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ABSTRACT

Diagnoses made at autopsy are usually yes-no
(binary) decisions inferred from clinicopathologic
data. A major conceptual problem in determining
cause of death is that variables used in classify-
ing some patients may be missing in other patients.
A model with too few logical implications will be
mathematically incomplete for small data sets; but
a model too many 1mpi1cafions may be inconsistent
with large data sets. We examined the patients
autopsied after coronary artery bypass surgery from
The Johns Hopkins Hospital autopsy database of
43200 cases. Diagnoses entered on a word processor
and transmitted to a minicomputer were solved by
the Quine-McCluskey algorithm. Our analysis dis-
closed that 41% of patients suffered a fatal com-
plication of cardiac surgery; 43% had established
surgical complications or unrelated causes of
death; and in 17% of cases the cause of death was
unexplained. Computerized symbolic logic analysis
of medical information is useful in testing the
completeness of a proposed set of causes of death.

. INTRODUCTION

Diagnoses made at autopsy, like those made
during 1ife, are usually yes-no (binary) decisions
inferred from a large body of historical, physical
examination, laboratory, and pathologic data. These
data, in turn, are often either inherently binary
or else involve only a few grades of severity which
actually enter the decision-making process. Because
of the diversity and large amounts of potentially
relevant data of this sort, however, we are still
faced with the formidable problems of (1) entering
large volumes of reasonably error-free medical data,
(ii) sifting through large databases in search of
a few cases of interest, and (iii) analyzing these
relatively heterogenous data in a coherent manner.

Autopsy data, including clinical summaries
prepared by the autopsy prosector, include a wealth
of information relevant to the cause of death. The
Johns Hopkins Hospital autopsy database consists of
43200 autopsy records (beginning in 1889 and type-
written after 1901) and accompanying glass slides,
all housed in a single room accessible to authorized
personnel. Demographic data (age, race, sex) are
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in computer-readable form for all cases, and the
autopsy report itself (i.e., 1ist of diagnoses) is
computer-readable for the most recent 23200 cases
(since 1948). A1l cases are indexed. The computer-
readable part of the index employs the actual words
used by the attending faculty who signed out the
case, rather than the Systematic Nomenclature of
Pathology (SNOMED). It is our view that standardized
coding is time-consuming, prone to error, and tends
to sacrifice desired nuances of meaning. Recovery
of cases is done by a Key Word In Context (KWIC)
system such as that used in the Federation Proceed-
%gggbindex. Investigators select desired cases on
e basis of contextual information. Our autopsies
are typed routinely on word processors, text is
transmitted to a minicomputer, sorted keyword lists
are generated by a short MUMPS program, and updated
KWIC index books are printed at timely intervals.

Patients autopsied after coronary artery
bypass surgery are an appealing group for study
from several perspectives, Coronary artery bypass
surgery is a very widely used therapy in patients
with ischemic heart disease (estimafes of up to
100,000 cases yearly in the U.g.g). The procedure
has a low operative mortality,2=° is usually
succeasful in relieving or eliminating anginal
pain,3,6-9 and may be useful in prolonging life in
certain groups of patients, such as those with
signiflsa?¥ left main coronary artery narrow-
ing,zs »!'' but the effectiveness of the coronary
artery bypass graft procedure in prolonging life in
larger groups of patients with signif ‘3"5 ?gronary
artery lesions remains controversial.!»4,8, The
cause of death among patients dying in the peri-
operative period is often poorly understood. The
complexity of many of these cases make them partic-
ularly suitable candidates for computer approaches.
We were able to recover all cases in the present
study from our computer indexes. We then supple-
mented the autopsy records with data from the
original medical records and from our own review
of the preserved heart specimen and postmortem
radiographs. Data included descriptive (binary)
statements, semiquantitative grades of severity,
and quantitative measurements (percent arterial
occlusion, infarct size, etc.). We formulated de-
ductions in symbolic logic as we might rationalize
our decisions to professional colleagues. Although
symbolic logic does not mimic actual human thought



processes, it does resemble the natural language in
which we account for our decisions. Using a word
processor interactively with a time-shared mini-
computer, we refined our arguments until each case
was handled by the computer to our satisfaction.

