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(57) Abstract: The current document is directed to methods and automated systems that assign individual medical codes selected
from one or more medical codebooks to electronic medical records. In certain implementations, the currently disclosed automated
systems generate multiple streams of medical terms or medical terms and phrases from an electronic medical record as well as mul -
tiple streams of medical terms or medical terms and phrases from individual medical codes contained within a medical codebook and
then use stream-comparison functionality to select those individual medical codes of the medical codebook most likely to be relevant
and related to the information encoded within the electronic medical record. In a disclosed implementation, the automated medic-
al-coding system includes comprehensive training and feedback components that allow the automated medical-coding system to be
trained and to continuously improve, over time, the accuracy, precision, and reliability of the assignment of medical codes to elec-
tronic medical records.
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METHODS AND AUTOMATED SYSTEMS THAT ASSIGN MEDICAL
CODES TO ELECTRONIC MEDICAL RECORDS

CROSS-REFERENCE TO RELATED APPLICATION
5 This application claims the benefit of Provisional Application No.
61/704,371, filed September 21, 2012.

TECHNICAL FIELD
The current document is related to electronic medical records and data
10 processing and, in particular, to methods and systems that analyze electronic medical

records in order to assign medical codes to the analyzed electronic medical records.

BACKGROUND
Over the past 20 years, the health-care industry has progressively
15 transformed record keeping and data processing to allow for an ever-greater degree of
automation, using modem economical computer systems with large data-storage
capacities and large computational bandwidths. It is expected that patient records and
information will soon be entirely encoded and maintained in electronic medical
records. Electronic medical records have many advantages over paper-document-
20 based files and older data-storage media, including cost efficiency, standardization,
rapid and straightforward transfer of electronic medical records among health-care
providers, health-care-providing organizations, and insurance companies, and
efficient processing and analysis of electronic medical records using powerful
application programs running on large, distributed computer systems, including
25 cloud-computing systems. Nonetheless, the information stored in electronic medical
records is often initially generated manually by a physician or other health-care
provider through dictation, electronic data-entry applications, and by other means.
During processing of an electronic medical record ("EMR"),
particularly for generation of a billing statement by a health-care provider for
30 submission to an insurance company, individual medical codes that are related to the
information contained within the electronic medical record {("EMR"), such as

individual medical codes selected from one or more of the various revisions of the
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International Classification of Diseases medical codebook, including the ICD9 and
ICD10 medical codebooks, the Current Procedural Terminology ("CPT") medical
codebook, the Systematized Nomenclature of Medicine ("SNOMED™) medical
codebook, and other medical codebooks, need to be identified and associated with the
EMR. The related individual medical codes, once identified for a particular EMR,
are incorporated within the EMR or associated with the electronic medical record.
The related individual medical codes may serve as easily processed summaries of the
mformation content of the electronic medical record that can be used by automated
systems to facilitate generation and processing of billing statements and may be used
for a variety of additional types of analyses, including various types of research,
quality-control, auditing, and other types of analyses carried out by, or on behalf of,
various types of health-care providers and health-care-providing organizations.
Traditionally, the identification and assignment of medical codes to
electronic medical records has been a largely manual or computer-assisted manual
task carried out by trained analysts. However, with the emergence of modem
ecopomical computer systems with large data-storage capacities and large
computational bandwidths, efforts have been undertaken to at least partially automate
the medical-code-assignment process. Unfortunately, to date, these efforts have
fallen short of desired accuracy, precision, and reliability. Researchers and
developers, vendors and manufacturers of automated systems, and, ultimately, health-
care providers and health-care-providing organizations continue to seek an automated
medical-coding system that provides adequate accuracy, precision, and reliability in

the automated assignment of medical codes to electronic medical records.

SUMMARY

The current document is directed to methods and automated systems
that assign individual medical codes selected from one or more medical codebooks to
electronic medical records. In certain implementations, the currently disclosed
automated systems generate multiple streams of medical terms or medical terms and
phrases from an electronic medical record as well as multiple streams of medical

terms or medical terms and phrases from individual medical codes contained within a
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medical codebook and then use stream-comparison functionality to select those
individual medical codes of the medical codebook most likely to be relevant and
related to the information encoded within the electronic medical record. In addition,
in a disclosed implementation, the automated medical-coding system includes
comprehensive training and feedback components that allow the automated medical-
coding system to be trained and to continuously improve, over time, the accuracy,
precision, and reliability of the assignment of medical codes to electronic medical

records.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides a general architectural diagram for various types of
computers, including computer systems that execute stored computer instructions that
implement an automated medical-coding system.

Figure 2 illustrates an automated process that assigns medical codes to
electronic medical records.

Figure 3 illustrates a stream-comparison operation used in
implementations of the currently disclosed methods and systems to evaluate
individual medical codes within a medical codebook with respect to a particular
EMR.

Figure 4 illustrates an additional granularity of learned weights within
certain implementations of the disclosed methods and systems.

Figure 5 illustrates use of the results of the stream-comparison
operation, discussed above with reference to Figures 3 and 4, to seclect a set of
medical codes with high probability of being related to the information contained
within an EMR,

Figure 6 illustrates training and feedback aspects of the disclosed
methods and systems.

Figure 7 shows an example of an electronic medical record.

Figures 8-10 provide high-level control-flow diagrams that illustrate

one implementation of an automated system that assigns medical codes to EMRs.
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Figures 11A-] illustrate generation of a number of example term or
term-and-phrase streams from the example EMR shown in Figure 7.

Figure 12 illustrates organization of a typical medical codebook.

Figure 13 illustrates one type of hierarchical organization within a
medical codebook.

Figures 14A-B show small portions of an actual medical codebook.

Figures 15A-D provide control-flow diagrams that complete the
description of one implementation of an automated medical-code assignment system
that includes references to Figures 8-10,

Figure 16 illustrates aspects of the training compare operation,
discussed above with reference to Figure 6, in which medical codes associated with
an EMR by an automated system are compared to the medical codes associated with
the same EMR by human analysts or by another method.

Figure 17 provides a control-flow diagram for the routine "training,”

called in step 806 of Figure 8.

DETAILED DESCRIPTION

The current document is directed to automated systems, and methods
mcorporated within the automated systems, that assign individual medical codes of
one or more medical codebooks to electronic medical records. These automated
medical-coding systems generate multiple streams of terms or multiple streams of
terms and phrases from electronic medical records ("EMRs") as well as from
individual medical codes selected from one or more medical codebooks and compare
the contents of the multiple streams in order to assign a score to individual medical
codes with respect to a particular EMR. Those individual medical codes with
computed scores most reflective of relatedness to the particular EMR are then
selected for annotation of the EMR.

It should be noted, at the onset, that the currently disclosed methods
carry out real-world operations on physical systems and the currently disclosed
systems are real-world physical systems. Implementations of the currently disclosed

subject matter may, in part, include computer instructions that are stored on physical
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data-storage media and that are executed by one or more processors in order to
analyze EMRs and to assign individual medical codes of one or more medical
codebooks to the EMRs. These stored computer instructions are neither abstract nor
fairly characterized as "software only" or "merely software." They are control
components of the systems to which the current document is directed that are no less
physical than processors, sensors, and other physical devices.

Figure 1 provides a general architectural diagram for various types of
computers, including computer systems that execute stored computer instructions that
implement an automated medical-coding system. The computer system contains one
or multiple central processing units ("CPUs™) 102-105, one or more electronic
memories 108 interconnected with the CPUs by a CPU/memory-subsystem bus 110
or multiple busses, a first bridge 112 that interconnects the CPU/memory-subsystem
bus 110 with additional busses 114 and 116, or other types of high-speed
interconnection media, including multiple, high-speed serial interconnects. These
busses or serial interconnections, in tum, comnect the CPUs and memory with
specialized processors, such as a graphics processor 118, and with one or more
additional bridges 120, which are interconnected with high-speed serial links or with
multiple controllers 122-127, such as controller 127, that provide access to various
different types of mass-storage devices 128, electronic displays, input devices, and
other such components, subcomponents, and computational resources.

Figure 2 illustrates an automated process that assigns medical codes to
electronic medical records. As shown in Figure 2, a sequence or set of electronic
medical records ("EMRs") 202 is input to an automated system 204 that assigns
codes to the input EMRs. The system analyzes the information content of each EMR
in the input set, identifies those individual medical codes within one or more medical
codebooks with highest probability of being related to the information contained
within each EMR, and electronically annotates each EMR with the identified
individual medical codes, outputting the code-annotated EMRs 206. The code-
annotated EMRs 206 may be stored temporarily or for a long period of time within
the automated medical-coding system 204 and/or transmitted by the automated

medical-coding system 204 to remote computer systems, including remote computer
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systems maintained by insurance companies and health-care-providing organizations.
In Figure 2, the code annotations are represented as tables, such as table 208, each
entry of which includes a medical code as well as a reference or pointer to a word,
phrase, sentence, or paragraph within the EMR to which the medical code is related.
In practice, each entry would generally contain at least one, and often, multiple
references to terms and phrases within the EMR. There are, however, many different
possible ways in which an EMR can be electronically annotated. For example,
related codes can be inserted directly into the text of an EMR. Alternatively, the
related codes may be stored in a second electronic document associated with the
EMR or may be altematively stored within indexed files, one or more database
systems, or other types of electronic data-storage facilities.

Figure 3 illustrates a stream-comparison operation used in
implementations of the currently disclosed methods and systems to evaluate
individual medical codes within a medical codebook with respect to a particular
EMR. The stream-valuation method produces a real-valued score in the range [0,1],
in this implementation. The larger the magnitude of the score, the greater the
probability that the individual medical code is related to, or applicable to, the
particular EMR with respect to which the individual medical code is evaluated in the
stream-comparison operation. Of course, an opposite convention can be used, in
which lower-magnitude scores indicate greater relatedness. Other conventions are
also possible. In Figure 3, the comparison of an individual medical code from a
medical codebook to the information contained within a specific EMR is illustrated.
The specific EMR 302 is described by the notation "EMR(x)." In general, an EMR is
a text file or document that describes a patient, a patient visit, a procedure, a patient
history, pharmaceuticals administered to the patient, and other such information. An
example EMR is discussed below.,

The medical codebook 304 is a generally voluminous compendium of
individual medical codes, including numeric or alphanumeric codes along with
textural descriptions of the codes. Medical codebooks are generally stored
electronically within any of various types of electronic data-storage devices or

systems. In many cases, medical codebooks are hierarchically organized into
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chapters and lower-level sections and subsections, as discussed further below. An
automated system can be controlled to extract individual medical codes and
associated descriptions from a medical codebook. In Figure 3, the automated system
has extracted a particular code 306, code(y), from the medical codebook 304.

The automated system generates multiple streams of terms or multiple
streams of terms and phrases from both the particular EMR, EMR(x), and the
particular code, code(y). In Figure 3, each stream of terms or terms and phrases is
represented by an arrow, such as stream 308 produced from the contents of EMR({(x)
302. In Figure 3, each stream is labeled with a stream identifier, such as the identifier
"emr;" 310 that identifies stream 308. The generation of the streams from the EMR
and individual medical code are discussed further, below. In general, each stream
comprises a sequence of terms or terms and phrases extracted from either the EMR or
individual medical code or from additional sources of terms or terms and phrases,
including medical dictionaries, portions of the medical codebook other than the
description of the individual extracted code, and other such sources.

