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TRANSAX: The NCHS
System for Producing
Multiple Cause-of-Death

Statistics
1968-78

by Ronald F. Chamblee, M.S., Division of Vital Statistics,
and Marshall C. Evans, formerly of the Division of Vital
Statistics

Introduction

This document describes the methodology employed in
TRANSAX (for TRANSIlation of AXis), a key part of the
multiple cause-of-death statistical program at the National Cen-
ter for Health Statistics (NCHS). TRANSAX is a computer
system designed to convert or translate coded medical condi-
tions and diseases reported on death certificates into a form
amenable to the analysis of multiple causes of death.

The components of TRANSAX are presented in this report
from the perspective of statistical function rather than of com-

puter systems organization. The objective is to convey the
contribution of TRANSAX to the process of classifying multi-
ple-cause data in a form useful for research and analysis.

This report discusses developmental and implementation
activities associated with the Center’s annual mortality data
files for the years 1968-78. The report also includes back-
ground information on the Center’s multiple cause-of-death
program,



Background

For many years, cause-of-death statistics have been based
on the underlying cause of death, which is defined as “the
disease or injury which initiated the train of morbid events
leading directly or indirectly to death or the circumstances
of the accident or violence which produced the fatal injury.”!

For a given death, the underlying cause is selected from
the condition or conditions recorded by the certifier in the
cause-of-death section of the death certificate. NCHS is bound
by international agreement to make the selection through use
of the classification structure and selection and modification
rules contained in the latest revision of the International Classi-
fication of Diseases (ICD), as promulgated by the World
Health Organization (WHO) 2+

The selection rules take into account the certifier’s order-
ing of conditions and their causal relationships and guide
the coder in systematically identifying the underlying cause
of death. The intent of the modification rules is to improve
the usefulness of mortality statistics by giving preference to
certain classification categories over others and consolidating
two or more conditions on the certificate into a single classifica-
tion category.

As a statistical datum, the underlying cause of death
is simple and one dimensional. It is conceptually easy to
understand and is a well-accepted measure of mortality. The
initiating cause of death is identified and thereby made more
useful to public health officials in developing measures to
prevent or delay the chain of events leading to death.

The Sixth Revision of the ICD introduced the present
concept for coding underlying causes of death as a means
of (a) giving medical practitioners basic responsibility for
identifying the underlying cause of death and (b) standardizing
classifications that contribute to uniform, descriptive, and
meaningful mortality medical statistics among countries.*

Yet, despite the many advantages of the underlying cause
of death as a statistical tool, researchers and administrators
in the health field have recognized certain limitations of the
underlying cause as a statistical basis for conveying com-
prehensive mortality medical statistics in the United States.

First, when multiple chains of diseases exist and each
has its own initiating condition, only one disease is selected
as the underlying cause of death unless the structure of ICD
and related coding rules permit the diseases to be combined
for coding purposes. Second, when the morbid disease process
is not well defined, selection of the underlying cause of death
may in fact be somewhat arbitrary. Third, the underlying
cause-of-death statistic, by definition, excludes information

pertaining to the immediate cause of death, contributory
causes, and those causes that intervene between the underlying
and immediate causes of death. Fourth, the underlying cause
identified through application of the selection and modification
rules can differ from the condition stated by the certifier
to be the underlying cause of death. And fifth, the selection
and modification rules include no provision for classifying
the nature of injury as the underlying cause. Instead, the
underlying cause is restricted to the external cause of injury.

The significance of the above limitations becomes more
apparent in light of the changing health profile of the U.S,
population over the last few decades. As a modern indus-
trialized nation, we have passed through what Abdel Omran
described as the epidemiological transition that usually accom-
panies socioeconomic modernization>® A major aspect of
that transition is the increasing prevalence of mortality from
chronic diseases, in contrast with an earlier era when acute
and infectious diseases dominated our mortality profile, We
would expect to find increasing proportions of deaths due
to chronic causes, characterized by the existence of a number
of conditions at time of death.”

The limitations of the underlying-cause concept and the
pressing need for more comprehensive medical data in
epidemiological and morbidity research suggested that despite
the costs and analytical problems, there should be a coding
and tabulation of all causes listed on the death certificate
on an ongoing basis. It was evident that such a multiple
cause-of-death program would be invaluable in (a) portraying
the number of deaths in which a given disease is a significant
factor and (b) deciphering the interaction of diseases.®

By 1968, conditions other than the underlying (or princi-
pal) cause of death had been coded five times since 1900
at the national level. The underlying (or principal) cause of
death and one associated cause were coded in 1917, 1925,
1936, and 1940. In 1955, up to five conditions were coded.”~!*

Analysis and publication of the pre-1955 data were lim-
ited. Selective papers were presented at meetings such as
the American Public Health Association’s annual meeting in
1923. The annual vital statistics publications devoted one
table each to the 1917, 1925, and 1940 data that showec
cross tabulation of the underlying cause of death and contribu-
tory causes. Two separate reports on the 1936 data were
published, but they were limited to abbreviated cause list:
rather than to detailed sets of tables.

The 1955 study, prepared under the supervision of Iwac
M. Moriyama, represented a landmark achievement in the



multiple cause-of-death field and remains the most comprehen-
sive body of published national multiple cause-of-death data
available. It was the first time that multiple-cause statistics
had been published in a separate volume. They were published
as a supplement on multiple causes of death to the Vital
Statistics of the United States, 1955.'* The 1955 publication
represented a time-consuming effort complicated by the limited
capability of the data-processing equipment of that era. The
basis for the study was a S5O-percent sample reduced to a
20-percent sample for parts of the report.

Concurrent with national efforts in the multiple-cause
field, State and private groups, including Metropolitan Life
Insurance Company and the health departments of California,
Tennessee, Illinois, and New York City,'*!> carried out a
number of parallel efforts.

Despite the limited nature of work in the multiple cause-of-
death field over 7 decades, the cumulative literature in the
tield resulting from these diverse efforts was sufficiently impor-
tant to provide both the incentive and some basic guideposts
to initiate an ongoing national multiple cause-of-death program
in the late 1960°s. By that time, the advanced state of computer
technology provided the capability to conduct a multiple cause-
of-death program at the national level.

A most important factor contributing to implementation
of a full-scale multiple cause-of-death statistics program in
the United States was modernization of the mortality statistics
data system in 1968. The principal element of this change
was the shift from coding only the underlying cause of death
to coding all conditions on the death certificate and the related
introduction of an automated system for determining the under-
lying cause of death from the coded conditions. This new
system was called ACME for Automated Classification of
Medical Entities.'®

From 1968 forward, NCHS has coded all conditions re-
ported on death certificates. Using the 1968 data, NCHS pre-
pared experimental multiple cause-of-death tabulations. Robert
A, Israel and Robert Armstrong reported preliminary results
of this work to an international conference in 1973.!7 Except
for this, until 1977, NCHS principally limited its use of the
ACME data to automated assignment of the underlying cause
of death.

Exploratory work began in 1975, and in 1977-78 the
Center assigned resources to develop analytical and data re-
trieval methodology complementary to the multiple cause-of-

death data base generation activities of the late 1960’s. Leading
to this development, NCHS sponsored a conference in 1976
to examine approaches to making available national multiple
cause-of-death statistics from the ACME data.'® Organized
by the Center for Demographic Studies at Duke University,
approximately 60 persons representing national, State, and
international vital statistics programs; the health research com-
munity; public health environmental research agencies; and
academic interests attended the conference. After that, the
NCHS effort focused primarily on ascertaining the most appro-
priate form and manner in which to tabulate, analyze, and
disseminate multiple cause-of-death data. By late 1978, three

basic principles were agreed upon:”-!~2¢

® Multiple-cause data should be viewed as a major dimen-
sion of the ongoing annual mortality medical statistics
program. It should not replace the underlying-cause data;
this traditional measure of mortality is essential for trend
statistics and comparability with other countries and is
most useful as a one-dimensional indicator of the condition
that initiated the events leading to death.

® Two broad kinds of multiple-cause data utilization should
be provided for:

a. Utilization oriented toward examination of etiological
relationships among conditions that require a faithful
and exact recording of each condition and its placement
within the cause-of-death statement.

b. Utilization oriented toward the number of death certifi-
cates on which a condition is mentioned, irrespective
of whether it is the underlying cause of death.

® There should be access to the richness of detail contained
in the multiple-cause data (and geographic and demo-
graphic control variables) in forms that promote analysis
of the data in a cost-effective manner with minimal restric-
tions in terms of predefined variables.

Operating within the framework of these general princi-
ples, NCHS undertook several initiatives. One such initiative
was to implement a public-use-tape release program to dissemi-
nate multiple-cause data for the entire 1968-78 period, the
years for which all causes had been coded for use with ACME.
To generate this data base, the Center developed and im-
plemented the TRANSAX system, the subject of this report.
The following sections discuss this system in detail.



The need for TRANSAX

The classification problem

Despite the general consensus that there was a need to
produce statistics on multiple causes of death, the question
of how to code medical conditions on death certificates to
best present the array of reported diseases and conditions
has been a complicated, difficult issue surrounding most multi-
ple cause-of-death studies. As late as 1972, Israel, Templeton,
and Evans'® identified this as a major unresolved problem
in successfully implementing an ongoing multiple cause-of-
death statistical program.

It has been recognized that the Manual of the International
Statistical Classification of Diseases, Injuries, and Causes
of Death (ICD-9) or its predecessor, the International Classifi-
cation of Diseases, Adapted for Use in the United States
(ICDA-8)—joint references hereafter referred to as the
“ICD”—should be used as the classification system and struc-
ture. However, approaches have differed in the manner and
extent to which combination categories contained in the ICD
are to be applied.

In their 1955 multiple-cause study, Moriyama, Guralnick,
and others'? used combination categories as specified by the
ICD only to the extent that no significant detail was lost.

The World Health Organization in 1969, and again in
1974, considered the problem and recommended for both
morbidity and mortality multiple-condition coding that combi-
nation categories be employed, thus accepting the loss of
detail accompanying this method. They noted that the French
had taken this approach also.

In a special evaluation project carried out for NCHS,
researchers at Duke University recommended that the compo-
nents of conditions (for example, arteriosclerosis and nephritis
for the condition arteriosclerotic nephritis) be identified wher-
ever possible, even if the ICD provides for combination of
the categories into one code. !®

When NCHS began coding multiple causes of death in
1968, conditions were generally coded as reported, using com-
bination categories only if the term was reported in that manner
(for example, emphysematous bronchitis).?! However, for a
select list of conditions of special interest for statistical analysis
(like arteriosclerotic cerebrovascular disease), the combination
category as well as components of the conditions were coded.
NCHS later abandoned coding of components of conditions
reported as a combined entity (see below).