MATERIALS AND METHODS

The 155 patients autopsied at The Johns
Hopkins Hospital after coronary artery bypass
graft surgery were identified from the computerized
keyword index. For 150 of the patients the heart
had been studied after postmortem c?sonary arteri-
ography and fixation in distention,'> and in 154
instances the cardiac surgery had been performed at
The Johns Hopkins Hospital. In 67 cases, other
procedures besides coronary artery bypass graft
surgery had been performed. Clinical and patho-
logic variables were determined for each patient
and were recorded on a standardized form using a
Raytheon VT1303 word processor Xith asynchronous
ASCIT communications software.!# Proofread data
diskettes were transmitted in “BATCH SEND" mode
via a dial-up or direct line to a Digital Equipment
Corporation PDP 11/70 minicomputer with MUMPS
operating system and language interpreter in the
Department of Laboratory Medicine of The Johns
Hopkins Medical Institutions. Means, standard
deviations, correlation coefficients, and frequency
distributions of selected variables were obtained
from the Statistical Analysis System (SAS) program
package on the IBM 370/3031 computer in the
Information Systems ngartment of The Johns Hopkins
Medical Institutions.'® Symbolic logic calculations
were more easily obtained on the PDP 11/70 mini-
computer, due to the character string subscripting,
dynamic storage, an? implicit sort capabilities of
the MUMPS language. 6 Symbolic logic solutions
were ?9t?§ned using an es%gblished algorithm of
Quine'’s'S and McCluskey.'” This algorithm can be
programmed quite compactly in MUMPS, as shown in
Table 1, and we obtained solutions for all 155
cases in 94 minutes in a time-sharing environment
with 15 competing jobs.

COMPLETENESS VERSUS CONSISTENCY

Our approach to the analysis of a medical
database is to propose a hypothesis and then to ask
whether the relevant autopsy data are reasonably
consistent with this hypothesis. Among patients
autopsied after coronary artery bypass surgery, it
had been our impression that a large proportion of
patients dying in the perioperative period died as
a result of myocardial injury or alterations of
myocardial geometry related to the cardiac opera-
tive procedure. We prepared a 1ist of recognized
surgical complications and unrelated events gener-
ally regarded as sufficient to cause death, and
then worked repeatedly through the remaining cases
searching for additional problems which might
suffice to cause death. Since it is difficult to
apply uniform standards of judgment to many cases
with many variables per case, we constructed a
system of criteria for each potential cause of
death and used symbolic logic to a581¥2these
criteria objectively to each case.“"»
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Ordinary symbolic logic (first order prop-
ositional logic) is attractive as a medium for
expressing relationships among observed data and
hypothetical concepts because (i) it closely resem-
bles declarative assertions written in a natural
language and (ii) its mathematical properties and
computer solution procedures are well-studied. In
our experience the fact that symbolic logic does
not handle probabilistic data has not been a par-
ticularly compelling objection to its use. Quite
the contrary, the many probabilistic models which
call either for highly subjective "personal proba-
bilities" or for frequentist probabilities which
are difficult to obtain seem more contrived to us
than ordinary symbolic logic. A more serious
problem in our experience is the difficulty of
constructing a complete and consistent system of
:y?bolig logic with respect to "reasonable" medical

ata sets.

In mathematical logic, a system of axioms is

said to be complete if every true theorem is
provable. A system is consistent if no theorem in

the system is both true and false. In 1931, Gbdel
published his celebrated proof that systems of
logic with the strength of ordinary ari% tic
cannot be both complete and consistent.%® Since
inconsiiiency is intolerable in a mathematical
system,c* we face the somewhat unsettling fact

that consistent systems of set theory, algebra, and
geometry, are all incomplete--i.e,, they all con-
tain true theorems which are unprovable. An intu-
itively similar (but mathematically less momentous )
problem is encountered in the management of medical
data. Let us say that a system of symbolic logic is
complete if it generates a diagnosis for every set
of patient data; and consistent if the system never
obtains a diagnosis that 1s both true and false.

