, and a synchronized time base. Assuming the
injection system and the imaging system share a common time-base, such as can be achieved
by the usage of time servers on a TCP/IP network (either by using the NTP or NNTP
protocols), information about the injection start and stop times for an injection system can be
collected at injection system and these values can be transmitted to database 20 upon
completion of the study. A software agent can also query the images for the patient’s study
when they are successfully transmitted to a medical record system such as PACS. The
software agent can traverse the study data from the acquired image. Preferably, the software
agent can exclude any non-primary or “secondary” series of images. Information about the
scan acquisition is often stored in the attribute fields of the image. For instance, the DICOM

standard requires the inclusion of “Scan acquisition” in the metadata of each primary
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diagnostic data set (DICOM attribute tag (0008 0032)). Using this information, the software
can then compute the difference between the acquisition time of the images and the start and
stop time of the contrast injection and this information can be stored in database. Scan delays
calculated for each series of images can then be stored in database and can be referenced
when retrospective analyses are done on the data to determine the quality of the results of the
procedure. If a study is deemed poor, for instance, the radiologist may be asked to consider
what scan delay was used. This knowledge can then be used in the aggregate for determining
best-practices and for establishing protocols or the ideal scan and injection parameters for a
future procedure of a patient who may have had multiple studies in the past which are stored
and made accessible through the system. A further illustration of the concept of calculating
scan delay is shown in FIG. 20 and 21.

[00113] In other non-limiting embodiments, the collected information can be used to help
develop parameters to use for a future imaging procedure. For example, a physician
interested in developing an imaging protocol for a particular patient may access database 20
to search for information about other procedures which involved patients of similar
demographics and which exhibited high quality results. The physician can then use
information about these past studies, along with the knowledge that these past studies resulted
in optimal image quality, in deciding the preferred protocol parameters for the upcoming
study. This suggested protocol, based on past results, can also be modified using, for
example, other available protocol generating techniques, including the modeling techniques
disclosed below. Database 20 can also serve as, or be integrated into, a central protocol
management application in which procedure protocols for a plurality of devices within and
across an institution are stored, labeled, and configured, and then delivered to any devices
that subscribe to these protocols.

[00114] For example, a physician may query database 20 for information about patients
having certain demographics, and specifically request only information about those
procedures in which a high quality image was achieved. In one non-limiting embodiment,
this query could request only those studies that have been marked as ‘“key practices” using
the key object selection technique described above, or a similar technique, or the query could
be directed to a “key practices” database which has been populated with only the records for
procedures that achieved some threshold quality measure. The physician will then receive, in
response to this query, information about procedures that involved a similar patient and
which produced optimal results. This information could serve to inform the physician as to

the best procedure parameters and aid in the development of a more effective protocol
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thereby reducing the chance of having to repeat the procedure. The physician can use this
guidance in developing the appropriate protocol for the patient at issue.

[00115] In some non-limiting embodiments, system 10 can be used in conjunction with
known protocol prediction modeling software which may be running on protocol
management application to simulate potential contrast enhancement outcomes and the impact
of scan timing and other objective parameters on image and outcome enhancements for that
patient. Such other models include those developed by Bae and set forth in K. T. Bae, J. P.
Heiken, and J. A. Brink, “Aortic and hepatic contrast medium enhancement at CT. Part I
Prediction with a computer model,” Radiology, vol. 207, pp. 647-55 (1998); K. T. Bae, “Peak
contrast enhancement in CT and MR angiography: when does it occur and why?
Pharmacokinetic study in a porcine model,” Radiology, vol. 227, pp. 809-16 (2003); K. T.
Bae et al., “Multiphasic Injection. Method for Uniform Prolonged Vascular Enhancement at
CT Angiography: Pharmacokinetic Analysis and Experimental Porcine Method,” Radiology,
vol. 216, pp. 872-880 (2000); U.S. Pat. Nos. 5,583,902, 5,687,208, 6,055,985, 6,470,889 and
6,635,030, the disclosures of which are incorporated herein by reference., as well as modeling
techniques set forth in United States Patent Number 7,925,330 to Kalafut et al., United States
Patent Application Publication Numbers 2007/0213662 to Kalafut et al., 2007/0255135 to
Kalafut et al., 2008/0097197 to Kalafut et al., 2010/0030073 to Kalafut, 2010/0113887 to
Kalafut et al., 2010/0204572 to Kalafut, and Published PCT Application Numbers
WO/2006/058280 to Kalafut et al., WO/2008/085421 to Kalfut et al., and WO/2006/055813
to Kalafut et al., the disclosure of each of which is incorporated herein by reference and made
a part hereof. The system can also enable the planning and simulation of image enhancement
based upon “what if” scenarios using device parameters such as tube voltage, maS (coupled
with noise figure), slice thickness and other attributes of the device. While the technologist
may change or alter parameter values as he or she sees fit, the modeling enabled at least in
part by the information collected in the present system serves as a good baseline.

