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FACT RETRIEVAL FROM NATURAL LANGUAGE MEDICAL RECORDS
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This paper describes a procedure for fact re

trieval from natural language texts.

First the

natural language material is processed syntactically and mapped into a table (information

format), where each distinct type of informatio
A set of normalization procedures fills in cer

text.

n is placed into a separate format column. -
tain missing pieces of information from con-
Finally each query is translated into a procedure which checks the columns of the
information format and produces the desired answer.
for an automatically formatted data base of radiology reports for 13 patients,

Nine implemented queries are listed
together

with some sample answers for one patient's reports.

1. INTRODUCTION

The Linguistic String Project of New York
University is engaged in long-term research on
the problem of retrieving information from
natural language texts. As a basis for this
work, we have developed a number of computat-
jonal linguistic tools, including a parser, a
grammar-writing language, a broad-cover-
age grammar for the string segmentation
of English sentences, and sets of syntactic
transformations.  Equipped with these tools,
we have begun in the past few years to address
specific retrieval problems. We have been
concentrating on retrieval from medical
records, for several reasons: there is a
clear need for the processing of medical
records in text form; the underlying informa-
tion structures appear to be simpler than for
some other types of texts we have examined;
and large quantities of medical records are
being captured in machine-readable form.

Our basic approach involves automatically
structuring a text into an essentially tabular
form, with each column of the table containing
one type of information present in the text
(such as patient, date, procedure performed,
body part involved, etc.). We refer to these
structures as information formats. It is our
intention to perform all retrieval operations
upon such formatted texts.

In a recent paper [1] we reported on a proce-
dure for formatting texts, and described its
application to a set of radiology reports. It
remains to be shown that the formats we pro-
duced constitute an appropriate structuring
of the text for data retrieval. To this end,
we shall present in this paper 2a number of
requests for information in the radiology
reports, and show how they can be answered
by straightforward procedures applied to the
formatted text.
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2. FORMATTING

In this section we shall briefly summarize our
method of text formatting; readers are refer-
red -to [1) for a more detailed descripticn.
Two procedures are involved: the first, a
preliminary manual procedure to develop the
appropriate format structure (column headings)
for the texts in a subfield; the second, an
automated procedure to map sentences in the
subfield into formatted entries. Parts a and
b of table 1 show three sentences from our
corpus of radiology reports, and their format-
ted counterparts. :

The procedure for developing the format
involves two steps: first, determining the
word classes of the subfield; second, actually
constructing the format. The word classes are
jdentified by grouping together words which
occur in the same syntactic environments. For
example, if we delete noun modifiers and
ignore affixes, sentences 2 and 3 in table 1
contain instances of the pattern

x-rays
[show] change
film

with the verb (show) omitted in sentence 3.
Because x-ray and film share several environ-
ments, including this one, they are grouped
together (along with several other werds) into
a word class of test nouns.

Once the word classes have been established,
the format can be constructed, based on
the principle that equivalent pieces of
information in different sentences should ‘go
into the same formal columps. These equiva-
lent pieces of information are identified
using the word classes. We begin by taking
several sentences, writing them down on
successive lines, and lining up words of the
same class which occupy the same structural
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position in the sentence. (In judging same- manual

ness of structural position, we allow for
paraphrastic variations in syntax, so that,
for example, the word chest will be aligned in

-ray and X-ray of chest.)

which result constitute an initial version of
the format. By taking a larger sample

of sentences and contiruing this operation,
the format is gradually enlarged and refined. (parse) of the sentence is obta

The construction of the word classes and
format for this text was for the most part a

The columns

operation. We have, however, written a
computer procedure for word class formation
(2] and we believe that the entire format con-
struction procedure can be largely automated.

The mapping of text sentences into the format
involves three processing steps, and is fully
automated. First, a linguistic string analysis
ined using the

Linguistic String Project parser [3]

TABLE 1

English grammar. (To handle the medical report
narrative, the grammar was enlarged to accept

Three sample formatted sentences and normalized formatted sentences, taken from
of a single patient (with intervening material omitted).