In certain implementations, the streams are composed entirely of
terms. In other implementations, the streams may include both terms and short
phrases. In the latter case, the term and phrases may be separated by delimiter
symbols, such as commas.

As indicated in Figure 3 by dashed lines, such as dashed line 312, the
comparjson operation that generates a score for a particular EMR/individual-code
pair involves comparison of each possible pair of streams that include a stream
generated from the EMR and a stream generated from the individual medical code.
In other words, the stream-comparison operation involves a cross-product-like
comparison of all possible stream pairs that include a stream generated from the EMR
and a stream generated from the individual medical code.

As indicated in Figure 3, in one implementation, the score generated
by the stream-comparison operation for a particular individual medical code with
respect to a particular EMR, score(EMR(x),code(y)), is computed as a sum of terms

divided by a normalization constant:
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NC is a normalization constant;
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Thus, each term in the sum of terms is the product of a weight for a particular stream
pair and a term T, that is computed as a product of two quantities. The first quantity
5 has the value 1 when the size of the two streams is equal and decreases with
increasing disparity in the sizes of the two streams and the second term is the ratio of
the number of terms or terms and phrases common to both streams divided by the
total number of different terms or terms and phrases in both streams, represented in
the above equation using set intersection 1 and set union . The normalization
10 constant NC may be the total number of terms in the sum of terms used to compute
the score, but may also be a different normalization constant, in alternative
implementations. The weights W;; are learned by the automated system from
training data comprising EMRs with code annotations produced by either human
analysts or by some other means other than by the automated system that is being

15 trained. Training is discussed in greater detail below,

Thus, the score is computed as a weighted sum of terms, each term
reflective of the similarity between the terms or terms and phrases within each
possible pairwise combination of streams from the particular EMR and particular
code being compared with respect to the particular EMR. Over time, the automated

20  system adjusts the values of the different weights so that those pairs of streams most
reflective of the relevance of a particular code to a particular EMR provide greater
input to the final score generated in the stream comparison operation. The above

expression is but one possible approach to generating a stream-comparison score. In
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alternative approaches, the score may have both negative and positive values, such as
being in the range [-1,1], with the weights also having both positive and negative
values. The terms may be alternatively computed, in alternative implementations. In
general, the score reflects the likelihood that a particular code is related to a particular
5 EMR. The magnitudes of the individual terms in the expression for the score may
additionally provide indications of the particular terms or terms and phrases within
the EMR specifically related to a particular code, allowing the automated system to
map related medical codes from a medical codebook back to particular terms or terms
and phrases within an EMR to which they are related, thus providing the references

10 discussed above with reference to Figure 2.

Figure 4 illustrates an additional granularity of learned weights within
certain implementations of the disclosed methods and systems. As shown in Figure 4,
a medical codebook 402 may be subdivided into a set of two or more subcodes 404-
4G7. Each of the subcodes may then be associated with a different set of weights

15 408-411. During the stream-comparison operation discussed above with reference to
Figure 3, the weights associated with a subcode from which a currently considered
code is extracted and evaluated with respect to a particular EMR are used in the
scoring operation. Thus, the granularity of learning may descend to the level of an
arbitrary number of subcodes to improve scoring.

20 Figure 5 illustrates use of the results of the stream-comparison
operation, discussed above with reference to Figures 3 and 4, to select a set of
medical codes with high probability of being related to the information contained
within an EMR. As shown in Figure 5, the stream-compatison operation 502 on the
multiple term or term-and-phrase streams generated from a particular EMR 504 and

25 each of multiple codes selected from a medical codebook 506 generate a set of codes
associated with scores. These codes with associated scores are sorted, in descending
order, by the magnitude of the scores to generate a sorted list 508 of code/score pairs.
This assumes the convention in which scores with greater magnitudes In certain
implementations, the code/score pairs may be supplemented with a list of the basis

30 terms or terms and phrases in the EMR, shown in column 510 in Figure 5, that

contributed significantly to the magnitude of the score for the code. This list of basis
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terms or terms and phrases may subsequently be used to generate one or more

references that relate a particular code back to one or more terms or phrases within

the EMR to which the code is particularly related. Next, a threshold 512 is applied to

select the codes with the scores of greatest associated magnitudes as the codes to be

5 associated with, or applied to, the EMR 504. In an example shown in Figure 5, the

codes with associated scores having magnitudes greater than or equal to 0.75 are

selected as having sufficient probability of relatedness to information within the EMR

to be associated with the EMR. As discussed above with reference to Figure 4, the

stream-comparison operation may be employed to compare a given EMR with the

10 codes of a medical codebook or with the codes in a particular subset of the medical
codebook.

Figure 6 illustrates training and feedback aspects of the disclosed
methods and systems. As shown in Figure 6, a set of training EMRs 602 is processed
by the automated system 604 that assigns medical codes to EMRs to produce a set of

15 code-annotated EMRs 606, as discussed above with reference to Figures 2-5. Using
illustration conventions similar to those used in Figure 2, each processed EMR, such
as processed EMR 608, is associated with a set of codes, such as codes 610, with high
probabilities of being related to the information contained in the EMR. In a next step,
the same set of EMRs annotated by human analysts or by some other method 612 are

20 compared, EMR-by-EMR, in order to determine a level of correspondence between
the automatically generated medical-code assignments and those produced by human
analysts or other means. The results of these comparisons are then, in a third step,
used to adjusi weights and, in certain cases, one or more of the thresholds used in the
automated assignment of individual medical codes to EMRs 614 so that the

25  automated assignment of medical codes to EMRs more closely parallels or matches
the assignments made by human analysts or other means.

Figure 7 shows an example of an electronic medical record. The EMR
702 is shown as a text document. An EMR may be stored as an electronic text-based
document in any of many standardized and popular electronic document formats,

30 such as those used to store text documents for processing by any of many different

popular word-processing applications. An EMR may alternatively be stored within a
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database, various additional types of files, and in other formats and encodings. The
example EMR shown in Figure 7 is used, in subsequent figures and discussion, to
illustrate various aspects of the currently disclosed method and systems for automated
assignment of medical codes to EMRs.

5 Figures 8-10 provide high-level control-flow diagrams that illustrate
one implementation of an automated system that assigns medical codes to EMRs.
Figure 8 shows a control-flow diagram for the routine "automatic coding” that
represents the highest level of an example implementation of the currently disclosed
methods and systems. In step 802, the weights used to compute scores associated

10 either with entire medical codebooks or with subcodes selected from medical
codebooks are initialized along with additional parameters, such as various threshold
values. In certain cases, the initialization may rely on previously collected data and
results of training, may be empirically derived based on various considerations
related to the streams generated from EMRs and codes employed in the stream-

15 comparison operation, discussed above with reference to Figure 3, or may be set to
initial, neutral values, such as 0.5 for the weights used to compute scores produced by
the stream-comparison operation. Next, in the simple event loop of steps 804-809,
the routine "automatic coding” waits for a next event or input and then handles the
event or input. When the event or input is the availability of training data, as

20  determined in step 805, then the routine "training" is called in step 806 to carry out
the training and feedback discussed above with reference to Figure 6. When the
event is the availability of one or more EMRs to automatically assign codes to, as
determined in step 807, then, in step 808, the routine "coding" is called to carry out
automated assignment of codes to the EMRs, as discussed above with reference to

25 Figure 2. Other types of events or inputs are handled in step 809. These may include
administrative inputs and requests, requests to terminate automatic coding, requests
for storage, recovery, or transmission of EMRs with assigned codes, and many other
types of events and inputs. The current discussion focuses on the events that lead to
mnvocation of the routines "training" 806 and "coding” 808.

30 Figure 9 provides a control-flow diagram that illustrates the routine

]

"coding," called in step 808 of Figure 8. In step 902, the routine "coding" receives a
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set of EMRs for coding as well as an indication of an output channel to which the
coded EMRs are to be output. In the nested for-loops of steps 904-913, the routine
"coding" carries out a stream-comparison operation for each EMR of the set with
respect to each code in a medical codebook or medical-codebook subset. In certain

5 implementations, an EMR may be imtially evaluated to select a subset of codes
within each of one or more medical codebooks from which individual medical codes

are selected for evaluation, in order to more efficiently process EMRs. In step 905,

the routine "coding" calls the routine "EMR stream generation" to generate multiple
term or term-and-phrase streams from the EMR that is currently considered in the

10 outer for-loop of steps 904-906 and 910-913. In step 906, an asynchronous routine
"select codes" is called to initiate generation of term or term-and-phrase streams for
codes selected from a medical codebook or medical-codebook subset. In the inner
Jor-loop of steps 907-909, the routine "coding” carries out the stream-comparison
operation, represented by the routine "stream compare” in step 908, for each code in

15 the medical codebook or medical-codebook subset. As a result of execution of the
inner for-loop of steps 907-909, a set of codes and associated scores, as discussed
above with reference to Figure 5, is generated. In step 910, the routine "coding" calls

a routine to sort and threshold the set of codes and associated scores, as also
discussed above with reference to Figure 5. In step 911, the routine "coding” calls a

20  routine "final code selection" to use a thresholding method, or other method, to select
the codes that are most probably related to information contained in the currently
considered EMR, as also discussed above with reference to Figure 5. Then, in step

912, the routine "coding" calls a routine "apply codes to EMR," in step 912, to
generate a code-annotated EMR corresponding to the currently considered EMR, as

25 discussed above with reference to Figure 2. The outer loop of steps 904-906 and 910-
913 continues until the input EMRs have been annotated with codes. In step 914, the
code-annotated EMRs corresponding to the input EMRs are output to the output
channel. The output channel may indicate that the code-annotated EMRSs are to be
stored internally within the system, stored in an external data-storage device or

30 system, entered into a database, either internal or external to the automated-coding

system, or transmitted to a remote system, or another type of output operation.
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Figure 10 provides a control-flow diagram that illustrates the routine

"EMR stream generation” called in step 905 of Figure 9. In step 1002, the routine

"EMR stream generation” receives an EMR, namely the currently considered EMR in

the outer for-loop of Figure 9. In step 1004, the routine "sectionalize" is called in

5 order to identify sections within the EMR. In the for-loop of steps 1006-1011, each

identified section is processed. In step 1007, the currently considered section is

processed to add section-specific attributes or parameters to the section to facilitate

further processing. For example, a section header may indicate that the section

indicates conditions not present in a patient, as a result of which the section may be

10 associated with an aftribute to indicate that terms and phrases within the section may

be directed to a negation stream, as discussed further below. In step 1008, sentences

are identified within the section. In step 1009, scope detection, further discussed

below, is carried out within the section to identify terms or terms and phrases within

the section to be included within particular streams of terms or terms and phrases

15  generated from the currently considered EMR. In step 1010, concepts within the

section are identified. Next, in the for-loop of steps 1012-1014, medical keywords

related to each identified scope and concept type in the for-loop of steps 1005-1011

are gathered and mput into a term or term-and-phrase stream that is generated from

the currently considered EMR, as discussed above with reference to Figure 3. The

20 multiple term or term-and-phrase streams generated in the for-loop of steps 1012-

1014 are then made available, in step 1016, to the stream-comparison operation
represented by step 908 in Figure 9.

Rather than provide control-flow diagrams that describe the various

operations carried out in the for-loop of steps 1005-1011 in Figure 10, these

25 operations are illustrated with respect to the example EMR shown in Figure 7.