The issues in classifying multiple cause-of-death data are:

complex, and the course of action chosen has extensive ramifi-
cations for the value, character, standardization, and level

of specificity of multiple-cause data. In considering how to
prepare its multiple-cause data for release, NCHS considered
three alternatives. These are contrasted in the following exarr.-
ples, using codes from the Eighth Revision of the International
Classification of Diseases, Adapted.

® Alternative 1: Use of combination categories where pro-
vided in ICD—Under this approach, if both “cardia:
edema” and “hypertension” are reported on a certificate,
then combination code No. 402 (Hypertensive heart dis-
ease) is assigned instead of separately coding No. 427.)
(Congestive heart failure) and No. 401 (Essential benign
hypertension).®

If “hypertension” and “acute myocardial infarctior”
are reported on the same certificate, then No. 410.0 (Acure
myocardial infarction with hypertensive disease) is coded
instead of No. 401 (Essential benign hypertension) ard
No. 410.9 (Acute myocardial infarction without menticn
of hypertensive disease).

If “chronic bronchitis” is reported due to “em-
physema,” then only No. 491 (Chronic bronchitis) is coded
instead of No. 491 (Chronic bronchitis) and No. 492
(Emphysema).

®  Alternative 2: Code components of conditions—Using th.s

approach, the code for “arteriosclerotic nephritis” is No.
440.9 (Arteriosclerosis, generalized and unspecified) and
No. 583 (Nephritis, unqualified), thereby identifying each
component of the entity (arteriosclerosis and nephritis).
The code is not No. 403 (Hypertensive renal disease),
the category to which arteriosclerotic nephritis is indexed.
This, of course, creates an apparent contradiction between
codes concerning the presence of nephritis related to
arteriosclerosis. , )
“Diabetic coma” is coded to No. 250.9 (Diabetes
mellitus without mention of acidosis or coma) and No.
780.0 (Coma and stupor) instead of No. 250.0 (Diabetes
mellitus with mention of acidosis or coma). As in the
previous example, this produces a contradiction between
codes concerning the presence of coma related to diabetes.
®  Alternative 3: Code conditions as reported—An alternative
to the above extremes is to code the information, entity
by entity, based on the way it is reported. For example:,
if the certificate shows “influenzal pneumonia” as a cause

*According to convention, decimal points are used in ICDA-8 to separac
the third and fourth digits of a 4-digit code. No decimal point is used
with a 3-digit code.



of death, then this may be treated as an entity and assigned
the code for the combination category No. 471 (Influenza
with pneumonia). If the certificate shows the terms sepa-
rately (“influenza” and “pneurnonia”), then they may be
treated as two entities and assigned separate codes, No.
470 (Influenza, unspecified) and No. 486 (Pneumonia,
unspecified).

Likewise, if the certificate shows “arteriosclerotic
cerebrovascular disease” as a cause of death, then code
No. 437.9 (Generalized ischemic cerebrovascular disease
without mention of hypertension) may be assigned. If
the certificate shows ‘“‘cerebrovascular disease” due to
“arteriosclerosis,” then separate codes, No. 438.9 (Other
and ill-defined cerebrovascular disease without mention
of hypertension) and No. 440.9 (Arteriosclerosis,
generalized and unspecified) may be assigned, despite
the fact that ICD treats both reportings as arteriosclerotic
cerebrovascular disease (No. 437.9).

The first approach is true to the basic intent of the ICD
but sacrifices some specificity in the coding and confounds
application of the WHO rules to select the underlying cause
of death. The second approach exploits the ICD code structure
to extract the maximum coded detail out of each condition.
However, under this approach, certain ICD titles are not liter-
ally correct and occasionally contradictions appear among
codes on a record. The third approach is easy to use but
it may create a different set of codes for a combination of
terms that are regarded as equivalent in ICD. These consider-
ations and a desire to meet a wide variety of user needs
led to the following actions:

® For purposes of research into etiological relationships
among diseases, for evaluation of the certification process
and rules for underlying-cause coding, and for accurate
automated selection of the underlying cause of death,
each entity and its placement is coded without being
combined with other conditions (entities) and, in fact,
with only the minimum regard to other reported conditions
necessary to reflect the intent of the certifier. In the multi-
ple cause-of-death data system, the name for this set
of multiple-cause codes is entity axis multiple-cause data.
This action reflects the decision to implement above alter-
native 3.

® For tabulations of person-based, multiple-cause data, a
set of multiple-cause codes is created for each death,
employing combination categories. The name for this set
of multiple-cause codes is record axis multiple-cause data.
The record axis provides multiple-cause data comparable
to the underlying-cause data, with maximum practical
adherence to WHO recommendations. At the same time,
the record axis yields the most accurate, standardized
set of codes reflecting the cause-of-death statement. This
action reflects the decision to implement alternative 1.

® Codes in ICDA-8 for components of entities are not
available either for tabulation by NCHS or on public
use tapes; moreover, NCHS is not coding components
of entities under ICD-9. This is because the coding of
components of entities in a manner that attempts to “wring”
the utmost detail out of the cause-of-death statement is

inconsistent with the basic structure of the ICD and the
classification principles by which terms are indexed. Fur-
thermore, based on NCHS experience to date, an all-inclu-
sive list of terms for which components are coded is
difficult to define and even more difficult to follow in
coding, rendering it marginally useful. To the limited
extent that entity components were coded in ICDA-8,
they have proven to be unwieldy in counting conditions
and in interpreting data. This action reflects the decision
not to implement above alternative 2.

The entity axis data are obtained by reformatting and
editing the data originally coded as input to the ACME system.
The record axis data could be generated either through alterna-
tive manual coding procedures, which are costly and unwieldy,
or by converting the entity data by computer. NCHS chose
the computerized approach by developing the TRANSAX sys-
tem, which translates the multiple-cause codes assigned for
input to the ACME system from an entity axis of classification -
to arecord axis of classification.

System background, development, application, and bene-
fits are discussed in the following sections. They provide
detailed information on the logic employed in the translation,
the nature of relationships included in the system, and the
system’s performance statistics.

Characteristics of entity coding

The condition codes assigned for input to ACME utilize
what is called an entity axis of classification. That is, each
condition (entity) and its placement in the certification are
coded with minimum regard to other conditions on the certifica-
tion. Essentially, this means that entity coding does not employ
the linkage provisions of the ICD. However, selecting the
code for each entity that best reflects the intent of the certifier
takes into account the entire certification.

For example, under ICDA-8, “starvation” is coded to
No. N994.2 (Effects of hunger). However, when reported
due to an internal injury such as a crushed abdomen, it is
coded to No. 269.9 (Other nutritional deficiency, other and
unspecified), which includes malnutrition. Similarly, “throm-
bosis” when reported due to “trauma” is coded to No. N995.3
(Certain early complications of trauma, Traumatic aneurysm
and arterial injury) rather than to No. 453 (Other venous
embolism and thrombosis).

The purpose of entity coding is twofold. First, it is essential
for accurate, automated selection of the underlying cause of
death from the condition codes; and second, entity codes
capture the most comprehensive coded representation of the
cause-of-death certification including statement and placement
of conditions.

Entity coding is not suitable for routine tabulation and
analysis of multiple-cause, person-based data. As suggested
earlier, in some categories, entity-based data may contain
contradictions and inaccuracies when one views the conditions
within the context of the certification as a whole. For example,
entity coding of the condition “acute myocardial infarction”
yields ICDA-8 code No. 410.9 (Acute myocardial infarction



without mention of hypertensive disease). Yet, the same certifi-
cate (possibly on another line) may contain “hypertension,”
for which the code is No. 401 (Essential benign hypertension).
Within the framework of entity coding, the interpretation of
code No. 410.9 is that the codable entity itself contained
no mention of hypertensive disease rather than that the certifi-
cate does not anywhere mention hypertensive disease. From
the perspective of the certificate as a whole, a preferable
code is No. 410.0 (Acute myocardial infarction with hyperten-
sive disecase) when hypertension is present on the record,
and No. 410.9 (Acute myocardial infarction without mention
of hypertensive disease) when hypertension is not present
on the record.

Similarly, under ICDA-8 the entity code for “meningitis”
stated due to “tuberculosis” is No. 320.9 (Meningitis with
no organism specified as cause) and No. 011.9 (Pulmonary
tuberculosis NOS). A preferable code for tabulation purposes
would be No. 013.0 (Tuberculous meningitis), based on the
traditional assumption that the “due to” statement indicates
the individual had tuberculosis of the meninges instead of
the lungs.

In addition to problems that are created by the failure
to use combination categories, there are two other serious
limitations to the use of entity axis data for person-based
tabulation of multiple cause-of-death data. First, a more accu-

rate code can often be assigned to a condition if it takes
other conditions on the certificate into account. For example,
if the certificate reports “endocarditis” due to “rheumatic heart
disease,” the entity axis code would be No. 394.9 (Diseases
of mitral valve not specified as rheumatic) and No. 398 (Other
heart disease, specified as rheumatic), respectively. For per-
son-based tabulation, it is more appropriate to modify code
No. 394.9 to No. 394.0 (Diseases of mitral valve specified
as rheumatic). This acknowledges the obvious rheumatic pres-
ence in the endocarditis despite the fact that the physician
failed to specifically state so.

Secondly, the set of entity axis codes for a certificate
may contain two or more codes for essentially the same condi-
tion—some of which may be more specific than others. For
example, if the certificate shows both “cancer” and “cancer
of the brain,” the entity axis codes would be No. 199.]
(Malignant neoplasm without specification of site, other) and
No. 191 (Malignant neoplasm of the brain), respectively.
For person-based tabulation, the less specific code (No. 199.1)
would be deleted from the record.

Though the entity data are invaluable in their intended
applications, these few examples illustrate that recoding of
the entity data prior to tabulation and analysis is essential
to the creation of harmonious multiple-cause data for person-
based analysis.



TRANSAX system design

Axis translation table

As suggested in the preceding section, NCHS designed
TRANSAX to identify three types of relationships or linkages®
hetween euch pair of entity axis codes on a record:

® Combinations—The two ICD codes should be combined
to eliminate contradictions and to standardize data into
an ICD combination category. '

®  Modifications—One of the ICD codes should be modified
to a more accurate code based on information contained
in the other code,

® Deletions—One of the ICD codes should be deleted be-
cause it is less specific than or contradicts the other code.

Key components of the design of TRANSAX were the
collection and tabulation of all possible pairs of ICD codes
appropriate to each of the above relationships. Fortunately,
ICDA-8 and the documentation of the ACME system contained
most of this body of knowledge. However, because the
rationale for many relationships was not explicitly documented
and was rarely encountered in coding, nosologists had to
search the available medical literature to make an informal
decision on the relevance of a given pair of codes to
TRANSAX. Nosologists found some code pairs to be relevant
to the ACME system but not to TRANSAX. They identified
others through research to be missing from and not relevant
to ACME but necessary for the TRANSAX system.