[00116] Information about subsequent procedures, including both objective information
about the procedure and subjective information about the results thereof, can then serve as
inputs into the system to further inform future studies. This concept is described in certain
aspects above and is further illustrated by reference to the following non-limiting examples
which describe the workflow of a closed lpoop system using information that may be
contained in database 20 according to the present invention.

EXAMPLES
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[00117] One medical imaging procedure that has proven to be particularly challenging for
imaging clinicians to consistently perform is CT imaging of the pulmonary arteries after the
injection of iodinated contrast material to rule in or out the presence of thrombus or clot. The
image acquisition should ideally occur during the first-pass of the contrast bolus through the
pulmonary arteries and, thus, there are only seconds between the initiation of contrast agent
delivery and scan acquisition. If the scanner operator waits too long to scan, the contrast
bolus will have migrated out of the pulmonary arteries and the resulting images will have
insufficient confrast necessary to render a diagnosis. If the operator scans too early, the
contrast bolus is still in the peripheral veins. Factors affecting the transport of contrast
through the pulmonary vessels include the cardiac function of the patient, the age of the
patient, pulmonary insufficiency, and other patho-physiological patient factors. Many patients
who undergo CT to test for clot have multiple studies. The radiologist responsible for
determining the appropriate scanner and injection protocols for an individual patient may use
the methods of this invention to recall prior subjective and objective metrics of past exams.
If the patient had very poor study outcomes on previous imaging exams, an analysis of the
factors associated with the poor quality studies may be done by the system or with manual
intervention by the radiologist. The radiologist might, for instance, notice that because the
patient has very low cardiac function, that on the upcoming examination the technologist
should perform a test bolus injection of contrast to determine the actual propagation time of
contrast into the patient’s pulmonary arteries. The radiologist may also proscribe a scanner
protocol that exposes the patient to a minimal amount of radiation because the patient has had
10 CT studies over the past 12 months. These notations would be placed into an order that
the technologists running the scanner can review. All of the information and decision process
used by the radiologist for this case, including any results of the scan being performed, would
be persisted into the system for future review and enhancements through information
gathering methods as described herein.

[00118] Another challenging medical imaging examination is the detection, staging and
assessment of hepatic carcinomas. At both CT and MRI, the acquisition of multiple sets of
scans is necessary to ascertain and differentiate various types of tumors from benign cysts or
other structures. These exams are referred to as multiphase and sometimes “dynamic” studies
because the contrast distribution and absorption into diseased and healthy tissues changes
over various cycles of the contrast agent circulated throughout the vasculature and organs. A
scan is often made of the liver and other organs prior to the arrival of a bolus of contrasting

agent. Subsequent to this acquisition, a set of data are collected during the “first pass” of the
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agent during the so-called arterial phase. Later, a scan is made during the temporal period in
which the contrast agent is transported into the liver via the portal vein (the so-called “portal
phase”). Lastly, one or more scans may be made minutes later to determine how the contrast
agent is distributed. Certain tumor types attenuate differently at these phases of circulation —
they appear as hypo-intense or hyper-intense with respect the background of the parenchymal
tissues at the arterial and portal phases for instance. If the scans are made too late or too
early, the appearance of the tumor may be difficult to ascertain. Furthermore, when
quantitative methods are used to determine the area or volume of the tissue using WHO and
RECIST criteria systematic error may be introduced into these metrics if the contrast
opacification pattern in the tumor and the surrounding tissue is not consistent and reliable.
The methods taught herein may be used in these cases to better track, plan and optimize the
scan acquisitions relative to the injection of contrast, the settings of the scanner and attributes
of the patient, and information learned can be added to database 20 for further use.