. 3 separate reports
A. ORIGINAL SENTENCES:
1. Pa chest negative (9-1-
2. X-rays of spine show ex

61) .

treme arthritic change but no definite evidence of tunor;

3. 2-25-69 chest film unchanged.
CONN| FORMAT
CONJ! DATA
TEST : FINDING
NO- | VIEW|TESTN LOC |DATE| NEG VERB-EL |CHANGE TIME-PERIOD STATUS| MED-
TEST] _FIND |
BE- | IN- WHEN |VIEW| TESTN LOC |DA'
SHOW! DIC
B. UNNORMALIZED FORMATS
- 19-1 hega-
14 pa chest| -64 tive
X- (of) (extreme) arthri-
24 rays |spine how change tic
o it i sl - KO B N "(be?ini’ie?""""""""" —7 T TG
but rays |spine no evidence tumor
2-25 | neg-
3 film |chest| -69| prefix changed
1 . |
C. NORMALIZED FORMATS ’ .
\
X- 9-1 nega-
14 pa |ray |chest -64 tive
X- (of) |3-2 (extreme) arthri-
2.4 rays |spine -65 show change tie
- --F T TR e |32 = =" “(definite) | Sk Seinks Suis il Il (CO T
but rays |spine -65 | no evidence tumor
2-25 | neg- 8-6
34 £ilm |chest| -69 | prefix changec: film ci.hest -68
|

Left adjuncts are placed in (

NOTE: This is an abbreviated format; a number of empty columns are not shown.

mat includes columns
CONN(ective) for expressions like possible or may in

) above the main entry.

The actual for-

for region of the finding, and indefinite markers on both FINDING and

or pay be related Lo.
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Fact retrieval from natural

sentence fragments as well as full sentences.)
Second, a number of English syntactic transfor-
mations are applied to regularize certain
constructions, such as con junctions and rela-
tive clauses. This processing is done by the
transformational component of the LSP parser
[4]. A conjoined structures are expanded to
conjoined full assertions; for example, sen-
tence 2 in table 1 is expanded to ¥-rays of

spine show Do of turor.
These first two stages of processing are
relatively constant from one type of report -to
another.

Tne third step js the mapping of elements from
the regularized parse tree into format slots.
when a format has been defined, rules are
prepared which specify, as 2 function of a
word's subf jeld word class and position in the
parse tree, the format slot into which the
word should be placed. These rules are imple-
mented as transformations interpreted by the
LSP parser.

3. OBJECTIVE OF OUR PRESENT WORK

Using the procedures summarized above, we
successfully formatted 95% of a corpus of 20
radiology reports on 13 patients, containing a
total of 2ud sentences. We then set out to
study the adequacy of this formatted text for
jnformation retrieval.

The reports we had formatted were part of a
follow-up study of patients who had undergoneé
surgery for breast cancer. We obtained a list
of questions which, as part of this study,
had been answered manually from these reports.
We wanted to show that these questions could
be answered by straightforuard procedures
applied to our automatically formatted text.

4. NORMALIZATION

A great deal of jnformation in the reports,
and consequently jn the formats, is not stated
explicitly, but can be reconstructed from
context. The retrieval operations can be
expressed quite simply provided that we first
reconstruct this information (normalize
the formats). Each normalized format contains
complete TEST information (test date, test
location, test name), and the FINDING, if any,
jncluding the TEST information for any text
used as a comparison (capitalized names
are headings in table 1). :

Before any jnformation is filled in, the
normalization procedure, in a few cases, will
collapse two consecutive formats into 2 single
format; we do this where jnformation belonging
in a single format has been split syntacti-
cally between two separate assertions (and
therefore waps into two separate but incomplete
formats).
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The following pair of sentential fragments
j1lustrates how missing information is recon-
structed:

Chest films 10-15 ril infiltrate clear.
Lul scarring still present.

