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1
INTELLIGENT PROMPTING

FIEL.D OF THE INVENTION

The present invention relates to methods and apparatus for prompting a list of
medical findings into a medical chart and more particularly to an electronic medical
systern which helps healthcare professionals create medical protocols or assist with
direct entry by prompting the healthcare professional with a list of additional medical

findings associated with the medical findings already entered into the protocoi.

BACKGROUND OF THE INVENTION

While many aspects of the operation and administration at hospitals and other

healthcare facilities have been computerized over the past years, one of the most
Important aspects, the generation of patient charts, the updating of these charts, the
review of the chart, and the generation of care plans by healthcare professionals such
as doctors, nurses, therapists, and the like, is still performed largely by hand. As a
result, while a patient chart of some type is normally generated shortly after a patient
is admitted to the healthcare facility for a particular service, for example, an intensive
care unit, cardiac surgery unit, or the like, the chart may not always be updated to
reflect actual progress by the patient.

When a patient comes into a health care facility, the patient may have
numerous related or unrelated problems that the healthcare provider will have to sort
through when determining what is wrong with the patient and what treatments should
be prescribed for the patient. The diagnostic step in the treatment of the patient can
thus be a very difficult process and arguably the most important step in treating a
patient. Today, most healthcare professionals must rély on their memory and
experience as well as written materials when making a diagnosis. Unfortunately, all
of the needed materials may not be available during the examination of the patient and
thus important questions may not be asked or tests performed which could help the
healthcare professional in determining the correct diagnosis for the problems being
experienced by the patient. Thus, it would be advantageous to allow healthcare

professionals to create medical protocols which prompt the healthcare professional
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with lists of questions that should be asked, symptoms to look for, and tests that
should be run, during the examination process.

Even after a diagnosis has been made and a care plan has been devised, the
patient chart may not be referred to when the healthcare professional is preparing

progress notes on the patient. Thus, there is no check to assure that the original

treatments have i fact been followed, or that proposed resolution dates in the chart
have been met or updated. When changes in the chart are made as a result of changes
in the status of a patient, such changes are frequently not entered in the original chart.
Thus, gdod archival records are not generally maintained for changes in treatment.
The professional notes for a particular patient frequently do not include an updated
version of the patient’s chart. Further, even though a form may be available for
progress notes, the form does not take into account the unique problems of the
individual patient, and does not give the healthcare professional a checklist of items to
be investigated for such problems or suggested interventions or resolution dates for
the particular patient problem. When changes are made or expected outcomes are not
achieved, the reasons for such occurrences are seldom provided, making any further
review far more difficult. Again, a good archival record of what has been done for
the particular patient i1s not readily available. Because of the absence of good archival
records, and the absence of reasons for changes or deviations, tracking a problem for
quality control, legal or other reasons is difficult, and it is difficult to research the
relative effectiveness of various interventions or to perform other research from the
records. .

The lack of a complete archival record can also cause significant problems for
healthcare professionals who must adequately document the examination and treatment
of patients whose medical bills are being paid by insﬁrance companies. If the
healthcare professional does not provide proper documentation, the insurance
companies will not pay the bills. Furthermore, healthcare professionals have less time
to spend with each patient these days. As a resuit, the healthcare professional does
not have time to figure out from the original chart and the added progress notes, if

they are available, the previous problems of the patient and what treatments were
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prescribed. Thus, the healthcare professional needs to have an easy way to review
charts for each patient.

Even with computer based patient chart and/or progress note systems, many of
the problems indicated above still exist. Such systems also in many instances lack

flexibility so as to be configurable by the healthcare professional so as to provide

specific help in determining diagnoses and for prompting the healthcare professional
with lists of symptoms, questions which shouid be asked and tests that should be
performed in certain circumstances. In addition, they frequently do not give the
healthcare professional the ability to add special instructions or to add items as
required. Further, it is generally not possible to obtain either an updated chart or
historical chart upon request. Thus, there is a need for a computer based medical
system which enhances the diagnostic capabilities of a healthcare provider, provides

initial patient charts as well as updated or historical care plans.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to overcome the problems cited above

by providing a method and apparatus for helping healthcare professionals create
clinical protocols or assist in direct entry of medical findings into a chart by
intelligently prompting a healthcare professional with medical findings associated with
at least one medical finding which has already been entered in the protocol. First of
all, at least one medical finding for a patient is inputted into the system wherein each
finding is assigned'a point value for each diagnosis within a knowledge base. A total
number of points for each diagnosis is then totalled for all of the findings which have
been entered into the system. The possible diagnoses are then ranked in descending
point total and a predetermined plurality of the hjghést ranked diagnoses are selected.
Once the highest ranked diagnoses have been selected, the healthcare professional is
prompted with additional findings associated with the selected diagnoses which have

not yet been inputted into the clinical protocol.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present invention will be
readily apparent to one of ordinary skill in the art from the following written
description, used in conjunction with the drawings, in which:

5 Figure 1 illustrates a block diagram of a computer based medical system
according to one embodiment of the present invention; and

Figure 2 1illustrates a flow chart describing the operation of one embodiment of

the present invention.