Now suppose we have a system of logic which
asserts that a positive barium enema followed by
pathologic confirmation suffices to diagnose trans-
verse colon carcinoma. But suppose we afso require
that a negative barium enema is the only way to
rule out transverse colon carcinoma. Since it is
not current medical practice to perform a barium
enema on all patients regardless of symptoms (and
rightly so), the above logical requirement would
result in incomplete data sets with respect to the
important question of transverse colon carcinoma.
On the other hand, suppose we say that an absence
of gastrointestinal complaints, negative rectal
examination and stool Guaiac, etc., suffice to
rule out transverse colon carcinoma. There will
then be the occasional patient with a negative
history and physical examination who subequently
has a laparotomy for unrelated reasons (say, motor
vehicle trauma) and is found to have a transverse
colon carcinoma. Logically speaking, the diagnosis
of traqsver;e colon carcinoma is both true and
false in this patient. Various contrivances are
available for resolving this dilemma; we favor
anvextsgs}gn 2f symbolic logic based on modal
logic.cs »2



SYMBOLIC LOGIC ANALYSIS

Ordinary symbolic logic (first order proposit-
ional logic) consists of descriptive statements
(operands) related to one another by operators such
as "not", "and", "or", "implies". The most popular
notation for symbolic logic is the so-called
Principia notation (used_in Whitehead and Russell's
Principia Mathematica).?/ Examples: “it is true
that ae 7s written "—ra"; “"a implies b" is written
“a s b"; "a and b implies c" is written
“(a & b) ®p c". The key feature of Principia nota-
tion is that the operators and statements are
written in the same order as they appear in most
European languages. Some mathematical arguments
are facilitated by the use of Lukasiewicz notation
(or Polish notation), in which each two-operand
operator is placed before (rather than between)
the two operands which 1t modifies. Thus "it is
true that a" is still written "~ a"; but "a
implies b" is written "sp a b"; aa9 "a and b
implies c" is written "sp & a b c". In the
present rsgort, we use nullity notation, introduced
by Quine,¢® because of the ease with which this

notation lends itself to computer solution pr‘oc?g-]9

ures, especially the Quine-McCluskey algorithm.
Translation of Principia or Polish notation into
nullity "°E9t}8"
algorithm.¢/» A nullity is any set of state-
ments which contains no s*atement and its negation.
Using "+" to denote "it is true that" and "-" to
denote "it is false that", {+al}, -a}, {+a, -b%,
and {+a, +b, -c} are all nullities; but {+a, -a},
{+a, +b, -b}, and {+a, +b, +c, -c¥} are not nul-
lities, because each contains a statement and its
negation. A study nullity is any nullity contain-
ing at least one sfafemen¥ which is false for the
study. For example, "it is true (for the study)
that a" corresponds to the study nullity, {-a}.
the sentence "a implies b", it cannot simultane-
ously be the case that both a is true and b is
false; therefore, {+a, -b} is a study nullity.

In the sentence "a and b implies c", it cannot be
the case that a and b are true but ¢ is false;
therefore, {+a, +b, -c} is a study nullity. The
importance of nullities as a computing convenience
is the fact that two study nullities can be “null-
added" (denoted @) to form a new study nullity or
null sum. Thus

{-aY

In

{-a2

® {+a, +b -
+b, -C

{-bY

® {+b, -c

-C

is easily accomplished by Gentzen's
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are all valid null additions, because in each case
a single statement variable is cancelled to obtain
the solution. Mathematically it has been proved
that exhaustive null additions (the MUMPS program
in Table 1) suffice to determias 3]1 and only the
study nullities in the system.<Ys A system is
consistent if and only if £ } (the empty set, ¢)
7s not a study nullity; and complete with respect
to diagnosis a if either {+aT—o;'LT-_a} is always
present in the set of study nullities.

