MIT/LCS/TR-153

STRATEGY SELECTION IN MEDICAL DIAGNOSIS

Peter B. Miller

September 1975



Tius blank page was inserted to preserve pagination.



MAC TR-153

Strategy Selection in Medical Diagnosis

Peter B. Miller

September 1975

This research was supported by the National Institutes of
Health, Department of Health, Education and Wel fare
(Public Health Service) under Grant Number 1-RB1-MB-88187-81.

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
PROJECT MAC

CAMBRIOGE MASSACHUSETTS 82139



PAGE 2

STRATEGY SELECTION IN MEDICAL DIAGNOSIS

Peter B. Miller

Submitted to the Depar twent of Electrical Enginsering and Computer Science
on August 11, 1975 in partial fulfiiiment of the requirements for the
Degree of Master of Sciences.

ABSTRACT

The recorded, verba! problem-solving behavior of doctors performing
the diagnostic task of taking a present iliness uas analyzed in this
research.. The gosl of the ansiysis was to discover what dats-acquisition
strategies wers used by the doctors to accomplish the task. A model called
the strategy frame wmode! uass created to describe ths strategies that uere
found and to provide a mechanism for the ssisction of 2 strategy. In this
model strategy selection is determined by thé problem space 6f the doctor -
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as confirntion. cliulnation. ducrinimtioﬂ or wtoratlon ves also
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CHAPTER 1
INTRODUCTION

"We're experts. We ask the right questions."
------ Henry Block (of H. & R. Block)

To begin, [ ask that the reader imagine the following scene: A
middle-aged woman enters a doctor’'s office at a large metropolitan
hdspital. She tells the doctor that she has felt nauseous and has been
vomiting. She also tells him that she has had abdominal pain and has had
to urinate quite often during that time. The following dialogue ensues:

Hou long have you had the nausea and vomiting?
For about three weeks.

Did the nausea and vomiting start before the
increased urination?

They happened about the same time.

Did you have a burning sensation when you urinated?
Yes | did. Almost all the time.

Have you lost any weight during the past month?
Yes, [’'ve lost about ten pounds.

Do you remember having any fever or chills?
I've been having some bad chills?

Did your urine appear dark or bloody?

No.

Do you have any pain in your side, in the flank
area?

Yes, on the left side.

P Qoo DIDY DI

While the dialogue above is hypothetical, it is realistic enough to
give a flavor of the kind of interchange that actualiy takes place in most
instances when a doctor first encounters a patient. Doctors call this

initial interview with a patient taking the present illness. This

activity, the initial stage of data acquisition in the proceses of
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formulating a diagnosis, is one in uﬁich virtually all doctors participate
every day. By the end of the interview a doctor wiil have gathered enough
information to guide him in mtng‘ the necessary dbci;‘i-om in the
management of the patisnt inc}/ludi‘ng mtﬁ#;diﬁaﬁic procedures and
initial theéapautic decisions. These decisions will be Sa“d. in large
measure, on the diagnostic hypotheses formed in the process of taking the
present illness. | -

The motivation for the ressarch | undertook wes the fundamental
question that srises when one examines the process of ‘tlk'ing the present
iliness - What is e, e ¢

asked by the doctor?

1.1 Methodology

The method | chose to attack the fundaments! question is to mode! the
process of taking the present iliness. In the design &?_«A_podch of the
clinical decisian-making process, two distinct mmhﬂo been used.
The tirst, the normative approach,. enphasizes the dqmlopnnt of models
that are prescriptive. The decisions made by a normative mode! are said
(under cs;‘tain assumptions) to Mwﬂcuioﬂl If this is true, it
is claimed that decisions gught to be made this way, disregarding the way
that doctors make the same decisions. While in most casss no real claim of
optimality can bs wade, the normative approach has had» soWe success in

certain |limited areas <Gorry 73>.
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The second approach, the development of a d'??fi,ii?f,EQd'lv‘i' the
one | chose to attack the fundamental quustion.k A‘iba;l b;oqd on this
approach seeks to describe the actual decision-making process of clinicians
performing a problem-solving task such as diaﬁqasi;{: Ihg_bao{q for the
mode | l‘have developed is the rﬁ;ofdédband_transcfipcd”ygrbgl behavipr of
doctors taking a préoent illness callad‘a érotécol, !n,tba analysis of a
protocol, the v.rbal behavior of the doctor io aeqn ae a record of the
sequence of stops taken bu thc doctor tﬂ aoIV|ng a di%gno'tlc problem.

Protocol analysis han boen used by different researchers in various
problem domaino. Neuel | and Sunon uere auonq tha firot to apply thua
tachnaque to aid in the understandnng of huuan problou oolv;ng <Newel | and

Simon 72>. In the area of medical diagnosis, Klngpguntz analyzed the
protocols of n‘urologists diagnosing oighiyp;eag of neurological disease
and compared the performance uitnin,diffqrgnt Ievelarofvclinical exper isnce
<K|elnmuntzv88>. Donbal examined the dlffarontaal d'agnoaso of abdominal
pain again using clunscnana With vargung dogrooa of prerttse <Donba| 73>,
Recently, Rubin used protocol analysis applned to a case of presenting
hematuﬁia as a basis for a model of‘hgpéthisfo foriatl;ﬁlqndkvorification
<Rubin 74>. A conprehansnvo survey of protocol analuocs and othor "process
tracung nethodology has been conplled bg Schuluan and Elstonn <Schulnan

and Elstein 74>,
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1.2 Why Protocol Analysis?
An as yet unrealized goal of research into the diagnostic process is a

comprehensive theory of how doctors obtain, assimilate and evaluate medical

data - what Gorry has termed the process of clinical cognifion:

"The major reason that cognitive psychology has

made relatively little progress with respect to under-

standing behaviors as complex as that involved in clinical

decision-making is because there was a serious shortage of

ways to describe the more procedural aspects of that

behavior."
Thus there is a crucial link between our understanding of clinical behavior
and our ability to describe it., And further, it is my belief that our
ability to replicate behavior in the form of competent programs that embody
the level of expertise found in highly-trained clinicians is predicated on
our understanding of how doctors perform clinical tasks such as diagnosis
in their day-to-day practice. | believe that protocol analysis is the best
tool available for constructing descriptive models of clinical behavior as
Hell as yielding a data base upon which to test theories of clinical
cognition <Gorry 74>.

An alternative to protocol analysis in deriving descriptions of a
doctor’s problem-solving is introspection. In this approach, a doctor is
asked to think about and report on how he solved a diagnostic problem.
While this can also be a useful tool, there are some serious drawbacks that

forced me to reject it as an experimental approach. The major problem uith

introspection is validation. There is no way to confirm that the problam.
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uas actually solved by the doctor in the Hay that%hqtggggripgg, In
contrast, a protocol reveals each of the separate steps takeﬁ by the doctor
in his problem-solving process. Beqayga_intro!pg;tipn_ggn ngjd ugeful
insights, in the experiment | porfornia the doctors were sencouraged to
report their current thinking about the problem in,addit?gn to asking for

data.
1.3 Goals of the Protocol Analysis

The original question - the or1gld*ahd:roigohﬁfofgplch question asked
by the doctor - I felt was to broad and general to b?vg‘ang hope of my
giving a complete or definitive ansuer. Instead, 1 have focused on one

spacific issue raised by this question - the datg-acquisition strategies

used by the doctors. In particular, the goals [ set for my anaiysis uere
the follouing: |

1. Determining what strategies are used
by doctors in the gathering of data
for the purpose of dihhnﬁ:1s..‘

2. Developing a model to detcrnbe thcqe
strategies, :

3. Including in this model a mechanism
to describe the .oiaktibn of a ﬁartlcular
strategy.
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1.4 A Description of the Exptriiwnt
1.4.1 Experimental Design and Constraints

With the aid of Dr. Jerome Kassirer, | sslected a case hlito&u from
the patient records of the Tufts-Neu England Medical Center. Esch of the
six doct'ors’ who participated in the experiment uae given the following
instructions: B Lo TR

1. You uill be presented with a case, initially

starting with the age, sex. and.chiaf complaints of
the patient.

2. Yob s’illl téko thb preunttlinuo o'tf' lﬁiu ”

- A) Dr'.‘ Kassirer will. not mrqgtlggimuto
the patient in giv‘ng ansuers to your
_questions. . Inste;
‘question you ask &
from the point of viou of a ndical person.
who knous as much as can be known aboGut
the medical history of the pgtjgnt.,_.

8) The quostlono mu ank phwld ;
specific an poulblo. aeking | or onciflc
facts. Gensral tions such
*Hhat complsints did the ; J;?hﬂ “In
the past?™ wuill not be anmhd.

C) When uou ask’ 2 gu,:tson uayﬁybwyd pcovldo
a réason for asking 1t

D) You are to tell what you learned from
the ansuer to the question. You should also
report any hypotheses you are considering.

E) When you fee! satisfied that you have
reached a final diagnosis or fes! you have
gone as far as you cen, you can stop asking



The entire dialogue was recorded and transcribed.

questions and summarize the case.
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Of the six doctors

who barticipatod in the experiment, four were renal Fellous at the NEMC,

one uas a gastroenterologist and ons a cardiologist also from the NEMC.

1.4.2 Criteria for Case Selection

A number of considerations were discussed in the selection of a case

to be used.

itself was that the case be centered on a renal problen.
necessary because Or.

the experiment is a renal ipocialiot'ahd‘indicttddﬂthﬁt he felt most

An important fact not directiy connected to the experiment

comfortable in this area.

The criteria that did diréélly‘bnirﬁoh the experiment were:

1.

2.

3.

The case chosen should bl on. that a doctor

might ses. in the eysryday course of his clinical
practice in the hospital... The cass show!d:not

be a "trick" case involving @ very obscure disease.

The case should be normal in the sense that the
clinical presentation and history should be both
suggestive and consistent with the final diagnosis.
No effort was mads, howsver, to find.a "classic”
case for a particular disease. Both aspects were
impor tant because the experiment was designed to
capture data about "standard® presentations rather
than being a test of diagnostic skill.

The case should be rich in history with enough

data available about the medical history to provoke
consideration of a number of possible diagnostic
options. It uas felt that the case should contain

This uas'dconod

‘Kassirer, uho would be answering the questions in
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an element of chronic disease as well as an acute
presentation in that wue wished to see if different
approaches. wera used for the tuo djffmmt utpqprsn
or wuhst effect one hid on’ the other.

1.4.3 The Case

The case that uas finally chosen uas one of @ 57 year old woman who
presents at the hospital with the chief complaints of nausea, vomiting,
abdominal pain and frequency of urination. The patient had 3 history of a
previous hospitalization for kidney utomruovalqnd 'Q_‘,;uho.spi‘t’alia’zvatjon for
urinary tract infection. At the actual time the pgftien;t_;m to the NEMC
the doctors feit that the patunt'o findmgs Here, du‘ to a conbinod
stiology. The dimopn made then and Httod on thu dilehargo sumNary Has:

1. Acute pyelonephritis (APN) y

2. Chronic renal dissase (CRD) i
- either a) Chronic pyelonephritis (CPN)

~ or b): Wﬁ%’ itis

or both together.

3. Chronic renal fallure Wl i
4. Metabolic dcldoéiv, e y to CRF. ~
5. Ancﬂtncondarufon foiic acid‘
- deficiency. - B

Each doctor uas told at the start that- tho pathnt uu bclng discharged

from the honpttal after a thres week hosp! taﬂzltion. L
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1.5 Previeu

In Chapter 2 an analysis of a protoco! is presented and discussed. In

Chapter 3 a mode! for the description and selection of data-acquisition

strategies called the strategy frame model is presented. In the last

chapter a classification system for strategies is presented.
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CHAPTER 2
THE_ANALYSIS OF T_ILLNESS PROTOCOLS

A present Hl’nus protocol is a record pf thc problem-solving behavior .
of a doctor porfqrn-ing diagnosis. Tho éna!uoia of each protocbl uas
directed towards uncovering the strategies used by a doctor in performing
this task. Th§ kerne! of the analysis was the assignment of a set of goals

and methods to each questioﬁ. The strategies used by the doctor were then

specified through the goal-structure for each question and the
" relationships among the goals for different questions.

Tﬁe major part of this chapter consists of the analysis of one of the
protocols. The analysis consists of tuo components - a formal and an
informal one. The formal component specifies (among other things) the
goals and methods for each question and the rclitio’nchip of the goals to
the current strategy of the doctor. The informal con‘ponﬁnt is a commentary
that seeks to explain in greater detail the medical facts that the doctor
used. [t attempts to provide a reader uhose background in medicine is
limited insight into the interpretation made by the doctor of the data that
was presented.

In analyzing the protocols it was felt that it was important to try to
maintain as uide a perspective as possible. By this | mean that the broad
outlines and overall patterha of questioning wers kept in mind as well as
the spccific‘dotails of oacﬁ question. One interesting (but not

unexpected) discovery uas the tendency of the doctors to digress from &
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principal line of questioning in‘prder@}o_obtain,ggtat;bgt‘thog thought
might be significant at a later stage in»thu:jn;orviuu Qnd then to resume
the principal line again. MWhile exanpjgp ofﬁclagaiggi}pgobjgneoolving
techniquaa‘guch as recursion, dspthffirpt and breadth-first search and
back-up were found, most of the stratsgies ugrc_not&fpurof but pragmatic.
There uas considerable jumping around anpqg‘diffefen§ §§39; of_goncern '
multiple focusing and conditional (prioritg)_intgrugfing.f Roduﬁdant
questions were asked. (Ons doctor asked the exact éggq‘quegtion at three
different times in the intervien.) Extra or "unnecessary” questions were
also'ankod. One hypothesis that uas considered was that ?gg. of the
questions were asked simply to give the doctor tilpﬂ}DJthjnk of a S-ttor

one.
2.1 Formal Annotation Scheme

The following is a description of the components of the formal

annotation scheme:

A}

A, Question - A verbatum reproduction of the guestion
asked by the doctor.

B. Data Requested - Ths specific datus the doctor uanted.

C. Goals - What the doctor hoped to accomplish by obtaining



PAGE 16

the reduested data. In making the decision about assigning
goals many factors were weighed; the reason the doctor supplied,
the current context of questioning and the opinion of

Dr. Kassirer as to the possible interpretation of the data.