The second sentence contains no TEST informa-
tion at all; however the first sentence sets
the topic: chest films 10-15. We assume
continuity of topic: jnformation concerning
the topic of a discourse (here a report
remains unchanged in subsequent sentences
until explicitly superceded by a new piece of
information; on his basis we fill in the
missing TEST jinformation in the format of the
second sentence by copying it from the format
of the first sentence.

In sentence 2 of table 1b, the DATE is missing.
In table 1c it has been filled in (normalized)
by -copying the DATE from the preceding format
(not shown in table 1). Before any piece of
information is copied, 2 procedure checks that
the information to be copied has not been
superceded by Dnew information (i.e. mo change
of topic has taken place).

In cases where there is no preceding format
that gives the TEST' information, 'we fill in
certain ndefault” values for this corpus. Cur
corpus consists of X-ray follow-up reports on
patients with breast cancer. The M"default"
test for this material is X-rav, and the
ndefault” location is chest. For example, in
sentence 1, the normalization procedure fills
in X-ray as the TESTN (test name). The
ngefault" values were obtained from an examina-
tion of word co-occurrence patterns and
frequencies in the corpus. These co-occurrence
patterns are checked before any jnformation is
filled in (e.g. can the value for LOC (loca-
tion of test) co-occur with the word in
TESTN?). In the case of a missing date, the
ngefault" value ijs taken as a range, from the
date of the preceding report to the date of
the current report.

Resolution of time reference requires the most
complicated normalization procedures. ¥When a
test is said to be unchanged in relation to 2
previous state, the TESTN, LOC and DATE of
the earlier test are reconstructed. The DATE
of the earlier test is found by a routine that
searches for the preceding comparable test in
a patient's reports. Sentence 3 refers to a
previous state; in table ie, the TESTN, LOC
and DATE columns under TIME-PERIOD (the
earlier test) have been filled in, after
finding the earlier test referred to (not
shown in the table).
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5. QUERIES

Once the formats have been normalized, the
conversion of a query to a retrieval routine
is straightforward. Each different type of
information in the format has its own column;
in addition, negatives have been factored out,
so that the words in a given column all have
the same "directionality". For example,
each word appearing in the CHANGE column
indicates the existence of a change; the word
unchapged is factored into a neg-prefix entry
in the NEG column, and chapged in the CHANGE
colunn (see sentence 3 in table 1b). In this
way we know that when a word occurs in the
CHANGE -column of the format and the NEG column
is empty, a change has taken place; if an entry
appears in the NEG column, then the change is
negated (i.e. no change has taken place). For
many queries it is therefore sufficient to
check for the presence or absence of words in
several colums. For more detailed information
the actual word in the column may be checked,
or retrieved as the answer.

The procedure for the query Was a chest
X-ray done? has the following steps: we
search the formats of the report for a format
where all of A), B), and C) are true.

(A) the NO-TEST colum is empty (a word in
NO-TEST negates the existence of a test)

(B) LOC of TEST = chest

(C) TESTN of TEST = x-ray(s) or film(s).

If such a format is found, then the answer to
the question is YES; if none of the formats in
the report meets this condition, then the
answer is NO. Treating each of the sentences
in table 1 as a separate report, this proce-
dure, when applied to the normalized formats
in 1c yields the following answers: YES for
1, NO for 2 (criterion B fails for both
formats in 2) and YES for 3. .

A more complicated example is the procedure
for the query: were the findings (of a report)
pegative? A finding is not negative if there
is an unnegated medical finding or change, or
if the test is not normal. If there is no
change, then we must consult the earlier test
given as a comparison. In other cases, the
finding is negative. This translates into

conditions A)-D).

() If MED-FIND column is not empty and NEG
column is empty (unnegated medical
finding) then the answer is NOT NEGATIVE.

(B) If CHANGE column is not empty and NEG
column is empty (unnegated change) then
the answer is NOT NEGATIVE. ;

(C) 1If NEG column is not empty and STATUS
column (a column for normal findings)
is not empty (e.g. not normal) then the
answer is NQT NEGATIVE.