Quine's proof that the Quine-McCluskey al-
gorithm obtains all and only valid study nullities
from the input study nullities is so simple and
elegant that it is worth sketching here. Given the
list, aj, a2,..., ap, of n binary statements under
consideration, we define a maximal nullity as any
complete set of these statements, each of which is
prefixed by “+" or "-"; there are 2" maximal nul-
lities. Every nullity is a subset of one or more
maximal nullities, and in fact every nullity, A,
may be characterized in terms of the maximal nul-
lities of which A is a subset. It is intuitively
clear that if A and B are nullites, A is a study
nullity, and A is a subset of B (A B), then B is
also a study nullity; because if A contains at
least one statement that is false for the study and
B contains every statement of A, then B must contain
at least one statement that is false for the study.
The proof that exhaustive null additions find all
and only valid study nullities has two parts. To
show that null addition, B ® C = D, obtains only a
valid study nullity, D, we may demonstrate that for
e::;y mgximz] nullity, E, of whizh D is a subset,
either B& E or C<E. Let B = {aj,...,a5,+ai41}
and C = {-a1+6, Aj425004535}; the% by de}ini%;gn
of null sum, =<{hl,...;a1;a +25+0453jF. By def-
inition of maximal nullity, either +aji1 & E or
-a“bo E.  Suppose that +aj,;&E; then
B DU C+ajn Yk, Otherw]se, ceo-ain 1 TsE.

To show that exhaustive null addition obtains
all valid study nullities, suppose that there is a
most inclusive, valid study nullity,
A={a1,a¥,...,a 3, which is not obtained after
exhaustive null additions. “This means that B = A
{+a1+*} and C = AlJ£-ay41Y are obtained by ex-
haustive null additions, or @Tse A would not be
“most inclusive". But B ® C = A, so that exhaustive
null additions could not have been performed. End
of proof.

Our approach to the dilemma exemplified above
by the diagnosis of transverse colon carcinoma
employs a “"certainty operator", denoted "$§" (read,
“certain whether or not"). The $-operator has a
formal relationship to the modal logic O -operator
é;nsgessarily“) by the formula, $a = (Oa |O-a).

»€9 We use the formula, -$asda (“if not certain
whether or not a, then a"), as a default procedure
for forcing the value for a when classical symbolic
logic has failed. Just as "a=»b" corresponds to
the study nullity {a,-b}, likewise "-$a=pa" corres-
ponds to the study nullity {-$a,-aY. The Quine-
McCluskey algorithm is executed in two steps:
first excluding all study nullities which contain



certainty operators; fhsg a second time, including
all study nullities.2l» Using a few, simple
rules to prevent the certainty operator nullities
from “"bumping into" classical symbolic logic, one
can guarantee consistency and completeness for a
large, relatively heterogeneous body of binary
data.3° In the present application, we employ the
study nullity, {-$unx, -unx}, where unx =
“unexplained cause of death after coronary artery
bypass surgery". This study nullity translates as,
“if it is uncertain whether the cause of death is
explained, then it is unexplained”.

CORONARY ARTERY BYPASS PATIENTS

The 155 patients on whom an autopsy was per-
formed after a coronary artery bypass operation
ranged in age from 35 to 81 years (average, 57
years), and included 109 males and 144 whites. In
our initial analysis of coronary artery bypass
patients, we identified the recognized surgical
complications (sur) and unrelated causes of death
(unr) which could account for a fatal outcome in
these patients. These findings are listed in
Table 2, and account for 66 patients in the series.
If an agreed-upon list of causes (here, sur and
unr) are exclusively responsible for a given effect
(here, death), then it should be true that one or
more of the causes is present. However, this naive
study nullity, {+death, -sur, -unr, -unx), resulted
in 89 unexplained cases in the initial analysis.

In each of these patients, there was not a surgical
complication regarded as sufficient to cause

death (study nullity {+sur}) and there was not an
unrelated event sufficient to cause death (study
nullity {+unr}). Since all patients in an autopsy
series are dead, {-death} is a study nullity. But
by null addition, the presence of study nullities
{+death, -sur, -unr, -unxg, {-death}, {+sur}, and
€+unr} implies that €-unxY is a study nullity and
the system is unexplained for that patient.