Structural abstraction was the guiding principle in formulating

the statement of the goal. By this | mean that wherever
possible the goal that is stated is formulated in terms of
the structural relationship between the data and a specific
knouwledge "chunk" describing a disease, clinical state, etc
Included in the goal statement in these cases is the instantiation
of the abstract version with the specific entities under
consideration filled in. If a goal is a subgoal of a
higher-level strategy, the goal structure is also given.
Tuo types of goals uhere assigned to each question, a
primary goal and (where applicable) a set of secondary goals.
1) Primarg goal - The assignment of the primary goal
represents an estimate of the principal purpose for
asking the question through an evaluation of the most
importént medical significance of the data sought in the
context in which the question was asked. [f there where
clearly tuo or more equally significant implications

-that could be draun from the data, this was represented

as a multiple primary goal.



2) Sccondarg goal - Nang of tho quootnono aokod bu

the doctors nhore noncomnlttat.' For oxaaplo, noot _of
the doctors aakod ”Uhat were the, vpluoo of tho ronal
function tests?" even uhon thou strongly ouopoctod that
the values would be elevated. Even though thou were
dirootod to be as opecufnc as posalble in thoir questions.
they tended to ask questions that were voru brood In
terms of the range of ansuers that could be givon.
It uas felt that the doctor had thought about tho
range of possible ggggii_ that could be. ootainod fro-

a question. It is, of couroo. inpoooiblo to he cortain
@ postiori uhothor they did or not. Upon rotroopoctuvo
oxannnatuon. nanu lnsoatod thog dld hovo thooo thinqo |
in mind. It was felt in annotating tho quootlono that
these pooslblo payoffe should bo lncludod in tho ;

form of oocondaru goals.

C. Hethods - Aloocnatod with oach goal io tho nothod

| used to obtain the goal. Tho methods can bo,_;;gg_
or |nd|roct. ln a dnroot nothod thc f!nﬁ!ng of |nt¢root
is askod for. ln an indiroct nothod tho prouioo of I rule
that associates the flndinq of |ntoroot uith tho sone other

evidence is asked for.

PAGE 17



E.

F.

H.

Expectation - 1 the doctor had sowe expectation of
what anwcrhouould get to a quutuon. it uas noted. These
-xpactatmm are clauufiod as ltrong. mdcuto. uuk or

uncommi ttod.

“Ansuer - The data supplood bg Dr. Kai&im in roiponso

to the quution.

Result - To uhat oxtent was th- prinrg mi uthﬂoa.
To uhat extent were the mondaru guu uthficﬁ.w

'Posscmht:u list (PLIS) - Tho PLlS (a lut uf

hupothun) i: a rcpruentatlon of tm doctor o thmking |
about thc prmnt nllmss nf tho pahont aftor hurmg

the answer to hu question. It n bu no mm thc conploto
repruantataon but reflects the nott sigmficlnt |

part in terms of the final diagnmtcc conclmlons

the doctor makes. The possibnlitics lht is dlvid.d mto '
six parts: CCNFIRHED SATISF&. LIKR.V Pamw: lN.IKE..Y
and R(JI.ED-GJT. Tho furet hupethﬂla anth. L!KELY'HZ:’{ ic |
called the prlﬁcupal disease hgpothuu (Pﬂ-ﬂ.

Doctor’s Commentary - Any reasons or expianation

supplied by the doctor.
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2.2 Analysis of Protocol 1

Many of the discoveries made about strategy are best presented in the
context of an analyzed protocol. The protocol that is presented here was
chosen because the doctor exhibits a8 wide range of strategies and touches
most of the important issues that the particular case that was used raises.
The subject is a Fellow in the Renal Department of the New England Medical

Center.
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Initial Presentation - This is a 57 year oid lady who is being discharged
from the hospital after a three uesk hospitalization. Juet bsfore she came
into the hospital her complaints usre nausea, vouiting. abdouinal pain and
frequency of urination. :

Initial Possibilit

Confirmad: None
Satisfied :+ None

Likely : Acute pyelonephritis (APN} = PDH
Acute louer urinary tract infection (ALUTI)

Possible: Chronic renal disease (CRD)
Chronic renal failure (CRF)
Acute GI disease
Chronic Gl disease
Unlikeliy: None

Ruled-out: None

Initial Commentary - The initial presentation is a set of findings that,
even before interpretation, has a fairly complex structure. The symptoms
of nausea aﬁd»voniting are specifically Gl but commoniy occur in many forms
of renal disease. Abdominal pain ig too general a finding to refer to any
particular organ system while frequency of urination is a very specific
urological symptom. Acute lower urinary tract infection is a reasonable
initial ‘hypothesis; it is activated by the urinafu frequency. In
addition, women are tuice as likely to get one as men. ALUTI by itself is
not sufficignt; houever, to explain all the symptoms known thus far. An
acute urinary tract infection (AUTI) can start in the lower urinary tract
(bladder) and retrograde up the urinary tract to infect the kidney and

produce acute pyelonephritis (The inflamatory reaction and interstitial
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lesions of the kidney due to infectlon).k,QfN jq ngrqgtly used to tpfar to
the infection of the entire urinary tract includingitqéiktgnqu and bladder.
Because APN includes the findings of ALUTI as @ principai-part (a
principal-part of a disease is a subset of related findings of the disease
that is viewsd as |_d||ttnct:clinicl[,gnit)._lt is @ better hypothesis and

could explain all of the know symptoms if the fo)lowing are truss

1. Thivabdoninal pain is'abdoninhi fiink pain
~ 2. The onset of the tgnptono was suddon ,
3. The duration of the anpteun hoﬂ ‘been faurlu |
lhort.

4. There uere systemic lanffygtatioﬁp of infection.

Anathor factor that the doctor uust tako lnto considtratton :s the
length of the hospitalization. Nornailu. uncolplicatid acute
puelonepﬁritin is treated uithrantlbjot1c§Aagd.cigarp‘up uithin a week.
The patient uas hospitalized for a period of thres ueeks, housver. This
would make the doctor suspa;t that eithgr the llln.pu\ﬁa.rygrunanvoro.
resistant to antibiotic therapy or that the patient had nori proleuo.
specifica!lg.»obnc chronic condition. Thulf‘tt”ii’ruatdnpblo for the
doctor to hypotheslze as possible a chronnc ronal dlugaln that is being
complicated by an acute urinary tract‘injgctppn. lt io a fact that many
chronic renal diseases make a patient more susceptible to urunaru tract

infection. In addition, certain chron'c ronal dcsoaous can. laad to chranic
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renal fallure for uhich nausea and vomiting are Key sysptoms. At this
point the doctor can not rule out the possibiiity that he is not looking at
a renal probiem but a Gl problam or 8 combined renal and GI problem.

Question 1 - Hou long has she had the nausea and vomi ting?
Data Requested - Duration of the nausea and v&itfhg.

Goals

Primary - Discriminate Acuts vs. Chrenic i1iness syhgos)
to Explore time-pattern of the iliness,

Secondary ~ 1. Confirm symptom tmmation oonpomt of APN
prototyps . 40 Confirm pri
time-pattern of prutatwo ‘

. Confirm APN prototype - :1‘1‘.0
~ APN subgoal to Confirm
2. Explore the nmed for. ineedis

8 clinical condition that éan : P
symp tom: severe, short-ters m%tiu' omn cause dehydration,
alkalosis. -

Methods - P: lndluroct: Tho dura'tidn‘of tiii‘.’néul‘oa '& vémting '
: Slz Dimct. """

- S2: _Indirect:. The duration. of. the nDiLges 8. vg:itlng o

' h-A-Suwohvo-ﬂouuro-Of the’ Hkol Hscod of dohga-ation

and/or.sikalosie. - ‘

Expectation - Moderate : Less than 2 wesks.
_ . Sgtroag,_: Less than 3 wesks..

Ansuer - She had the nauses and vomiting for these ussks bofyro coming into
the hospital.

Result - P: Parfially"éat‘iﬂsficd ’
Sl: Satisfied.

82: Partially satisfied

PLIS - Unchanged

Doctor’s Commentary - The reason for the first question is to get a time
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course as far as the patient’s illness is concerned.

Commentary - The strategy chosen by the doctor b.flccto'hii decision to
first focus on the acute vs. chronic chafacfiriiétionvof:the illness. As:
a method for achieving the goal he uses a heuristic (indirect method) which
says that the time duration of the symptoms is a good indication of the
"acuteness” of the iliness, The suhptdnaticvdurétibht(of'thi nausea and
vomiting) is just consistent with an acute prbcoos'and'iildpggéstiyé of an
under lying chronic process: for this reason the prlnjhb,gbif ie only
partially satisfied. As a part of the strategical decision, the doctor
chose to ask about the duration of the nausea and vomiting rather than the
abdominallpain oé the frequency. This can be explained by the following
argument: of the three reported sunptgpsi}nluggﬁ;éqﬂ'volftinﬁ get |inked
together) the patient would have moat Iikalgfqgadﬁh§r§d‘uhen the nausea and
vomiting began since this is a very dggir;isfhg condition. Another
impor tant reason for choosing this anbfom is that by itself, nausea and
vomiting is a serious condition if it has occurred for an extended period
of time. This relates to the secondary goal of exploring the nesd to treat
such clinical conditions as dehydration (With resulting loss of renal
function or even damage to the kidneyl, acute weight loss or metabolic
alkalosis that can result from an axtindid‘hbriéd of nausea and vomiting.
There can be no doubt that the doctor was also.thinking of whether the
symptomatic duration is consistent with his principal”dfoaas. huquhoslo.

This is reflected in the assignment of the first’qicohdary‘goal. This goal
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is a subgoal of a higher-level strategy that the doctor has invoked called
- case-building. This strategy i“o invokqd uhen the doctor wishes to confirm
a hypothesis he vieus as |ikely. (See Section 4.1.2,1 for a dctéilcd
" description of case-building and its variants,) The particular variant of
case-building the doctor is using requires determining if the prototype of
the principal disease hypothesis matches the patient’s findings. (A
disease prototype consists of the signs and symptoms that a doctor would
expect a,pat-i-nt to havs if: the vpa'tilnt had thu d‘i-o_n,gg.) This is
accomp! i shed 'bu_utting up as subgoals the confirmation of each component
of the disease prototype. For the hypothesis of APN the goal-tres is the
followings ) -

(GOAL (CONFIRM APN) L

(TO (CONFIRM APN) (CASE-BUILD APN) .

GE-BUI LD‘:%DWWIM (PROTOTYPE. APN))

CONFIRM TIME-PATT
o 1 (YO (CONFIRM. %xﬁm&m»

{AND (CONEIRfL. (ﬂﬁltﬂ {<. (3 WEEKS)))))

cmnm SUBDEN) 1) )

(cnw:x wé@{
(com svsrmrt-x 00
(CONFIRM KIDNEY-INFLAMATION))I))

Question 2 - Did the nausea and Vomting bcgm ‘before. the fnqucncu or did

the gauua and vomiting occur after the, !r!qumcu had occurred for sesveral
days ‘ ,

Data Requested - Sequence and rolat:onshnp of sgnptou dovclopncnt.

Goals e

Primary - Discrmmata Gl otsolow of tgnpton from
‘renal’ uttology wbgga to Explore organ-systen
of disease origin.
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Secondary - 1. Confirm synptom onset-pattern of APN prototype
aubgoal to Lonfirm pringipAl-packs . sumptom
tom-patw-n af.

a Lontinm prototype
APN oavi to Case-bu a AP mg

Conti ru

Methods - P: Indirect: Charact‘oruzo the tm uquonco of

\ aunpton dgvnlqmant. ‘

Ex goctation - Strong: The nausea and vomiting and t'ho’
frequency ogcured Mithin a faw. dwtof
each other. '
Moderate: The fraquoncu proccd;d ‘the
nausea and vomiting by a few days or

‘both. sumptoms. pccucred. fogatee.
Anguar - The occucrence was. pretty much. simul tanmn

Result - P; Partially utufud
R ¢ Satoofncd

PLIS Unlnkolg : Acuta GBI d“t‘sx’oase'
Chronic Gl disease =

Qoctor’s = Tha reason for that ¢ tinnmtgt te%tprmm
whether The nausss and vomiting |e the primary prohlon. tru nw to see which

came first lnd which is the secondary ssquence.

Commentary - This question is very compiex in terie Gf the kind of
information that could have been obtained. The ‘docfor might have been
given many different ansuers, each om of uh‘i”ch uouid have 8 ditserent
mterpraﬁt‘ahon.' The doctor’s prllarg concorn ‘here, holiever, is to
determine the etiology of & complex 6'f mﬁ:tm ffﬁi_ fd‘ fferent orgen
systems. The first step touards achieving this ml ‘is to determine which
organ system is rcsponublo 1r ordeér to ”put “this into wwﬁu

consider the range of intsrpretations if -the ansusr- hldbun that the
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nausea and vomiting had preceded the frequcncg by many dpqo. ,

1. Ak (or wplltﬁﬁ %1 ‘-
e mwu mrwg‘:mwt
th. m t'“o ) : R

© 2. The orugm uas the Gl suoton (an infoctuon)

3. There uas a chronic renal diswiiss Wiich ﬂ!vﬂopld
into chronic renal failure snd precetied tht
urinary tru:t Inchtion.

4. The ur*’réfaru tract Tnfdction Mﬁﬂﬁd bg the
descending (blood-ba-ml route.

The hypothesis of indepentent pfvbhﬁMﬂcM'op in tuwo different
organ systems at about the same time atnﬁ“mmma l'kety by most

doctors. Doctors use the principle of b

explanations for findings. Thise prmcuplc,;ag- thot tho .inplut
explanation should be considered befors a lb’r‘i ccbpitx explmtlon.

Cler Iy, @ sst of independent (unrelatuch probleneFy

explanation. Tho doctor did Hot expsct to noar ﬁm ‘the’ Muua and -

vomiting had been a chronic condition for ssveral months (or ysars).. If
this had baen the case he probanly uould have. anted far, the GJ systen as
the causs of both symptoms. The fact that the onset at a1l the symptoms

was sinultanepua_ is cqngwt“s_tgn‘t ui‘_t.h his prlnC|p|ng|use hw::thnn but

Quostnon 3 - Along uith the fnqucncu Has th.ﬁr!ﬁd burning on urination,

'Data ngueetad - Prusence of dysuria ocbserVed by the patient. -
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.Goals . E TR

Primary - Confirm principal-part: Bladder irritation of
APN prototype m_ to Lonfirm prototune ARN. .