Figures 11A-J illustrate generation of a number of example term or term-and-phrase

streams from the example EMR shown in Figure 7. It should be noted, at the onset,

that these are example term or term-and-phrase streams and that many additional and

alternative types of term or term-and-phrase streams may be generated in various

30 different implementations. Furthermore, these streams may comprise individual
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terms, comma-separated terms and phrases, or other such types of information in
different implementations.

Figure 11A illustrates sectionalization of the example EMR, as carried
out in step 1004 of Figure 10. As shown in Figure 11A, the example EMR can be
divided into 12 different sections 1102-1114. The detailed implementation of the
sectionalization functionality, of course, depends on the format of content of the
EMRs processed by the automated system. In an example EMR, sections are
introduced by a section title followed by a colon, with the section title all in upper
case. Thus, the sections can be identified straightforwardly by finding these section
titles and including them with following information prior to the next section title.

Figure 11B illustrates the identification of sentences within the
example EMR, carried out in step 1008 of Figure 10. In Figure 11B, each identified
sentence is enclosed within a rectangle, such as rectangle 1116. Sentences may be
traditional English-language sentences that begin with a capitalized letter and end
with a pertod, but also may contain various separable phrases that constitute
incomplete sentences.

Figure 11C illustrates identification of medical terms and phrases
within the EMR. In certain implementations, only medical terms and phrases are
returned in the various term or term-and-phrase streams generated from the EMR for
use by the stream-comparison operation. In Figure 11C, those terms and phrases
identified as being medical terms and phrases are encircled with ellipses, such as
ellipse 1118. Medical terms and phrases can be found in any of many different types
of electronic references, or sources of medical terms and phrases, including online
medical dictionaries, texts, and compiled lists of medical terms and phrases stored on
one or more data-storage devices.

Figures 11D and 11E illustrate two examples of scope detection,
carried out in step 1009 of Figure 10. In a first type of scope detection, illustrated in
Figure 11D, words that introduce negated terms and phrases are identified and the
negated terms and phrases associated with these identified negative terms and phrases
are then extracted and added to a negation stream. In Figure 11D, the words that

mtroduce negated terms and phrases are enclosed within rectangles, such as rectangle
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1120. The medical terms and phrases that are negated by these terms and phrases are
underlined, such as the underlined terms 1122-1124. The negated terms and phrases
are then added to a negation stream 1126 as shown below the example EMR in
Figure 11D. In various implementations, additional processing of the terms or terms
5 and phrases added to the negation stream may occur. For example, acronyms may be
expanded and the various grammatical forms of an individual terms or terms within
phrase may be normalized and canonicalized. This type of processing may
accompany generation of any of the other streams generated from an EMR, examples
of which are discussed below. Figure 11E illustrates extraction of terms and phrases
10 for a non-patient stream based on identifying terms and phrases that identify or render
following or preceding terms and phrases likely non-patient terms and phrases. In
Figure 11E. the section title 1127 and phrase 1128 "family history" renders the
following underlined medical terms and phrases 1130-1134 to be likely non-patient
terms and phrases. Thus, these underlined terms and phrases are added to the non-

15 patient stream 1136,

Note that, in certain implementations, streams contain only terms, with
recognized medical phrases broken into individual terms during addition to the
streams. In other implementations, both terms and phrases are added to streams and
separated by commas. Many other types of streams are possible. It should also be

20 noted that, while there is an element of natural-language processing in the generation
of streams, such as recognizing words that render preceding or following terms to be
negated or that render preceding or following terms to be likely associated with
individuals other than patients, as in the examples of Figures 11D-E, this natural-
language processing need not be completely accurate and reliable in order to produce

25 precise and reliable automated medical-code annotation of EMRs. Because of the
presence of learned weights and because of the cross-product-like comparison of
many different possible stream pairs, the stream-comparison operation and other
features of the currently disclosed methods and systems can tolerate significant levels
of noise and incorrect identification of syntactical and semantic elements within an

30 EMR and still produce precise, accurate, and reliable medical-code annotation.
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Figure 11F illustrates generation of a body-part stream containing
terms and phrases related to body parts. The various terms and phrases, shown in
Figure 11C, identified to be medical terms and phrases can be subdivided into various
types or categories, such as medical terms and phrases related to body parts,

5 medications, diseases and syndromes, symptoms, and medical procedures. Those
identified medical terms and phrases related to body parts, shown within ellipses,
such as ellipse 1140 in Figure 11F, are collected into a body-part stream 1142,
Similarly, as shown in Figures 11G-J, a medication stream, a disease/syndrome
stream, a symptom stream, and a procedure stream may be generated by including in

10 those streams the identified medical terms and phrases related to medications,
diseases/syndromes, symptoms, and procedures.

The streams generated from an EMR are therefore sets of medical
terms or medical terms and phrases. They are referred to as streams because they are
stored and processed in a way that allows successive terms and phrases to be

15 extracted from the streams during the stream-comparison operation. There are many
possible implementations of term or term-and-phrase streams commonly employed in
a variety of different types of computational systems and applications.

Figure 12 illustrates organization of a typical medical codebook. The

medical codebook comprises a large set of individual medical codes described by

20 entries, such as entry 1202. In general, the entries are sequentially as well as
hierarchically orgamized. As shown in Figure 12, the medical codebook is partitioned
into chapters 1204-1206 and may be further partitioned, hierarchically, within
chapters into sections, subsections, and other levels of organization. In addition, the
medical codebook may have an index 1208 that lists medical terms or terms and

25 phrases along with references to individual medical codes, or entries, in the medical
codebook related to the medical tenms or terms and phrases.

Figure 13 illustrates one type of hierarchical organization within a
medical codebook. Figure 13 shows a portion of a chapter 1302 of a medical
codebook, the chapter including a chapter heading 1304 along with a chapter title

30 and/or description 1306. The chapter may include an "excludes" section 1308 that

lists various types of medical terminology and concepts to which entries within the
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chapter are generally not related. The chapter next contains individual-code entries.
In many cases, the individual codes are hierarchically organized. For example, a first
code 1310 within the chapter is represented by an alphanumeric code and includes a
description and/or title 1312, The entry for this code also includes an "excludes”
5 section 1314 and may include any of many additional sections. Following the initial
code 1310 are entries for hierarchically related codes 1316-1319. These related codes
represent a first hierarchical level of subcodes underneath the initial code 1310. A
medical codebook may include an arbitrary number of levels of hierarchical codes
below each first-level code. A medical-code chapter may include hundreds,

10 thousands, tens of thousands or more individual-code entries. The final first-level
code 1320 is shown at the end of the representation of the chapter 1302 in Figure 13.

Figures 14A-B show small portions of an actual medical codebook.
Figure 14A shows the beginning of a chapter within the medical codebook. This
portion of the medical codebook includes a chapter header 1402 and chapter

15 title/summary 1404. Next, there is an "excludes" section for the chapter 1406. There
may be additional sections and information pertaining to the chapter, as represented
by ellipses 1408. This chapter includes the top-level codes JOO through J99. The
entry for the code J38 begins with the code and a title/summary 1410 followed by an
"excludes" section 1412. Following the entry for code J38, an entry for the first,

20 next-lower-level code, J38.0, is shown 1414 followed by an entry for a next lower-
level code J38.00 1416. Figure 14B shows a small portion of an index for the
medical codebook illustrated in Figures 14A-B. In Figure 14B, a number of medical-
term entries 1420-1423 are shown along with associated references 1430-1436 to the
individual medical code J38.00 represented by entry 1416 in Figure 14A.

25 Figures 15A-D provide control-flow diagrams that complete the
description of one implementation of an automated medical-code assignment system
that includes references to Figures 8-10. Figure 15A provides a control-flow diagram
for the routine "select codes" called in step 906 of Figure 9. In step 1502, the routine
"select codes" receives a medical codebook. In the nested for-loops of steps 1504-

30 1514, the routine "select codes” considers each chapter in the medical codebook, each

code level within each chapter, and each code entry within each code level. For the
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currently considered chapter, the routine calls a routine "generate chapter streams,” in
step 1505. For each code level within the chapter, the routine calls the routine
"generate level streams” in step 1507. For each individual medical code entry within
each code level, the routine calls the routine "generate code streams” in step 1509.

non

5 The calls to the routines "generate chapter streams,” "generate level streams,” and
"generate code streams" prepare partial streams for all hierarchical levels above a
code that is currently considered within the outer for-loop of steps 904-906 and 910-
913 in Figure 9. In step 1510, the routine "select codes" waits for a request for a set
of term or term-and-phrase streams generated from a next considered code. That

10 request is made by the stream-comparison operation in step 908 of Figure 9. When a
next request is received, streams for a next code are made available to the stream-
comparison operation in step 1511.

Figure 15B provides a control-flow diagram that illustrates the routine
"generate chapter streams,” called in step 1505 of Figure 15A. A

15 chapter_keyword_stream is created to include those medical terms or medical terms
and phrases found in the chapter title and chapter description for the chapter within a
medical codebook in step 1520. In step 1522, a chapter_excluded_stream is created
to include medical terms or medical terms and phrases extracted from the excluded
section of the chapter. In step 1524, a chapter augmented stream is created to

20 nclude terms or terms and phrases related to the terms or terms and phrases in the
chapter keyword_stream and chapter_excluded stream as determined by reference to
any of various different types of electronic sources for related medical terms and
phrases.

Figure 15C provides a control-flow diagram for the routine "generate

25 level streams" called in step 1507 of Figure 15A. In step 1530, a
level keyword_stream, Jevel_excluded stream, and level augmented stream are all
set to the null set. Then, in the for-loop of steps 1532-1534, these three streams are
populated with terms or terms and phrases from keyword streams, excluded streams,
and augmented streams of all of the hierarchically related entries in levels above the

30  level of a currently considered entry.



WO 2014/047051 PCT/US2013/060128

10

135

20

25

30

19

Figure 15D provides a control-flow diagram for the routine "generate
code streams” called in step 1509 of Figure 15A. This routine generates the term or
term-and-phrase streams for a particular individual medical code within a medical
codebook. In step 1540, a keyword stream for the entry is created to include those
medical terms or medical terms and phrases within the title and description of the
medical codebook corresponding to the entry as well as all the terms or terms and
phrases included in the keyword stream for all related higher-level entries within the
medical codebook. In step 1542, the routine “"generate code streams" creates an
excluded stream that includes all the medical terms or medical terms and phrases in
the excluded section for an individual medical code within the medical codebook
along with excluded terms in higher-level, related entries. Similarly, in step 1544, an
augmented stream is created for the code entry to include terms related to the terms
already included in the keyword stream and excluded stream and also terms or terms
and phrases in the augmented streams of all higher-level related entries. In step 1546,
the routine "generate code streams"” creates an index stream for the entry that includes
medical terms or medical terms and phrases found in the index of the medical
codebook that include references to the current code entry. Finally, in step 1548,
medical terms or medical terms and phrases related to the terms or terms and phrases
in the index stream, found in various sources for related terms, such as electronic
medical dictionaries, are included in an index augmentation stream for the currently
considered code.

As discussed above, any particular implementation may use any of
many different types of term or term-and-phrase streams generated from EMRs and
from individual medical code entries within a medical codebook as a basis for
conducting the stream-comparison operation discussed above with reference to
Figure 3. The stream-comparison operation uses these streams in order to compute a
score, the magnitude of which is related to the probability that a particular individual
medical code within a medical codebook is related to the information contained
within a particular EMR.