[00119] In MRI hepatic imaging, the use of contrast agents comprised of gadoxetic acid
coupled with chelated gadolinium atoms for instance and that bind preferentially to
hepatocytes is becoming clinically routine. It is well known, however, there is variability in
the contrasting enhancement patterns using these agents as a function of the injection
protocol, the pulse sequences used, and most importantly patient attributes. It is believed that
certain genetic variations in patient (in particular proteins that affect the function of the
organic anion transport mechanisms in the liver) may cause very different enhancing patterns
in diseased and healthy patients. The database of prior imaging results and information about
the quality of those results as taught herein could be used to help ascertain better imaging
strategies for these patients. If there are data feeds from genomic and proteomic information
systems, these data can help inform the radiologist protocoling a patient when these
contrasting agents are proscribed. Moreover, information learned from the results of such
studies can then be added to database 20 to assist in ascertaining better imaging strategies for
future patients.

[00120] Although the present invention has been described in detail in connection with the
above embodiments and/or examples, it should be understood that such detail is illustrative
and not restrictive, and that those skilled in the art can make variations without departing
from the invention. The scope of the invention is indicated by the following claims rather
than by the foregoing description. All changes and variations that come within the meaning

and range of equivalency of the claims are to be embraced within their scope.
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THE INVENTION CLAIMED IS

1. A method of collecting and managing information relating to medical
imaging procedures, comprising:

collecting information about a plurality of medical imaging procedures from a
plurality of information sources, wherein the information collected for each of the medical
imaging procedures comprises objective information about the medical imaging procedure,
including at least information about the parameters of the medical imaging procedure and
information about a patient that underwent the medical imaging procedure, and a subjective
assessment of a result of the medical imaging procedure;

forming a plurality of procedure records, wherein cach of the procedure
records corresponds to one of the medical imaging procedures, and wherein each of the
procedure records comprises at least the objective information about the medical imaging
procedure and the subjective assessment of the result of the medical imaging procedure, and

storing the procedure records in a database, wherein the database is in

electronic communication with at least a portion of the information sources.

2. The method of claim 1, wherein the information sources include a

plurality of medical imaging devices.

3. The method of claim 1, wherein the information sources include at
least one medical record system comprising a digitized image or document that is associated

with one of the medical imaging procedures.

4, The method of claim 1, wherein the information sources include a

plurality of medical imaging devices and at least one medical record system.
5. The method of claim 3, wherein collecting information from the
medical record system comprises extracting information from the image or document using at

least one of optical character recognition and natural language processing,.

6. The method of claim 5, wherein the information is extracted from the

image using optical character recognition.
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7. The method of claim 6, wherein the optical character recognition is
performed using an optical character recognition engine comprising a font database, wherein
the font database comprises font characteristic information that has been specifically adapted

for use with the image.

8. The method of claim 7, wherein the optical character recognition
comprises a residual error correction process in which one or more errors that have occurred
during the optical character recognition are detected and corrected and information about the

errors is transferred to the font database.

0. The method of claim 5, wherein the information is extracted from the

image or document using natural language processing.

10.  The method of claim 9, wherein the natural language processing is
used to identify language within the image or document that is indicative of a subjective

assessment of the result of the medical imaging procedure.

11.  The method of claim 1, further comprising transferring the information
stored in the database to a data reporting and analysis application, wherein the data reporting
and analysis application generates one or more reports based on the information stored in the
database.

12.  The method of claim 1, wherein the subjective assessment of the result
of the medical imaging procedure is an individual’s opinion that relates to the quality of the

result of the medical imaging procedure.

13. The method of claim 1, wherein for at least a portion of the procedure
records, the information sources from which the objective information about the medical
imaging procedure and the subjective assessment of the result of the medical imaging

procedure are collected are different.

14.  The method of claim 1, wherein for at least a portion of the procedure
records, the information sources from which the objective information about the medical
imaging procedure and the subjective assessment of the result of the medical imaging

procedure are collected are the same.
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15. The method of claim 1, wherein at least one of the information sources
is a medical imaging device, wherein the medical imaging device performs a medical
imaging procedure and generates an electronic report thereof, and wherein the subjective
assessment of the result of the medical imaging procedure is entered into and stored as part of

the electronic report.

16.  The method of claim 15, wherein the subjective assessment is entered

into the electronic report at a user interface associated with the medical imaging device.

17.  The method of claim 15, wherein the subjective assessment is entered

into the electronic report at a computer workstation.

18.  The method of claim 15, wherein the electronic report is structured to
comprise a set of pre-defined attribute fields and the subjective assessment is entered into one

of the pre-defined attribute fields.