The result was a table containing approximately 7,000
pairs of entries (each linking a pair of codes in ICDA-8),
which can be categorized into one of three distinct types
of relationships based on the character of the action being
taken. Again, combinations, the first type, identify pairs where
both codes combine into a third code. Modifications identify
pairs where one code remains intact but effects conversion
of the other code into a third code. Deletions identify pairs
where only one code of the pair is retained.

Within the first two types, there is a further division
of the table entries into those which are applicable only if
the codes are in a specified “due to” relationship and those
which are applicable regardless of location in the cause-of-
death statement. These are called “due to” and “mention of”
relationships, respectively. This distinction is necessary to
reflect the intent of the certifier and to follow the conventions
of ICDA~8 and the rules for underlying-cause coding.

PAs used herein, “linkage” is not totally synonymous with its use in underlying-
cause coding.

In creating table entries, codes are grouped together in
spans where possible. This approach reduces the overall
number of final table entries by approximately 45 percent.
The table with spans contains a total of approximately 4,000
entries, of which 79 percent are combination entries, 8 percent
are modification entries, and 14 percent are deletion entries.
“Due to” entries number approximately 900, and there are
approximately 3,000 “mention of” entries.

Appendix A contains the axis translation table applied
to 1968-78 data.© The definitions of terms and labels used
in appendix A are as follows:

Entry number—This is the line number of the entry in
the tables, given in sequential order; it allows one to relate
specific entries to information given in appendixes B and C.

Anchor code (A)—The code that is being combined, mod-
ified, or deleted.

Subanchor code (S}—The code (or span of codes) that
can invoke combination, modification, or deletion of the an-
chor code.

Recode—The new code resulting from the relationship,
if any (see below).

Ambivalent flag—Flags “1” to “5” in this column indicate
that the particular relationship is ambivalent (AMB) in nature.

In other words, the application of the relationship cannot

be determined on the basis of the code numbers alone. Applica-
tion is valid only for certain specified terms in ICDA-8 that
are assignable to the codes, and this can be determined only
by reference to the original source document, the death certifi-
cate. The system contains special provisions to handle these
entries without such costly reference to source documents.
The specific rules are as follows:

a. If the underlying cause of death is the same as the
recode for combination- and modification-type relation-
ships or the same as the subanchor for deletion-type
relationships, the relationship is invoked on the basis
that the underlying-cause modification process origi-
nally invoked that same relationship.

b. If the underlying cause of death is the same as either
the anchor code or subanchor code for combination-
and modification-type relationships or the same as the
anchor code for a deletion-type entry, the relationship
is not invoked on the basis that the underlying-cause
modification process did not invoke the relationship.

‘ICDA-8 codes in appendixes A through E have been printed without decimals.
All 4-digit codes should be read with a decimal point between the third
and fourth digits; for example, 4409 means 440.9.



c. If neither of the above situations exist, then the relation-
ship is invoked with a given probability, depending
on the value of the AMB flag:

AMB Probability of Invoke when sequence
flag invoking relationship numberends in—
1......... 0.10 5
2.0 0. 0.40 1,3,6,7
< J 0.60 0,1,3,4,5,7
4. ... ... 0.90 0,1,2,3,5,6,7,8,9

AMB flag “5” is used in situations where (1) an anchor
and subanchor are repeated in a given table, (2) this
anchor and subanchor link to different recodes, and
(3) one of the recodes must be selected. Flag “5”
forces the system to use the most likely recode if
the aforementioned rules a and b fail.

The basis for rules a and b exists in the fact that in
processing a record, the ACME system uses at least some
of the code relationships employed by TRANSAX. ' However,
ACME rejects those that are ambivalent and leaves them
for a nosologist to review with the source record and to
assign an underlying cause of death. Thus, because the final
underlying cause of death reflects source record review,
TRANSAX can use this as a basis for deciding whether to
invoke some of the ambivalent relationships.

The remainder of the cases are governed by rule ¢ wherein
the ambivalent flag reflects a “best guess” based on the opinion
of expert nosologists as to the relative frequency with which
a given relationship would typically be invoked. There are
1,200 ambivalent entries in the tables.

Type—The following abbreviations describe the character
of the particular relationship.

¢ COM—DUE TO: Anchor code and subanchor code are
combined into a third code based on “due to” positional
relationship where anchor code is due to subanchor code.

& COM—MENTION OF: Anchor code and subanchor code
are combined into third code based on “mention of”
relationship.

® MOD—S DUE TO A: Anchor code is modified by suban-
chor code based on “due to” relationship where subanchor
code is due to anchor code.

® MOD—A DUE TO S: Anchor code is modified by suban-
chor code based on “due to” relationship where anchor
code is due to subanchor code.

® MOD—MENTION OF: Anchor code is modified by sub-
anchor code based on “mention of” relationship.

® DELETION: Anchor code is deleted and subanchor code
is retained to preserve specificity or to eliminate a
contradiction.

.The entries given in appendix A are perhaps most useful
in relation to appendixes B (Record axis multiple-cause codes
which may have been generated by axis translation and the
table entries in which they are located) and C (Entity axis
multiple-cause codes which may be changed by axis translation
and the table entries in which they are located). In appendix
B one can determine the potential entity axis components
of a given record axis code, that is, linkages that may have
given rise to the code. Conversely, in appendix C one can

assess the potential impact of axis translation on a given
entity-axis code, that is, linkages that may modify it.

Axis translation logic

The axis translation table provides the action to be taken
on each pair of codes but not the logic for creating pairs.
The latter is a central, critical issue because a death reccrd
can contain many disease conditions (up to 14 codes ure
allowed, so 91 pairs of codes are theoretically possible) and
the medical practitioner may not comply with the format in
the cause-of-death section. Thus, relationships can chain 10-
gether in sequence (for example, two codes combine into
a third code which then relates to another code), creating
secondary, tertiary, and higher level relationships. Yet, at
the same time, contradictions among codes must be avoided
in the process of translating the axis of classification.

The examination of all codes on the record is the basis
of the logic of TRANSAX. This examination treats each ccde
as an anchor code, deciding whether it is influenced or modified
by any other code on the record. An ordering algorithm controls
the order of selection of anchor codes and the sequence of
searching for codes to modify it. This algorithm also defines
“due t0” and “mention of” criteria and the approach for sequen-
tial relationships that chain together.

In carrying out axis translation on a particular death record,
the program software successively examines each code on
the record and determines whether it (the anchor code) should
be combined with or modified by any other code (subanchor
code) on the record. The examination process starts with
the code furthest left on the highest used line of the certificate.
That code is successively paired with other codes in a predefired
priority order until a combination or modification is male.
Once a combination or modification is made, the new code
(recode) is substituted for the original anchor code, and this
recode is similarly paired with other codes on the record.

The process continues until all possible combination ¢nd
modification relationships with the original anchor or its sub sti-
tute are exhausted. Then the process is repeated using the
remaining codes in the record as anchor codes until all of
the original codes have been utilized. At the conclusion of
all combination and modification relationships, deletion re-
lationships are invoked whereby an anchor code may be deleted
and a subanchor code retained. Repetitive codes are also le-
leted. Each record axis code is then written to the output
tape file.

Though the specific order of application of the rule:. is
sometimes arbitrary and seldom makes a difference in the
translation, the logic is standardized with a given order of
rule application. This ordering is designed to be consistent
with the cause-of-death certification, in which the immediate
cause is given above intervening causes, and these are pla:ed
above the underlying cause of death. Within a given line,
the assumption is that the certifier has placed the more signifi-
cant condition at the beginning of the line. In applying the
table entries, combinations have priority over modificaticns,
which are more important than deletions.

Within each of these types, “due to” relationships hive
priority- over “mention of” relationships because they are



synonymous with adjectival modifiers. Anchor codes are
selected in the priority order of the first listed on the record
(line 1, code 1) to the last listed on the record (line S, code
14).¢ -

Other codes on the record are paired with the anchor
code as a subanchor in the following priority order:

® To the right on same line as anchor.

Next lower line and across it, left to right.

And so forth—to part II (line 5).

Then back to line 1, 2, and so forth, until anchor code
is again reached.

- When a subanchor code combines with an anchor code,
that recode cannot serve as a future subanchor code. This
rule eliminates generation of superfluous relationships involv-
ing the same set of codes.

A basic consideration in axis translation is the definition
of “due to” relationships. Axis translation in TRANSAX em-
ploys a slightly different definition than the one used in ICD
for underlying cause-of-death classification. Axis translation
considers every code on a given line in part I of the certification
in a “due to” relationship to every code on the next lower
line of part I,

1@)7,5,6
(b)4,3,9
() 11,15

In the above example, illustrative codes 7, 5, 6 are all
in a “due to” relationship to code 4. They are also in a
“due to” relationship to codes 3 and 9. Codes 4, 3, 9 are
all in a “due to” relationship to both codes 11 and 15.

Axis traaslation and underlying cause use the same “due
to” definition up to this point. However, underlying cause-of-
death coding goes a step further. If there is only one code
on the lowest used line in part I, every code on every line
above it is in a “due to” relationship to the code on the
lowest used line. This is a deliberate effort to accept the
physician’s stated underlying cause as the “selected underlying
cause of death.” Axis translation cannot maintain this as a
parallel principle, because axis translation is applied selectively
to remove “noise” from entity axis data. If this part of the
general rule on “due to” relationships were applied, conditions
on line a would be modified by the single condition on line
ceven if the intervening condition on line b were contradictory.

For example, consider the following hypothetical ICDA-8
certification:

I(a) Hemiplegia . . . . ... ........... 344.1
(b) Cerebral hemorrhage . . ... ... ... .. 431.9
(c) Arteriosclerosis . . ... ........... 440.9

It is inappropriate to consider, for axis translation, that
the arteriosclerosis caused the hemiplegia when the certifier
said that the hemiplegia was caused by the cerebral hemor-

9The coding rules provide for four lines in Part I of the medical certification
and one line in Part 1. The extra line in Part I allows for cases where
the physician “writes in” an extra line in the medical centification. On a
line, up to 14 codes may be assigned; however, the total overall lines are
also restricted to 14 codes. When there are more than 14 entities to be
coded, the least important entities are ignored.

rhage. The consequences may be even more profound when
multiple-condition codes appear successively on single lines
of the record.

A “mention of” relationship refers to the combination
of a pair of codes or to the modification or deletion of one
member of a pair of codes, based on joint presence of the
codes on the record (part 1 and/or part II) irrespective of
location within the cause-of-death statement.

To summarize, a given relationship involves either (1)
combination of both codes in a pair into a new code, (2)
modification of one code of a pair by the other, or (3) deletion
of one code of a pair. As an additional constraint, certain
relationships, by definition, are valid only if one code is
in a “due to” positional relationship (that is, they appear
on different but adjacent lines of the certificate) to the other
code. Other relationships are valid regardless of their positional
relationships. The following examples illustrate each type of
relationship in the process.

® Type I: Combining two codes into one code—1f ICDA-8
No. 410.9 (Acute myocardial infarction without mention
of hypertensive disease) is mentioned with No. 401 (Essen-
tial benign hypertension), replace codes 410.9 and 401
with code 410.0 (Acute myocardial infarction with hyper-
tensive disease).