Methods - P: Direct:s Oysuria’ ll-PrIIG-FCGIQ-EiidQﬂQ’;}°r
‘Bladder irritation. o

Expectation - Strong : Dysuria present.
Ansuer - Yes, she did complain of some burmngonuﬂmtlon.
Resuit - P: Satisfied B B

PLIS - Confirmed: Bladder irritation {of APN)

Qggggg!gggv% Thtfpéotqtgpo ?3&‘Qfgdﬁgrgirrjigtféglig;iééatié@?gbécifieo
specifies fﬁeqﬁinéd of urgoncyanddgwn Sifmthifrqqmncu is elready
known, the doctor asks for what now can be considered gglna facie evidence
for a bladder irrita&tion . 'the pnmc_- ‘of dysuria. 'fho doétor Ts now
clearly focusing on the principal disease hypothesis 8nd T attempting to

confirm it by confirming each principai-part. ~ °

Qusstion & - Had she gained or lost Leight during that 3 ueek interval?
Data Réquested - Amount of weight-loss or walight-gain.

Goats - Lo s

Prnngry P1: Explorc thc severity of the illiness.
" P21 Contirm'd previously reported findings three week
pornod of nausea and vonutlng.k‘t“

Secondarg - 1. Eliminate Acute G! problcu.

Hethods - Pl: Indirect: Weight-loss. ls-A-Suggg:tavo-ﬂeasure-ﬂf
Severi ty.
P2: Indirect: Assess a finding that will validate and/or
support @ previously reported finding: “Weight-1oss due
to nausea and vomiting. .
S1: Indirect: No weight- Iogo Ic-Nggatlvg-EVidonco-For
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Acute Gl probien.

Expsctation - Modérate: Height-foss 5 - 16 tbe,
Strong : Any ueight-logs.

Heak 't Stight unght-qaln. L ,
Anguer - She lost 18 Ibs. of weight ‘ig the tuo uesks hefore admission.

Result - Pl: Partiall aatnfmd.
P2: Satisfi
Sl Partiallu utiqfiod.

PLIS - Unchanged.

Ooctor's C%mnt__u;- That is to assess, if you will the severity of the

_Hlnesa. f she had gained several pg yring that time you would be

much Tess [ikely to bélieve the [nfork I‘on%out ttgl Mwmung.

_ Whereas uith the 18 b, weight-loss, an grou tt\. gqﬂmt’. history,
that makés that uor& ‘believable.

Cg(nng‘ntarg: le-o are tuq pomtspf interest about this question. The
first is that it is the firet example in the pratocp! ao.far of a muitiple
primary goal. The second but rolatqd point is that. H _sesme as 1 f the
focus has immediately shnftod auag from cm-tzmldlm for _the principal
disease hypothesis. It.is, in fact, not sa much a shift away than.a
broadening of the focus to include anather aspect af the patient’s .
condition that is significant by itself and also provides some evidence for
the sufticiency of. ‘the principal disease mtmng m amfmmn for
the findings). In developing quntiom to uk. ‘the dactor oluouo hu a set
of goals that he would like to satmu. l&-ong irm are:

1. Arrive at a sitiofactoru didgnosis

2. Assess the need for mmdhtptrnfmt

3. Gather sufficient infomﬂon ta min
formulating a therapeutic pfan.
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&, DW"Dp a prom“" for. m mti'nt. —

5. Determine uhat furthor information nndl -
to be gathered as part of tm ant.
plan for the bnlcnt.

In the early stages of the interview, wheh most of thése gosls have not yet
been sati sfid&;‘ 8 good strategy is try to dcvolopqanﬂonlthat iigﬁt
satisfy as many of these goals as pos‘ib_lo. R ‘

In the present case, uhile severity is not specifical .lgmé part-of the
prototyps for APN, the doctor hiis a ¥airly good ides of the rangs that can
be expected. Clearly, a weight-loss of 30 Ibs or more would make him
suspect a serlous gastéointestinal problem. ‘Tt should be noted that, in
general, the amount of uught-!ou is a qood lmﬂcaior of hou acutcly .
the patnont is, | e ‘

" The quéstion also serves as a chack on the degres of nausea and
vomiting. The doctor could have asked another set ofquutiom in order to
characterize the degree of haussa and vomiting. The information about
weight-Toss, houever, is sufficient to Indicate a level that is ébniiotont
uith the reported time duration shd dldo uith the princ‘!pol diuau

hypothasis.

i
b

Question 5 - Was she febrile or having ‘ehilty sensations during the three
week interval betusen the time of the onget of her symptome and the time or
" prasentation to"the hodpital?

Data Reguested - Presence of fever or chills.

" Goals ‘ .

o gy Pt
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Primary - Confirm principal-part: Sustemic evidence of active
infection of APN prototgpo gm_ to Conflr-
prototyps APN. Dl

Hethods - Pi Indirect: Faver or chillg Io-Sirmg—%portmg—Evidoncc-For
~ Active infection,

_Exgegtatign - NModerate; Fever or chilli _present. .

-'J-EL'SL She said she had chills but her tswpsrature uasn’t taken..
Result - P: Satiefied N

PLIS - Satiefieds Active infection (o! APN).H,

Doctor’'s C t
infectious diseass.

-1 am truma to_sstab) ish phether or not this. ll an

Commsntary - In this question the doctor hes returned to gonfirming the APN
prototype as his primary goal. An essential fepture of AP is that it
pf;oduces systemic findings associated ulth‘an active infcction ouch as
fever or chnlo. Thl! vs noruallg not tho cau fpr an gq;uto u:inlru tract
mfcction that ia restricted to the lousr urinary trapt (cuotltio).v The
fever_vauoci!;to‘_d with APN c;n_bc quite high, (191 -LQ)IQdmb. )
sqriouo‘cq\dit-l_on_in an older pq‘rlonr__i.f it hag persisted fgrm Jmth of
time. lt is quite possibie thers i! a0 _ocdering considacation .in
confirming each principal-part of the disease prototype: the nore uﬂouo
and potentially health- (or iife-) threatening symptoms are asked about
first. This would tend to shou that even in disgnostic games the
fundamental coricern of the doctor is focussd o the well-Gaiag af the
patient. This kind of subtie (but demonstrable) .gpgtoglcpl cholco ulll

probably have to be ewmbeded into a prount IHmo program for lt td?{bo .
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~acceptable to the medical profession.

, guestlon B - Along with the dysuria and the frcqunncuru;ro thers any
episodes of gross hematuria where she passed bidbd or dark urine?

Data Requested - Presence of gross hematuria (observable by the pafiont).
Goals ’ ' ‘ o |
Primary - P: Eliminate a complication of the PDH (e AFN):

‘ Hemorrhagic cgotitls. Lo

Secondary - Sl: Explora diseases that are compl icated by the PDHs
Obstruction, renal tumor, renal calculi.

Methods - P:. Dirnctz Absance of gross hematuria Iseﬂrina,Faclc-
Evidancn-Ag;ingj Hamorrhagic custitis,. . .o '
Si: Indirect: Gross honaturit‘Io-Shgqeativc-Evid.ncn-For
Obstruction, renal calculi, .

Expectation - Moderate: No gross hdnatqfii. '

Ansuer - No. ' ol

Result - Ps Satisfied
- Sl: Partially satisfied.

PLIS - Ruled-out: Hemorrhagic cystitis.

Commentary - There are a number of possible interpretations of this
question. MWhile the focus is still on the PDH it is not completely clear
whether the primary goal is part of ca;g-bui}gjng_oc,é}iginatjon of a
complication. Tho'rcapon,that ollliqgtjan of,hq!gqrhggjc;ggotjﬁil Has
cﬁoagn was thgt‘tho doctor later told ng,ihat [._5ggt;hpwhad in mind. The
absence of gross hcnatgri?vqould be a coqpqngntlinithaﬁdoctor'n prototype
for APN, however. As far as the secondary goal is concerned, urinary tract

infection is a common complication of diseases such as urinary tract



PAGE 32

obstruction, renal tumor or renal calculi. UWhile thers has been no direct
evidence of thess conditions, the finding of abdominal pain is suggestive
and the presence of gross hematuria wout d v;}i:'cf'r(tgi_n;ly- hqvpactivltgdthou

hypotheses.

Question 7 - Nere thare any episodes of pussy urlm or foui—mning urine
or change in the odor of her urine?

Qata Reguested - Presence of pyuria or foul-swel!ing urine.

Goals
Pri ulary

Methods - P: lndiroctx Puurua or fnut-m“fﬁhg wing h-Sopportlng-
Evidence-For Kidnsy/bladder inflmtlon.k_‘r

Expectation ~ Moderate: Pyuria or foul-smelling urins present.
Ansiuer - No.
Resul t -,-‘Ps Not Satisfied.

S ————

IS - Unchanged.

Commentary - Pyuria is a key sign in the diagnosis of & urinery tract
infection. The fact that the patient did not report obssrving el ther
pyuria or its side effects (the foul-swelling urine) is not disturbing,
however, as it can be easily overlooked by & bit;‘i‘cnt","- The doctor will ask
about the pyuria again uhen he starts asking about {sboratory findings. If
at that time no pyuria is reported, the diagnosis of APN might be in some

doubt.
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Question 8 - Was there any hnstorg of pa|n in one sudo or the othcr. flank
paen»spec1f|cal¥g7

DatafReguested - Prosancefof ftank pain.
_Goals ’ : j
Primary - Confirm principal-part: Kidney inflamation

of APN prototgpe ubgoa to Confuru prototgpe APN

Hothoda - Ps Indirocta Flank paln ls-Supportung-Evldonco-
For Kidney inflamation.

Expectation - Strong: Flank pain prtsant.
Ansuer - She had had abdominal flank pain in the past on the left side.
Result - P: Satisfied.
PLIS - Satisfied: Acute pyelonephritis.

Doctor's Commentary - Well, | am not sure how this is to bq played but what
I'd be homing in on now is the situation of the nauses, vomiting,

frequency, dysuria and flank pain as somsbody uithcg;ggp puqlon;phritis.
Commentary - Fiank pain (either unilateral or bilateral)  is another key
symptom in the diagnosis of acute puclonqpﬁritis, At this point in the
protocol the doctor has finishing confirming the component of the acute
pgelonephritiq prototype that refers to symptomatic history. It is clear
that while he feels satisfied that she has APN, no evidence. strong enough
to confirm that diagnosis hga‘been presented yet. Thi;_pyidence Qili be
gathered when th docfor reaches the part of;thgkprgsgnt;il|ness concerning
phgsicai examination findings and laboratory results, fltril then that
signs such as costovertebral-angle tenderness, pyuria , white biood-cel!

casts and bacterluria will be asked about.t
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Question 9 - OK., we've got nausea, vouitmq. 19 pomdmimt Iou.
frequency, dysuria and at least left-sided fiank pain. And now I'i| begin
to question specifically for Wlun whish <is what 1'd be alming
for at the present time. Now, 1'd Iike to know whether before this 3 wueek
episode, before this acute iliness uhtthor in th. pnt she has ever had any
episodes of & similar nature? : o

Data Reguested - Hiatoru of similar péi‘”‘t'epi;odiu.

' Goals o ' s .

ﬁrinrg Confurn principal-event: Acute flare-up(s) of

urinary tract infection of CPN developmantal
scenario subgoal to Confirm scenario

ﬁ%&' -bui ld. CPN. subgosl. $o .
Methods - P: Direct.
Expectation - Weak: History of similar patt opuodes present.
Ansuer - Yes, she has. o
Result - Pt Satistied.
PLIS - Likelys Chronic pyelonephritis (CPN) (with acute flare-ups)

Possible : Other chronic interstitial nephritis (CIN)
Unrelated episodes af AUTI.

Acute flare-ups of chronic bactcriurla

.Chronic renal failurs, (CRF)
Commentary - This question ihdi’catui that a n'oﬁ“bh‘o“'idfof the protoco! has
been reached < the patient's past medicai history. The findings that the
doctor has heard so far, while fairly convincing Wl&cnco for an acute
urinary tract infection and acute puo!omphrltio. lroaho iubqiutiv. of an
under lying chronic condition. The Iangthoftho hospi til*ilz'it‘ion. the
duration of the symptoms and the severity of the nausea and vomiting (as
indicated by the 18 pound weight loss) are ali ciues in that direction. 1t
is only at this point, howsver, that he is willing to speclfy more
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precisely what chronic renal diseases might be prqqaﬁt “and wit himsel f
to pursuing one of them - chronic puoloh&ﬁﬁritii. ”Ttl;o strategy he chooses
‘is another variant of caob-building;> The variant hc uoqd.boforc uas
applucablo to acute diseases and onlu involvcd cpnflrnlng the disease
prototype. In case-building for a chronic disease another component must
also be confirmed - the d cveloguengg! scenaric (Ses S‘c»tion 4.1.2.1). One
common scenario for the dovelopment of CPN lpocifion that tho patient
exper;oncos a nuuber of episodes of acute ur;nary tract lnfpction over a
fairly long time period. This is generally nat due to reinfection by new

| organisms but due rather to acute flérﬁqpq.qu I longﬁf&i&lnﬁ. chronic
.infection. It is entirely possible (and also quite common) for the patient
to’ experience both unrelated epiobdes of acute infection or acute flare-ups
(of chronic bacteriuria) without having CPN, [t is also possibie for the
patient to have another chronic interstitial dissase that simply
predisposes him to urinary tract infections. CPN is one of the most
difficult diseases to diagnosis based on a patient’s current symptoms and
requires knowing facts about the patient's medical hiitorg. This

consideration leads to the next question.

- > o - - - — - - - -

Question 18 - Does she know that? Can she tell me whether she's had one,
tuo, three? Has she been hospitalized here bsfore or elsewhere?

Data Requested - History of previous hospitalizations. |
Goals |

Primary - Confirm a body of reliable information on the
patient’s past medical hiotoru is available.




PAGE 36

Secondary - 1. Confirm simitar past episodes wers serious
'"009“ to rcquu-e houpitalizatsan. ,

Methods - P. Indirect: Past hospitalizations lo—Evimnqa-Ecr
T Avatiabitity of rel'iable patient “frforsetitn (hospita! records).
S1: Indirect: Past howpitalizations .|e-Suggestive-Eyidenc

“Past’ -ptswerbﬁnq ‘st fous. ™

Expectation - Moderate: At [east one mit,ﬁowﬁi\l fzetion.