19. A method of determining a protocol for use in a medical imaging
procedure to be performed on a subject patient, comprising:

receiving demographic information about the subject patient;

accessing a database, the database comprising a plurality of procedure records,
wherein each of the procedure records corresponds to an imaging procedure that was
previously performed, and wherein each of the procedure records contains objective
information about the imaging procedure and a subjective assessment of a result of the
imaging procedure, the objective information including at least information about the patient
who underwent the imaging procedure and information on a protocol used for the imaging
procedure;

determining a suggested protocol, wherein the suggested protocol is
determined based on a consideration of the information about the subject patient and the
objective information and subjective assessments contained in the database; and

presenting the suggested protocol in a visually perceptible form.

20.  The method of claim 19, further comprising modifying the suggested

protocol.
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21. A method of collecting and utilizing information about a plurality of
medical imaging procedures, comprising:

receiving information about a subject patient on which a medical imaging
procedure is to be performed,;

accessing a database, the database comprising a plurality of procedure records,
wherein each of the procedure records corresponds to an imaging procedure that was
previously performed, and wherein each of the procedure records contains objective
information about the imaging procedure and a subjective assessment of a result of the
imaging procedure, the objective information including at least information about the patient
who underwent the imaging procedure and information on a protocol used for the imaging
procedure;

determining a suggested protocol, wherein the suggested protocol is
determined based on a consideration of the information of the subject patient and the
objective information and the subjective assessment contained in the plurality of records;

presenting the suggested protocol in a visually perceptible form;

performing the medical imaging procedure on the subject patient in
accordance with one of the suggested protocol and a modification thereof;,

providing a subjective assessment of a result of the medical imaging procedure
performed on the subject patient;

collecting objective information about the medical imaging procedure
performed on the subject patient and the subjective assessment of the result of the medical
imaging procedure performed on the subject patient;

forming a subject patient procedure record comprising the objective
information about the medical imaging procedure performed on the subject patient and the
subjective assessment of the result of the medical imaging procedure performed on the
subject patient; and

storing the subject patient procedure record in the database.

22.  The method of claim 21, further comprising:

receiving information about a second subject patient on which a medical
imaging procedure is to be performed;

accessing the database, the database further comprising the subject patient

procedure record; and
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determining a second suggested protocol, wherein the second suggested
protocol is determined based on a consideration of the information of the second subject
patient and the objective information and the subjective assessment contained in the plurality
of procedure records, including the objective information and the subjective assessment

contained in the subject patient procedure record.

23. A medical imaging system, comprising:

a plurality of medical imaging devices, wherein each of the medical imaging
devices is configured to perform a medical imaging procedure according to an imaging
protocol provided to the medical imaging device;

one or more protocol management applications, wherein each of the protocol
management applications is in electronic communication with one or more of the medical
imaging devices, wherein each of the protocol management applications is configured to
deliver the imaging protocol to the medical imaging device; and

a database in electronic communication with each of the protocol management
applications, wherein the database comprises a plurality of procedure records, wherein each
of the procedure records comprises objective information about a past medical imaging
procedure, including at least information about the parameters used in the past medical
imaging procedure and information about the patient that underwent the past medical imaging
procedure, and a subjective assessment of the result of the past medical imaging procedure,

wherein the database is in electronic communication with a plurality of
information sources configured to provide to the database objective information about
medical imaging procedures and subjective assessments of the results of the medical imaging

procedures.

24.  The medical imaging system of claim 23, wherein the information

sources include at least one medical record system.

25. A distributed system for determining a protocol for use in a medical
imaging procedure to be performed on a subject patient, the distributed system comprising:

a server having access to a database, the database comprising a plurality of
procedure records, wherein each of the procedure records corresponds to a past imaging
procedure, and wherein each of the procedure records contains objective information about

the past imaging procedure and a subjective assessment of a result of the past imaging
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procedure, the objective information including at least information about a patient who
underwent the past imaging procedure and information on a protocol used for the past
imaging procedure; and

one or more clients, each of the clients being in electronic communication
with the server and being configured to execute a protocol management application that is in
electronic communication with a medical imaging device;

wherein for each of the clients the protocol management application is
configured to (a) receive from the client information about the subject patient on which the
medical imaging procedure is to be performed, (b) determine a suggested protocol based on a
consideration of the information of the subject patient received from the client and the
objective information and the subjective assessment contained in the plurality of records
accessed from the database, and (c) deliver the suggested protocol to the medical imaging
device so as to enable the medical imaging procedure to be performed thereby on the subject
patient in accordance with one of the suggested protocol and a modification thereof by an

operator of the client.