Figure 16 illustrates aspects of the training compare operation,

discussed above with reference to Figure 6, in which medical codes associated with
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an EMR by an automated system are compared to the medical codes associated with
the same EMR by human analysts or by another method. At the top of Figure 16, an
EMR 1602 is subject to automated medical-code association to produce a set of
individual medical codes 1604 referred to as the set "predicted" 1606. In Figure 16,
5 individual medical codes are represented by lower-case letters. Thus, for EMR 1602,
the ten different individual medical codes represented by lower-case letters "a,” "b,"
"ot " e, M Mg ", ML and Mj" have been automatically associated with the
EMR and included in the set predicted. The same EMR has been analyzed by human
analysts, who have assigned nine different individual medical codes 1608 to the EMR
10 which are together considered to comprise the set "true" 1610. In other words, the set
"predicted" contains codes associated with the EMR by the automated medical-
coding system and the set "true" includes the codes associated with the EMR by

human analysts or by some other means.
A derived set and two different real-number values are next computed
15 from the sets "predicted" and "true." A set "correctlyAssigned” is constructed as the
intersection of the elements of the sets "predicted”" and "true" 1612. In the example
shown in Figure 16, the set "correctlyAssigned" includes five codes: "a," "¢," "e,"
"f," and "1." The value "precision" is computed as the ratio of the cardinality of the
set "correctlyAssigned” to the cardinality of the set "predicted” 1614. In the current
20 example, the value "precision” has the numeric value 0.5. Similarly, a real value
"recall" is computed as a cardinality of the set "correctlyAssigned” divided by the
cardinality of the set "true” 1616. In the current example, the numeric value of the
value "recall" is 0.56. As indicated 1618 in Figure 16, the values "precision” and
"recall" fall within the range [0,1]. When the sets "predicted” and "true" contain the
25 same codes, both the precision and recall have value 1.0. When the sets "predicted”
and "true" contain no common codes, the values "precision” and "recall" are both 0.0.

One measure of the error in automated code assignment is:
error = [2 — (precision + recall}}/2,

as shown 1620 in Figure 16. This error value can be used in order to adjust the
30 weights used to compute scores during training of an automated system that assigns

medical codes to EMRs. Weight adjustment is expressed by the pseudocode 1622
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shown in Figure 16. When a particular code, code(y), is associated by the automated

system with an EMR but was not associated by human analysts with the EMR,

representing case 1 1624, then any weights W,; within terms W;/T;; in the

computation of the score for the EMR and code that contributed significantly to the

5 score are adjusted downward 1626 by an amount proportional to the computed error

and the magnitude of the term. Similarly, when a particular code, code(y), was not

associated with EMR by the automated system but was associated with the EMR by

human analysts, representing case 1628, then all of the weights W;; within terms

W, T;, that did pot significantly contribute to the magnitude of the score computed for

10 the EMR in code are adjusted upward 1630. When the code, code(y), is both

predicted by the automated system and selected by human analysts, then no

adjustment to the weights is made 1632, This represents just one of many different

possible weight-adjustment schemes. In addition, the threshold used for selecting

related codes, discussed above with reference to Figure 5, can be adjusted upward or

15 downward to decrease or increase the number of codes typically associated by an
automated medical-coding system to an EMR.

Figure 17 provides a control-flow diagram for the routine "training,”
called in step 806 of Figure 8. In step 1702, the routine "training" receives a set of
EMRs with analyst-assigned codes. In step 1704, the routine "training” invokes the

20 routine "coding” to automatically assign codes to each of the EMRs in the received
set of EMRs. In step 1706, the routine "training" computes the precision and recall
for each of the EMRs, as discussed above with reference to Figure 16. In step 1708,
the routine "training” computes an average precision and average recall for all of the
EMRs in the set of received EMRs. When, as determined in step 1710, the average
25 preciston is greater than a first threshold and, as determined in step 1712, the average
recall 1s greater than the second threshold, the routine "training" returns, since
automated medical-code assignment is currently being carried out with sufficient
precision and accuracy, as encoded in the first and second thresholds. Otherwise, in
the for-loop of step 1714-1718, the weights used for computing scores are adjusted
30  according to the weight-adjustment procedure discussed above with reference to

Figure 16 or other such weight-adjustment schemes. Weight-adjustment schemes can
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be based on any of various different optimization procedures, such as Newton's
dissent and gradient-based procedures, and by many other types of procedures that
seek to train a system for accurate and precise prediction.

Although the present invention has been described in terms of

5 particular embodiments, it is not intended that the invention be limited to these
embodiments. Modifications within the spirit of the invention will be apparent to
those skilled in the art. For example, any of a variety of different implementations of
an automated medical-code-assignment system can be obtained by varying any of
many different design and development parameters, including programming

10 language, underlying operating system, modular organization, control structures, data
structures, and other such design and development parameters. A variety of different
specific implementations of the stream-comparison operation and comparison
operations used for training are possible. In alternative implementations, an
automated medical-coding system may assign sets of codes extracted from two or
15 more different medical codes to each EMR.

It is appreciated that the previous description of the disclosed
embodiments is provided to enable any person skilled in the art to make or use the
present disclosure. Various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined herein may be

20 applied to other embodiments without departing from the spirit or scope of the
disclosure. Thus, the present disclosure is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

25
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CLAIMS

L. An automated medical-coding system comprising:
OnNe Or MOTe Processors;
one or more memories; and
computer instructions stored in one or more data-storage components of the
automated medical-coding system that, when transferred to one or the one or more memories
and executed by one or the one or more professors, control the automated medical-coding
System fo
receive an electronic medical record,
generate multiple term streams from the electronic medical record,
for each of multiple individual medical codes of a medical codebook,
generate multiple term streams for the individual medical code,
compute a score for each of the multiple individual medical codes based on
comparing the term streams generated from the electronic medical record and the term
streams generated for the individual medical code,
select individual medical codes based on the computed scores,

annotate the electronic medical record with the selected individual medical

codes, and

store the annotated electronic medical record in one of the one or more
memories,
2. The automated medical-coding system of claim 1 wherein each term stream is one of:

a set of electronically stored terms that can be accessed term-by-term as a
stream of terms; and
a set of electronically stored entities, each entity a term or a phrase, that can be

accessed entity-by-entity as a stream of entities.

3. The automated medical-coding system of claim 2 wherein the automated medical-
coding system generates multiple term streams from the electronic medical record by:

identifying sections within the electronic medical record,;



WO 2014/047051 PCT/US2013/060128

24

for each identified section,
assigning section-specific atiributes to the identified section,
identifying sentences within the identified section, and
identifying medical terms within the identified sections associated with scopes
and concepts; and
creating a term stream for each of the scopes and concepts that includes identified
medical terms contained in the identified sections related to the scope or concept for which

the term stream 1s created.

4. The automated medical-coding system of claim 3 wherein the concepts and scopes
include:

a negation scope;

a non-patient scope;

a body-part concept;

a medication concept;

a disease/syndrome concept;

a symptom concept; and

a procedure concept.

5. The automated medical-coding system of claim 2 wherein the automated medical-
coding system generates multiple term streams for an individual medical code by:
for each chapter of a corresponding medical codebook,
generating multiple chapter term streams; and
for each code in the chapter,
creating multiple level term streams;
for each higher-level code hierarchically related to the code,
for each of the multiple created level term streams,
adding the contents of a term stream associated with the
higher-level code to the created level term stream,;

creating multiple term streams for the code;
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for each of the multiple created code term streams that corresponds to
a created level term stream, adding the contents of the created level term stream to the created
code term stream; and

for each of the multiple created code term streams that corresponds to
a created chapter term stream, adding the contents of the created chapter term stream to the

created code term stream.

6. The antomated medical-coding system of claim 5 wherein the multiple term streams
for an individual medical code include:

a keyword term stream that includes medical terms contained in a title and description
of the individual medical code, any higher-level medical codes hierarchically related to the
individual medical code, and the chapter containing the individual medical code;

an excluded term stream that includes medical terms contained in an excluded section
of the individual medical code, any higher-level medical codes hierarchically related to the
individual medical code, and the chapter containing the individual medical code; and

an augmented term stream that includes medical terms or terms and phrases related to
the medical terms or terms and phrases contained in the keyword term stream and the

excluded term stream obtained from one or more sources of medical terms and phrases.

7. The automated medical-coding system of claim 6 wherein the multiple term streams
for an individual medical code further include:

an index term stream containing medical terms or medical terms and phrases related
1o the individual medical code in one or more indexes of the medical codebook; and

an augmented index term stream containing medical terms or terms and phrases
related to the medical terms or terms and phrases contained in the index term stream obtained

from one or more sources of medical terms and phrases.

8. The automated medical-coding system of claim 2 wherein the score is computed as a
sum of weighted terms, one weighted term for each pair of term streams that includes a term
stream selected from the multiple term streams generated from the electronic medical record

and a term stream seclected from the multiple term streams generated for the individual

medical code.
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9. The automated medical-coding system of claim 8 wherein each weighted term
ncludes:
a weight factor; and

a term composed of a first factor and a second factor.

10.  The automated medical-coding system of claim 9

wherein the first factor is related to a disparity in sizes of the two streams for which
the term is computed; and

wherein the second factor is related to a ratio of the cardinality of a set intersection of
the two streams for which the term is computed to the cardinality of a set union of the two

streams for which the term is computed.

11.  The automated medical-coding system of claim 2 wherein the automated medical-
coding system selects individual medical codes based on the computed scores by one of:
selecting individual medical codes associated with computed scores that indicate
relatedness to the electronic medical record greater than a threshold relatedness; and
selecting individual medical codes associated with computed scores that indicate

relatedness to the electronic medical record greater than or equal to a threshold relatedness.

12. The automated medical-coding system of claim 2 further comprising a training mode
in which the automated medical-coding system adjusts weights used in computing scores for
each of the multiple individual medical codes based on comparing the term streams generated
from the electronic medical record and the term streams generated for the individual medical
code by:
receiving a set of electronic medical records to each of which a first set of individual
medical codes have assigned by human analysts or another method;
assigning a second set of individual medical codes to each of the electronic medical
records in the set of electronic medical records by
generating multiple term streams from the electronic medical record,
for each of multiple individual medical codes of a medical codebook,

generating multiple term streams for the individual medical code,
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computing a score for each of the multiple individual medical codes based on
comparing the term streams generated from the electronic medical record and the term
streams generated for the individual medical code,
selecting individual medical codes based on the computed scores;
for each of the electronic medical records in the set of electronic medical
records,
comparing the first and second sets of individual medical codes to
compute a precision metric and a recall metric,
computing an error based on the precision metric and the recall metric,
adjusting the weights based on the computed error and on the first and

second sets of individual medical codes.

13.  The automated medical-coding system of claim 12 wherein comparing the first and
second sets of individual medical codes to compute a precision metric and a recall metric
further includes:

generating a set of accurately predicted individual medical codes as a set intersection
of the first and second sets of individual medical codes;

computing the precision as the ratio of the cardinality of the set of accurately
predicted individual medical codes to the cardinality of the second set of individual medical
codes; and

computing the recall as the ratio of the cardinality of the set of accurately predicted

individual medical codes to the cardinality of the first set of individual medical codes.

14.  The automated medical-coding system of claim 13 wherein computing an error based
on the precision metric and the recall metric further comprises computing the error based on

subtracting the precision and the recall from 2.