Many of these initially unexplained patients
suffered from perioperative problems which have
recently become regarded as sufficient to cause
death in patients receiving coronary artery bypass
graft surgery. In 13 patients, the coronary artery
bypass graft procedure was performed after a pre-
operative catastrophe (pre), such as a preoperative
cardiac arrest or an acute myocardial infarct. In
these patients, who survived less than one day post-
operatively on the average, death occurred with
immediate postoperative pump. failure and massive
reflow injury, or contraction band necrosis, in the
myocardium. Contraction band necrosis is a myo-
cardial lesion recognizable grossly as an area of
hemorrhage and microscopically as characteristic,
thick, transverse, eosinophilic bands in the cardi-
ac myocytes. Contraction band necrosis is typically
seen in association with open coronary artery
grafts, and is probably due to excess calcium ion
influx into myocytes following the reflow of_blood
after a period of no flow to the myocardium.3 In
17 patients, immediate pump failure and death was
due to massive contraction band necrosis, probably
sustained near the end of the operative procedure
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(opc). These patients lived an average of about
one day after operation, and their postoperative
course was marked by immediate, severe shock. This
pattern of myocardial injury has been seen signifi-
cantly less frequently in more recently autopsied
patients who received 1m?roved myocardial support
techniques at operation.'® In other patients, a
clinical course of immediate pump failure or an
arrhythmia led to death in the operative or early
postoperative period, but the hearts did not have
substantial contraction band necrosis. Five of
these patients had operative graft occlusion (opg)
usually from operative compression of the anastomo-
sis. These patients presumably suffered a fatal
myocardial infarct as a result of operative graft
occlusion: in two patients the infarct was demon-
strable histologically, but in three patients the
time between operation and death was too brief for
the usual histologic lesion of myocardial infarc-
tion to appear. With these additional three causes
of death (pre, opc, opg), one can now account for
death in 101 patients. This expanded study nullity:

{+death, -pre, -opc, -opg, -sur, -unr, -unx}
resulted in 54 unexplained cases.

Two additional patterns emerged in the remain-
ing 54 patients whose death was as yet unexplained
by our analysis. There were 15 patients receiving
a concomitant aneurysmectomy (anu) who suffered
immediate pump failure unexplained by operative
myocardial injury or graft occlusion. Among the 29
patients receiving aneurysmectomy in this series,
18 (62%) suffered a similar postoperative course of
immediate pump failure (as compared to 43 (34%) in
126 non-aneurysmectomy patients), suggesting that
patients appear to suffer a substantial additional
risk of immediate postoperative shock associated
with the aneurysmectomy (p<0.01). It has been sug-
gested that rearrangements of the geometry of the
ventricular segments created by the operative pro-
cedure could account for the impaired ventricular
function, that is, could operatively produce flat-
tening of the intervegsricular septum and the left
ventricular segments.% Such flattening of segments
would be predicted to reduce the effectiveness of
myocasgial tension producing intracavitary pres-
sure. Thus we considered this group of patients
as showing a pattern of events which might be
sufficient to account for a total outcome,

Finally, in 13 patients earl ostoperative
arrhythmias or cardiac arrests ue{epassogiated with
graft thrombosis (gth). These were all patients
who had successfully come off cardiopulmonary by-
pass without immediate shock, and as a rule these
patients showed only trivial operative injury.
Graft thrombosis in these patients probably occurs
in association with the postoperative reversal of
anticoagulation. 1In the 22 patients who had sus-
tained graft thrombosis, 17 (77%) suffered either
immediate pump failure or early postoperative
arrhythmias or cardiac arrests (p<0.01). Again,
this coincidence of events suggested a pattern
which might account for death in these 13 otherwise



unexplained cases. The final study nullity:
{+death, -pre, -opc, -opg, -anu,
-gth, -sur, -unr, -unx}

accounted for the clinicopathologic findings in
all but 26 patients. In these patients no cause
of death was established, and the diagnosis "+unx"
was obtained by the use of default nullity
{-$unx,-unx}. Results are summarized in Table 3.