26.  The distributed system of claim 25, wherein for each of the clients the
protocol management application is further configured to (i) enable the operator to make a
subjective assessment of a result of the medical imaging procedure that was performed on the
subject patient, (i1) collect objective information about the medical imaging procedure
performed on the subject patient and (iii) form a subject patient procedure record comprising
the objective information about the medical imaging procedure performed on the subject
patient and the subjective assessment of the result of the medical imaging procedure
performed on the subject patient; and (iv) store in the database the subject patient procedure

record.
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erTGg o

COMPARE. INJECTION PROTOCOLS TO PROTOCOLS USED ON THE SCANNER

CT SUIE

njector Protocol

Protocol Name

4

Multiple ltems)
All

THE PIVOT BELOW ALLOWS FOR SELECTION OF THE INJECTION PROTOCOL(INJECTOR) AND THE DISPLAY OF
ALL THE ASSOCIATED STUDY DESCRIPTIONS(SCANNER). IT SHOWS THE FREQUENCY THAT EACH SCANNER
PROTOCOL ALONG WITH CONTRAST BREAK DOWNS FOR EACH PROTOCOL. YOU CAN ALSO FILTER BY

Suite -
Values

Study Description (-] Injection | Utilization [Avg Flow Rate | Avg Delivered | Avg Wosted
SINUS FACIAL MAXIL CT 16 0.85% 2.05 ml/s 69.14 ml 433 ml
CHEST CT PE PROTOCOL W 68 3.62% 3.89 ml/s 82.55 ml 7.89 ml|
ABD PELCTWIVW PO C 670)  35.66% 2.56 mi/s 72,94 ml 3.04 ml|
ABD PEC CT W IV WO PO 858  45.66% 2.60 ml/s 72.01 ml 277 ml
NECK CT W CON 49 2.61% 2.28 ml/s 68.14 ml 499 ml
ABD PEL CT W IV WO PO CON 1 0.05% 3.14 mi/s 74.75 ml 23.96 mi
CHEST CT W CON 62 3.30% 2.64 mi/s 75.66 ml 311 _mi
ABD CT W IV WO PO CON 20 1.06% 2.52 mi/s 66.02 ml 717 ml|
55 2.93% 2.72 mi/s 69.77 ml 5.36 ml|
BRAIN CT WO CON 3 0.16% 2.10 mi/s 73.06 ml 091 ml

THE PNOT BELOW ALLOWS FOR SELECTION OF THE SCANNER PROTOCOL AND THE DISPLAY OF ALL THE
ASSOCIATED PROTOCOLS THAT WERE USED ON THE INJECTOR. IT SHOWS THE FREQUENCY THAT EACH
SCANNER PROTOCOL ALONG WITH CONTRAST BREAKDOWNS FOR EACH PROTOCOL. YOU CAN ALSO

SUBSTITUTE SHEET (RULE 26)

FILTER BY CT SUIE
| Scanner Study
Study Description |ABD PEL CT W IV W POC (v
Suite (AIl) -

Values
Protocol Name (-1 Injection | Utilization | Avg Flow Rate | Avq Delivered [ Avg Wasted
Protocol 2 1% 2.42 mi/s 71.07 ml 0.70 ml
ABD PEL* 525 28.94% 2.39 ml/s 73.06 ml 302 ml
ABD PEL 145 1.99% 3.17 mi/s 72.52 ml 3.12 ml
PE* 1 0.39% 2.63 mi/s 65.46 ml 3.03 ml
1 0.06% 0.00 mi/s 0.00 ml 0.00 ml
ABD - PELV W PATENCY* 2 0.11% 1.59 ml/s 37.48 ml 0.30 mi
P3T Abdomen 5 0.28% 2.71 mi/s 102.41 ml 0.75 ml
NECK* 3 0.17% 1.87 ml/s 73.78 ml 1.86 ml
CHEST OR ABD PELVIS* M 39.20% 2.11 mi/s 68.69 ml 5.10 ml
BRAIN C i FlO.OS% 2.11 ml/s 73.43 ml 1.09 ml
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Abstract

Provided is a method of collecting and managing information relating to medical
diagnostic procedures which includes collecting objective information about a
plurality of procedures and subjective information about the results of those
procedures. The objective information provides information about the parameters of
the procedure and the patient who underwent the procedure while the subjective
information includes an assessment of the quality of the results of the procedure. This
information can be stored in a database. The database can be accessed and the
information therein used in connection with understanding the results of past
procedures and planning for future procedures.
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