15. The automated medical-coding system of claim 14 wherein adjusting the weights
based on the computed error and on the first and second sets of individual medical codes

further comprises:
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when an individual medical code is in the first set of individual medical codes but not
in the second set of individual medical codes, raising weights of terms greater than a
threshold value; and

when an individual medical code is in the second set of individual medical codes but
not in the first set of individual medical codes, lowering weights of terms greater than a

threshold value.

16. A method that automatically assigns individual medical codes to an electronic
medical record within a system that includes one or more processors and one or more
memories, the method comprising:

receiving an electronic medical record,

generating multiple term streams from the electronic medical record,

for each of multiple individual medical codes of a medical codebook,

generating multiple term streams for the individual medical code,

computing a score for each of the multiple individual medical codes based on
comparing the term streams generated from the electronic medical record and the term
streams generated for the individual medical code,

selecting individual medical codes based on the computed scores,

annotating the electronic medical record with the selected individual medical codes,
and

storing the annotated electronic medical record in one of the one or more memories.

17. The method of claim 16 wherein each term stream is one of:

a set of electronically stored terms that can be accessed term-by-term as a stream of
terms; and

a set of electronically stored entities, each entity a term or a phrase, that can be

accessed entity-by-entity as a stream of entities.

18. The method of claim 17 wherein generating multiple term streams from the electronic
medical record further includes:
identifying sections within the electronic medical record;

for each identified section,
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assigning section-specific attributes to the identified section,
identifying sentences within the identified section, and
identifying medical terms within the identified sections associated with scopes
and concepts; and
creating a term stream for each of the scopes and concepts that includes identified
medical terms contained in the identified sections related to the scope or concept for which

the term stream is created.

19. The method of claim 17 wherein generating multiple term streams for an individual
medical code further comprises:
for each chapter of a corresponding medical codebook,
generating multiple chapter term streams; and
for each code in the chapter,
creating multiple level term streams;
for each higher-level code hierarchically related to the code,
for each of the multiple created level term streams,
adding the contents of a term stream associated with the
higher-level code to the created level term stream;
creating multiple term streams for the code;
for each of the multiple created code term streams that corresponds to
a created level term stream, adding the contents of the created level term stream to the created
code term stream; and
for each of the multiple created code term streams that corresponds to
a created chapter term stream, adding the contents of the created chapter term stream to the

created code term stream

20.  The method of claim 17 wherein the score is computed as a sum of weighted terms,
one weighted term for each pair of term streams that includes a term stream selected from the
multiple term streams generated from the electronic medical record and a term stream

selected from the multiple term streams generated for the individual medical code.
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PRIMARY CARE PHYSICIAN; [name]

PROBLEM LIST:

1. Hyperlipidernia,

2. Chronic low back pain.

3. New onset atrial fibriffation.

4. Chest pain and exercise intolerance associated with atrial fibrillation,

MEDICATIONS:

1, Digoxin 0.25 mg q.d.

2. Crestor 1 g.d.

3, Zetia 10 mg q.d.

4. Coumadin 5 mg as directed by Dr. [name].
3. Teprol-XL 200 mg b.i.6.

CHIEF COMPZAINT: {patient] is a 68-year-old lady ! was asked to see in cansultation by Dr. {name] for evaluation of atrial fibrillation. The
patient had onset of palpitations on 10/07/2008 which she recalls distinctly. She saw Dr. [name] within a few days and he noted she was in
atrial fibrilfation and started Coumadin. Of note, she is already on Toprol-XL 2pparently for hypertension, She is active and played singles
tennis until October. Since manth, she noted marked!ly decreased energy and chest tightness almost every day that does not appear to be
associated with exertion. She does note, however, dyspnea on exertion without orthcpnea, PND, or edema. She has had no syncope but has
had some lightheaded spells with diaphoresis, She denies any neurcicgic symptorns or any bleeding problems on Coumadin. She has been
on Coumnacir for about two weeks now.

ALLERGIES: MNe medicationallergies. No contrast aliergy,

REVIEW OF SYSTEMS: Notable for chronic fower back pain and problems as cited above. Otherwise, review of systems i documented on
sheet dated 11/03/2008.

FAMILY HISTORY: There is a family history of colorectal cancer, lung cancer, prostate cancer, cardiac disease, and Alzheimer diszase
SOCIAL HISTORY: She does not smoke. Occasionally drinks wine. Sheis a retired teacher.

PHYSICAL EXAM: Blood pressure is 138/83. Heart rate is 108.

General: 3heis 3 pleasant, middie-aged lady in no apparent distress.

Neck: NoJVD. Carotid upstrokes are normal without bruits. No lymphadenropathy ar thyromegaly.

Mental Status Exam: Alert and ariented x3,

Neuro: Cranial nerves [1-Xil are intact. Motor strength is 5/5 bilaterally.

HEENT: Pupils are equal, reund, and reactive ta light. Extraocular movements are intact. Oropharynx is benign.
Lungs: Clear toauscultation.

Cardiac: Irregular, normai 51 and 52 without murmur, 53, or rub,

Abdomen: Bowel sounds are active, soft, and nentender without hepatosplenomegaly,

Extremities: No clubbing, cyanosis, or edema,

EKG performed in the office and reviewed by me shows strial fibrillation with a ventricular responsa rate of about 108, Mild nonspecific ST-T
wave changes are noted.

IMPRESSION: {patient] has recent onset atrial fibrillation as best | can te#f, This Is poorly tolerated with significant exercise intolerance and
sotne atypical chest discomfort,

PLAN:

1. Check PT/iNR.

2. Stress nuclear study next week,

3. TEE cardioversion next week, The patient understands indications and risks and wishes to praceed.

4. Continue current medications, although we will plan on holding the Toprol-XL and digoxin on the day of cardioversion,

FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 2014/047051 PCT/US2013/060128

-
8/29

( automatic coding

Y

802
initialize weights and /

other parameters

/ 804
wait for event or input

h 4

/ 806

training

/ 608

coding

809
handle any nan- /

training and non-
coding events

FIC. 8

SUBSTITUTE SHEET (RULE 26)



WO 2014/047051 PCT/US2013/060128

__|_
9729

( coding i

A 4

recelve set of EMRs for / 902
coding and output

channel

904
/

for each EMR in set

F
L
Y

914 ™| output coded EMRs to
output channel 905
EMR stream /

generation

more EMRs in
stream?

906
sefect codes /

912 \ apply codes to h 4

EMR 907
for each code in /

selected codes

F

911 final cod
S e 08

stream compare

910 \ sort and threshold

codes by score

FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 2014/047051 PCT/US2013/060128

+
10729

EMR stream
generation
A

1002
receive EMR —

sectionalize

h 4

100
for each section — 5

v
1007
section-specific —
procassing
1016 S| make keyword streams
available Y
1008
identify sentences ~
1014 .
more scopes and
concepts 4
? 1009
scope detection ~
1013 gather keywaords from Y
| EMR related to scope 1010
or concept into ) coqcep? /
keyword stream identification
A
1012 ™| foreach scope and

coneept type sections

FIG. 10

SUBSTITUTE SHEET (RULE 26)



WO 2014/047051 PCT/US2013/060128

+
11/29

/

1102 ~J
1 1 04 PRIMARY CARE PHYSICIAN: fname]
~d PROBLEM LIST:
™~ | 1 Hyperlipidamia,
2. Chronic low back pain,
3. New onset atrial fibrillatign.

4. Chest pain and exercise intoleranca associzted with atrial fibrillation ]

‘| 1 05 ~ MEDICATIONS:
S~ | 1. Digoxin 0,25 mgq.d.

2. Crestor 1g.d.

3. Zetia 10 mg g.c.

4, Coumadin 5 mg as directed by Dr, [name).
5. Toprok-XL 200 mg ki,

,E 1 06 CHIEF COMPLAINT; [patient] is 3 68-year-old lady | was asked to see in consultation by Dr. [rame] for evaiuation of atria! fibrillation, The
\\ patient had onset of paipitations an 10/07/2008 which she recalls distinctly. She saw Dr. fname] within 2 few days and ha noted she was in

atrial fibrifation and started Coumadin. Of nate, she is siready on Toprol-XL apparently for hypertension. She is active and played singlas

tennis until Cctober. Since menth, she noted markedly decreased energy and chest tightness almost every day that does not appear to be

associated witk exertion, She does note, however, dyspnea on exertion without orthopnea, PND, or edema. $he has had no syncape but has

had some lightheaded spelis with diaphoresis, She denies any neurolagic symptoms or any bleeding problems on Coumadin. She has been

on Coumadin for aboul two weeks now,
1107 -

/

ALLERGIES: No medication allergies. No contrast allergy.

1 1 08 \\ REVIEW OF SYSTEMS: Notable for chronic lower back pain and problems as cited above, Otherwise, review of systems is documented on
1 1 0 9 sheet dated 11/03/2008,
-
.

1110 <

FAMILY HISTORY: There isa family history of colorectal cancer, kung cancer, prostate cancer, cardiac disease, and Alzheimer disease

/

SOCIAL HISTORY: She does not smoke. Occasionally drinks wine. She is 2 retired tescher,

PHYSICAL EXAM: Blood pressure is 138/88. Heart rate is 105,

General Sheisa pleasant, middle-aged lady in no apparent distrass,

Neck: No JVD. Carotic upstrokes sre normal without bruits. No lymphadenopathy or thyromegaly.

1 1 1 1 ~ Mental Status Exam: Alert and oriented x3.

Neura: Cranial nerves [1-X) are intact. Motor strength s 5/5 bilaterally.

HEENT: Pupils are equal, round, and reactive to light. Extraocular movements are intact. Gropharynx is benign.
Lungs: Clear to auscultation.

Cardiac: Irregular, normai 81 and 52 without murmur, 53, or rub,

Abdomen; Bowel sounds are active, soft, and nontender without hepatosplenomegaly.

Extrernities: No clubhing, cyanosis, or edema.

1112
1113 <

. | EKG performed inthe office and reviewed by me shows atrial fibrillation with 2 ventricular response rate of about 108, Mild nonspecific ST-T
wave changes are noted.

I~ | IMPRESSION: [patient] has recent onset atrial fibrillation as best | can tell, This is poorly tolerated with significant exercise intolerance and
some atypical chast discomiort.

PLAN:
1 1 14 . 1. Check PT/INR.

2. Stress nuclear study next week.
3. TEE carclioversion next weak. The patiett understands indications and risks and wishes to proceed,
4. Continue current medications, although we will plan on holding the Toprol-XL and digoxin on the day of cardioversion.

FIG. 11A
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PRIMARY CARE PHYSICIAN: [name]
PROBLEM LIST:

2. Chronic low back pain,l
3. New onset atrial fibrillation. |
4. Chest pain and exercise intolerance assoclated with atrial fibrillation, |

MEDICATIONS:

i. Digoxin 0.25 mg q.d. |

2. Crestor1 q.d.l

3 Zetia 10 mg g.d. ]

4. Coumadin 5 mg as directed by Dr. {name], |

5. Toprol-Xt. 200 mg b.i.d. i

CHIEF COMPLAINT: |[patient] is a 68-year-old lady | was asked to see in consultation by Dr. [name! for evaluation of atrial ﬂbrillation.]Ehe
Eatient had enset of éaléitatinns an 1020722008 which she recalis d‘lstinctlE. Ehe saw Dr. [name} within a few days and he noted she was in

atrial fibrillation and started Coumadin. mm M
tennis until Octeber] Since month, she noted markedly detreased energy and chest Gghtness almost every day That does fiol appear ta be.
assoclated with exertion] [She does note, however, Byspnea on exertion without orthopnea, PND, or edema ][She Fas had 1o syncope but has
had some fightheaded speils w ghtheaded spells with diaphoresis.|[She denies any neurologic symptomns of any bleeding prablems on Coumadin.|[She has been

on Coumadin for about twe weeks now.