If No. 320.0 (H. influenzae meningitis) is reported
due to No. 011.9 (Pulmonary tuberculosis NOS), replace
codes 320.0 and O011.9 with 013.0 (Tuberculous
meningitis).

® Type 2: Modifying one code based on the presence of
another—If No. 394.9 (Diseases of mitral valve not
specified as rheumatic) is mentioned with No. 398 (Other
heart disease, specified as rheumatic), modify code 394.9
to 394.0 (Diseases of mitral valve specified as rheumatic)
and keep code 398.

If No. 192.9 (Malignant neoplasm of other parts
of the nervous system, site unspecified) is reported due
to No. 431.9 (Cerebral hemorrhage without mention of
hypertension), modify code 192.9 to 191 (Malignant neo-
plasm of brain) and keep code 431.9.

® Type 3: Deleting one code based on the presence of
another—If No. 410.9 (Acute myocardial infarction with-
out mention of hypertensive disease) is mentioned with
No. 410.0 (Acute myocardial infarction with hypertensive
disease), delete code 410.9.

If No. 507 (Hay fever) is mentioned with No. 493
(Asthma), delete code 507.

If No. 090.9 (Congenital syphilis, unspecified) is
mentioned with No. 090.0 (Early congenital syphilis,
symptomatic), delete code 090.9.

If No. 151.9 (Malignant neoplasm of stomach, part
unspecified) is mentioned with No. 151.9 (Malignant neo-
plasm of stomach, part unspecified), delete one of the
151.9 codes.

Putting these procedures together in sorting a record,
the text figure illustrates the character of the overall process
with specification of each logic step used by TRANSAX
in arriving at the record axis code set.
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ENTITY AX.:

ANCHOR CODE
# L# C#
14109 1 01

REV. CODES:

2 4100
34339 2 01

REV. CODES:

4 4330

54349 2 02

REV. CODES:

6 4340

7 4123 2 03

REV. CODES:

8 4121

TEM R/A CD:

9 4100
10 4121
11 4330
12 4340

RECORD AX.:

Figure

10141090 20143390 20243490 20341230 501401 0

QUERY

CODE L# C#

IN DUE TO COMBINATION TABLE-1

4339 2 01 IN SAME TABLE WITH ANCHOR
4349 2 02 IN SAME TABLE WITH ANCHOR
4123 2 03 IN SAME TABLE WITH ANCHOR
IN MENTION OF COMBINATION TABLE-2
4339 2 01 IN SAME TABLE WITH ANCHOR
4349 2 02 IN SAME TABLE WITH ANCHOR
4123 2 03 IN SAME TABLE WITH ANCHOR
401 5 01 IN SAME TABLE WITH ANCHOR

CODE
CODE
CODE

CODE
CODE
CODE
CODE

RESULTS

NO
YES, RECODE= 4100

1014109N 20143390 20243490 20341230 501401 N

IS NOT AN ANCHOR CODE IN TABLES 1-5
IN DUE TO COMBINATION TABLE-1

IN MENTION OF COMBINATION TABLE-2
4349 2 02 IN SAME TABLE WITH ANCHOR
4123 2 03 IN SAME TABLE WITH ANCHOR
401 5 01 IN SAME TABLE WITH ANCHOR

CODE
CODE
CODE

TABLE NOT APPLICABLE
YES

NO

NO

YES, RECODE= 4330

10141090 2014339N 20243490 20341230 501401 N

IN DUE TO COMBINATION TABLE-1

IN MENTION OF COMBINATION TABLE-2
4349 2 02 IN SAME TABLE WITH ANCHOR
4123 2 03 IN SAME TABLE WITH ANCHOR
4109 1 01 IN SAME TABLE WITH ANCHOR
IN DUE TO MODIFICATION TABLE-4

IN REVERSE DUE TO MODIFICATION TABLE-

IN MENTION OF MODIFICATION TABLE-5
IN DUE TO COMBINATION TABLE-1
IN MENTION OF COMBINATION TABLE-2

CODE
CODE
CODE

3

TABLE NOT APPLICABLE
YES
NO
NO
NO

TABLE NOT APPLICABLE

NO
NO
TABLE NOT APPLICABLE
YES

4123 2 03 IN SAME TABLE WITH ANCHOR CODE NO

401

5 01 IN SAME TABLE WITH ANCHOR CODE YES, RECODE= 4340

1014109D 20143390 2024349N 20341230 501401 N

IN DUE TO COMBINATION TABLE-1

IN MENTION OF COMBINATION TABLE-2
4123 2 03 IN SAME TABLE WITH ANCHOR
4109 1 01 IN SAME TABLE WITH ANCHOR
4339 2 01 IN SAME TABLE WITH ANCHOR
IN DUE TO MODIFICATION TABLE-4

IN REVERSE DUE TO MODIFICATION TABLE-

IN MENTION OF MODIFICATION TABLE-5
IN DUE TO COMBINATION TABLE-1

IN MENTION OF COMBINATION TABLE-2
401

CODE
CODE
CODE

3

TABLE NOT APPLICABLE
YES

NO

NO

NO

TABLE NOT APPLICABLE
NO

NO

TABLE NOT APPLICABLE
YES

5 01 IN SAME TABLE WITH ANCHOR CODE YES, RECODE= 4121

10141090 20143390 20243490 2034123N 501401 N

IS NOT AN ANCHOR CODE IN TABLES 1-5

401 D 4100R 4109D 4121R 4123D 4330R 4339D 4340R 4349D

IN DELETION TABLE-6
IN DELETION TABLE-6
IN DELETION TABLE-6
IN DELETION TABLE-6
41000 41210 43300 43400

NO
NO
NO
NO



Imputation of external cause (E) codes to which
nature of injury (N) codes relate

Under entity axis coding rules for ICDA-8, when one-term
entities are given that state or imply cause (E code for external
cause of injury) and effect (N code for nature of injury),
an N code and an E code are both assigned only for predefined
terms given in the instruction manual (see part 2b of the
Vital Statistics Instruction Manual series for more informa-
tion). Otherwise, the comparable E code is not coded in
the entity axis field unless the external cause is specifically
stated elsewhere on the record. Thus, the E code would be
lost unless, by the underlying-cause coding rules, it is imputed
to be the underlying cause of death. The lack of such E
codes creates problems in analyzing nature of injury and exter-
nal cause data on a comparable basis.

To overcome these limitations, the axis translation process
extends beyond the basic concept described above, generating
in the record axis data field the E code to which an N code
or group of N codes relate. This is accomplished by the
following steps, applied in order:

® If the underlying cause of death is an E code and is
not in the record axis field, it is inserted in the record
axis field.

® If there is an N code(s) but no E code in the record-axis
field, the appropriate E code is inserted according to
appendix D. When multiple N codes convert to different
E codes, only No. E929 (“Other and unspecified acci-
dents™) is inserted.

® If there are E codes in the categories E930.0-E931.9
or E947, and there are N codes in the categories N820-
N959, N980.0-N989.9, or N991.0-N996.9, and no other
E code is on the record, then the appropriate E code
from appendix D is assigned as above.

® If there are E codes in the categories E911-E912, and
there are N codes in the categories N829—-N931, N936-
N959, N980.0-N989.9 or N991.0-N996.9, and no other
E code is on the record, then an E code from appendix
D is assigned as above.

These four actions do not completely eliminate the prob-
lem, because a maximum of only one E code may be added
to the file. However, it does reduce the problem to an accept-
able level without having to examine each source record.
The need for multiple E codes is estimated to be infrequent,
and automatic generation of these codes could produce incom-
patible E codes within the record axis field.
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System development

The axis translation concept, methodology, and system
software represent the culmination of approximately one and
a half years of research and development. Because the concept
is new, the only external standard available to date is the
criterion that the resultant person-based multiple cause data
must be true to the principles of ICDA-8 and not contradictory
to underlying cause-of-death classification. During testing,
a small group of hypothetical cases, a 7,000 record control
file of all table entries, and approximately 20,000 actual data
records from across the ICDA-8 range of codes were used
at each stage of review and revision to measure the impact
of changes in rules.

In addition, the specifications for systems design included
a number of evaluation tables to permit tabular assessment
of system performance in both test mode and in ongoing
operation. The project team of statisticians, nosologists, and
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a computer systems analyst reviewed each problem as it was
identified to determine whether basic concepts, nosology rules,
or programming was the source of the problem.

Initially, during the system’s infancy, the hypothetical
cases were sufficient to detect problems because they were
of a gross nature. As the system was refined, greater reliance
was placed on the control file and actual data records stratified
to represent a maximum of the combinations of source data.

The results of the final test of system acceptance were
reviewed by appropriate NCHS staff prior to implementation.
This included samples of records processed, evaluation tables,
and special control total tables designed to compare frequency
counts by ICDA-8 category among the underlying cause-of-
death, entity axis, and record axis multiple cause-of-death
variables. The system was approved for implementation in
September 1980.



Performance statistics

The system was first implemented on the 1976 mortality
data file. This section reports some performance statistics
that resulted from processing that file.

The results given in table 1 indicate that approximately
15 percent of the records in the 1976 annual mortality file
were modified to some degree by the axis translation process.
On 9 percent of the records, one or more code relationships
were invoked. On 6 percent of the records, no code relation-
ships were invoked, but repetitive codes were eliminated.

The “mention of, combination” type entries (see table 2)
invoked by far the largest number of code relationships (178,
375). The deletion entries and the “mention of, modification”
entries were the second and third most frequently used, with
50,429 and 16,457 applications, respectively. The “due to”
entries were rarely used. On the average, a translated record
was created using 1.43 code relationships (based on a total
of 253,363 code relationships invoked out of a total of 177,060
records).

In terms of the ambivalent table entries (see table 3),
39,347 were encountered on 25,037 records. Out of this total,
24,728 (63 percent) were actually invoked as “yes” based
on computation of the ambivalent algorithm as described in
the discussion of the axis translation tables. This percent varied
from 53 to 88 percent among the five types of entries. Of
the total ambivalent entries encountered, 59 percent were re-
solved according to the underlying cause-of-death code and
41 percent were resolved according to the ambivalent code
in the TRANSAX tables (see “Axis translation table” section).

As shown in table 4, most of the translated records invoked
only one (70 percent) or two (21 percent) of the table entries
during processing. Only about 1 percent invoked five or more
entries. When multiple entries were employed, they frequently
invoked chains of entries where the recode of the first entry
related to another code on the record, and the resultant recode
also related to a third code, or subsequent codes.

Table 5 depicts the extent to which the TRANSAX process
produced a change in the number of codes on a record. A
reduction would be expected to the extent that combination
and deletion entries were utilized extensively by TRANSAX.
By definition, the modification table entries did not produce
a reduction in the number of codes on the record. In
table 5, each combination of number of entity axis codes
and number of record axis codes is also tabulated according
to whether a code relationship was invoked.