Ansuer - She ‘has in fact been hospltatized sefore. In fact her first
hospntallzatuon uas for 3 kamg atom ; o i

Resutt - P: Partlally satnsfi,ed.
~ '8l Partially satisfled.

PLIS - Liketys CPN (ubth acute fiars-upe), n
‘ Poulbliz K:dneu-stonc Apast) Caund-bu utt -
~ Other CIN
' - CRF Catve-by TPN or ther CIN
Unlikelys Unrelated episodes of AUTI

Commentdry - The doctor learhed tio inbortant fabts Wi this duestion.

The tirst is that she ‘indéed uass hospitafited & muber’ of times.” The

second plece of data, that the first hospitatization dlis for a kidney stone
wHéar codive.
(The primary oohcern of ‘the doctor I Gsking tHe tles itioh s to see if

uas free tnformation. THis us ‘an ‘ehror T/ e ‘Sx

reliable information about the pattent™s past wedicat’ history Ts
available.)  The anwier he obtained, houever, ihile consistent with a
chronlc urinary tract infection wiogesty’ o Yeu Hels Bipathesss:

~kinds of kidney stones (called infection stones) are formed srownd @
nucleus of bacteria associated with a urinary tract infection, Kimu

0, prodisbins. the halisnt 12 having-tur ther

urinary tract infections. Thou ‘infactions in turn. can cause the formation

v % i

. stones in gnnerﬁ houcvcr, ’i'
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of new kidney stones., The doctor’'s nau hypothqsilqlg;$h§$ the patient may
now be having a recurrence of this cycle. The linked hypothesis of
rqéuﬁroncg of 3jdnggjq3qne and acute urinary tract infection could explain
all of the knoun findings.

-------------------------- - e

Question 11 - Do we know which side that was?
Data Requested - Lateralization of past kidney stone.

Goals :
5rinarg - Confirm/Eliminate scenario-prerequisite: Consistent -
lateralization of previous kidney stone and current abdominal
'Pain in hypothesias Kidney atpoe (recurrance) &+ AUTI)
subgpal to Contira scondria Kldhay {racurrence)
+

subgoat’ to Confirm/ |éa -‘f!ni‘i‘t‘gg idnay. atone
(recurrence) (+ AUTD), -

Methods - P: Direct: Expert witness.

Expectation - Moderate: Léff 1130.  !5‘

Ansuer - She had had a kidney stone 17‘uiara‘boforo. We don't know
anything about that. He don’t know whigh side that uas.

Resuit - P: Not satisfied.

PLIS - Unlikely: Kidney stone (recurrence) (+ AUTI)

Commentary - The fervor with which the new hgpothesinjugg,ogiginallgg
considered has been considerably dampened by the new information,
Seventeen yeara‘il too‘lohg 8 pobiod‘bf:tiii fSr’fﬁi‘Egcliiio be happening
again with any reasonable degree of probability. The lack of any
information makes it very difficﬁlf‘tﬁ‘ﬁdfsue evéh?iiffhe‘i}ha:period had
been shorter. The alternative hgp§¥ﬁi;7|l6¥>CPN i;i;tFﬁdﬁthdn;alhasucvor

in an indirect way. The doctor has now established é'pdailbf;
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| precipitating event in the developmental scenario. CPN requires that there
be a long-standing, chronic inféction of tha kidnegls). 1t is quite
possible that the stone could have been associated with a urinary tract
infection (possibly as the result of the clinical p?dCiduFe'tb diabnoois

and remove the stone) and that the whcle process began 17 years ago.

Question 12 - And that stone waen't analuzed?

Data Reguested - Results of stone analysis,

Goals

Primary - P1l: Confirm precipitating-event: initial UTl in
CPN developntnttl ‘scenario aybgoal to thféﬁn
“scenario
P2: Confirm Kndney stone cauead%bg utt.

Methods - Pl: Indirect: Past kidney stone uas an infection stone
I 8-Strong-Suppor ting-Evidence-For |n|t|al UTI
preceding kidney stone,
PZ:vunrect: Expert uitness.

Expectation - Moderate: Infection stone.

Ansuer - We have no history of stone analysie, She had 8180 been
hospitalized 8 months earlier. :

Result - P: Not satisfied.

PLIS - Unchanged.

Commentary - The doctor would like to piﬁ doun when the ehronic‘urinaru
tract infection (of CPN) started. [f the kidney stons is of the type that
results fron a preceding infoction, he Qéﬁld OOQUIO.thjt the patient
probably had bacteriuria for a period longer than 17 years and the

likelihood of CPN would be slightly higher. Some troo information uas
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given to the doctor by telling him that she had a episode similar to the
current episode for which she was hospitalized. 8 months prigr to the
current admission, | L |
~Clearly, there are other uays to find out about a poesible infection
associated with the kidney stone. [ hypothesize, hgqqyet; that the reason
this particular question was asked is because it is @jgsa]y"rgl;tod to the
previous question in that g;fca;ura;qfﬁghq_qgn.vfin@jqﬁ»(erqunt in this
case) is being asked about. Among certain doctors fh-rp,ls a proclivity to
derive as much information as possible from {and about) fh; fiﬁ&fng or
event that is currently under conngqr;tion{r§$hgc:ghqg “change the |

subject.” (See Sectien 3.6‘jbr,a'diiguthodzﬂfféiiﬂﬁéif)c style.)

———————————— X - S T e adad -y

Clerical bridge- D: At our hospital?

K: No, at another hospital.

Ds And are we able to gt thona records?

K: Yes, they are avajlthq. I'm sorry
I just found which side. It.ualvthgi
left side. :

0: That was 17 years ago?

K: Yes, that uas 17 years ago.

D: 8 months ago. she uqc.hoapitallzcd for
a sinilar episode?

K: That's correct

D: And do we knou uhathcr she had renal.
function tests, urine cultures and ~
urinalysis done at that time?

K: Some information is available on that.

Commentary - The exchange above nucd:hbf,be;jngluzjdibu,thb'fhrual@noano 1
havnk bu& using; _Ite purpose is iinﬁly tnuubl uh thcfnnuqu fbr the

next set of substantive questions the doctor will ask. For that reason I
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call it a clerical bridge. 1t also gives the doctor a chance to think
things over before commiting himself to a nei: 1ine of questioning. The
doctor does learn that the stone 17 years ago was on’ the left side. This
strengthens hia:belief that_thé chronic urinary tract infection goes back

at least that far.

Question 13 - What is the urinc-cu?tufu’}iboff?

Data Reguestad - Was the culture poolt?vo? Tupo of

bacteria.
Goals , L L
Primary - P1: Confirm principal-event: Acute flare-up of
urinary tract :nfcctlon of CPN devel tal

‘ecenaric subgoal to'Confirm scenirio’l
P2: Confirm principal-part: Chronic bactoriurua of
CPN prototype subgoal to Con¥iirW prototype CPN

subgoal to Case-build CPN gggagg_“to Confjrn _

Methods - Pl: Indirect: Postive urine Culture Is—Supportnng—Evndcnce-
For Acute flare-up of UTI,
P2: D:rect.

Expectation - Strong: Positive urine'cuituro;

Answer - | don't have any urine cul ture roport except that the urine
cul ture greu out e-coli,

Regult - Pl: Partialiy satistied.
P2: Partially satisfied.

PLIS - Unchanged.

Doctor’'s Commentary - The reason | am asking for that specnfucally
{although in most patients with a rénal” problem 18 be interested in the
overall renal function), first is again ['m aiming for a presumptive or
sort of speculative diagnosis of ‘lchrbhit] Pyeichephr itis and 1 would |ike
to find things that are most strongly suggcatnvo for that or uako that
hypothesis enough.
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Comuntarg - The doctor has roturned to tho lmo of quntioning that wnas
started uith Question 8. In order to conflrn the chronic UTI associated
with CPN it is necessary to ascertain if the cuitures for past episodes
grew significant numbers of bacteria and-tm~->th"ei‘~'tm~"6‘v~f=‘baet.riicn"portod
in uch cphodl m the same. At thie point tho theﬂtar dnn _not yct 'know
the kind of bcctor‘l thtt greu out in the urincreu!turb donl for thc
preserit cpuodo 0 thiu point cannot bb chteku. Thn Io not the: cruclal
npcct of thc dzimouo. hoanvur. lt h quito puzibu that the -
bactcrlurla of 8 uontho 8g0 uas-cured m\o euitarn‘boem ctorl lo.) but
because of undorluing CPN she uas pr-dhpoud to rolnf.ctmn by a new
strain of bactcria. The ugniflcant upoct is tho .phodo of AUTI itself.
| Noto that thc gocl is partiallu utiofl.d oinco tho cultun nport did not

atatc uhothcr thc colong count uas oicnmcmt.

Oueotign 14 - Do we have a urinaluuo? At thc sane tin 1 om looking to
find out: uhothlr or not there was Sny pyuria or wiite t:ﬂh. :

Data Requested - Presence of pyuria.

Goals : ' :
Frinrg Pl: Contirm principal-svent: Acuto flaro-up of
C 7 urlnery tract - infection of CPN ‘developsental =
scenario.
P2: Confirm principal-pérts céhronic bactoﬁwu of
CPN prototupo

Methods - Pl: lndunct: Pyuria h-—Supporting—Evidoncc-For
" Acute flare-up (episode) of UYL, *
P2: Indirect: Pyuria lo-Supportlnq-vaoncc-For
Chronic bacteriuria

Expectation - Strong: Pyuria present.
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Aneuer - Yes, there were many white cells snd red cells present in the
urine. : : _ e R T L R

Result - P: 'Satiafipd ; o e

amtgmaa—

PLIS - Satisfied: Episode AUTI (8 monthe PTA) -

;W -.1 know she's had an-.episode of.at. lesst bacteriuria,
that she's got both a positive urine culture and white cells and that she's

got a urinary teact infection uhich: presulgbiyikas: the ceuss of Ker :8pisode
8 months ago and which may be a similar episode going on right now. [ need
to know two other pieces.of informetisn from:8:monthe egoi 1 meed:to know

- uhat her renal function uas 8 months ago and | need to know what her kidney

x-ray. tooks |ike, whather she.has one-kidney, ,tuc kjtnsye; uhether:.one
kidney is working the other is not, what the kidmuo 100k Iiko lﬂd uhether

~ they are- scarred-by.infectious disesse-on not.: . os o

Conontgg | Sufficient evidence (for thi- doctor) for a pnvious opinodo

LR G

of UTI (i.e. bactcrmraa) comutt of a polltrvo urine culturc and pyurla. |
Thns would satisfg a goal of conf!rm\ngkabpast epusode of acute urmarg
tract infection rcgardless of any possable rolatlorwhip to hor curront

symp toms, The doctor’s hgpothuw. houovcr, in thdt thc tuo cphodn are
both acute. flaregups ,dul to t.bq ;m W‘\rmic) mf.&tim. wr
altornativolg. CPN predisposed her:to reinfection:possibly -uith a different
organisn.) It is interesting to note that the doctor ucn oithor mt to
hear or choosos to sgnon thn fact tMt huaumt mw&omd 8 wonths’ ago
(This can only be inferad from the mttmm mrﬁo c‘onnnt on it.).
There are two possible interﬁrotationo of thio. Tho firot io thlt mo
degree of hematuria is“'co}"tsvia»tsyntvuif'th MH"-.’. Ihq ch.wmcp‘alanltion il that
doctors tend not to notice certam rcportqd fkaélm W they have a
place to “"hook" the finding onto (i@, some hypothesie that the fincnng is

significant in),
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guesguon 1 - What was her renal functian?

Data Rogu.sSeg Reported value of the renal functhn
“tests < creatinine clearance, BUN or NPN
8 months PTA.

Goals
Primary ~ Pl: Confirm principal-event: Develdpsent of renal
insufficiency (CRF) of CPN dovolopncntal nqonarno ,
subgoal “‘to Confirm scenaric CPN." '
PZ: Eonfirn principal-part: Oscreased rena! function
of CRF prototype subgoal to Cénfirk prot&type CRF
gubgoal to‘Qaeo-build Eﬁ? gggggg* to Confirn CRF

Secondary - 1. Explore the severity of the ollnclc.
S © 2. Explore the stage og ddvcfopiont of‘a
chronvc dauuasc:

Methods - Pl: Indirect: Renal functogn test decreased
!l-SupportanJEvcdonccéFor renal lﬁsﬁf?ictaﬁcu.
P2: Direct.
'Sl Indirect: Renal funétion tast ls-A Suggootlvo-ﬂcasurc-ﬂf
the severity of the illness,
82t Indirect:s Degres of decrease’ o? renal function
indicated by a renal function tast 1s-A-Suggestive-fisasure-0¢
the stage of dev.lophont of

Expectation - Strong: Renal function tests indicate
-normal renal function or some degres of
renal insufficiency.

Answer - The NPN uas 51.

Result - P: Partially satisfied.
Sl: Partially satisfied.
S2: Partially satisfied.

- PLIS - Unchanged

Ooctor’s Commentary - That's an old record. What I learned from that is
that her renal function was cloge to norsal or only slightly impaired. The
normal NPN goes up to somewhere around 45. And that wah uhen she uas
acutely ill. .

N
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 Commentary - A chronic, degenerative renal diseass such as CPN can

eventual iy r§sult in the loss of fUﬂcfibﬁ{hg:}iﬁil mass causing the foss of
normal renal_tyncji¢h., The flnal gtaaq ln tho dogllopncntti tcunar%o of
CPN is advanced renal failure. Of course thls proceeo can take many years.
It is also true that even with the loss of one. kidney, and the pl?flﬂl
degeneration of the renainfng;ene. renal fun;tienﬂcln_roualn at about
normal leve&a. Tho doctor has raatlu haa hﬂlrd naxﬁofhwituvo evidence as
ito what stage of dovolopment the disease uught have reached in this
patient. Therefore, it is ilportaaftta Siffdrcéﬁflié?gifuieh“fﬁ&’d&étor'o
goat and his oupactation. [f he had found out that th. dagroo of Iooc of
ronal function uas undncatnvo qf advaqc.q ranal failurag his prtnaru goal
would have besn more fully satisfied. The answer h‘ doos hoor houever, |is

not unexpectcd and is cons;atpnt uith ali thc athg'f

outdated and :s-nocnailg,notjgoad angnaro.i_[hatllazgpat_ho meant by it
being an nofd‘fecofd.'f‘fhe only other Blifuréjgg;factor is”tﬁafugn acute
episode superimposed on a chronic condition tends to gqgligy.thq toss of
renal function. Thus the relatively lpg}v;lygﬁofz‘tpq,w tggylﬁd-oro;‘a’.ito
indicate that the kidneys were still ?gﬂGﬁiﬁéf"§;3§°¢§ja°fi§' and thét the
chronic condition had not progressed to the point of qlgqlglggnt Long of
renal function, While 17 years is not that unusual 1n the progrooonon of
CPN to end stages lin faqt it nvght havg noon nu;h Iéﬁgqr fhan ‘than this

" period) a shorter development period is more common.
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Question 16 - And the [VP?