10 DETAILED DESCRIPTION
The present invention uses a computer based medical system to intelligently
prompt a healthcare professional with lists of medical findings the healthcare

professional can use when creating a clinical protocol. A block diagram of the

computer based medical system suitable for use in practicing the teachings of the
15 present invention Is illustrated in Figure 1. The medical system 10 contains a

processor 16 with one or more input devices such as a keyboard 18. The processor

16 also has a database file or memory 20 and a knowledge base file or memory 22.
The processor 16 operates a standard display controller 14 which in turn, controls a
display device 12 at the work station. The display device 12 can be any standard type
20  of display monitor, attached or wireless. Furthermore, the apparatus 10 can be
networked to other such medical systems not illustrated which can be placed around a
hospital or healthcare facility. This allows multiple people to use the medical system
for the same or for muitiple patients.
The present mvention is based upon medical findings. Medical findings are
25  defined as symptoms, history, physical findings, diagnoses, tests, and therapy which
may be present for a particular patient. The database file 20 contains over 50,000
such medical findings and are divided into categories such as symptoms, history,
physical findings, diagnoses, tests, and therapy. Furthermore, the descriptions of the
medical findings stored in the database file 20 are hierarchical and can have up to
30 eight levels of description. The first level gives the simplest explanation of a medical

finding, for example, a cough. The explanations become more detailed the lower the
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level. As noted above, a first level finding may be a cough, while a second level
finding may be a brassy cough. Another feature of the database file 20 is that all of
the medical findings are coded so as to be distinct from each other. For example,
each medical finding can be assigned an internal number which uniquely identifies that
particular medical finding. In addition, each medical finding also contains a code
which indicates which category within the database file 20 the medical finding is
associated with. For example, a medical finding may contain the code SYM to
indicate that the medical finding is associated with the symptoms section; HIS to
indicate that the medical finding is associated with the history section; PHY to
indicate that the medical finding 1s associated with the physical section; DIS to
indicate that the medical finding is associated with the diagnoses section; TST to
indicate that the medical finding is associated with the test section; and RX to indicate
that the medical finding 1s associated with the therapy section.

As noted above, the medical system 10 also contains a knowledge base file 22.
The knowledge base file 22 contains a detailed description of over 2,000 diagnoses.
The detailed description of the diagnoses uses the medical finding terms which are
stored in the database file 20. For each diagnosis, each medical finding associated
with the diagnosis is assigned a numerical value depending on how important such a
medical finding may be to the diagnosis. For example, in the detailed description of
the diagnosis for coronary artery stenosis, medical findings such as chest pain or
discomfort and dyspnea (shortness of breath), which are strong showings of coronary
artery stenosis, will be given high values while a lack of an appetite may not be
described in the diagnoses at all or given a very low value. In one embodiment of the

present invention, medical findings are assigned values between 1 and 20 wherein the
value 20 is the highest value that can be given to an irnportant medical finding,
however the invention is not limited thereto. Thus, the values assigned to each
medical finding within the detailed description is proportional to how important such a
medical finding is to the diagnosis. Furthermore, the values can vary for a given
medical finding depending on a plurality of factors such as age of the patient and
timeframe. i.e., when a symptom occurred in relation to other symptoms. For

example, a white blood cell count of 18,000 may be given a high value if the patient
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is an adult while the same medical finding is not given a value at all if the patient is a
new-born child because this is normal for a new-born child.