The tabulation shows that the typical translated record
had three codes which, through code combination and deletion,

were reduced to two codes. By definition, records containing
only one code cannot invoke a table entry. For records contain-
ing two or more original codes, the percent of records with
one or more table entries invoked varied from 5 percent on
records with 2 codes to approximately 42 percent on records
with 10 or more codes. On 22 percent of the records invoking
a table entry, the number of codes was reduced by at least
half the original number; but, 73 percent of the records with
a linkage had a reduction of only one code. Eight percent
represented no reduction of codes.

There are 1,610 ICDA-8 categories involved in the trans-
lation process as an anchor code, recode, or subanchor code
in one or more table entries. The remaining 1,618 categories
are not used in the axis translation tables, and their frequency
counts are not affected except through elimination of repetitive
codes. Appendix E lists those categories that are used along
with a comparison of their entity axis and record axis
frequencies.

Tables 6-8 summarize appendix E and the effect of axis
translation on ICDA-8 category counts. These tables contrast
entity axis and record axis frequency counts along several
major dimensions. First, table 6 indicates that 78 percent
of the record axis category counts were within 1 percent
of their corresponding entity axis counts (exclusive of repetitive
code elimination). Most of these involved very few records
relative to the number in the total file.

Two hundred nineteen category counts (14 percent) dif-
fered by as much as 10 percent, with 84 categories (5 percent)
differing more than 70 percent. Table 7 lists the 50 categories
which had an entity axis or record axis frequency greater
than 5,000 records and a percent change greater than 5 percent.
Almost all categories were in the circulatory and digestive
chapters of ICDA-S8.

When tabulating multiple cause-of-death data at various
aggregate levels of classification (that is, conventional groups
of 281 causes, 69 causes, and 34 causes), the differences
between entity axis and record axis frequencies were usually
substantially reduced; yet substantial differences remained in
several categories.

For example, in table 8, which is based on the conventional
“69 selected causes” tabulated for U.S. residents in Vital
Statistics of the United States (exclusive of external cause
and nature of injury codes), the extremely large difference
in category 410.0, shown previously in table 7, was totally
eliminated. Because the TRANSAX table entries convert code
No. 410.9 to 410.0 in the presence of No. 401, record axis
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and entity axis differences were subsumed by upcoding to
the 410 level.

Likewise, the 50-percent decrease in category No. 470
between entity axis and record axis counts was totally sub-
sumed in the 470474 code grouping. On the other hand,
major differences did remain for some code groupings. These
included groups 402 (+ 12.39 percent); 404 ( + 12.42 percent);
424, 428 (—22.36 percent); 420423, 425-427, 429 (- 5.63
percent); 400, 401, 403 (—83.72 percent); and 441-448
(—5.61 percent).

The N- to E-code conversion algorithm, which is carried
out separate from and after the translation process, was em-
ployed on 19,538 records (see table 9). The purpose of this
algorithm is to assure that a comparable E code exists on
every record having one or more N codes. Of 1,911,907
records in the 1976 data file, 207,080 records (1 percent)
originally had an N code present. Of this group, 5,091 records
had an E code but needed an additional one, and 14,447
records had no E code. In 4,640 cases, the appropriate
E code was obtained by moving the underlying cause of

14

death into the record axis field. In the remaining 14,898
records, the E code was added using an N- to E-code conversion
table (appendix D). Where a direct one-to-one conversion
is possible, this conversion table indicates the appropriate
external cause for each nature-of-injury code.

As shown in table 10, there was no difference in the
entity axis and record axis frequencies for nature-of-injury
code categories. They are neither included in appendix A
nor are they affected by the N to E algorithm. This algorithm,
however, solely affected the E code frequencies. Although
not shown in table 10, the major contribution to the +20.44-
percent change for group “E800-E807, E825-E949” (All other
accidents) is from category E887. Use of the conversion table
caused this category to be added to more than 14,000 records.
The remaining categories in the table were therefore seldom
used.

In 245 cases, the residual category E929 was added in
order to resolve a conflict between multiple N codes or to
impute an E code where direct conversion is not possible.



Software and other data
processing characteristics

As shown in appendix F, TRANSAX is part of a larger
system of programs for processing NCHS multiple cause-of-
death data. Preceding TRANSAX in the system flow are
reformat and edit programs, which prepare the data for input
to TRANSAX. Also, because multiple-cause processing is
on a delayed basis, independent of main-file processing,
the source of data to the system is the annual master mortality
file containing ACME, geographic, and demographic data
variables.

The TRANSAX software is written in PL/1 programming
language and contains 1,356 executable statements. Under
the optimizing compiler for PL/1, TRANSAX processes ap-
proximately 1,500 records per central processing unit minute
on the NCHS IBM 370/158 computer. The region size required
is 400K. Hardware requirements include a tape drive and

disk drive. The NCHS computer utilizes 6,250 bytes-per-inch
tapes along with IBM 3350 disk drives, with TRANSAX
using 120 tracks of space on a disk. The space requirement
is largely due to the size of the translation tables, which
the computer stores in memory during program execution.
The tables are stored and read sequentially; however, they
are partitioned to facilitate quick access to the needed table
entry. Moreover, the program logic is written to minimize
unnecessary search time.

The output record created by TRANSAX and subsequently
reformatted for release is given in appendix G. This record
file serves as the annual NCHS master multiple cause-of-death
file for input to tabulation, public use tape, and data retrieval
software.
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System benefits

In contrast to entity axis data, the record axis data created
by TRANSAX have seven major benefits in the tabulation
and analysis of person-based multiple cause-of-death data.

1. Provide a common, standardized level of classifica-
tion—In entity coding, the assignment of one code versus
another to a given condition entity may be determined on
the basis of the phraseology the certifier employed in describing
a disease or diseases. For example, the entity codes for
the terms “renal sclerosis” and “hypertension” given on a
certificate would be ICDA~8 No. 584 (Renal sclerosis, unqual-
ified) and No. 401 (Essential benign hypertension), respec-
tively. However, the code for the statement “hypertensive
renal sclerosis” would be No. 403 (Hypertensive renal disease).
From the perspective of ICDA-8 and traditional rules for
mortality coding, these two deaths result from essentially
the same classifiable disease or disease process and the record
axis code for both is No. 403.

Similar arguments can be made that the code for “bron-
chitis, unqualified” (No. 490) when reported with “em-
physema” (No. 492) should be the same as for “chronic
bronchitis” (No. 491), and that the codes for “chronic al-
coholism” (No. 303.2) and “cirrhosis of the liver” (No. 571.9)
should be the same as for “alcoholic cirrhosis of the liver”
(No. 571.0). '

Through literal application of ICD combination categories,
the rules for record axis coding are designed to achieve
a common, standardized level of classification despite wide
differences in reporting terminology and format.

2. Provide comparability with underlying cause classifi-
cation—One aspect of entity coding that tends to cause prob-
lems in data interpretation is that sometimes (5.79 percent
of the time in 1976) the underlying-cause code cannot be
found as an entity code. Although this is inevitable because
linkages are not used in entity coding, it does render joint
analysis of multiple- and underlying-cause data troublesome.
Record axis coding overcomes this limitation by invoking
the same assumptions, rules, and category definitions that
underlying-cause coding employs. The only exception is
preference rules, which are not relevant for axis translation.

In almost all cases (99.92 percent in 1976), the underlying
cause is a record axis code. Parallelism between the underlying-
cause modification tables, the axis-translation tables, and the
logic employed in their application promotes the creation of
data bases that are analytically compatible. Cases where the
code for the underlying cause is not on the record axis represent
situations where errors in the coded data make it impossible
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to reconstruct a completely harmonious record without con-
tradiction of previously published underlying cause-of-death
statistics. Application of TRANSAX does not include reference
to the source microfilm.

3. Provide comparability with other data bases—Most
coding schemes that employ the ICD literally apply the index
and combination categories, assigning codes within the context
of the record as a whole, as WHO recommended. Although
morbidity classification rules may have a few exceptions and
qualifications, they generally adhere to the provisions of the
ICD.

Converting the multiple-cause data from an entity axis
of classification to a record axis of classification, which em-
bodies combination categories, promotes comparability be-
tween the cause-of-death data base and other medical (for
example, morbidity) data bases.

4. Promote additivity of the data—In general, person-
based prevalence counts for two or more multiple-cause codes
cannot be added, because more than one code can be assigned
to the same individual. Record axis coding, by creating mutu-
ally exclusive categories, allows additivity over the fourth
digits of certain categories.

For example, ICDA~8 code No. 410.0 (Acute myocardial

.infarction with hypertensive disease) and code No. 410.9

(Acute myocardial infarction without mention of hypertensive
disease) are additive. One can add the number of deaths
with mention of No. 410.0 to the number of deaths with
mention of 410.9 to obtain the number of deaths with mention
of No. 410. Likewise, No. 250.0 (Diabetes mellitus with
mention of acidosis or coma) and No. 250.9 (Diabetes mellitus
without mention of acidosis or coma) are additive under record
axis coding.

5. Improve accuracy and precision of tabulated data—
The translation process improves the accuracy and precision
of the coding by removing repetitive codes, resolving con-
tradictions, clearing up ambiguities, making the coding more
concise, and by providing person-based codes that are more
meaningful for tabulation and analysis.

Examples from ICDA-8 include the translation of entity
codes No. 402 (Hypertensive heart disease) and No. 403
(Hypertensive renal disease) to the more concise No. 404
(Hypertensive heart and renal disease); No. 250.9 (Diabetes
mellitus without mention of acidosis or coma) and No. 780.0
(Coma and stupor) to a more accurate, noncontradictory code
No. 250.0 (Diabetes mellitus with mention of acidosis or
coma); No. 303.1 (Alcoholism, habitual excessive drinking)



and No. 571.9 (Cirrhosis of liver unspecified) to a more
accurate No. 571.0 (Alcoholic cirrhosis of liver); and No.
011.9 (Pulmonary tuberculosis NOS) causing No. 320.9
(Meningitis with no organism specified as cause) to a presumed
No. 013.0 (Tuberculous meningitis).

6. Facilitate interpretation of the data—Because record
axis coding minimizes the number of exceptions to the classifi-
cation, interpretation of the data is more manageable. In con-
trast, accurate interpretation of entity coding generally requires
some familiarity with the 200-page NCHS instruction manual.

For example, under ICDA-8 record axis coding, the code
for “cystitis” reported due to “tuberculosis” would be

No. 016.1 (Tuberculosis of other urinary organs) as specified
in the classification. Under entity coding, the code for the
term “cystitis” would be No. 595 (Cystitis) and for “tuber-
culosis” would be No. 011.9 (Pulmonary tuberculosis, NOS),
which is the closest code for the term when entity axis codes
are applied without linkage.