 Data Requested - Reported results of the introvenous puologran.
. a kldnou K=ray.

Goals '
'5f§ﬁarg Confirm prnncnpal-part: Scarred Kidneys of CPN

. prototype subdgal to Confirm prqtotype CPN. gggggg to
Caoo-butld ubgoa t6 Conflgn EPN. -

~ Secondary - 1. Explore pernaﬁént structural ‘damage’ to kidneys
‘ 03! to Explore status of nrénggu organ system
unﬁfr ‘consideration subgdal to Explore level of

an/organ system funcijon. o L
2. Exgiore a predisposition to PNi urintrg.tract
obstruction. o
3. Elimin#te kTdhey étone (returrence)’

Methods = P: Direct.
Sl: Direct.
§2: Direct.
S3: Direct.

Expectation - Moderate: Scarred kidneys, contracted kidneys.

Ansuer - The IVP uas not satisfactory dus to poor infiltration of the dye.
[t nas repeated and there was ohly miniual ‘appearance, mostiy in the left

urinary tract. No signs of stons or other abnormalitiss. .

Result - P: Not satisfied.
Sl: Partially satisfied.
528 sat ] ‘ft.dt
53' Satlsfled.

PLIS - Unlakelg: Urinary tract obstruction. (8 ﬁoﬁtht PTA).
Ruted-out: Kidney stone (recurrence).™ o
Commentary - The ‘introvenous pyelogram can ﬁrqvudq crucial data'rn tho
attempt to characterize the status of the kudncuc. “Among the things that
can be determined (if the TVP ﬂrocodure is successful) arer ‘
1. The size and confagurai?on of”thé'kidneuo.

2. An estimate of the level of renal fuoction,
3. The presence of gross abnorga!TtiQt orgotpnao.
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4. Whether there is abstruction or not.

The doctor asked the question in a non-comiiittal style. He did not ask for

any specific feature of the 1VP.  Frow his prwioug ﬁwgnu,

know that he ie prmrng Ihterested 'fn

Jthé ﬂdnwi are ocarr-d as

the result of chrgm; infectaon.u But ;}”r #. ggncq»tp can cxplorc thc

overall status of the ksdmuc. e do&in t qat te redtrict the quution to

S R e

just that, The IVP report doot not guar the question of uhether her
kidneys are small and acacred. It.is WQ(A”J&Mw“ of loss of
renal function (the minimal appearance of the dye) . Qd .tf'qnglg« motivi
that the patient wasn't obstructed (at least totagl:u mtructod) at the

time the IVP uas porformd.

Data Requestec . Did both ki dmgo ‘appear on th:{ﬁ!’.

Goals =
Primary - Pl: Explore prognosis relative to thc
PZ: Explore the gross configuration g Qgg
| to Exploro status of the prim ogitu
orwogfg‘é o t,zqa; m 5” o duaden
impairment). T
Hethods - Pl: Indirect: CPN + pugj@q ki M-Egi -Foc,”
odp - Plt Tndiregts domw, Lo-€xiognce
PZ: Diroct._w;\_“ i 0w

Ex xpectation - Hoﬁoram Both kidmg;,’grmg
Ansuer - | can’ t tell uou that. lt'!ﬂctlsngm. ot

Result - Pl: Not satisiied;
P26 Nt .sdzma*‘ s
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PLIS - Unchanged.

Doctor’s Commentary - OK, that's the information 1've heen locking for from
8 months ago, now to get back to the present episode. 1 really don’t think
I ‘have any other questions as far as that acuts ’R“Qd.& 1-weuld like to
know some general information, We knou that. sbn'&-!cutaly Til, with an
iliness which is quite smilar to that which she had 8 months. ago. and ue've
got some nice information that 17 years ago. she had. 2 Qtnno._ He _know she's
got nausea, . vomi ting, frequency , du&ur:a and. abdolina] pain.

Commentary - There has been no evidence to suggest that the patient is
missing a kidney. In terms of possible therapy for CPN. (which the doctor
is considering as he goes along), the ahsence gf'on. kidney would be very
serious. Nephrectomy (surgical removal of a kidney) is often required if
serious hypertension has developed in_association uith CPN. »lf the patient
has only one kidney, transplantation might be the only option, Because of
the age of the patient this option would not be viable. There has been
some suggestive evidence that the dissase might be unilateral. If this is
the case and both kidneys are present Wjth the undiseased kidney |

functioning normally, the prognosis.would be much better.

LT T L P L D T -

Question 18 - Is she a diabstic?

Data Requested - Blood sugar, history of diabetes.

Goals , .
Primary - Explore a predisposition to CPN: Diabetes
‘subgoal to Case-build CPN. :

Methods - P: Direct.

~ Expectation - Uncommi tted.

Ansuer - She's not a knoun diabetic. The blood sugar was normal.
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Result - P: Satisfied.

PLIS - Ruled-outs Diabetes.

Doctor's Commentary - Hhat | would |ike to Rnow is whether there is
angthing that would predispose this individusl to having pyelonephritis.
That was what 1 ues looking for béfore, ‘that: $he' might b obetructed on one
kidney or the other°8 monthe ago. [ would’ Hu%kmﬁhﬂm she is a
diabetic, since they dre supposediy mord suséeptible’ Yo infection because
of the disease or instrumentation and whether she tskes phenacetin for
headaches or not.

Commentary - An component of the variant of case-building that the doctor
is using is determining if thei'e are any signiticent factors that would
predispose the patiant to getting the disesse. Most doctors use a weight-
of-evidence procedure in‘ovald&tlnq i*ﬁuﬁbiiciih <Shortilfte 74s. This
involves adding up fictors that support a hypothesis and :ubtrocting those
that are against 1t (Factors that ars neutral don’t count.).
Predispositions are “indiract® évidence for a diseass or other clinical
condition, They carnot be used to support & hiypothesis unfess “direct”
evidence for a hypothesis id:g;'tht chéracteristic findings of a disease)
are also present, It should be noted how quickly li.e. how few questiona
were neesded) the doctor characterized the: previous op!oodc and its

relationship to the current spisode and has woved on.

Question 19 - Ooes she take phenad!tin? Bbct she take. atplrin containing
compounds?

Data Requested - History of medication for hoadachcc. spocuallu compounds
containing. ph.nacotin or aspirin.

Goals
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Primary - Explore a predisposition to CPN: Phenacstin
and/or analgesic abuse. R

Hethods -~ P: Direct.

Exgecta;ion -vUncommittad. L - 4
M - Thqu_'ati_qnt, had takon 6‘ pgn‘p_iriig: tablets ,a,},\‘agg_fjprj 15 years.
Ruult - P: Satisfied. | |

 PLIS - Possible: Phenacetin (analgesic) ncphritis ‘
Papillary necrosis

Urinary tract obstruction

Gram-negative (septi c‘)‘ shoek -

Doctor's Commentary - I'm sure it took & fot lo‘nyir to dig that Information
out than simply asking that time around. There is an increased incidence
of infectious diseass of the kitney parhcularlu miﬁaru necrosis in
patients who take increased amounts of phonacatm or phon;catm-contammg
compounds. So that would wake we concerned first of all not ‘only that
she's got a. ur'nary tract infection, uhich I'd quite sure of by this
time even before [d done ‘a physical- examinatioh or iiboratnw data but
make me concerned that she might have mlllarg necrosis and might be
eloughing a pwn g and blocking ti.e. ¥ingl- ori kidney or the
other. And 1’d be more concerned about this patient than another patient
with it 1 weuldn't ask shy other quu»tfﬁm at this tinw' and" 1'd begin the
physical exanmation.

Commentary - This finding is one of the Key f“n’nﬂiﬂngs_'ln fho' diagnosis of
this patient. (The final diagnosis uis APN superimpossd on chronic renal
disease, either phenacetin nephritis, chronte pyslonephritis or both and
chronic renal failure,) Before discussing ‘the interpretation of this
finding, consider the different methods that were used by the other doctors
in obtaining its B

1. Through a revien of systems 'in‘ the ssction
about history of medications (Protocols 4 and 5).

2. Through a review of systems (focused
on rena! disease & hgportmsion)
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asking sbout history of headaches (Pratocol 6).

(It should be pointed out that the four doctors who uncévored the finding
of phenacetin abuse had established CPN sarly-on in the intervien as the
most |ikely hypothesis for the underlying chronic renal disease.) The more
common route for uncovering abuse of @ drug is probiéblu notv the om used by
this doctor. Guestions concerning the use of th@l&ations aro}norn‘llu
asked as part of a systems rovim’.v It ilamdabout hera because
determining predi lpolition;,- is part of case-bui Igijnq,,.i.t\m:,o_‘trltc_gy, the
doctor is using to confirm his pi-inclpal"hupo.thhtiofﬂ. Tho reason the doc.;tor
says that it pﬁobabliu took longer to_go_t‘ that inferdiitiop is that patients
are sometimes very reluctant to divuige any hutnru {(':f.,ail-"f madication.

The element of phenacetin abuse aimific‘mﬂi alllbiir:o“t‘ho docfbr'
hypotheais Qtructura. HhHo bath CPN and ahtmcetm nqpbritit are forms of
chronic interstitial nephritis and both can occur in tho un pationt at |
the same time, the developmental history is nou c;lou,dnd-.,'A’ comp | ex
relationship can exist among chronic pyelonephritis, phenacetin mpbritio.
urinary tract ‘infection and papillary necrosis. . The. degenerative effects

of both chronic diseases are cummulative. ,,It‘-nqy;,,po. impossible even uwith a

_histological examination of the lesions in the kidney to differentiate

betueen a single or combined etiology. While both disease predispose the

_ patient to new episodes of acute urinary tract m{qction. it is phenacetin

ncphrntie that is mdlcated in the dev.lopnnt of rcnal papillaru necrosis.

For this reason the doctor works unde,r{ thq: mtim;l that phenacetin
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nephritis u praunt becauss of the nrummu of. millgru necrosis. He

is primarily cbnc.rmd with tho poombnljtu that mo alp,tructmn has

occurrod,‘ as a ,rfuu,l t of oloqghiag‘v.g%n@grofgm:g@lHgﬁwaggtrmtjpn is a
very serious condition in a patient yith an acute urinirqﬁtratt infection.
' Thiq‘:ct':ncarn‘ is. duémt,rat,ed In apartial Wbﬂ»hl& dﬁ!?‘!'f?ﬂ’;m
impediately go to the physical examination., . |

Oata Reguested - Vital signs on adwitting physical exam. -

Goa

rimadcy - Contirn/Elininate a coupncation of APN ?UTU:
Gram-negative !npgoc) shogk gubaoal. tg Jorg the nesd for
inmediate treatient R AT severity
of .the cllngu {bou. Acumu L qﬂsga a;;untl. _

Secondary - 1. Confirm principai-parts mggnga of active
T "7 infection:”  temperiture > 13?? ‘prototype m_ to
Confirm prototupt APnggggg;*wto Cl;o—build APN

Methods - P: Indirect: Extreme hypotansion + fovor/chnllo
Is-Strong-Supportmg-Evudinco-For Gral*nmtlvo '
shock. )

S1t Direct.

Expectation - u.m Evidonco of chock.._ ,

Ansuer - Her blood pressure is 148/88, lying', 138/80 siting. Puise 88.
Temperature 98.4. _ _ , , e o

Result - P: Satisfied.
Sl: Not satisfied,

PLIS - Ruled-out: Gran-negativc shock.

Doctor’s Coumtarg -1 am gomq to uk ; mt p;f d&rm;phuaiul
examination:related to.the probjes Q.t }W ond. hings:. which would
need to be done such as a neurological oxapionti %u uld ike to know -
. what her blood pressurs 1s. [f she uere hypotensive oh ddmission to the
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floor uith pyelonephritis, gram-negative shock happens and is much uorse
and needs to be treated much more rapidly than somebody who simpiy has an
acute pystonephritis which is often triated &8 an outpatient...... (after
answer! 0K, then at least although the temperaturs is heipful there are
some patients with grtn—nogativﬁ shock Gehich oho'ﬂbiin t havel who can be
afsbrile.

Commentary - In terms of strategy selection, the baii§ for for choosing
this question is the high priority of determining the need for imkediate
treatment of a potentially fatal cohditlbn; The possibility of obstruction
secondary to paplllary necrosis superimposed on an acute urinery- tract
infection is uﬁat originally activated the possibility of septic shock.
While the doctor is auare that this is a diagnostic game, it is aimost
nnposuoblo for hiu to forget that he is a doctor fTro:;and remove himsel f
from his norual daity concerns and routines. Even though an elevated
temperature is part of the APN. protetubd and confirning i1t part of case-
building for APN it is clearlg a secondary goal.

e - - - - — - - - -

Question 21 - Does she have CVA pain postorcallu or, Gan ueu feel large
polycystic kidneys?

Data Requested - Presence of CVA pain or palpable kidnogs.

Goals
. Prnnarg Confirm principal-part: Kidney inflamation of
APN prototype subgoal to Confirm prototyps APN.

Secondary - 1. Explore a prednnpotition to PN; pélucgstic
kidneys, _

Method - P: Indirects: CVA pain or tendorno:s Is-Evudance—For
- Kidney inflamation of APN, -
Si¢ lndcrocfz_' idneys not paibablu ls—Ev?dunco-Againut
Polucgottc kndneye
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Ex ggg;gﬂg - Strongt.  CVA pain or tenderness.
"7 Moderate: Kidneys not palpabls.’

Ansuer - The kidneys were not palpablc. "She had left CVA tenderness.