Here again, the medic;él ﬁndings used in the detailed descriptions of the
diagnbses are all coded, with their respective internal numbers. In addition, over
400,000 links are provided between the database file 20 and the knowledge base file
27 In other words, the findings in the database file 20 occur over 400,000 times m
the knowledge base memory 22. ‘

 The detailed description of the diagnoses stored in the knowledge base file 22
coritains lists of symptoms as well as personal and family history and physical' findings
which a patlent should or may have experienced. In addition, the detailed diagnoses
contain lists of tests, p0351ble therapies, and medications which should be prescribed
for the patient if the healthcare professional decides that the patient is experiencing a
particular illness or probiem. '

According to one embodiment of the present invention, it is possible for a
healthcare professional to use the present invention when creating clinical protocols
which can be used as a guideline for examining and treating a patient. The present
invention will now be described in more detail with reference to the flow chart
illustrated in Figure 2 which describes the operation of this embodiment of the present
invention. First of all, the healthcare professional may enter one or more medical
findings into the computerized medical system into a clinical protocol. Clinical
protocols are a structured combination of coded medical phases selected from a
structured medical database of coded phases and is presented in the order of
appearance desired by the healthcare professional. The healthcare professional selects
at least one medical finding to start creating the clinical 'prOtocol. '

Since the medical findings are coded, upon selection of the medical findings
for the clinical protocol, the entered information is automatically structured In the

protocol in the same format as the medical database used to build the protocols, 1.e.,

divided into specific sections. That is, symptoms automatically go 1nto the symptoms

section, physical findings go into the physical examination section, diagnosis goes Into

the assessment section, etc. The creation of protocols is described in U.S. Patent
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No. 5,794,208 issued 11 August 1998. The healthcare professional then selects the

intelligent prompting feature of the present invention by clicking on the feature which is
displayed on the display screen.

When the intelligent prompting feature is selected, the ‘computerized medical
sYstem takes each medical finding entered nto the proto¢§l builds an internal list of
possible diagnoses. The list of possible diagnoses is formed by using the point \}alues
assigned to each medical finding for each diagnosis stored m the knowledge base file
22. When all of the medical ﬁndings have been added together for each diagnosis,
the diagnoses are ranked In descending point total. The computerized medical system
then selects a predetermined number of diagnoses. For example, the computerized
medical system could select the top five diagnoses. It will be understood that while
the computerized medical system may be set to0 a default value, it may be possible for
a healthcare professional to change the 'systcm so as to only use, for example, the top

two diagnoses or the top 10 diagnoses, depending on the desires of the healthcare

professional.

Once the top diagnoses have been selected, the computerized medical system

- will prompt the healthcare professional with other medical findings which bave not

been entered into the protocol but which may occur or are associated with, the top
diagnoses. ..}'hus, with a list of medical findings displayed for the healthcare
professional, the healthcare professional can add new medical findings to the protocol
which will remind the healthcare professional to ask the patient whether thé patient is
exPeriencing’ other specific symptoms, has a certain family history, or the doctor can
check for certain medical or physical findings. '

Since the prompted list of medical findings may be quite large if there are
numerous highly descriptive diagnoses which are selected during the intelligcnt.
prompting feature, the present invention can rank all of the findings which have not
yet been entered into the protocol by the maximum range of points in each diagnosis.
Then, all tﬁe findings with less than a specific number of points can be eliminated
from the pfompted list, thereby not encumbering the healthcare professional with a

cumberscme list of possible medical findings. However, according to one
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embodiment of the present invention, all medical findings which are in the top two
hierarchical levels in the finding database are presented with the prompted list
regardless of whether their specified point totals are less than the predetermined
number. Furthermore, the prompted list of medical findings may be displayed in
descending point value.

For example, a healthcare professional may want to create a protocol for
patients experiencing chest pains. The healthcare professional may then enter the
medical findings of chest pain or discomfort and dyspnea into the computerized
medical system and select the intelligent prompting feature. The medical system will
add up all of the point totals for the chest pain or discomfort finding and the dyspnea
finding and generate an internal list of diagnoses. In this example, the medical
system will generate an internal list containing the following diagnoses: (1) coronary
artery stenosis, (2) angina pectoris, (3) chronic reflux esophagitis, (4) acute
myocardial infraction, and (5) pulmonary embolism. The system then generates a list
of all of the medical findings associated with the diagnoses in the internal list that
have not yet been entered into the protocol. The medical system will then prompt the
healthcare professional with a list of additional medical findings from which the
healthcare professional may select and add to the clinical protocol being created. As
explained above, the list of additional medical findings can be limited so as not to
encumber the healthcare professional with a cumbersome list of possible medical
findings. The healthcare professional, after adding several more medical findings,
may again select the intelligent prompting feature to generate a new list of diagnoses
and another prompted list of medical findings.