ALLERGIES: | No medication aliergies."Nn contrast allerg',r.l

REVIEW OF SYSTEMS:| Netable for chrenic lower back pain and problems as cited above [Qtherwise, review of systems is documented on

sheet dated 1120322008.'

FAMILY HISTORY: [There is a family history of colorectsl cancer, lung cancer, prostate cancer, cardiac disease, and Aizheimer disease

SOCIAL HISTORY: Eshe does not smoke."Occas'mnaiiy drinks wine,”She is a retired teacher.

PHYSICAL EXAM: |Blood pressure is 138/88, %Heart rateis 108.2

General: |she is 3 pieasant, middle-aged lady in ne apparent distress.

Neck: {Ne¢ JVD. ||Casotid upstrokes are normal without bruits INo Ilymphadenapathy or thyromegaly,

Mental Status Exam: [Alert and oriented x3.

Neuro: [Eranial nerves .1l are mtact j[Motor strength s 5/5 bilaterally,]

HEENT: {Pupils are equal, round, and reactive te fight.J{Extraocular movements are intact) [Dropharymx is benign.]
Lungs: [Clear to auscultation.]

Cardiac: |irregular, normal 1 and 52 without murmuz, $3, or rub

Abdomen: [Bowel sounds are active, soft, and nontender without hepatosplenomegaly.

Extremities: No clubbing, cyanosis, or edema.

[EKG performed in the office and reviewed by me shows atrial fibrilation with a ventricular response rate of about 108 [{Mild nenspecific ST-T

wave changes arg noted.i

IMPRESSION: [[patient] has recent onset atriat fibriflation as best I can tell.|[This i ponrly tolerated with significant exerciee intolerance and
some atypical chast discomfort |

PLAN:
[he patient understands indications and risks and wishes to procead.

[4. Continue current medications, although we will plan on holding the Taprol-XL and digoxin on the day of cardioversion

FIG. 11B
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PRIMARY CARE PHYSICIAN: [name]
PROBLEM LIST:

1118
/

4.nd exercise intolerance associated withGtrial fibrillatic

MEDICATIONS:

4.Courmadins mg as directed by Dr. fname],

5.oprol-XC300 mg b.id,

CRIEF COMPLAINT: {patient] is a 68-year-old lady | was asked to see ia consultation by Dr. [name] for evaluation of3trial fibrillationf, The
patient had onset on 10/07/2008 which she recalls distinctly. She saw Or. [name] within a few days and he noted she was in

atrial fibrillation and sta rth note, she is already oparently fShe is active and played singles

tennis until October. Since month, she noted markedly decreased energy an ightness almost every day that does not appear to be

associzted with exertion. She does note, however,n exertion without@rthopreaxfND) DI’ She has had no syncope but has

had some lightheaded spells wit She denies any neurclegic symptoms or eny@leecingproblems o She has begn

onoumatiitor sbout two weeks now.

ALLERGIES: No medication allergies. No contrast aliergy.

REVIEW OF SYSTEMS: Notsble for chronicgwer back paiband problems as cited above. Gtherwise, review of systems is documented on
sheet dated 11/03/2008.

FAMILY HiSTORY: There is.a family history ofGlorectal cantel(iing cancepdqiostate cancebqardiac diseaseanddgzheimer giseaie>

SOCIAL HISTORY: She does not smoke. Qccasionzlly drinks wine, Shels a retired teacher.

PHYSICAL EXAM: Blood pressure is 138/68. Heart rate is 108.
General: She is a pleasant, middie-aged lady in no apparent distress.

Neck: Npstrokes are narmal without bruits. N

Mental Status Exam: Ajertsnd oriented x3.

Neuro: Tanial nerveZy-Xil are intact, Motor strength is 5/5 bilaterally.

HEENT: @: re equal, round, and reactive to light. Extraocular movements are intactks benign.
Lungs: Clear to auscultation,

Cardiac Irregular, normal 51 and 52 withnus3, of rub.

Abdomen; Bowel sounds are active, soft, and nontender withou

Extremities: No o

@erformed in the office and reviewed by me showséErial fibrillatigibwith a ventricular response rate of about 108. Mild nonspesific ST-T

wave changes are noted.

IMPRESSION: {patient] has recent onsetfral fibrillatigibas best I can tell. This is poorly tolerated with significant exercise intolerance and

some atypicaiscomfcrt.

PLAN:

1. Cheek PTRR)

2. Stress nuclear study next week,

3.next week. The patient understands indications and risks and wishes to proceed.
4. Continue current medications, although we will plan on holding thnd on the day of

FIG.11C

SUBSTITUTE SHEET (RULE 26)



WO 2014/047051 PCT/US2013/060128

_+_
14729

PRIMARY CARE PRYSICIAN: fname]

PROBLEM LIST:

1. Hyperipidemia,

2. Chronic low back pain.

2. New onget atriz! fibriflation,

4. Chest pain and exercise intolerance associated with atrial fibrilfation.

MEDICATIONS:

1. Digoxin 0.25 mg g.4.

2. Crestor 1q.d.

3. Zetia 10 mg g.d.

4, Coumadin 5 mg as directed by Dr. [name).
5. Toprol-XL 200 mg b.i.d.

tennis until October, Since month, she noted markediy decreased energy anfd chest tightness afmost evegl day that does not appearto be
associated with exertion. She does note, however, dyspnea on exertionlwithoutiorthgpnes, PND, or edema. She has had no syncope but has
had some lightheaded spalls with diaphoresis. Shany neurologic symptoms or any bleeding problems on Coumadin. She has been
on Coumadin for about two weeks now,

ALLERGIES: Mo medication allergies. No contrast aliergy.

REVIEW OF $YSTEMS: Notable for chronic lower back pain and problems as cited above. Otherwise, review of systems is documented on
sheet dated 11/03/2008.

FAMILY HISTORY! There is a family histary of colorectal cancer, lung cancer, prostate cancer, cardiac disease, and Alzheimer disease
SOCIALHISTORY: She does not smake, Docasionally drinks wine. She is a retired teacher.

PHYSICAL EXAM: Blood pressureis 138/88. Heart rate is 108.

Generak Sheis 2 pleasant, middie-aged iady in no apparent distrass.

Neck: @VD. Caroti¢ upstrokes are normal without bruits. lymohadenopathy or thvromegaly.

Mental Status Exam: Alert and oriented x3.

Neuro: Cranial nerves Il-XH are intact. Mator strength is 5/5 bilaterally.

HEENT: PJpTTS are equal, round, and reactive to light. Extraccular movements are intact. Oropharynx is benign.
tungs; Clear to auscultation.

Cardizc: irregular, normal 51 and S2fwithoulmurmur, 53, or rub.

Abdomen: Bawel sounds are active, soft, and nontenderfyithouhepatosplenomegaly.

Extremities: @g}y_b_bing, cyangsis, or edema.

EKG pesformed in the office and reviewed by me shows atrial fibrilTafion with & venkricuar response rate of about 308, Mild nonspecific ST-T
wave changes are noted,

IMPRESSION: [patient} has recent onset atrial fibrillation as best | can telf. This is poorly tolerated with significant exercise intolerance ang
some atypical chest discomfort,

PLAR:

1. Check PT/INR.

2. Stress nuclear study next week.

3. TEE card:oversion next week. The patient understands indications and risks and wishes to proceed.

4. Continue current medications, although we will plan on holding the Toprol-XL and digoxin on the day of cardioversion.

Negation Stream: orthopnea, PND, edema, bleeding, JVD, lymphadenopathy, thyromegaly, mumur
hepatosplenomegaly, clubbing, cyanosis, edema

FIG. 11D
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PRIMARY CARE PHYSICIAN: [name]

PROBLEM LIST:

1. Hyperlipidamis,

2. Chronic low back pain.

3. New onset atrial fibrillation.

4. Chest pain and exercise intolerance assaciated with atrial fibriilation.

MEDICATIONS:

1. Digoxin 0.25 mg 9.6

2. Crestor 1q.d.

3. Zetia 10 mg q.d,

4. Coumadin & mg as directed by Dr. {name].
5. Toprol-XL 200 mg buid.

CHIEF COMPLAINT: [patient] is a 68-vear-old Jady | was asked to see in consultation by Dr. [name] for evaluation of atrial fibrillation. The
patient had onset of palpitations on 10/07/2008 which sha recalls distinctly. She saw Dr. [name] within a few davs and he noted she was in
atrial fibtillation and started Coumadin. Of note, she is already on Toprol-XL appareatly for hypertension. She is active and played singles
tennis until October. Since month, she noted markediy decreased energy and chest tightness almost every day that does not appear to be
associated with exertion. She does note, however, dyspnea on exertion without orthopnea, PND, or edema. She has had ao syncope but has
had some lightheaded spelis with diaphoresis. She denies any neurclogic symptorns or any bleading problems on Coutnadin. She has been
on Coumadin for about two weeks now.

ALLERGIES: No medication aliergies. No contrast allergy.

REVIEW OF SYSTEMS: Notable for chronic lower back pain and problems as cited above, Otherwise, review of systems is documented on

sheet dated 11/03/2008,
1197 SMB 1130 1131 1132 1133 1134
\ There is acf colorectal cancer, lung cancer, prostate cancer, cardiac disease, and Alzheimer disease

SOCIALHISTORY: She does not smoke. Oceasionally drinks wine. She is 2 retired teacher.

PHYSICAL EXAM: Blood pressure is 138/88. Heart rate is 108,

General: She is a pleasant, middle-aged fady in no apparent distrass.

Neck: NoJVD. Carotid upstrokes are normal without bruits. Mo lymphadenapathy or thyromegaly.

Mental Status Exam: Alert and oriented x3.

Neuro; Craniaf nerves i-XlIl are intact. Motor strength is 5/5 bilaterally.

HEENT: Pupils are equal, round, and reactive to light. Extraccular mavements are intact. Oropharynx s benign.
tungs: Clear to auscultation.

Cardize: irregular, normal 51 and 52 without murmur, 53, or rub.

Abdomen: Bowel sounds are active, soft, and nentender without hepatosplenomegaly.

Extremities: No clubbing, cyanosis, o edema.

EKG performed in the office and reviewed by me shows atrial fibrillation witha ventricular response rate of about 108, Mild nonspecific $1-T
wave changes are noted.

IMPRESSION: {patient] bas recent onset atrial fibrilfation as best | can tell, This is poorly tolerated with significant exercise intolerance and
some atypical chest discomfort.

PLAN:

1. Check PT/INR,

2. Stress nuclear study next week,

3. TEE cardioversion next week. The patiznt understands indications and risks and wishes to proceed.

4. Continue current medications, although we will plan on holding the Toprol-XLand digoxin on the day of cardigversion,

Non-Patient Stream: colorectal cancer, lung cancer, prostate cancer, cardiac disease, Alzheimer

1136 / disease

FIG. 11E
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PRIMARY CARE PHYSICIAN: [narme]

PROBLEM LIST:

1. Hyperitpidemia.

2, Chroni kew back pain.