Result - Pi Satuflod.
- Sl1 Satistied,

PLIS - Unlikeiys Polycystic kidneys, |
Ooctor's Co_nau_gg;*g < The CVA pain would slmply nsgvldpncc of |
pyelonephritis. Polycystic Kidney diseass (uhich Is not suspected bg the

hist,or_u) 1. must say would simply be anather thing that can predisposs to
urinary tract infection......{after ansuer} Which first of all fits with

her history and fite interestingly snough slth .. m;m &7, Me3cs 8go on
the left side.

Comuentaru - The doctor is contmumg the cno-bullding for acute
pyelonephritis that startqd m th uuutmn 1. An tm pmtogal soves fro-
sywptoms and history to physical exam and . fimlly A0 labomstwu dnta. the

V‘avudonco available is more oh;ectivo (in tho mn of providlng
increasingly more rollabh tnts of a hupothulu). Roforlng “fo the

| Prototype of APN in Appondlx 1, ue can see thlt lt |l Ivldod into the
three areas nentuoned. Confirming the prototgpc rlquiru confh-ll‘ing sach
section. For APN, the physical exam section spccnflu that CYA pain or
| tenderness should be brannt.,_ The doctor's cw;t,{hgt left CVA
tend&rnus "#ite" With the stone 17 years aga indicates that he. nay feel
that the pyelonephritis may be ‘unhi l‘qtoral..tgn at least -or. severe on the
left side). , |

The second part of the question, ahout the possible presance of
large polycystic kidneys, is very interesting. The hu_p\‘o,:h_uiaﬂ, that Dr.

Kassirer and | workad out is that it is sasier for thes doctor to visualize
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himse! f performing the physical exasination that asking quéstions second
“hand. Thus, when H- sees hiuoolf.cxagintpgkthg flank area for CVA pain or
tenderness, he would almost sutomatically palpate for large kidn@uo. It is
Iike a reflex: while I'm there I might as uel! find ‘out sbout it since 1t
costs very little. As the doctor*Fﬁd!ettic‘thcr0‘ﬁatfbdin:nhthlng in the
history to indicate the presence of polycyetic Kidneys.

Question gg Dooc she have ouporp«bic toﬁdﬁrn.oo? \

Data Requested - Presence of tenderness over the bladder.

Goals ' ' ' -

5rinaru Confurn proncupal-part: Bladder irrltation of APN
B ‘prototype subgoal to Contirm prototypé AN,

Method - Pt Indirect: ‘Superpiblé tenderriess !s-Bvidence-For
Bladdor Irrutatuon/inflauatnon.‘

Exgectatlonr- ﬂodcrate: Suparpublc tondcrnooo prnoont.
Ansuer - It's not uontlonad.
Result - P: Not satlcflod.

PLIS - Unchanged.

Commentary - Superpubic tenderness is optional. 1f’§bit¢nt. it is simply
supportive andenco. 1 absent, if ueighs 11§tf|7lgilhst the hypothesis.
The frequency and dysuria are sufficient to confirm the blisdder irritation.
Again it's simply a case uhere the data Is very inexpensive to obtain and
the doctor would himself have checked for It hims#if while conducting the

physical exam.
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Question 23 - Nou as far as specific Gl fmdmgn. doog she_have bowel
sounds, rebdund tendsrness or not?

Data Requested - - Presence of normal bowe! sounds, abuﬂco of rebound
tendornou. - ‘

Goals o
Primar ary - Eliminate acute Gl disease.

Method - P: Indirect: Normal bowel sounds + soft abdomen
I's-Strong-Supporting-Evidence-Against Acute G disease.

Exgactatlon' = Moderate: Normal GI tindings.
Ansuer - The abdomen uas soft with normal bouel sounds.
Result - P: Satisfied. :

PLIS - Ruled-out: Acute Gl dmau

Boctor’'s Commentary ~ We sort of neglected tha nausea and -

vomiting.... (after mucrl He sort have gone through this as nausea
vomiting frequency and dysuria but if uou  back to that nausea, vomiting
and ueight loss you’'d obviousiy have to at‘ Im} ,‘ one track of your
mind that rather this being a kidney pr‘ublu that s is. some acute
abdowing! problem. With soft abdomen, horial bousl ﬁoundp that goes to the
bottom of the list, if you will and we cin continue doun the stream that ue
have been uorking on. So she has left CVA tendsrness, no palpable kidneys,
no comment on superpubit tenderness, soft Sibdomen ahd’ l"tornl bowe! -sounds.

Commentary - As the doctor has indicated he has pretty _gych.,gom-along uith
his principal hypothesis and has ignored the ponibiﬂ"t‘g of acute ﬁl
disease. (He has thought this unlikely all atong thougf\) The best
opportmity té_v“-ulo-out acufd’G‘i digoag h in: tmwicﬂ w“ippﬁon.

He is possibly thinking about such diciqu_t’"ip_ appandlcltlo or peritonitis.
A soft abdomen {absence: ﬁf rebound tqndorng‘g;s) ana nor;@all‘b‘ou;]‘ sounds rule
these out as ai:t_ivc p'oufipil’itiu.v

It is interesting to note the effect of a doctor's speciatty in
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strategy selection. The protocol obtained. from a gastrosnterclogist is
almost reversed in the order of which hypotbesis gats tested firet. . The GI
specialist first explored and then eliminated the poscibilifu of

chronic/acute GI disease before going on to renal disease.

Question 24 = What was her hematocrit?
Data Reguested - Value of hematologic test: hematocrit.

Goals o :
Primary - Confirm/Eliminate anemia subgoa! to Confirm/Eliminate
principal-event: Development of advanced of CPN

developmental scenario to Bplore developeental
stage CPN subgoal to Con!iri sco'm?i’; [

Secondary - 1. Ekpl ore the severity of tho i Hw.

Hethods - P: Directs Hematocrit low + hemoglobin low le-Prima~
Sl: Indirect: Oegrae af anemia 1s-An-0bjactive-Measure-Of
the saverity of the iliness. o ‘

Expectation -',ijﬂcdcntp:: Hematocrit marmrni 137 -,-,47)_
Answer - Her hematocrit was 28%. Hemoglobin 6.8 grams.

Result - P: Sdt‘liﬁod.
Sl: Satisfied.

PLIS - Confirngg: . Anemia

Doctor’s C tary - 1 would. go to lshoratory. ipfermation mou. I would
Tike to know nou & couple of things. | would |ike to know what her
hematocrit, uhite count gnd differential ars, -1 weald Iike to-knou her
hematocrit simply as general information to see if her hematocrit was 20,
1'd be.concerned. thai she has. besn in renal: faiiuce-{aitheugh us don’t know
that yet) for a longer period of time or something else is going on which
I"ve totally neglected so far.... (aftec  snsuer) -Thet's interesting: Then
In addition to this question of infectious acute pysionephritis there is
more going on than ue are ausre of. .Thers are tuo passibilities. One,
she's got 8 separate reason for being anemic; we'rs going to have to run
doun the evaiuation of her anemia, or secondiy the snemia is pert of her
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‘renal disease and if it is. it's likaly. ta be. dus to chronic renal failure

which 13 odd because we are told that. she had. reiatively normal renal
function or enig sttghtly impaired rengl. fmctim &gﬂg&tﬂ earlior. 1
don’t have ang'aniuer for that yet.

Commentary - The doctor has in some sense opened up Pandora s Box With this
question. Anemia is a clnnical condat4on'uath uapg dufforont otuoTogsoo:
blood loss, excessiva hemoiysis (destruction of red:blood calls) or
impaired production. The anemia of CRF is aooocdltod\»i%h inpairod
production but there are many other causes of inporod apoduct;on {folic
acid deficiency, splenic dioordcro.o4c.). The docter is. foolng tho
fououiag,dnma he would mmt to soe m d-y-n of upaarmt of
renal function; that would be conoistont unth oathor phonacotin nephritis
or CPN. It is the dogroo of renal failure |upl|od by the anenia ao )
compared uith the measure of ranal functnon 8 nonths PTA that is
disturblng. At this pount in tha protocol tho doctor hao otartod the last
phase of quostuonnng - the Iaboratorg findnngs. Ho dooa not uant to throu
out the hupothosoo ‘he has bocn uorking on and tfy’;o;othlng neu ae uot.

For this reason he puts ascdo the findnng (doos not puroue |t uslng a

dlfferential dnagnostlc stratagg) and contunuco doun tho lnfectnon/chronuc

: renal disease line.

Question 25 - White count and differential?

Data Reguested - White blood cell count. dtfforentlal breakdoun of white
cell population. . S . : =

Goals '
Primary - Confirm Leukocytosis + Left-shifted djfferential
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ubgoal to Confirm principal-part: Susteuic evidence
o? active infection of APN prototyes” 1 to Confirl

prototype APN subgout to |
to Confirm APN,

ﬂethods - P: Direct.

Exgectatlon - Strong: Elevated white count (Icukocgtosls)
B dlffcrantvtl shifted-to-left.

Ansuer - 9858, 63% polye, 30% Iysphocytes, 3% wohos, 1% 8osinophi ls.

Resuit - P: Partisiiy satisfied.

PLIS - Unchanged.

Doctor's Commentary - Her white count 1°d be onpoctlne to ses slevated uith
a shift to the left, because everything that I've heard so far leads me to
suspect thers is an-acute infectioue procese.... " (after sneiier} That is
not as striking as l would hlvc expected, but dooln t olininata the
possibility.

Commentarg - The uhlte count and dnfforentual aro tuo key signs in the
conflrmatuon of an actnve bactorlal |nfoct|on. Tho norlal thtl count is S
- 18 thousand. Mith an infection tho expoctation uould be that it should
be above 18 thousand. But as the ductor hao .Ild e uhit. count of 3858
while not oupportcva of the hupothonuo. dooon t ollnunato it. Slnularly
for the dtffcrontnal. Tho sxpectation no that th. porcentago of polys
should be larger; but the figure givon is Wwithin thc approprnatc
consistent range. The laboratory-data section of the APN prototype is nou

being confirmed,

Question 26 - The noxt thing | uould like to know is what her urinalysis
looks like

Data Reguested ~ Results of urinalysis.
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Goals

5rinarg' Confirm pyuria gubgoal to Confirm principal-parts
‘ Kldmg-tnﬂautalon a? APN prototype m to
Confirm prototgpc

S!co arg -1 Contirm urinalysis (m:ludl puurll) h g
“Consistent nith APN gibgost to Tasesbutid
APN, .
2. Contirm/Eliminate (late) CWF éubgoa! ‘to Explore
Developmental stage CPN/Phenacetin nephritis,

ﬂcthods - P: Direct.
S1: Direct. ’ o ‘ ‘
S2: Indirect: Lou opicifuc qnvitg + rml fliluro chts
© le-Evidence-For (laté) CRE,

Expec !glon - Strofigs Pyuria present.
- Moderate: WBC casts present.
Wesks ‘Aenal faiture casts prasent.

~ Ansuer - Specitic gravity 1.818, no suger, 1+ protcin, ‘acid reaction, no
red collo. filled Wwith white cells.,

~ Regult - P: Satisfied.
" Sl Parttalify Satisfied.
S2: Partially Satisfied.

PLIS - Unchangod.

Doctor’'s Commentary - | am again looking at this upoclflca“g as an
infectious disease of the kidney and trying to find things for it or
against it. | would expsct to ses again, pyuria...... {after ansuer! That
specific gravity fite ulth either chronlic renal falluré or rormal renal
function depending on whether she is dry or not. | know mo can acidify
her urine uhich dossn*t surprise me Virg mich. T 'kfiow she’s get & little
bit of protein in her urine which fits uith some aisment of inflamatory
renal disease artf that her sediment |'s loddéd wfth Lhite aélis uhich Is
again. most consistent with acute infectious urinary tract lnfcction or
~acute puelomphnti- if oho has flank pain n ucH.

mmmmm

uhon rens| disease is the central m.:uc. *tm othcr tuo aro the kidney x-

ray and renal function tests). In some unu thc opirit of the .xporiunt
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was violated by allouwing the doctor to ask for th; whole urinalu;iq rather
than asking about each of its constityent tindings. ‘l‘t nas very ditficult
to stop this, houcvar, as this is the ﬁdrﬁai form fqr'iﬁqhiring and
reporting the rcaults;(fﬂon.nbot fhai Dn:lﬁkésii;§fiéb¢;uac’aﬁtuirfng the
questnons is also a renal upecnallst ) Regardless of fﬁio. however, it is
clear what the doctor uas cxpocting to hear and how lt flt into his
strategical plan. His primary concern uas to codfihn?fhd co-pbncnt of the
urinalysis that is evidence of acutéiiﬁticfigﬁi;kubéfd;céllo'or pguéia. I¢
there had been no pyuria repofted.'thg diagnesis of acute infaction would
have been in doubt. As far as the Qith@ﬁ%ijéiilig;iéCOﬂlenGd- it is
important that the other components of;&ho‘un&qalysia.argfgonsigtgqt with
the diagnosis of acute infection. (Consistent in this sense means that
while they may not support the diagnosis, nuthnn\do thsg arguc a"ga‘ti'mt
it.) An optional component of this variant blf:‘ca:e'-‘-bii'i"ldtiﬁ'q is to ask
about the most common consistent findings relative ta fﬁ:fgfﬁncfpall

hypothesis.

Question 27 - | would like to kndu‘ffforﬁﬁég;:b,hqﬁiiﬁ;;ﬁ unspun?

Data Requested - Prnséhce_df bactcnii iﬁwdnip;hbhﬁléb_lédfqoﬁt.

Primary - Confirm principal-part: Evidence of active UT
infection of APN prototupo subgoa to Confirm
prototyps APN. S ol

Methads - P: Direct: Bacteria in.urine ssdiment lgnarma-Facio-
Evidencc-For Active UTI.

Exeécfation - Moderates Bacteria pfosdngiﬂﬁ
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Ansuer - They Were not seen. There were no casts.
Result : P: Not satisfied.

PLIS - Unchanged.

Commentary - If the urinary tract infection is still active normally the
stained sediment will reveal numercus bacteria. ‘Thdéhfbrd. the ansuwer is
slightly diﬁtu&hing to the doctor. The,confirnagioq can be made on a
quantitative urine Eulture‘(and was in thfg case), 80 fhe hybothesig need
not be rejected on the basis of this finding. Tho f1ndin§ is also
suggestive (though not Qoru strongly) of obstrdction,ﬂqugclallu if the

infection is Iocalizod to one kidney.

Question 28 - The next thing 1 would like to know would be the level of her
renal function. ’ '

Data Requested - Values of renal function tests.