DISCUSSION

Medical decision making is generally regarded
as prospective process in which observed data on
a particular patient and the physician's accumu-
lated experience are combined to render diagnoses
and choose among therapies. While this experience
may be a good predictor in well-established areas
of medicine, its value in predicting frequencies
of medical events is less certain in areas such as
cardiology and oncology where our concepts are in
a state of flux. Methods such as decision theory,
which depend heavily upon a griori probabilities
of disease processes, are difficult to apply to
rapidly changing areas of medical practice. The
“limiting frequency" interpretation of probability
presupposes an experience based upon many cases,
which is often unavailable; but the “personal
probability" interpretation is subjective and may
does not have a demonstratable relationship to
actual observations on patients. The retrospective
medical decisions of the autopsy pathologist have
an important role in documenting these changing
patterns of diagnosis and treatment. Classical
autopsy studies, in which observations are system-
atically collected and the numbers of cases having
different features are organized in tables, still
command the attention of practicing physicians.
It is reasonable to explore the extent to which
classical autopsy studies can be streamlined by
modern computer methods.

Case identification is often a very burden-
some task. Some autopsy services have excellent
case material which is virtually inaccessible due
to poor indexing. SNOMED coding may not be prac-
tical because it involves a significant outlay of
the pathologist's time or hiring of additional
skilled personnel. Retrospective SNOMED coding of
old autopsy material is usually a hopeless task, so
that one then ends up with two indexing systems--

a "pre-SNOMED" and a “post-SNOMED" index--resulting
in further confusion. On the other hand, most
pathology departments routinely type all their
records, and word processing is being brought into
many pathology departments for reasons of office
efficiency, quite independent of indexing consider-
ations. Autopsy reports saved on floppy disks can
readily be converted into Key Word Index Context
(KWIC) index books using a minicomputer with the
character manipulation, dynamic storage, and im-
plicit sort capabilities of MUMPS. Elimination

of the tedious SNOMED coding step also makes it
more feasible to enter older records on the word

processor, as we have done with our autopsy records
since 1948, The outstanding flaw of KWIC index
books in case identification is created by multiple
synonyms for the same disease entity. In our
experience, however, the interested investigator
usually knows the synonyms, and he may have more
confidence in his own ability to recognize disease
names in context than in the coder's ability to
have classified the diseases according to the
investigator's desires.

After the appropriate cases are assembled
and supplementary data are entered on the word
processor, it is often very instructive to examine
the means, standard deviations, and all possible
pairwise correlations. Unexpected high correlations
may point out errors or conceptual misunderstand-
ings in the database; anticipated high correlation
values serve as reassurance that the core data are
sound. Not every statistically significant result
has its most obvious biological meaning. We once
found a significant correlation between the severity
of peripheral vascular disease and short stgaure
in a series of autopsied diabetic patients. The
“short statured" patients were actually bilateral
amputees!

The final step in the analysis is to construct
a comprehensive explanation of the findings as one
might rationalize them to a professional colleague.
This explanation can usually be translated into
symbolic logic without much trouble, as shown in
the present example of coronary artery bypass
patients. The word processor is then employed
interactively with a minicomputer to refine the
explanation and test its coherence with respect to
the entire series of cases. Two important criteria
for the “"coherence" of an explanation are complete-
ness and consistency. We define completeness as
the ability of the iogical system to obtain a true
or false status for all diagnoses of interest
(here, causes of death after coronary artery
bypass graft surgery). Consistency is the absence
of any diagnosis which is both true and false. A
few cases may remain unexplained by this method,
but these same cases may not make much sense when
examined by intuitive methods either. The power of
the above approach is its objectivity combined with
its resemblance to established reasoning processes
in pathology--the computer serves as an extension
of the classical methods of counting and comparing
rather than as an enforcer of new, unfamiliar
assumptions.