3. New onset atrial fibrillztion.

4, Chest pain and exercise intelerance assaciated with atvial fibrifiation.

MEDICATIONS:

1. Digoxin 6,25 mg q.d.

2. Crestor 1q.d.

3, Zetia 10 mg q.d.

4. Coumadin 5 mg as directed by Dr. {namne].
5. Toprol-XL 200 mg b.i.d.

CHIEF COMPLAINT: [patient] is a 68-year-cld lady | was asked 1o see in consuitation by Dr. fname] for evaluation of atrial fibrillation, The
patient had onset of palpitations on 10/07/2008 which she recalls distinctly. She saw Dr. [name} within a few days and he noted she was in
atrial fibrillation and started Coumadin. Of note, she is already on Toprol-XL apparently for hypertension. She is active and played singles
tennis untit October, Since month, she noted markedly decreased energy anightness almost every day that does not appear to be
associated with exertion. She daes note, however, dyspnea on exertion without osthopnea, PND, or edema. She has had no syncope but has
had sorne lightheaded spelis with diaphoresis. She denies any neurciogic symptoms or any bieeding problems on Cournadin. She has been
on Coumad:n for about two weeks how,

ALLERGIES: No madication allergies. No contrast atiergy.

REVIEW OF SYSTEMS: Notable for chronic lower back pain and problems as cited above. Otherwise, review of systems is documented on
sheet dated 11/03/2008.

FAMILY HISTGRY: There is a family history of colorectal cancer, lung cancer, prostate cancer, cardiac disease, and Alzheimer disease
SOCIALHISTORY: She does not smoke. Occasionally drinks wine, She is a retired teacher.

PHYSICAL EXAM;: Blood pressure is 138/88. Heart rate is 108,

General: She isa pleasant, middle-aged lady in no apparent distress,

Neck: NclVD.pstrokes are normal without bruits, No lymphadenepathy or thyromegaly.

Mental Status Exam: Alert and oriented x3. 1 1 40
Neuro:? 1-¥ll are intact, Motor strength is 5/5 bilaterally.

HEENT: Eupilare equal, round, and reactive to light, Extraceular mavements are intact. CTopharynpis berign,
Lungs: Clear to auscultation,

Cardiac: irregular, normal $1 and 52 without murmur, 53, ar rub,

Abdomen: Bowel sounds are active, soft, and nontender without hepatosplenomegaly.
Extrernities: No clubbing, cyanasis, or edema,

EKG perfermed in the office and reviewed by me shows atrial fibrillation with a ventricutar response rate of about 108, Miid nonspecific ST-T
wave changes are noted.

IMPRESSION: [patient] has recent onset atrial fibrillation as best | can tell. This is poorly tolerated with significant exercise intolerance and

some awpicaiscomfort.

PLAN:

1. Check PT/INR,

2. Stress nuclear study next week,

3. TEE cardioversion next week, The patient understands indications and risks and wiskes to proceed,

4. Continue current medications, although we will plan on holding the Toprol-XL and digoxin on the day of cardioversion.

Body-Part Stream: chest, carofid, cranial nerves, pupils, oropharynx

1142 FIG. 11F
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PRIMARY CARE PHYSIC:AN: {narne}

PROBLEM LIST:

1. Hyperlipidemia.

2. Chronic low back pain.

3. Mew onset atrial fibrillation.

4. Chest pain and exercise intolerance associated with atrial fibriliation.

MEDICATIONS:

4.Caumadinys mg es directed by Dr. [name).
5.aprol-XL200 mg buid.

CHIEF COMPLAINT: [patient] is 2 §8-year-oid iady | was asked ta see in consultation by Dr. {name] for evaluation of atrial fibrillation. The
patient had onset of palpitations on 10/07/2008 which she recalls distinetly. She saw Dr. [name] within a few days and he noted she was in
atrial fibrillation and starte Of note, she is alreadyopparentlv for hypertension. Sheis active and plaved singles
tennis until October. Since month, she noted markedly decreased energy and chest tightness almost every day that does not appear to be
associated with exertion. She does note, hewever, dyspres on exertion without orthopnea, PND, or edema. She has had no syncape but has
had some lightheaded spells with diaphoresis. She denies any neurologic symptoms or any bleeding problems o She has been

unnr about two weeks now.

ALLERGIES: No medication allergies. Mo contrast allergy.

REVIEW OF SYSTEMS: Noatabie for chronic fower back pain and problems as cited above. Otherwise, review of systems is documented on
sheet dated 11/03/2008,

FAMILY HISTORY: There is a family history of colorectal cancer, lung cancer, prostate cancer, cardiac disesse, and Alzheimer disease
SOCIAL HISTORY: She does notsmoke. QOccasionally drinks wine. She is a retired teacher.

PHYSICAL EXAM: Blood pressure is 138/88. Heart rate is 108.

General: She s a pleasant, rmiddle-aged lady in no apparent distress.

Neck: NoJVD. Carotid upstrokes are normal without bruits. No lymphadenopathy or thyromegaly.

Mental Status Exam: Alert and oriented x3.

Neuro: Cranial nerves Ii-XIl are intact. Motor strength is 5/5 bilateraily,

HEENT: Puipils are equal, round, and reactive to light. Extraccular movements are intact, Qropharynis benign.
Lungs: Clear to auscultation.

Cardiac: irregufar, normal 51 and 52 without murmur, 53, or rub,

Abdomen: Bowel souhds are active, soft, and nontender without hepatosplenomegaly.

Extremities: No clubhbing, eyanosis, or edema.

EKG performad in the office and reviewed by me shows atrial fibrillation with 2 ventricular response rate of about 108, Mild nonspecific 5T-T
wave changes are noted.

IMPRESSION: [patient] has recent onset atrial fibrillation as best | can tell. This is poorly tolerated witk significant exercise intolerance and
some atypical chest discomfort.

PLAN:

1. Check PT/INR,

2. Stress nuclear study next week.

3. TEE cardiaversion next week. The patient undesstands indications and risks and wishes to proceed.

4. Continue current medications, although we will plan on holdingthn the day of cardioversion.

Medication Stream: digoxin, crestor, zetia, coumadin, toprol-XL

FIG. 11G
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PRIMARY CARE PHYSICIAN: [name]

PROBLEM LIST:

>

2. Chronic low back pain.

3. New onset atrial fibrillation.

4, Chest pain and exercise intolerance associated with atrial fibrillation.

MEDICATIONS:

1. Digoxin 0.25mg q.d.

2. Crestor 1 3.4,

3. Zetiz 10 mg q.d.

4. Coumadin 5 mg as directed by Dr. [name].
5. ToprohXt200 mg b.i.d,

CHIEF COMPLAINT: [patient] is a 68-year-old lady | was asked ta see ir consultation by Dr, [name} for evaluation of atrial fibsillation. The
patient had onset of palpitations on 10/07/2008 whick she recalls distinctly. She saw Dr. [name] within a few days and he noted she was in
atrial fibrillation and started Coumadin. Of note, she is already on Togrol-XL apparently foshe is active and played singles
tennis until Qctober. Since menth, she noted markedly decreased energy and chest tightness almast every day that does not appear to he
associated with exertion. She does note, however, dyspnea on exertion without orthopneaor edema. She has had no syncope but has
had some Jightheaded spelis with diaphoresis. She denies any neurclogic symptoms or any bleeding problems on Coumadin. She has been
on Coumadin for about two weeks now.

ALLERGIES: No medication allergies. No contrastallergy.

REVIEW OF SYSTEMS: Notable for chronic lower back pain and problems as cited above. Dtherwise, review of systems is documented on
sheet dated 11/03/2008.

FAMILY HISTORY: ‘There s a family history ofGlorectal concendiing cancelxgrostate cancaprdie: deasiyanczheimer diseaid>

SOCIAL HISTORY: She does netsmoke, Cccasionally dvinks wine, Sheis a retired teacher.

PHYSICAL EXAM: Blood pressure is 138/88. Heart rate is 108,

General; Sheis a pieasant, middle-aged lady in no apparent distress,

Neck: No VD, Carotid upstrokes are normal without bruits. No lymphadenopathy n

Mentai Status Exam: Alert and oriented x3.

Neuro: Cranial nerves [-XIf are intact. Motor strength is 5/5 bilateratly.

HEENT: Pupils are equal, round, and reactive to light. Extraocular movements are intact. Qropharynxis benign.
Lungs: Clear to auscultation.

Cardigc: Irregular, normal §1 and $2 without murmur, 53, or rub.

Abdaomen: Bowel sounds are active, soft, and nontender without hepatosplenamegaly.

Extremities: No clubbing, cyanosis, or edema.

EKG performad in the office and reviewed by me shows atrial fibriflation with & ventricular response rate of about 108. Mild nenspecific ST-T
wave changes are noted.

IMPRESSION: [patient] has recent onset atrial fibrillation as best | can tell. This is poorly tolerated with significant exercise intolerance and
some atypical chest discomfort.

PLAN:

1. Check PT/INR.

2, Stress nuclear study next week,

3. TEE cardioversion next week. The patient understards indications and risks and wishes to proceed.

4. Continue current medications, afthough we will plan on holding the Toprol-XLand digoxin on the day of cardioversion.

Disease/Syndrome Stream: hperlipidemia, hypertension, PND, colorectal cancer, lung cancer,
prostate cancer, cardiac disease, Alzheimer disease, thyromegals

FIG. 11H
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PRIMARY CARE PHYSICIAN: [name]

PROBLEM LIST:

1. Hyperlipidemia.

2. Chroniodgw back paii

3. Newons

4.nd exercise intolerance assotiated wit

MEDICATIONS;

1. Digoxin 0.25 mg q.d.

2. Crestor 1 g.d.

3. Zetia 10 mg g.d.

4, Coumadin 5 mg as directed by Dr. {name].
5, Toprol-%L200 mg b.i.d.

CHIEF COMPLAINT: [patient] is a 68-year-ald lady | was asked ta see ir consultation by Dr, [name} for evaluation oThe
patient had onset ofn 10/07/2008 which she recals distinctly. She saw Dr. [name] withir a few days and he noted she was in
atrial fibrillation and started Coumadin. Of note, she is already on Toprol-XL apparently for hypertersion, She is active and played singtes
tennis until Gctober, Since month, she noted markedly decreased energy and chest tightness almost every day that does not appear ta be

associated with exertion. She does note, howevern exertion withou PND, o She has had ne syncope but has
had some lightheaded spalis wit! 6 Sha denias any neuralogic symptoms of anroblems an Coumadin, She has been
on Coumadin for about two weeks now,

ALLERGIES: No medication allergies. No contrast aflergy.

REVIEW OF SYSTEMS: Notsble for :hronicand probiems as cited 2bove. Otherwise, review of systems is documented on
sheet dated 11/03/2008,

FAMILY HISTORY: There is & family history of colorectai cancer, jung cancer, prostate cancer, cardiac disease, and Alzheimer disease
SOCIAL HISTQRY:! She does not smake. Qccasionally drinks wine, She is a retired teacher.

PHYSICALEXAM: Blood pressure is 138/8B. Heart rate is 108,
General: Sheis a pleasant, middle-aged lady in no apparent distress.

Neck: NoJVD. Caratid upstrokes are normal without bruits, Nodgmphadenopatior thyromegaly.

Mental Status Exam: Alert and oriented x3.

Neuro: Cranial nerves il-Xli are intact. Motor strength is 5/5 bilaterally.