Goals '
Primary - Confirm/Eliminate (late) CRF subgoal to
Explore developments: stage nacetin nephritis.

Methods - P: Direct: Elevated renal function test ls-Prima-
Facie-Evidence-For Renal failure.

Expectation - Strong: Slightly impared rcnai functioﬁ.
Aﬁggg; - BUN 86. Creatinine 9.4 |

Result ~ P: Partially satisfied.

PLIS ~ Satisfied : CRF (late)

Possible: “Severe bilateral pueloﬁéphritis"(a severe form
of APN)

Qqctor's Commentary - That's enough to stop and make a tentative diagnosis
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and then begin to look for some other things, She's got renal failure.
It's acute in terms of months, that is from'8 wonths ago till the present
time,she’s had a very rapid deterioration in_her repal function, And we
knou she’s.got an infectious process going on in her kidneys or at isast
everything is consistent with that. That degree of rapidity of remal
failure over 8 months is much more likely that I wouid expect to see in
somebody with chronic pyelonephritis and would make me suspect something

superinpqeed.{Qtt@gqageynrg“bjlgtgcajfpuplaqggbcgtlg@a@d some preexisting

disease. That could happen. Or obstructibn. Again, we've'got that
history of phenacetin ug'yp_gggn_tplqmgboug_ggq pepillacy pecrosis.
Commentaru'--Aéain. éone’degrce of impairment of rénal function would be
consistent with the hypothesis of under lying chronic renal disease. What
the doctor must now explain is the degree of “decline in renal function over
such a short time.  The actual fact is that the Weasurement from 8 months
ago was not accurate and her renal functioch had Geen much’ lower at that
time. MWhat is concerning him nou (and concerned him for the remaining part
“of the proto¢011 is the possibility of ébifrUCtidﬁ“rﬁid[giéé,fron papillary
necrosis secondary to phenacetin nephritis. If g»gnpillajhggbd;e!oggd and
had obstructed one or the other kidney , this could enpféin QﬁSfM;QODs to

be a very acute drop in renat fUﬂctldn.

The analysis of the remaining portion of the protocol will not be
included here for two reasons. The noﬁt*iibortdﬁf$fa'tﬁatlic‘an anluef to .
his next question concerning kidney size by IV¥P, ‘he wuas given inaccurate
data. (As this was the first protocol, we had not discovered that:the x-
ray report was in orror).l The Qccond reason ls tﬁat 5u this time the

' reader should have had sufficient exposurs to 'the lnﬂo&iiion‘toehniques
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that were applied to the protocols.
In the next chapter | present a mode! to describe the strategies used

in this and the other protocols.
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CHAPTER 3

Most thoofics of problem-solving incorporate the concept of a
strategy. By a strategy what is meant is a plan that specifies a sequence
of steps that will (hopefully) result in achieving a desired goal.. The
sequence of steps that form a plan is normal iy arrived at through a
decomposition of the original problem into a set of jgb-pfoblolo that af.
considered qaoiér in some sense to solve. Ths relationship betusen the
sub-problous and the original problem can be formally roprﬁocntod by an
AND/CR goal-tree. |

There are tuo distfnct but closely related planning activities
involved in taking a present iliness: data acquisition and diagnosis. One |
plan is needed that specifies what to do with each piece of data once it

has been obtained and another is need that specifies what data to look for

next. Diagnostic strategy is defined here as the set of goals and wethods
that guidi the evaluation and interpretation of findings, the formation and
‘v testing of hupbthoues and the handling of conpotinﬁ hypotheses and
discrepant information. Data-gathering (or ggtg-ggggicition) strategies
determine the conta;t. form and seguence of fho questions that are asked.
Since the focus of study in my research has been describing data-g&thbring
étrategg. whenaver strategy is mentioned it is meant to refer to this
strategy. |

The mode! [ developed to describe strategies and'otrathg selection |

J
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call the gtrategy frame model (SFM). The essence of the model can be
stated as follous: '
A strategy frame is a data-structure for

describing a strategy. A particular strategy
frame is intially suggested to the doctor by

some feature of his internal diagnostic
configuration (I0C). The 10C is the doctor’s
problem space - his internal representation

of the external environment for the task of

. dtagnosis.” A strategy frame contains a set of
conditions of the IDC under which the

strategy is potentia!lu applicable. 1t these
conditions are met, the associated strategy is
selected. ’

The concepts underlying this model have been inf!uenccd by the work of
many people; Minsky's frame theory for the representation of knouledge
contributed significantiy to the theoretical baajp.,:<ﬂinkpy 74> . The
application of frame theory to the representation of medical knowledge by
Pauker and Sussman (later refined by Schuartz and Gorry) was a major
influence. <Pauker 75>, Newel | and,Siuon'o,uork:pnﬂthgvropfgqgntation of
problem spaces and Newe!i's MERLIN program also played a significant role

<Neuwel | 74>.
3.1 Strategy Selection via Strategy Frames

What is required to apply frame theory to strategy selection is a
representation of the doctor’s problem épace {which lvhavo called his
internal diagnostic configuration) such that classes of cbnflguratipns

appropriate to the sslection of a particular ctrategyit&n_bo identified.




PAGE 66

In the strategy frame mode!, the I1DC is represented by a set of descriptors
divided into two basic components. The first is a component | call the

patient mode! and the sécond is the curgggg’!titgg55f~tﬁc_doctor in the
diagnostic task. The patient mode! is a representation of the doctor’s

diagnostic thinking about the present iliness of t@i;hltidnt <Si lverman
74>, It conéists of such things as a list of classified ind ordered
hypotheses. A typical disease hupothcsis,bn thio‘ljyt is classified by

. features sugh as being acute or chrohic. single oé‘lultiply'etiologg and
episodic or non-bpioodic. The list is ordered by |ikelihood. The features
of reported findings are also included in this c&ibonehf."lncludod in the
current statue'conpéhont ar§ such thingi'a; fho'§5;b§ Sf iﬁo intervien and
the strateﬁu‘being used. - ‘

The‘stéréﬁtgped objects to be "recognized" Eﬁ"iianinihg the IDC are
those configurations that are associated with the selsction of the
stratégiel that have been identified thraugh the protocol analysis. Each
of these confligurations forms the set becOn&ifiéhs of a strategy frame.
For example, associated with a stratogu'of.coﬁfirmation is a configuration
that characteristically has a single hypothesis classified as LIKELY, while
elimination is associated with three or'idré‘LlKELY‘hypotheuoo. Chronic
~diseases are associated with a variant of case-building that requires
confirming the diseass’s developmental scenario. -

The methodology described above for etf;tagg selaction is related to
the selection of methods based 6n probiui-upace coﬁfibh?ttibna found in the

"work of Newell and Simon, Hewitt's stersotypes <Hewitt 755;'Schank'-
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scripts <Schank 75>, and nglhotra'a(rg.g/s;r;toggg frapes <Malhotra 75>,

3.2 Constituents of Strategy Frania

A strategy frame consists of two basic congqngntq, Th.‘firot is &
prototype which is a doscribtibn of the class of'conffduratioﬁs that is
suited to the use of the strategy. ThcﬂebCohd coupohdht‘io.tho strategy -
a plan detailing a noxt'stop'or sequéncc'df‘afopi in th~§roson; illneso
process if the prototype is succeosfullu*utﬁchjé,' Tnc éagond component can
be optional. | ,

The prototyps consists of a set of torglgg(s'ai?in.gpst frame
structures. Each terminal refers to @ specific fﬂptérc'of the internal
- diagnostic configuration such as the number of active ﬁyﬁbthedas. the
presence of a causal link between tuo'actiVO-hypothnqdi or if an
immediately |ife-threatening eunptbufﬁpq‘bgin'rppbrtid._fTho terminal
specifies a condition that must be met by the fcaturi‘rofeféd'to. I[f this
condition is met the terminal has been matched uuccotéfuflg. Associated
with each terminal is a score that indicates the relative importance of the
feature to the selection of the qﬁrét.gy; ‘A*tnrlihalréaﬁ alsa consist of a
logical construction formed from AND, OR or NOT operators applied to set of
features. Another strategy frawe cen also oonc as q'éonponpnt of a

terminal.
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CASE-BUILD-1 s & contirmation strategy that is spplicable under the
following conditions:

1. The principal disease hypethesie (POM) . -
is an acute, single-eticlogy diseases.

2. There are no other likely hypotheses.

3. Absolute score of POH > .8
Relative score of POH > 1.0

‘4. No CAUSE or COMPLICATION iinks into_ the FDH.

(PROTOTYPE CASE-BUILD-1
- (TERDINAL NUM-HYPS (TRIGGER) .
- ((TOTLIK "1V ISCORE B))
(TERMINAL HYP-CLASIF
((AND (ACP ACUTE)
.10SCS DISEASE)
NETIOL SINGLEY
_ (SCORE 6))) =~
(TERMINAL HYP-SCORE

- ((AND (ABSCORE ( > .81) -
(% (> 1.0)))

(SCORE 41)) -

(TERMINAL HYI;‘-’STR&IIT[RE '
({ANO (NOT (LINK-TYPE PDH CAUSE-OF IN)) ., .
M‘)I' “(LINK-TYPE '%*mttkﬁm-nf: mn

(FAILURE-LINKS o
(IF (TOTLIK' 2) (ACTIVATE DTSCRIMINATE-1})
(IF (TOTLIK (> 2)) (ACTIVATE ELIMINATION-1))
(IF (ACP ACUTE-STAGED) "(ACTIVATE CASE-BUTLD-2))

(IF (ACP CHRONIC) (ACTIVATE CASE-RUUD-3)) .
(IF (NETIOL MULTIPLEY (kﬁ# W-Emwrm )Y |

(STRATEGY -
({GOAL (CONFIRM (PROTOTYPE POH))) o
(SUGGESTED-HE THODS

(IF_(PHASE LABORATORY) (TRY DIRECT-CONFIRMATION))
(ELSE (ASSESS (PRINCIPAL-PARTS (PROTOTYPE PDH)))))))

Figure 3.1 - Strategy frame -fg: CASE-BUILD-1
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The strategy component specifies the pian.in the form of an.AND/OR
goal-tree.  Associated with each node.of i@!'rﬁgﬂl‘?tFQ‘;,li a (pessibly
empty) set of suggested mgthods. These methods can either be direct or
indirect. A m_“ghcg represents ;hgfcoavqg_ci,og of the goal (through
syntactic means) into the form of a qqq‘l,‘ti,ou-1;'@!};19915&&;,;!!*”95 can
either be the premise of an IF-THEN type rule or.a refersnce to another
strategy frame. In the si_tuabtio‘n vhers there are no suggested methods
associated With a goal, the (boind) goal will .index .3 library of mathods in
order to select a ‘ntho‘d‘ jqpprcpria‘te_,‘ to the f‘t%mg_;gr;dl_lqn.hupothnsis
under cqnsidefation. . o

Figufe 3.1 shous an example of a strategy frame for a variant of the
confirmation sﬁrltoéu called cass-building.  Appendix ‘»42 containg a listing

of variables and the feature of the 10C to which sach refers.
3.3 Organization and Operation of the Strategy Frame System

A strategy frame can be activatsd by the appesrance of a particular
feature in the 10C through the terminale of the Srane that serve as
tr'g;ggers. A strategy frame can be considered as, ;;;igaédldlto only if it has
been activated., The frame system is acranged mnw;ha way, houewsr, that
the majority of the strategy frames can only. be activated tprqugh' the.
suggested methods of the goal-tres. of 2 successful iy-matched, higher—lasvel
strategy. The suggested nothod:’;;glfsbc»iagad,ui-uz; each goal act as guides in
filling out the details of the tree. These getail |inks can bind.together
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large numbers of strategy frames into complute sub-systems.

If the set of suggested methods Cofitains references to other strategy
frames, each-of these may be activated and-& mat¢h attempted. If such a
- subffa’u’is also successfully watched, e associated strategy replaces the
original method in the goal-tres. Gioba'_: Considerations are teken Into
~ account by imposing conditionsl tests on the sélection of a member from the
set of suggested methods at each node of the goai-tree. In this ‘way
overall control of the process of s‘tf:‘t’cg'g selection can be maintained
uhile still allowing wore local details of the contiguration to determine
louer~level afratogu. This procesi continues untilmalvl' thc {"thojr-ina,“l ‘nodes
of the goal-tree are associated with either a slnglc dirnct or indirsct
method. The process of transfering global lnforlation can be seen in the
sample strategy frame whers the phau of the intcrviouwio takon into
consideration. |

Another form of organization is imposed through fallure links. Each

strategy frame maintains a list of alternative frames to activate If the
terminal-matching procedure is not succésstul. ’ (The terminal ;hitching
procedure is not successful if a feature’ wentiohed in‘the premise of a
failure-1ink rule does not exactly watch the tonditich imposed: in ‘the

R

terminal it is a part of.) Each frame wentit

"as an alternative 1s
either an unrestricted alternative or ‘|s sssociated with & specific reason
for failure. It is important to h&ti"”h».‘*‘iﬁﬂ""'faf‘tu%i""”in””“’tm_s‘ context
doss not mean the fallure of a stritegy to be diaghostically productive

after it has been tried, but that it fails to meet baiection Gonditions
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before i»t is applisd.
The process of constructing a strategy from the strategy frames should

be viewed as a form of progressive refinement. Some. features of the I0C

are more important in tho~.|gloct«i»on"9f strategy ;thgn#c;fho‘rs. The sequence
of choices made in the process of constructing a complete goal-tree, from
the highest-level nade to the leaf nodes, reflects this implicit hierarchy

. of features.
3.3.1 Strategy 'Bind'ing ‘and Sbcciial ;S'tr""a_to'gioj

Strategy binding is the _procq_u" of replacing the sbstract structural
Qleuents (such as the principal-part of a disease prntotggq)_ mentioned in
the goal-tree with the spacific referents of a dunufrm (e.g. Bladder
irritation is a principal-part of the APNpmtotm.). A_g an example,
consider the cléu of diuat_u that have as & pr,incr:igta:l:fp'art the reduction
in function of an organ or organ sgozto‘n.r' Exnbln of this kind of disease
include cirrhosis of the liver, Kimmalistein-Wilson diuau and myxedema.
In applying a strategy of confirﬁﬁgh to each Io"‘?ﬁy'"tlh‘_c\i;di.uun. a disease
prototype match must be made. A part of thi‘o “tchi:nc.;ﬁr'ééoduro specifiaes
determining thd level of organ fmc,tion;» Thitl ;aquidbo feprcuntod by &
goal such as: v