7. Reflect basic WHO recommendations for multiple-
cause coding—In 1969 and 1974, WHO recommended the
“linking” method (as employed in TRANSAX) for use in
multiple-cause coding. WHO notes that this method is also
employed by the French and that the rules are suitable for
both morbidity and mortality coding.
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System limitations

The major limitation of multiple-cause record axis data
in contrast to entity axis data is the loss of detail embodied
in the application of certain linkages in the ICD. For example,
using ICDA-8, “cerebral hemorrhage™ reported with “malig-
nant hypertension” is coded on the record axis to Malignant
hypertension with cerebrovascular involvement (No. 400.2).

Loss of detail is unfortunate. And, in fact, the 1955
multiple-cause study utilized a coding scheme that restricted
the use of combination categories to those not losing detail.
That approach has not been taken in TRANSAX for several
reasons. The linkages in the ICD should be viewed as a

18

whole and either applied or not applied, because the classifica-
tion was presumably designed with the needs of users in
mind. Standardization and comparability with other data sets
are compromised when linkages are employed on a selective
basis. Finally, the required detail is available in the entity
data for applications where loss of detail is a problem.

A secondary limitation of multiple-cause record axis data
is that information on location of the codes within the cause-of-
death statement is lost. The use of linkages invalidates the
placement and order because conditions are combined ani
modified over all lines of the medical certification.



Application summary

Following comprehensive review, the TRANSAX system
was implemented on 1976 data and was used to process the
remaining years (1968-78) of mortality data based on ICDA-8.
Conversion of the systern to ICD-9 was implemented with
1979 data.

NCHS annual multiple cause-of-death data tabulations
employ record axis data. However, NCHS tapes and public
use tapes contain entity and record axis data and the underlying
cause of death and are supported by extensive documentation
to assist the user in their processing, tabulation, and
interpretation.

Based on the documentation, the user is able to determine
which entity axis codes TRANSAX may have modified and
conversely which record axis codes TRANSAX may have
created. Analytical reports and other in-depth research may
utilize entity axis and record axis multiple-cause data and
underlying-cause data either in combination or independent
of one another as best meets the need of a given research
application.
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Table 1. Number and percent distribution of records processed by
category of action taken

Table 3. Number and percent of ambivalent entries encountered by type
of entry and whether or not used

Number of Percent
Action taken records’ distribution
Total. . . ... .. . 1,911,907 100.00
1ormoreentriesused . . .. ...... 177,060 9.26
No entry used, but duplicate
codesdeleted . . . ... ... .. ... 112,662 5.89
No entry used, and no codes deleted . . 1,622,185 84.85

‘Based on processing all deaths occurring in the United States in 1976.

Table 2. Number and percent distribution of entries used (ambivalent
and nonambivalent) by type of entry

Percent Percent

distribution distribution
Type of entry Number' of subtotal of total
Allentries . . .. ......... 253,363 100.00
Total combined entries . . . . . . 181,787 100.00 71.75
Dueto . ............ 3,412 1.88 1.35
Mentionof . ... ....... 178,375 98.12 70.40
Total modified entries . . . . . . . 21,147 100.00 8.35
Dueto . ............ 4,690 22.18 1.85
Mentionof . .......... 16,457 77.82 6.50
Deletions . ............ 50,429 19.90

'Based on processing all deaths occurring in the United States in 1976.

NOTE: Tabulation is based on the number of entriies with multiple entries possible on
record as opposed to the number of records with an entry used.

o
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Number Number Percent

Type of entry encountered' used used

Total. . . ... ... ... 39,347 24,728 62.85
Combination . .. ........ 25,412 13,592 53.49
Dueto ............. 1,959 1,277 65.19
Mentionof ... ... ..... 23,453 12,315 52.51
Modification . . . ... ... ... 3,743 2,217 59.23
Dueto ............. 3,444 2,069 60.08
Mentionof ... ........ 299 148 49.50
Deletion . . . ... ........ 10,192 8,919 87.51

1
'Based on processing all deaths occurring in the United States in 1976.

NOTE: Tabulation is based on the number of entries with multiple entries possible on a
record as opposed to the number of records with an entry used.

Table 4. Number and percent of records processed through the
TRANSAX system and percent of entries used, by number of table
entries used per record

Number of Number of Percent of Percent of
entries used records’ records entries used

Total . . . .. ... ... .. ... 1,911,907 100.00

0 1,734,847 90.74
1ormore .. ........... 177,060 9.26 100.00
A 124,297 6.50 70.20
2 e e e e e e e e 37,436 1.96 21.14
< 2 10,029 0.52 5.66
A 3,424 0.18 1.93
=2 1,183 0.06 0.67
Bt e e e e e e e 475 0.02 0.27
FOrMOre . . . oo v v v v v v 216 0.01 0.12

'Based on processing all deaths occurring in the United States in 1976.



Table 5. Effect of axis translation on the number of distinct codes per record

Entity Record Records where a Records where no
axis codes axis codes All code relationship code relationship
per record per record records’ is invoked is invoked

Total. . . e e e e e e e e e e e e e 1,911,907 177,060 1,734,847
01 e e e e e 01 319,229 - 319,229
02 . e e e e e e e 01 30,431 21,087 9,344
[ 02 505,435 3,479 501,956
[ 01 5,053 4,743 310
07 02 79,042 41,104 37,938
10 03 431,991 4,387 427,604
04 . e e e 01 832 826 6
04 . L e e e e e e e e e e e e e e e e e e e 02 12,399 8,357 4,042
[ 03 60,190 33,574 26,616
04 . e e e e e e e e e 04 227,856 3,196 224,660
05 & i it i e e e e e e e e e e e e e e e e e e e 01 107 107 -
10 02 1,561 1,439 122
D8 L e e e e e e e e e e e e e e e e e e e e 03 9,707 7,259 2,448
[0 04 35,065 19,128 15,937
[ O 05 97,331 1,828 95,503
[ O 01 20 20 -
0B . . e e e e e e e e e e 02 236 235 1
0 03 1,368 1,254 114
06 . v e e e e e e e e e e e e e e e e e e e 04 5,354 4,054 1,300
06 & e e e e e e e e e 05 16,150 8,617 7,533
< 06 35,667 800 34,867
O 01 - - -
07 o e e e e e e e e e e e e e e e e e e e e 02 23 23 -
07 o e e e e e e e e e e e e 03 200 196 4
07 . . ... o e e e e e e e e e e e 04 895 736 159
07 o e e e e e e e e e e e e e e e e e e e 05 2,629 1,922 707
07 C i e e e e e e e e e e e 06 6,532 3,408 3,124
7O 07 12,382 318 12,064
[ PN o1 - - -
1 02 5 5 -
[0 03 51 49 2
08 i e e e e e 04 158 149 9
- 05 468 380 88
DB o e e e e e e e e e e e e e e e e e e e 06 1,186 820 366
1 07 2,553 1,308 1,245
0] 08 4,199 113 4,086
1 P 01 -~ - -
00 & i i it e e e e e e e e 02 3 3 -
[ 03 4 4 -
0 04 27 27 -
[0 05 108 89 19
09 . e e e e e e e e e e e e e e e e 06 252 199 53
1 07 562 390 172
[ O 08 1,034 485 549
00 . e e e e e e e e e e e e e e e e e e e e 09 1,466 48 1,418
10ormorecodesperrecord . . . . . . . . L c i it e e e e e e 2,146 894 1,262

Based on processing all deaths occurring in the United States in 1976.
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Table 6. Number and percent distribution of ICDA-8 categories by absoiute value of percent of change between entity and record axis frequencies and
number of records in category on which entity axis code is mentioned

Absolute value of percent of change between entity

and record axis frequencies’
Number of records Less than or
on which entity axis - equal to 2-5 6-9 10-39 40-69 70 percent
code is mentioned Total 1 percent percent percent percent percent or more

Number . . ... ... ... i i 1,610 1,250 91 50 107 28 84
Percentdistribution . . . ... ........... .. ... 100.00 77.64 5.65 3.11 6.65 1.74 5.22
Lessthanorequalto1,000 ... .............. 1,362 1,122 47 33 64 16 80
1,001-2,000 ... .. .. ... 62 39 12 1 6 3 1
2001-3,000 .. ....... ... 36 21 7 2 5 - 1
30014000 ......... ... .. .. it 25 12 6 - 7 - -
4001-5,000 . ... ... i e 16 10 - 1 4 1 -
5001—10,000 . . . . ... ... . i e 37 15 8 3 8 2 1
10,001-20,000 . . ... .. ...t i i 35 16 3 5 5 6 -
20,001-30,000 ... ... ... ... ... 6 4 - - 2 - -
30,001-40,000 ........... e e e 10 6 - 2 2 - -
40,001-50,000 . ... ... ... 3 2 1 - - - -
60,001-100,000 . ... ... ... ...t 8 2 3 1 1 - 1
100,001 0PmMOTe . . . v v v v v it it et e e e 10 1 4 2 3 - -

'Based on processing all deaths occurring in the United States in 1976.
NOTES: TRANSAX table categories are the sole basis for the categories shown in this table.
ICDA-8 = Eighth Revision International Classification of Diseases, Adapted for Use in the United Slates.
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Table 7. List of ICDA-8 categories with an entity or record axis frequency of at least 5,000 and percent of change between the entity and record axis
frequencies greater than plus or minus 5 percent

ICDA-8 Entity axis Record axis Plus or minus
category frequency’ frequency’ percent change

Malignant neoplasm without specification of site

Othar . . o i e e e e e e e e e e e e e e 199.1 5,569 2,950 -47.0
Diabetes mellitus

Withmentionof acidosisorcoma . . . . . . . . . . o i e e e 250.0 2,596 5,941 +128.9
Aicoholism

Alcoholic addiction . . . . . . . L. e e e e e e e e e e e e e 303.2 11,389 5,882 -48.4

Other and unspecified alcoholism . . . . . . ... . .. ... . e 303.9 11,171 7,696 -31.1
Other cerebral paralyses

Hemiplegia . . . . . . . o i i e e e e 344.1 17,707 16,191 -8.6
Diseases of mitral valve

Notspecifiedasrheumatic . . . . . . . . . ¢ . o it it i e e e e e e e e 394.9 6,314 4,041 ~36.0
Diseases of aortic valve

Notspecified @S rheumatic . . . . . . . o v v v it e e e e e e e e e e e e 395.9 8,921 7,963 -10.7
Essential benign hypertension . . . . . . .. ... . L L e 401 73,322 7,113 -90.3
Hypertensive heart disease . . . . . . . v v v v v i i it e e e e e e e e 402 10,825 12,174 +12.5
Hypertensive renal disease . . . . . . . . . . i i i e e e 403 12,663 6,088 -51.9
Acute myocardial infarction

With hypertensive disease . . . . . . . . . o it it i i e e e e e e 410.0 82 33,139 +40,313.4

Without mention of hypertensive disease . . . . . . . . . . .. vttt e it 410.9 343,983 310,912 -96
Other acute and subacute forms of ischemic heart disease