HEENT: Puplls are equal, round, and reactive to light. Extraocular movements are intact. Oropharynx is benign.
Lungs: Clear to auscultation.

Cardizc: Irregular, normal 51 and 52 withouSS, or rub.

Abgomen: Bowel sounds ase active, soft, and nontender withoutdigpatosplenamegaly>
Extremities: No

@perfﬂrmed in the office and reviewed by me showsG@triz! fibrillaticfwith a ventricular response rate of about 108, Mild nonspecific ST-T

wave changes are noted.

IWIPRESSION: [patient] has recent onsex@irial fibrillatigias best | can tell. This is poorly talerated with significant exercise intolerance and

saome atypical chest discomfort,

PLAN:

1, Check PT/INR,

2. Stress nuclear study next week.

3. TEE cardioversion next week, The patient understands indications and risks and wishes to proceed.

4. Continue current medications, although we will plan on holding the Toprol-XL and digoxin on the day of cardioversion,

Symptom Stream: low back pain, atrial fibrillation, chest pain, palpitations, dyspnea, orthapnea,
edema, diaphoresis, bleeding, lymphadenopathy, murmur, clubbing, cyanosis,

hepatosplenomegaly
FIG. 111
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PRIMARY CARE PHYSICIAN: [name]

PROBLEM LiST:

1. Hyperlipidemia.

2. Chronic law back pain,

3. New onset atrial fibrillation.

4, Chest pain and exercise intolerance associated with atrial fibrillation.

MEDICATIONS:

1, Digexin 0.25 mg q.d.

2, Crestor1 q.d.

3. Zetia 10 mg g.d.

4, Coumadin 5 mg as directed by Dr. [name}.
5. ToprolXL 200 mg k.id.

CHIEF COMPLAINT: [patient] is a 68-year-old lady | was asked to see in consultation by Dr. Iname] for evaluation of atrial fibrillation. The
patient had onset of palpitations on 10/07/2008 which she recalls distinctly. She saw Br. [name] within a few davs and he noted she was in
atrigi fibrillation and started Cournadin, Of note, she is aiready on Toprel-XL apparently for hypertension, She is active and played singles
tennis until Gctober, Since month, she noted markedly decreased energy and chest tightness almost every day that does not appear to be
associated with exertion, She does note, however, dyspnea on exertion without orthoprea, PND, or edema. She has had no syncape but has
had some lighthezded spells with diaphoresis. She denies any neurologic symptoms or any bleeding problems on Cournadin. She has been
on Coumadin for about two weeks now.

ALLERGIES: No medication allergies. No contrast allergy.

REVIEW OF SYSTEMS: Notable for chronic iower back pain and problems as cited above. Othenwise, review of systems is documented on
sheet dated 11/03/2008.

FAMILY HISTORY: There is a family history of colorectal cancer, lung cancer, prostate cancer, cardiac disease, and Alzheimer disease
SOCIAL HISTORY: She does not smoke. Occssionally drinks wine. She s a retired teacher,

PHYSICAL EXAM: Blood pressure is 138/88. Heart rate is 108,

General: Sheis a pleasant, middle-aged lady In no apparent distress.

Neck: NoJVD. Carotid upstrokes are normal without bruits. No lymphadenapathy or thyromegaly.

Mental Status Exam: Alert and oriented x3.

Neuro: Cranial nerves II-Xil are intact, Motor strength is 5/5 bilaterally,

HEENT: Pupils are equal, rourd, and reactive to fight. Fxtraocular movements are intact. Oropharynx is benign.
Lungs: Clear to auscuitation,

Cardiac: Irregular, normal 51 and 52 without murmuz, S3, or rub.

Abdomen: Bowel sounds are active, soft, and nontender without hepatosplenomegaly.

Extremities: Mo clubbing, cyanosis, or edema.

EKG performed it the office and reviewed by me shows atria fibrilation with & ventricular response rate of about 108, Mild nonspecific ST-T
wave changes are noted.

IMPRESSION: [patient) has recent onset atrial fibrillation as best | can tell. This is poorly tolerated with significart exercise intolerance and
some atypical chest discomfort.

PLAN:

1. Check PTENE

2. Stress nuctear study next week.

3.(TEDcgrdioversicionext waek, The patiant understands indications and risks and wishes to proceed.

4. Contiaue cursent medications, although we will plan on halding the Toprol-XLand digexin on the day o dioversion

Procedure Stream; INR, TEE, cardioversion

FIG. 11J
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1402 —~Chapter 10
14()4 ———Diseases of the respiratory system (J00-J99)

certain infectious and parasitic diseasas (A00-B99)

Excludes:
1 40 6{ cartain conditions originating in the perinatal period (P04-PY6)
complications of preghancy, childbirth and the puerperium (O00-09A})

1408 —--

141() ———J38 Diseases of vocal cords and larynx, not elsewhere classified

Excludes:
congenital taryngeal stridor {P28.89)
obstructive laryngitis (acute) {J05.0)

1 41 2 postprocedural subglotiic stenosis (J85.5}
stridor (R06.1)
vlcerative laryngitis (J04.0)

Laryngoplegia

J38.0 Paralysis of vocal cords and larynx
1414
Paralysis of glotlis

1416 —— J38.00 Paralysis of vocal cords and Jarynx, unspecified

FIG. 14A

1420 ™~ Compression 1430
- syndrome {vocal cord paralysis) J38.00 —

1421~

Gerhardt's
- syndrome (vocal cord paralysis} J38.00

1431

1422 1432

Laryngoplegia J38.00

1434
1423 T~ Paralysis, paral/ytw(nw‘ete) {incomplete) G83.9 — 1433
- glotfis J38.00 1435

- laryngeat nerve (recurrent) (superior) (unilateral) J38.00

R N
FIG. 14B
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streamn = medical terms
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section

h 4
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generate level streams |

hd

level_keyword_stream =
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current level, including
chapter
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L

level_keyword_stream
+= 11_keyword_steam;
fevel_excluded_stream
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stream
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stream +
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stream
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to current code entry

h 4
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SUBSTITUTE SHEET (RULE 26)

PCT/US2013/060128

FIG. 15D



WO 2014/047051

ﬂ+m

///1602

PCT/US2013/060128

28/29

1604 1606
/)

—Gomparison-based-code section———> abcdefghij = pradicted

analyst coding——— > acef ikmop = frue

1%8/ 1&0/

1612
corectiyAssigned = predicted N true=ac e fi

" o 1614
precision= |correctiyAssigned / jpredicted|=5 / 10=0.5

recall = |comectlyAssigned| / [irug| =5 / 9= 0.56\ 16816

precisione [0,1]

recall € [0,1]

1620

ertor = [2-(precision+recall)J /2
caset: code(y)predicted butcode (y) notselected by analyst for EMR (x) |
. 1
fl W /T; o — [{threshoid
l[ 6] [NCJ( )]
Wo.o=W .- (Wz-, j] (eror} (T, J,')

z,j= i,j

gise Wz',j w Wi.:j

1626

case2:  code(y) notpredicted but code (y) seiected by analystfor EMR (x) 4, 1822

if(w,-r i ﬁ(ﬁc—;)(éhreshmd)}

W o.=W, , +
L Ly

else. . =W. .,
i hLJ

1630

(Wf’ J.-) (eror) (Ti, j)

cased:  code(y}predicted and cods y ) setected by analyst for EMR (x)

=W Py

Wi,j i \
o FIG. 16

SUBSTITUTE SHEET (RULE 26)



WO 2014/047051 PCT/US2013/060128

+

29/29

( fraining |

¥

receive setof EMRs / 1702
with analyst-assigned
codes

1704
/

compute precision and / 1706
recall for each EMR

Y
compute average

1708
precision and average /
recall for all EMRs of
set

average
precision > first
thrashold

average
recall > second

1714
for each EMR in set /

[
»

A

for each code in 1715
Y predicted U /
frue

\1716 FIG. 17

adjust weights

F §

SUBSTITUTE SHEET (RULE 26)



International application No.

PCT/US2013/060128

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
G06Q 50/24(2012.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G06Q 50/24; GO6F 17/30; GO6F 7/00, A63F 9/24; GO6F 17/21, G06Q 50/00; G06Q 90/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KTPO internal) & Keywords:medical, record, code

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 7233938 B2 (ALWIN B. CARUS et al.) 19 June 2007 1-20
See column 8, line 36 — column 9, line 36, column 18, lines 51-56, column 20,
lines 3-8, column 22, lines 44-47, column 23, lines 45-58, claims 1, 5 and
figures 1-2, 15, 19, 25.

A US 2010-0036680 A1 (MARK ELIOTT FAMILANT) 11 February 2010 1-20
See abstract, claims 11, 13 and figure 1.

A US 2007-0112748 A1 (ROBERT L. ANGELL et al.) 17 May 2007 1-20
See abstract, paragraphs [0022]-[0025], claim 1 and figure 1.

A US 7802183 B1 (DANIEL J. ESSIN) 21 September 2010 1-20
See abstract, column 5, line 59 - column 6, line 9 and figures 1-2.

A US 2004-0243545 A1 (KEITH ¥. BOONE et al.) 02 December 2004 1-20
See abstract, claims 1-2, 5 and figure 5.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory undetlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

20 December 2013 (20.12.2013)

Date of mailing of the international search report

31 December 2013 (31.12.2013)

Name and mailing address of the ISA/KR

Kozrean Intellectual Property Office
N 189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City,
~ 302-701, Republic of Korea

Facsimile No. +82-42-472-7140

Authorized officer

OH, Eung Gie

Telephone No. +82-42-481-8744

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2013/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 7233938 B2 19/06/2007 CA 2523997 Al 09/12/2004
EP 1631955 A2 08/03/2006
EP 2560110 Al 20/02/2013
EP 2560110 A3 10/04/2013
US 2004-0220895 Al 04/11/2004
US 2004-0243545 Al 02/12/2004
US 2004-0243551 Al 02/12/2004
US 2004-0243552 Al 02/12/2004
US 2004-0243614 Al 02/12/2004
US 2007-0038611 Al 15/02/2007
US 8095544 B2 10/01/2012
US 8290958 B2 16/10/2012
US 8370734 B2 05/02/2013
WO 2004-107322 A2 09/12/2004
WO 2004-107322 A3 19/05/2005
US 2010-0036680 A1l 11/02/2010 WO 2008-079305 Al 03/07/2008
US 2007-0112748 Al 17/05/2007 CN 100594495 C 17/03/2010
CN 1967535 A 23/05/2007
CN 1967535 CO 23/05/2007
US 7802183 Bl 21/09/2010 None
US 2004-0243545 Al 02/12/2004 CA 2523997 Al 09/12/2004
EP 1631955 A2 08/03/2006
EP 1631955 A4 30/01/2008
EP 2560110 Al 20/02/2013
EP 2560110 A3 10/04/2013
US 2004-0220895 Al 04/11/2004
US 2004-02435561 Al 02/12/2004
US 2004-0243552 Al 02/12/2004
US 2004-0243614 Al 02/12/2004
US 2007-0038611 Al 15/02/2007
US 7233938 B2 19/06/2007
US 8095544 B2 10/01/2012
US 8290958 B2 16/10/2012
US 8370734 B2 05/02/2013
WO 2004-107522 A2 09/12/2004
WO 2004-107322 A3 19/05/2005

Form PCT/ISA/210 (patent family annex) (July 2009



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - wo-search-report
	Page 62 - wo-search-report