The computer revolution in medicine which
began over two decades ago is just now being felt
in departments of anatomical pathology, where word
processors are replacing typewriters as the means
of producing autopsy documents. This new source of
machine-readable medical .information can be used
to answer detailed questions of disease natural
history and treatment complications, including many
ordinary bookkeeping questions which are easily
gnswered with the character manipulation and
implicit sort capabilities of computer languages
§uch as MUMPS. We hope to see a greater interest
in autopsy pathology applications of word process-
ing and computing in future years.
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TABLE 1. Mumps Program to Perform the Quine-McCluskey Algorithm

QUINE ; GWMOORE - QUINE MCCLUSKEY ALGORITHM ;
ENTRY K K VIR K VIS S AU=-1 S IX=-1 S SW=0 S NX=0 S FL=-1 S FQ=-1 S MX=-1

RDA S AU=80(~DATA(AU)) G:AU="* EXIT S FF=-1 K VTR K VTS
W IILL,“AUTOPSY: “,AU
S IX=-1 S SW=0 S NX=0 S FL=-1 S FQ=-1 S MX=-1 K STV
RDL S FF=80(~DATA(AU,FF)) G:FF="" L0G
S NX=NX+1 S VTS(NX)=FF S STV(FF)=NX W !,FF
S SF=8E(FF,1,1) S:SF="-" SG="+" S:SF="+" SG="-* S FN=SG_SE(FF,2,120)
S FC=FF G:$D(STV(FN))>0 CNT G RDL
LOG S FL=BO(™VTR(FL)) G:FL="* STM S SL=-1
LGN S SL=80(~VTR(FL,SL)) G:SL="* LOG S:MX<SL MX=SL S VTR(FL,SL)="* G LGN
STM S IX=80(VTS(IX)) G:IX="* RPT S FX=VTS(IX)
S SF=BE(FX,1,1) S:SF="-" SG="+" S:SF="+" SG="-*
S FI=SG SE(FX,2,120) S NO=-1
NXL S NO=8OTVTR(FI,NO)) G:NO="" STM S FB=-1 K VTP
BKI S FB=80(VTR(FB)) G:FB="" NWI G:8D(VTR(FB,NO))=0 BKI S VTP(FB)="" G BKI
NWI K VIP(FI) § FC=-1
SLN S FC=-1 S FC=80(VTP(FC)) G:FC="* CNT S FD=80(VTP(FC))
S FR=-1 G:FD="" ONE G MLT

ONE  G:8D(STV(FC))>0 NXL W !,FC S SW=1 S NX=NX+1
S VIS(NX)=FC S STV(FC)=NX S SX =$E(FC,1,1)
S:Sx___ll-ll SG‘M+I0 S:Sx=u+l¢ SG"Q-II
S FN=SG $E(FC,2,25) G:8D(STV(FN))>0 CNT G NXL

MLT S MX=MX+1 S FR=-1

NWL S FR=$0(VTP(FR)) G:FR="" NXL S VTR(FR,MX)="" G NWL

CNT W !!!,"CONTRADICTION AT: *“,FC,” “,FN W I! G RDA
RPT I SW=1 S SW=0 S IX=-1 G STM

G RDA
EXIT W !!!,"EXECUTION COMPLETE"

TABLE 2. Cause of Death in 66 Patients with Recognized Complications or Unrelated Causes of Death

Surgical Complications Unrelated Causes
Hemorrhage 10 Puimonary embolism 6
Infection 8 Acute myocardial infarct 5
Postoperative cerebrovascular accident 3 Sudden death 7
Operative coronary obstruction 2 Sepsis 3
Multisystem failure 3 Other cardiac 5
Other 4 Other non-cardiac 10
TOTAL 30 36

TABLE 3. Causes of Death after Coronary Artery Bypass Graft Surgery
Patient Group

1 Preoperative catastrophe (pre) 13 ( 8%)
II Operative contraction band necrosis (opc) 17 (11%)
111 Operative graft occlusion (opg) 5 ( 3%)
1v Aneurysmectomy (anu) 15 (10%)
) Graft thrombosis (gth) 13 ( 8%)
VI Other surgical and unrelated (sur, unr) 66 (43%)
VIl Unexplained (unx) 26 (17%)
TOTAL 155

811