Without mention of hypertensive disease . . . . . . .. . .. .. i i it 4119 16,663 15,126 -9.2

Chronic ischemic heart disease
Chronic ischemic heart disease with or without cardiovascular

disease with hypertensive disease . . .. . .. e e e e e e e e e e e e e e 4121 6,649 42,011 +531.8
Chronic ischemic heart disease with or without cardiovascular disease

without mention of hypertensive disease . . . .. ... ... ... 4123 468,394 435,126 -71
Cardiovascular disease without mention of chronic ischemic '

disease without mention of hypertensive disease . . . . .. ... ... ..., ... ...... 412.4 105,087 92,222 -12.2
Symptomatic heart disease

Congestive heartfailure . . . . . . .. . . i i it ittt it it e e e e 427.0 168,550 158,251 -6.1

Cardiac arrest not otherwise specified . . . . . .. .. .. ... . L i i . 427.2 203,649 192,798 -53

Otherheartblock . . . . . . . . . o i e e e e e e 427.3 9,082 8,480 -6.6

Atrial fibrillation or flutter . . . . . . . e e e e e e e e e e e e e e 427.4 18,521 17,066 -7.9

Ventricular fibrillationorflutter . . . . . . . .. . . . o e 427.6 18,452 17,238 ~6.6

Other and unspecified disorders of heartthythm . . . . . . ... ... ... ... ....... 427.9 32,540 30,384 -6.6
Other myocardial insufficiency . . . . . . .. .. i e e 428 16,738 12,585 -24.8
li-defined heart diseases

Cardiac enlargementand hypertrophy . . . . . . . . . oL it e e 429.0 8,620 7,326 -15.0

Other and unspecified heartdisease . . ... .. ... ... ... 429.9 34,880 32,203 -7.7
Subarachnold hemorrhage

Without mention of hypertension . . . . . . . . . o i e e e e e e e e 430.9 9,162 8,167 -10.9
Cerebral hemorrhage

With hypertension (benign) . . . . . . . . . . o L e e e e e e e e 431.0 27 8,507 +31,407.4

Without mention of hypertension . . . . . . . . . . v i it i i it it s e e e 431.9 36,791 27,463 -25.4
Cerabral thrombosis

Without mentionof hypertension . . . . . . . . . . o i e e e e 433.9 63,968 59,176 -75
Acute but ill-defined cerebrovascular disease

With hypertension (benign) . . . . . . . v i it i it e i e e e e e e e 436.0 427 16,084 +3,666.7

Without mentionofhypertension . . . . . . . . . . o ittt ittt i e e e e 436.9 150,866 134,884 -10.6
Aortic ansurysm (nonsyphilitic)

Unspecified aorticaneurysm . . . . .. ... ... .. ... ... e e e e e 441.9 5,189 4,849 -6.6
Gangrene not elsewhere classifiable . . . . . . e e e e e 445.9 10,318 4,412 ~57.2
Influenza, unqualified . . . . . .. ... e e e e e e e e e 470 10,419 5,218 —-49.9
Influenza with pneumonia . . . . . . . L i e e e e e e e e e e 471 441 5,292 +1,100.0
Chronicbronchitis . . . . . . v v v v v i i e i et e e e s e s e e e e e e 491 7.332 8,869 +21.0
Other diseases of respiratory system

Acuteedemaofiung . . . .. ... ... e e e e e 519.1 11,603 10,670 -8.0

Otherdiseases of IUNG . . . . . . . . . v v i ittt et e e e e e 519.2 13,626 7,453 ~-453

Chronic obstructive lung disease

without mention of asthma, bronchitis, oremphysema. . . . ... ... . ... ........ 519.3 53,384 48,226 -9.7
Ulcer of stomach

Otherand unspecified . .. ... ........... e e e e .. 5319 5,630 2,754 ~51.1
Intestinal obstructions without mention of hernia '

Otherandunspecified . . . . . . . . . i i it i it it it it ittt e e e 560.9 11,941 10,775 -98
Peritonitis

Unspecified . . . . o . o i e e e e e e e e e e e e e e 567.9 9,324 8,546 -8.3
Other diseases of intestines and peritoneum

10 1T e e 569.9 31,791 26,927 -153

See foolnotes at end of table.
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Table 7. List of ICDA-8 categories with an entity or record axis frequency of at least 5,000 and percent of change between the entity and record axis
frequencies greater than plus or minus 5 percent—Con.

ICDA-8 Entity axis Record axis Plus or minus
category frequency’ frequency’ percent change
Cirrhosis of liver
70 T P 571.0 10,011 16,452 +64.3
Otherspecified . . . . . . . . . . i i e e e e e e e e e e e 571.8 9,085 ) 7,256 ~20.1
Unspecified . . . . . v . o i i i e e e e e e e e e e e e e e 571.9 27,988 22,388 -20.0
Cholecystitis and cholangitis, without mentionofcalculus . . . . . .. ... ... ... ........ 575 5,546 3,850 -30.6
Anoxic and hypoxic conditions not elsewhere classifiable
Asphyxia of newborn, unspecified . . . . . .. ... L L L Lo e 776.9 10,004 6,966 -30.4
Certain symptoms referable to nervous system and special senses
Comaand StUPOr . . . . it s s e e e e e e e e e e e e e e e e e e e e e 780.0 6,481 5,579 -13.9
Other general symptoms
Electrolyte disorders . . . . . . v i . i i e e e e e e e e e e e e 788.0 25,404 22,599 -11.0

'Based on processing all deaths occurring in the United States in 1976.
NOTES: ICDA-8 = Eighth Revision International Classification of Diseases, Adapted for Use in the United States.

Percent of change excludes effect of N to E algorithm.
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Table 8. Number of deaths of U.S. residents, by mention of selected entity axis and record axis multiple causes of death, and percent of change

Percent

ICDA-8 Category’ Entity axis® Record axis® of change
Bacillary dysentery and amebiasis . . . . . . .. ... L. 004, 006 7 71 -
Enteritis and other diarrheal diseases . . . . . . . . . . . .. e 008, 009 4,148 4,099 -1.18
Tuberculosis, albforms . . . . . . . .. 010019 10,428 10,428 -
Tuberculosis of respiratory system . . . . . . . .. . 010-012 8,962 8,946 -.18
Tuberculosis, other forms . . . . . . . . . L L e e e e e e e e 013-019 1,582 1,595 +.82
Whooping cough . . . . . . . L e e e e e e e e e e 033 10 10 -
Streptococcal sore throat and scarlet fever . . . . . . . . .. L. L . 034 20 20 -
Meningococcal infections . . . . . .. L. L e 036 350 350 -
Seplicemia . . . . . . . e e e e e e e e e 038 42,623 42,599 ~.06
Acute poliomyelitis . . . . . . . L L e e 040043 110 110 -
Measles . . . .« o oo e e e e e e 055 19 19 -
Syphilis andits sequelae . . . . . . . . . L e e e e e 090097 819 819 -
Other infective and parasiticdiseases . . . . .. .. .. .. .. ... ... . ..... Remainder of 000-136 13,959 13,918 -.29
Malignant neoplasms, including neoplasms of lymphatic and hematopoietic tissues . . . . . . . . .. 140--209 429,194 429,194 -
Malignant neoplasms of buccal cavity and pharynx . . . . . ... ... .. ... .. L., 140-149 9,829 9,829 -
Malignant neoptasms of digestive organs and peritoneum . . . . . .. ... .. ... ... L. 150-159 114,641 114,936 +.26
Malignant neoplasms of respiratory system . . . . . . . . ... L. L L 160-163 99,935 99,935 -
Malignant neoplasm of breast . . . . .. . ... L. 174 39,203 39,203 -
Malignant neoplasms of genitalorgans . . . . . . . . ... ... Lo o 180-187 56,372 56,372 -
Malignant neoplasms of urinaryorgans . . . . . . . . . .. L e e 188-189 21,113 21,113 -
Malignant neoplasms of all other and unspecifiedsites . . . . ... ... .. ... ... 170-173, 190-199 203,658 202,687 —-.48
Leukemia . . o v o e e e e e e e e 204~-207 18,993 18,993 -
Other neoplasms of lymphatic and hematopoietic tissues . . . . . . ... ... ... .. 200-203, 208, 209 25,675 25,675 -
Benign neoplasms and neoplasms of unspecified nature . . . . . .. ... Lo L L. 210-239 8,725 8,712 ~.15
Diabetes mellitus . . . . . . . . L L e e e e 250 134,505 134,505 -
Avitaminoses and other nutritional deficiencies . . . .. . . .. .. ... .. ... . . 0. 260269 29,959 29,874 —-.28
ANBIMIAS . & v v v vt e et e e e e e e e e e e e e e e e e e e e e e e e 280-285 27,934 27,934 -
Meningitis . . . . . .. e e e e e e e e e e 320 3,251 3,196 -1.69
Major cardiovasculardiseases . . . . . . .. .. L L e 390448 1,232,757 1,232,360 -.03
Diseasesofheart. . . . . . . . . . .. ... e 390-398,402,404,410—-429 988,228 988,582 +.04
Active rheumatic fever and chronic rheumatic heartdisease . . . .. . . ... ... ... .... 390-398 24,121 24,119 -.01
Hypertensive heartdisease . . . . . . . . . . . . e e e 402 10,814 12,154 +12.39
Hypertensive heart and renal disease . . . . . . ... ... ... ... . .. .. . 404 4,285 4,817 +12.42
Ischemic heartdisease . . . . . . . . . . . . e e e e e 410-413 768,815 770,816 +.26
Acute myocardial infarction . . . . .. L L L L e e e e 410 343,601 343,601 -
Other acute and subacute forms of ischemic heartdisease . . . .. . ... ... .. ........ 411 16,596 16,596 -
Chronic ischemic heart disease . . . . . . . . . . . . . . . i it e e 412 601,902 604,203 +.38
ANgina pectoriS . . . v . L L e e e e e e e e 413 3,802 3,802 -
Chronic disease of endocardium and other myocardial insufficiency . . . . . ... ... .. ... 424,428 20,513 15,926 -22.36
All otherforms of heartdisease . . . .. ... ... ... . ... .. ....... 420-423,425—427,429 454,138 428,586 -5.63
Hypertension . . . . . . . . .. e 400,401,403 85,828 13,971 -83.72
Cerebrovascular diseases . . . . . . . . . i e e e e e e e 430-438 305,673 305,460 -.07
Cerebralhemorrhage . . . . . . . . . . o e e e e e e e e 431 36,759 35,918 -2.29
Cerebral thrombosis . . . . . . . o e e e e e e e e e e 433 63,934 63,895 -.06
Cerebral embolism . . . . . . . .. 434 3,685 3,684 -.03
All other cardiovasculardiseases . . . . . . . . . . . e e e 430,432,435-438 233,183 234,223 +.45
Arteriosclerosis . . . . . . . L e e e e e e e e 440 215,030 207,587 -3.46
Other diseases of arteries, arterioles, and capiflaries . . . . ... ...... ... ... ... ... 441448 55,392 52,286 -5.61
Acute bronchitis and bronchiolitis . . . . . ... L. e 466 2,924 2,843 -2.77
Influenza and pneumonia. . . . . ... L L e 470-474,480-486 195,701 195,701 -
Influenza . . . . . . e e e e 470-474 10,960 10,960 -
PReumonia . . . . . . . e e e e e e e e e e e e e e e e 480486 189,469 184,758 —-2.49
Bronchitis, emphysema, andasthma . . . . . . . .. .. ... L L e 490-493 62,626 62,395 -.37
Chronic and unqualified bronchitis . . . . . . . . . .. L L e e 490,491 11,407 11,193 -1.88
Emphysema . . . . . o i i i i e e e e e e e e e e 492 50,307 50,062 —-.49
Asthma . . . . e e e e e e e e e e e e e 493 7,096 7,034 -.87
Peplic UlCer . . . . o e e e e e e e e e e e e e e e e e e e e e 531-533 17,512 17,391 -.69
APPENdiCilisS . . . . . e e e e e e e e e e e e e e e e e 540-543 1,282 1,282 -
Hernia and intestinal obstruction . . . . . . . . . . L. L e e 550-553,560 20,553 20,553 -
Cirrhosis Of iver . . . . L o o e e e e e e e e e e e e e e e e e e e e e e e e 571 45,851 46,049 +.43
Cholelithiasis, cholecystitis, and cholangitis . . . . . ... .. .. .. ... ... . ..., 574,575 8,498 8,479 -22
Nephritis and Rephrosis . . . . . . . .. i e e e e e e e e e 580-584 26,509 26,193 -1.19
Active nephritis and nephrotic syndrome . . . . . ... L L L L e e e 580-581 10,108 10,147 +.38
Chronic and unqualified nephritis and renal sclerosis . . . . . . . ... .. ... . . 582-584 17,323 16,954 -2.13
Infections of kidney . . . . . o o L L e e e e e e e e e e 590 11,811 11,484 -2.77
Hyperplasiaof prostate . . . . . . . . . o i i e e e e e e e e e e 600 5,276 5,276 -
Complications of pregnancy, childbirth, and the puerperium . . . . . . ... ... ... ... ... 630-678 450 450 -
ABOON . . o v e e e e e e e e e e e e e e 640545 30 30 -
Other complications of pregnancy, childbirth, and the puerperium . . . . ... ... ... 630-639,650-678 426 426 -
Congenitalanomalies . . . . . . .. . . L L e e e 740-759 18,319 18,154 -.90