As noted above, the medical findings are divided into six subjects or sections
(symptoms, history, physical findings, diagnosis, tesfs, and therapy). Thus, the
healthcare professional may select from which section of medical findings the
healthcare professional wants to be prompted from when using the intelligent
prompting feature. For example, the healthcare professional may select the section of
symptoms when building the clinical protocol. Thus, the medical system will provide
a list of other symptoms from the top selected diagnoses generated by the intelligent

prompting feature.
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According to another embodiment of the present invention, the mntelligent
prompting feature can also be used when creating a patient chart. For example, after
the healthcare professional has entered several medical findings into a patient chart,
the healthcare professional can select the intelligent prompting feature. The medical
system will then generate a list of most likely diagnoses based upon the point values
assigned to the entered medical findings. A list of additional medical findings will
then be displayed on the display screen.

It will be appreciated by those of ordinary skill in the art that the present
invention can be embodied in other specific forms without departing from the spirit or
essential character thereof. The presently disclosed embodiments are therefore
considered in all respects to be illustrative and not restrictive. The scope of the
mvention as indicated by the appended claims rather than the foregoing description,
and all changes which come within the meaning and range of equivalents thereof are

intended to be embraced therein.
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The embodiments of the invention in which an exclusive property or

privilege 1s claimed are defined as follows:

1. A method for intelligently prompting a user with a list of medical findings

when the user is creating a medical document, comprising the steps of:

(a) inputting at least one medical finding into the medical document, wherein

each medical finding is assigned a point value for each diagnosis;

(b) calculating a total number of points for each diagnosis after the medical
findings have been entered;

(c) selecting at least one diagnosis.from those haVing highest point totals;

(d) prompting the user with a list of additional medical findings which are
associated with the selected diagnoses and which have not yet been inputted into the

medical document so that the user can select some of the additional medical findings

for addition to the medical document; and

(e) repeating steps (b)-(d) when additional medical findings are inputted into
the medical document so as to dynamically recreate the list of medical finding based

on all of the inputted medical findings, wherein the point value for each medical

finding for each diagnosis may change from the originally assigned point value with

the passage of time.

i..)z

2. A method according to claim 1,' wherein only findings with point values

above a predetermined level are provided to the user.

3. A method according to claim 1, further comprising the steps of:
ranking the possible diagnoses in descending point total value; and

selecting a predetermined plurality of highest ranked diagnoses.
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4. A method according to claim 3, further comprising the step of:

prompting a user with additional findings associated with the selected

diagnoses which have not yet been inputted.

5. A method according to claim 4, wherein only medical findings with point

values above a predetermined level are provided to the user.

6. A method according to claim 3, wherein the five highest ranked diagnoses

are selected.

7. The method of claim 1, wherein the point value of at least one of the

medical findings for at least one of the diagnoses is based on an age of the patient.

8. The method of claim 1, wherein the point value of at least one of the

medical findings for at least one of the diagnoses varies with an age of the patient.

9. The method of claim 1, wherein a point value of at Iéast one of the
medical findings for at least one of the diagnoses is based on when the at least one

medical finding occurred relative to others of the medical findings.

10. A device for intelligently promptipg a user with a list of medical
findings when the user is creating a medical protocol, comprising:

storage means for storing a list of" ﬁassible diagnoses and a plurality of
medical findings associated with each diagnosis, wherein each medical finding for

each diagnosis has been assigned a numerical value;

means for entering medical findings into said device and adding the entered

medical findings to the medical protocol;

means for calculating a point total for each diagnosis based upon the medical

findings which have been entered;
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means for selecting at least one diagnosis from those having highest point

totals; and

means for prompting a user on a display with additional findings which are
associated with the selected at least one diagnosis and which have not yet been
entered; '

wherein after the user adds at least one of the additional medical findings to
the medical protocol, the calculating means recalculates the point totals for each
diagnosis based on all of the medical findings in the medical protocol, the selecting

means selects at least one diagnosis from those having highest point totals, and the

prompting means prompts the user with additional finding which are associated with

the newly selected at least one diagnosis and which have not yet been entered.

11. A device according to claim 10, wherein only findings with numerical

values above a predetermined value are provided to the user.

12. A device according to claim 10, further comprising:
means for ranking the possible diagnoses in descending point total; and

means for selecting a predetermined plurality of a highest ranked diagnoses.

13. A device according to claim 12, further comprising:

means for prompting a user with additional findings associated with the

selected diagnosis which have not been entered.

14. A device according to claim 13, wherein only findings with point values

above a predetermined level are provided to the user.

15. A device according to claim 12, wherein the five highest ranked

diagnoses are selected.
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