(D) If the NEG column is not empty, and
the CHANGE column is not empty (e.g.

po change) then we must find the format

that the present format is compared to,
and check whether it is negative; this
answer gives us the answer for the present
format, since there has been no change.

If we get an answer NOT NEGATIVE from one of
these tests, we are finished. Otherwise we
continue to examine the formats of the report
in succession until we get an answer NOT
NEGATIVE or until there are no more formats
in the report, in which case the answer for

the report is NEGATIVE.

Going back to the sentences in table 1,

the procedure gives the following answers
for the normalized formats in part ¢ (again
treating each sentence as a separate format):

Sentence 1 ‘does not meet any of criteria
A) to D); answer is NEGATIVE.

Sentence 2: 2a meets criterion B), so the
answer is NOT NEGATIVE, and we do not need
to look any further.

Sentence 3 meets criterion D), so we must
find the answer for the test of 8-6-68 (not
shown); the answer for that test is NOT
NEGATIVE, therefore the answer for sentence

3 is NOT NEGATIVE.

The procedure outlined above must also take
into account the different informational
status of formats, which depends on how a
format is "connected" to the preceding format.
Two formats conjoined by a coordinate conjunc-
tion, both have the same informational status;
however a format connected to another format
by the connective compatible with (e.g. X-ray
reveals destruction of pright clavicle compat=
ible with progressive osteomyvelitis) does not
assert the connected material (progressive
osteomyelitis) as a finding; it is a possibil-
ity. The procedure for this query does not
1look at any format preceded by such a non-fac-
tive connective. (However this information is
used by the procedure for the question: Is
the findi sitive or icious?)

6. RESULTS

We implemented a set of nine queries to test
the adequacy of our formatting and retrieval
procedures. The questions fall into two
types: editing questions (concerning the
presence and consistency of information in the
reports) and "content" questions regarding the
first occurrence of metastasis in the patient.
We verified our machine generated answers by
comparing them to a set of manually prepared
answers. The set of questions and the manual-
ly tabulated answers were provided to us by
Irwin Bross. The questions that we answered

" are:
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Editing:
1E. Was the required chest x-ray done?

2E. Were other procedures carried out? i

3. Did the doctor report visible evidence?
yg. If examinations were performed, were

the findings reported? ‘

sE. Is the date recorded?

Content:
1C. Were the findings negative? .
2C. Is there some question about the findings?
3C. When was the first metastasis peported?
iC. Wnere was it?

To illustrate the question-ansuering, a set of

five consecutive patient records from our
corpus is given below, together with the
answers produced for questions 3C and 4C.
Report Date '

10-26-64: None this visit.

03-05-65: X-rays were negative.

06-07-65: No x-rays taken on this examina-
tion.

10-11-65: X-rays taken revealed multiple
pulmonary nodules with what
appeared to be an enlarged
inferior hilar node.

01-03-66: X-rays 11-29-65 multiple pulmonary
metastasis.

stio) 4c:

t
Last negative finding:

BETWEEN 10-27-64 AND 3-5-65
First subsequent non-negative finding:
BETWEEN 65 AND 10-11-65
First positive finding for metastasis:

11-29-65
Location of metastasis:
PULMONARY

(As noted above, date ranges occur as a
result of normalization when no explicit

test date is given.)
T. CONCLUSION

We have created 2 formatted data base of
medical reports and shown its adequacy for
fact pretrieval. In i the formats
and formatting the text, we have endeavored to
develop procedures which are generalizable to
other types of texts. This approach to
retrieval from natural language text should be
useful in several areas. For example, in
medical research studies, these techniques
should facilitate the gathering of statistics
from large collections of medical records.
We are currently preparing formats for hospi-
tal discharge summaries; complex
processing routines, Wwe plan to automate in
part the screening of hospitalizations for
peer review.

In order to use this approach for on-line
retrieval of specific patient jnformation, a
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oping a system for translating natural language

queries, such as the questions presented above,
into data base retrieval procedures.
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