See footnotes at end of table.
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Table 8. Number of deaths of U.S. residents, by mention of selected entity axis and record axis multiple causes of death, and percent of change—Con.

Percent
ICDA-8 Category’ Entity axis® Record axis® of change
Certain causes of mortality inearlyinfancy . .. ... ... ... ... ... ... ... 760-772,774-778 31,663 31,663 -
Birth injury, difficult labor, and other anoxic and hypoxic conditions . . . ... ... ... 764-768,772,776 19,377 19,377 -
Other causes of montality inearlyinfancy . . . . . ... .. ... .. ........ Remainder of 760-778 28,405 28,405 -
Symptoms and ill-definedconditions . . . . ... ... L o o o e 780-796 386,443 380,798 —-1.46
Al Other diSeases . . . . . v i i i i e e e e e e e e e e e e e e e e e e e e e e e Residual 507,976 489,298 -3.68

ICategories are comparable to those used in table 1-13 of Vital Statistics of the United States, Volume 1, 1976 exclusive of external cause and nature of injury category.
?Causes of death based on processing deaths of U.S. residents in 1976.

Table 9. Effect of E~code addition to the TRANSAX file

Table 10. Number of deaths of U.S. residents by mention of selected
nature-of-injury and external-cause multipie causes of death

Number Percent  Percent total
of total records with
Processing category records® file N code
Totalfle. . . ............. 1,911,907 100.00
No N-codesonrecord . ....... 1,704,827 89.17
One or more N-codes present . . . . 207,080 10.83 100.00
Both E-code and N-code present
and no additional code
required . .. ... ... ... 187,564 9.81 90.58
Additional E-code needed . .. .. 19,538 1.02 9.44
N-code present but no E-code . . .
present . . .. ... .. .. 14,447 0.76 6.98
Underlying cause isused . . . . .
asEcode............ 23 0.00 0.01
E-code is obtained from
conversiontable ........ 14,424 0.75 6.97
Both E-code and N-code present
but an additional E-code
isrequired . . .......... 5,091 0.27 2.46
Underlying cause is used as the
additional E-code . . . ... .. 4,617 0.24 2.23
Second E-code is obtained from :
conversiontable . ....... 474 0.02 0.23

Basad on processing all deaths occurring in the United States in 1976.
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Entity Record Percent
Cause axis! axis’ change
Accidents . . ... ... E800-E949 138,821 157,444 13.42
Motor vehicle
accidents . . . ... E810-E823 48,239 48,239 -
All other
accidents . . . . .. E800-E807,
E825-E949 91,098 109,722 20.44
Suicide . ........ E950-E959 26,983 26,983 -
Homicide ........ E960-E978 19,742 19,743 .01
Other external causes . E980-E999 5,149 5,151 04
All natures of injury . . . N800-N939 206,434 206,434 -
Fractures, sprains,
strains, and
dislocations . . . . . NB800-N848 52,101 52,101 -
Intracranial injuries . . N850-N854 46,523 46,523 -
Internal injuries . . . . NB60-N869 30,498 30,498 -
Lacerations and open
wounds . . .. ... N870-N907 30,651 30,651 -
Superficial injuries
and contusions . . . N910-N929 2,307 2,307 -
Effects of foreign body,
entering through
orifice. . .. .... N930-N939 11,679 11,679 -
Bums . . ....... N840-N949 6,982 6,982 -
Injury to nerves and
spinalcord . . . .. N950-N959 2,595 2,595 -
All other injuries . . . N960-N999 92,469 92,469 -

‘Based on processing deaths of U.S. residents in 1976,
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ANCHOR AMB SUBANCHOR
CODE (A} CODE (S)
0029 0020-0022
68039 0030

0039 0059

0049 0040-0048
0059 0030

0059 0039

0059 0050-0058
0069 0060

0069 572

0083 0080~0082
0089 4 470

0089 4 474

0090 470

0090 474

0091 470

0091 474

0092 470

0092 474

0099 470

0099 474

0110 4 5110

0110 515

0111 4 5110

0lil 515

0112 4 5110

0l12 515

0113 0110-0112
0113 4 5110

0113 515

0114 4 5110

0114 515

0115 4 5110

0115 515

0119 0110-0114
0119 4 5110

0119 515

0120 515

0121 515

0122 0119

0122 515

0123 515

0129 515

0159 0150-0158
0169 0160-0162
0209 0200-0201
0239 0230-0232
0269 0260~-0261
0319 4 5192

035 6314

035 6315

035 6316

035 6319

035 6401

035 6409

035 6411

035 6419

035 6421

035 6429

035 6431

035 6439

035 6441

035 6449

035 6451

035 6459

0361 0360

0361 4 3209

0369 0360-0368
0369 3209

037 6314

037 6315

037 6316

037 6319

037 6401

037 6409

037 6411

037 6419

037 6421

037 6429

037 6431

037 6439

037 6441

037 6449

037 6451

037 6459

0380 6314

0380 6315

0380 6316

0380 6319

0380 6401

0380 6409

0380 6411

0380 6419

0380 6421
NOTE:
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SEE TEXT FOR EXPLANATION OF COLUMN

RECOD

0030

0030

0060

473
473
473
473
473
473
473
473
473
473
0121
010
0121
010
0121
010

0121
010
0121
010
0121
010

0121
010
010
010
0121
010
010
010

0310
6310
6311
6312
6313
6402
6400
6412
6410
6422
6420
6432
6430
6442
6440
6452
6450

0360

0360
6310
6311
6312
6313
6402
6400
6412
6410
6422
6420
6432
6430
6442
6440
6452
6450
6310
6311
6312
6313
6402
6400
6412
6410
6422

APPENDIX A

AXIS TRANSLATION LINKAGES BEING £EMPLOYED ON ICDA-8 DATA (1968 ~ 1978)

E TYPE

DELETION

DELETION

COM-MENTION OF
DELETION

DELETION

COM~MENTION OF
DELETION

DELETION

COM~MENTION OF
DELETION

COM-MENTION OF
MOD-MENTION OF
COM-MENTION CF
MOD-MENTION OF
COM-MENTION OF
MOD-MENTION OF
COM~-MENTION GOF
MOD—-MENTION OF
COM-MENTION OF
MOD-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM—MENTION OF
COM—-MENTION OF
COM-MENTION OF
COM-MENTION OF
DELETION

COM-MENTION OF
COM—~MENTION OF
COM—MENTION OF
COM-MENTION OF
COM-MENTION OF
COM-MENTION OF
DELETION

COM-MENTION OF
COM~-MENTION OF
COM—-MENTION OF
COM-MENTION OF
COM-A DUE TO S
COM~MENTION OF
COM-MENTION OF
COM—-MENTION OF
DELETION

DELETION

DELETION

DELETION

DELETION

MOD-S DUE T0 A
COM-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM~MENTION OF
COM-MENTION OF
COM—MENTION OF
COM-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM—-MENTION OF
COM—MENTION OF
DELETION

COM-MENTION OF
DELETION

COM-MENTION OF
COM—~-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM~MENTION OF
COM-MENTION OF
COM—-MENTION OF
COM-MENTION OF
COM-MENTION OF
COM—MENTION OF
COM-MENTION OF
COM-MENTION OF
COM—MENTION OF
COM—-MENTION OF
COM=-MENTION OF
COM-MENTION OF
COM—-MENTION OF
COM—MENTION OF
COM—MENTION OF
COM—-MENTION OF
COM-MENTION OF
COM~MENTION OF
COM-MENTION OF
COM-MENTION OF

ENTRY
No.
0001
0002
0003
0004
0005
0006
0007

. 0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093

ANCHOR
CODE (A)
0380
0380
0380
0380
0380
0380
0380
0381
0381
0381
0381
0381
0381
0381
0381
0381
0381
0381
0381
0381
0381
0381
0381
0382
0382
0382
0382
0382
0382
0382
0382
0382
0382
0382
0382
0382
0382
0382
0382
0382
0388
0388
0388
0388
0388
0388
0388
0388
0388
0388
0388
0388
0388
0388
0388
0388
0389
0389
0389
0389
0389
0389
0389
0389
0389
0389
0389
0389
0389
0389
0389
0389
0389
0390
0390
0390
0390
0390
0390
0390
0390
0390
0390
0390
0390
0390
0390
0390
0390
043
043
043
043

LABELS AND CONTENT

AMB SUBANCHOR REC