(GOAL
(CONF IR

(PRINCIPAL-PART (PROTOTYPE DISEASE-NAME) -
(DECREASED-FUNCTION ORGAN-SYSTEN))))
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Included in the set of suggested methods associ atitf Lﬂﬂ\ this goal would be
the fol foulng wathod: e e e
(MM'IWTRECT‘- Tt PLRIRE B v e

Binding the gnwal stratogu to _each apog.;jfiq, qinpu mtitg, ruultg in the
follouing l_:gu_r_v_d strategies:

((GOAL
(CONFIRNM

(mxmlm-mr (P%T w&%gsm

(METHOD mmecr
- (ASSESS

% ‘%} ﬁﬂiﬁ%’ﬁ’m,

R
(CONF IR

S TR R

1 PAL -PART ° m??gm‘x{ﬁsmm-mM)
e T e

“s%o (CREATININE ' T.®)F" 7~ =
((GOAL S L
 (PRINCIPAL-PART TOTYPE MYKEQEMA)
R 3 mm )’ﬂ Sad
(METHOD mmecr N
“(NS9ESS '

(AD (PBI (< 3.5)) o
B (e 3NN e

- This binding procedure rosul‘ts in the construction of a As_t;‘-.q_t_cw that is
tailored for the specific disesss antity under, conaldirition.
It can be argued that experlenced clThiciBns within a specialty tend
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to see many cases that are very similar both in noda of presentation and in
final diagnosis. A Fellou at the chal Ctannc at tho NEHC octinatod that
one-third of all neu cases rofered to thon have unoxpiauned hyper tension as
the presenting conpla:nt. ngertenalon isa diaeaoe that is closely
related to a etrategy cal led causal. fxclusicn (oedasoctnon 4.3). It ie
thus reasonable to oaaumc that ropea%cd bvnd#ng ui a 1tratogg With respect
to a specific disease or hypothesis qtructurg tends to aqpocnato the bound
strategy with that disease. A étfifcgg:fhéf §;Q;3ia5nod énd associated
uwith a disease is called a3 gggggl stra:rgn Fhs hﬁraaegg frame model is
flexible onough to tiiou zpecvat stra&una.c. Th' cx;stonce of a special
(pre-bound) stratagu aosocoatad uith one of the currentlu active hypotheses
can be made a featurn of the 1UC. A otrt&egu 1ralt i; thnn added which
essentially acta lnk--a ”buck—pasanr‘r it ncttt‘thn prcsonce of a special
strategy as part of its prototgpe. Uhen this &nau.wasdactlvated and
successfully natchcd. the nuggestod lcthodo unll ponnt to tho special
strategy contained in the dloealo frano (uhlch can than bo soloctod as the

'curront etratogg).

3.3.2 Is }t a Realistic Model?

The use of frame theoru to dascrihn atratog|oc |n~ one ocnuo doos
violence to the original conceptlons of Minsky. WHhile thoro is not direct
ev1denco for frame theory as an e xglanator“ nechannsu (u.e. a thaory of

diagnostlc problen-solvnng). nt |s posstble to argue that nt ia not an
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unreasonable explanation:

1.

2.

Through repeated experience in the process
of taking a preeent iliness. doctors develop
strategies to deal with each pooooblo con-
figuration of the 10C,: .. .

At sach level of expartise, within @ particular

- specialty the underlying knouledge base of

3.

"o'

‘medical facts possessed. by easch doctor is, to ..

a close approxiuation. thc same.

Knoulodga of strategy is an intngral part of
the doctor’s knowledge bave.. :

1t is unreasonabie to‘ausu- that doctors -
associate with each individual disease and
With each possibie grouping of disseses &
aeparate set of strathues.

Therefore. it seems Iakolu that to a scgnnficant
degrae what determines. ths selection of-a :
strategy are the featurss shared by sets of
dissases: and findings axl the classes of =
structural rolatlonahlpn that can oxist among
diseases. :

By featurcavof‘diseases‘l mean suchithings as tho acute ve. chronic

classification. Structural. relataonahips are CAUSE COHPL!CATIDN. etc. If

indeed doctors do key their strategy seiection in part on these featureo

and relationships (and the protocol analuuls provtdes some confirnation

that they do)

then the strategy frame model is not unreallstlc.

3.4 Diagnostic Style and the étratedg Fféﬁi ﬁodelu

If it is |ndeed true that (at least four of) the doctors who uere

subjects have approximately the same undarlgtng (ledncal) knouledga base
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(thch includes the knouledge of how to take 3 gggtonthil[ngos). how can
the differences in behavior found in the protocols he accounted for and
incorporated in the SFH? Ono obviou; ansuer is that aven though they had
heard the same infornation. ‘they had dlfforent diagnostic conflquratlono
(e.g. difforcnt hupotheses). If we assunme, houovar.»that thcg had the same
confnguratuons this varnataon in behavior ls dnsturblng. A subset gf this
v-varnation can be oaculu accountod for by the SFH s it stande, Variatioho
can be produccd bg asounnng that tho choico of [ nodn fron th. .ot of nodes
at a particular level within the goal troo isaa q_gg choicc. Onc kind of
behavioral varuation that this can produce nn a panutatuon in the question -
order unthcn a sot of closely rolatod quaitlonl.v ijs‘cﬂn be seean, for
example, ln a strategy of cpnfnrnatlopmth!t_cally to{¢!!3shing,th-7_
principal-pgrgu of a dioe#sc\prototgp§. The so‘géiigg:pfjgbich gylncipal-
parf to inq@fro about first caﬁ be uod1~q‘froc‘choigl (in:nagu_ﬂ
circumstances). Free choice»could rpo;ltiin pignifipapf}u‘altpring the
diagnostic'configuration (and the ritulting béhavlp;)(jf a%cryc}al fact
that is at variance with oxpcctatuonl ic uncov.red at an carllur ~stage.
Tho choice of conpletolu diffcront otratoqlca (under tha assumption of ,'
identscal duagnostic confaguratlona) luct still be accountod for uithin the
SFM. I use the term dtagnostig style to refer to the variatlono in
behavior among doctors resulting from the selection of d!fjorpnt
strategies. It Is useful to get a feeling for what this kind of variation
is |ike. Some doctors ssem to be mors aggreesive in_pursuing.a hypotheses;

" they ask more questions directiy related to its final confirmation at
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earlier it,dgii in the interview. In contrast to the aqgrouiv. otulc
there Is a more "cautious” style. A doctor having this ctylo tends to
explore many different areas before focuoing in on m princlpal ‘disease
hupothesis or he might intorulx the conflmtioml quut!ono With
explorational questions. This kind of behavior ccn bo nxplalmd in a
nunbcr of uagt. There can be a high cost auocutod uith ulumg impor tant
information and thus soms doctors are caroful not to bo lod doun a "garden
path." Alternatively, the doctor uu not fnl mlortlbh ulth a hlgh
level of couplcxltg in the hgpothnh otructurc or uith a certaln arn of
disease and might tru to ollllnatc unllkolu poulbllltln boforo lttuptlng
" confirmation. Doctors are 8iso ausre of the flct that . putlont m have
uultlplt, unrelated problens while only promt“’l’ug uith flndlngc of one of
them., Many disease procuuo “such as clncor or pn-uotn!c rml fai lure
can be "sllent® in early stages, = BT o

' Variations can b. seen in how doctors choou and pursuo 8 flndlng.
Some doctors choou to exhaustively charscterize a ﬁnding alrudu obtalmd
before nck‘ing lng neu flndinge. ‘Other doctoro tru to onpand tho total
plcture they have of & patient befors going atter lpcelﬂc flnd!ng
charactorlzanom. Occuuonallu. a doctor’ qu nvoru tho norul uquonco
of current sysptons - past niam wedient ”ﬁiitm-g lﬂd lmdlotolu ask
about the history. ' ' o

The descriptions | have presented are . imprecise and inpr-onloniotic: '

they wire lntondod to glve a"Feader & brosd dvervien 3¢ tho range of
variation that is‘observed. Ahy model that &laiwe t6'Be" sbie to reproduce
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the behavior to doctors in taking the present iliness must include the
factor of diagnostic styls. .The SFM provides a frag.uorg.for ingluding
diagnostic style. 1t can be included: by ueightiog. the scpring of the
tr _frames. - o L

‘Associated with the matching of each terminal of strategy frame is a
scors, This scors ie a measure ot&gpnﬁiﬁpggggnQQHQg the featurs In the
selection of the particular strategy. The total lcor.n obtained by
adding the scores of qggh‘farnjnai, This. scors gggggggn}p.gbg,aoidht-of-
evidence in favor of selecting the otra;m By apgqugng \‘g weighting
system to the elements of the qiagn9g§jgfpgnf;ggqggggg;ygrjafiongwin,the
selection of strategy can be. produced, (Note: The_uaights are assigned to
the variables of the 10C not to the features of the casg that caused
assignments to the variables.)
10C, the nitching score is now calculated by multipiying the element's
weight with the terminai's rau,tcore; (Of course the usighting system must
use normalized weights.) The entire frame is then scored by adding up the
individual weighted scores for each terminal. This will reorder the scores
of each strategy frame in a diffnront}éay. |

It is not cbvious hou this would work, so consider the effect of a
particular weighting scheme. [f ue want te produce an aggressive style we
would assign heavy weights to each element of the IDC that invoives the
presence of a LIKELY hypothesis. Bu doing this we tqﬁd to suamp the

contributions by the other eiements of the configuration. On the othir
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hand if ue want -GO"produco a'more cautisus style we 'would ueigh these same
elements very iittle. To produce a style that tends to characterize a
finding once obtained, we heavily ueight the 1DC element that specifies the
presence of a differential charactoriza.tion netuork for Jt*fﬂndin‘g. “While
this description does not tell the uﬁoia story of how style is incorporated
into the SFM, it shous that the wode! is flexible ehough to inciude it in a
rather simple uay.

Style Is perhaps the feast understood facet of human problem-solving
behavior and specifically, the prob‘ﬁ’h-tbiviﬁ&lboh‘a’vibf' of doctors.
Oombal, who examined the protocols of doctors taking a case of abdowinal
pain was forced to conclude that (probabliy because of the effects of style)
that there was no such ‘thi‘hg“a"c the "diagnostic process.™ <Danbil 73> In
other problem domains it may have as much if\"‘oi:t"‘"u'ri*dﬁtornffh,ihd time-to-

solution as intelligence and domain-specific knouledge.
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In this chapter a scheme is presented fﬁr‘éjaqs}fuing,thg data-gathering
strategies from the péotocols. For a long time one type of otratohu‘hat
dominated the thinking of the medical profeagjbn - the differential
diagnosis of a symptom (such as'aquuingl pain). Thay;pdifigatipn‘of thise

approach in a book such as French's Index of Diff ontialwﬂlé sis uas

considered an important step forhard in jh§wqy9tqnatic‘organizatiqn of
diagnostic procedures. Of course, nang’goctors hqy'qbcgptkthat_diagnooio
requires a larger repertoire of stratqgigs. ‘, ’

The classification scheme prpgantcd belou uaovd;iplqped‘by assqssing
the intended effect of each question. It‘uag'pjogr:}hgt the answers to
certain questione (or‘droups_of quegfiong) would havo‘thebeffect of
establishing a hypothesis if the answers met the expectations of the
doctor. On the other hand, there uere gggqtions thg}“qgrn.aiued at
removing a hypothesis from contontibn or deciding which qf tuo different
but closely related hypotheses uas better. Finallg, there was a ciaoo of
questions whose intended effect was to develop a nou‘hgpothesis or sharpen
an existing one. The names | have assigned to qaéh of these different |

tupes of goals are Confir!gtion. §Jiuinatigg. gipcriniqgtion and

Exploration. A strategy is assigned to one of these four categories based
on the intended effect of its top-level goal. The protocol analysis:

revealed that within sach of these categories there uas a wide rangs of
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variation; there are different types of confirmation , elimination,
discrimination and explorafiontstratcgios. The classffication of
strategies within a category is made on the basis of the method used. ‘In a
direct method, the data sought is the same as (or equivaient to) the entity
to uhich the goal is being applied. In an indirect method, the data sought
is derived from the premise of a rule‘thét'aihociitoéithe data uith the
entity to which the goal is applied.

A schéne for claué}fging strategids says nothing about the conditions
for the selection of a particular strategy. In addition to its valus as an
observation of underlying structure in the experimsntal data, however, it
can give us a uay of viewing strategies In terms that can aid in our
understanding of the clinical decisidn-ﬁakfhg‘brocuts,' 1f each question
asked by the doctors represented a different tube of '-lit;ra'tc'gu our ability
to describe and understand the doctor’s pfoblcn-sc]vihg b;havlor would be
very limited. It is the existence of similarities among the goals of the

questions that makes a classification sch-ﬁb‘?br:iirétigiis possible.
4.1 Confirmation Strategies

Confirmation strategies are strategies to establish or validate a
hypothesis. They aravcharactcfizidlbu'Qubifibﬁu ;H3§;icck evidence that
Will support the hypothesis to be caﬂfi?hed.‘“Furtﬁof.'thb“tyﬁé of svidence
that is sought is positive evidence. This ueansi?}ndinqb fﬁat are

characteristic of the disease, clinical state, etc. under consideration.
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Thie is in contrast to supportinqrg_hgpothpqis‘bu qyjdeq;o that that tends
to ueigh agéintt competing hypotheses, | | '
Evidence can be classified by its relationship to a hypothesis.
Sufficient Ipr grﬁgqyf?cig) evidence is sufficient to confirm a hypothesis.
For example, dgggrfa is sgfficiept oVidonqo foqu}agdquirfjtgtion.
Necessary éyidgnce:congiqts”qf findingg that must be present or the
vhupotheyie}jp rejected. Suggohting\pyjdqﬁgptcongtho}qt;finﬁjngo thét add

weight in support of a_hgpothoqiq.‘ﬂ‘ Hj‘tcp:ﬁgy{ggggqhil similar to the

legal concept of circumstantial 0Y1¢!ﬂ$!3_,3§ q;n{ggglq%,ytnd,toﬁgupport a

 hypothesis unless there is direct supporting evidence, Negative evidence
consists of findings that weigh against or are iqcopgf.}qnt uith,@ ,

hypothesis.
4.1.1 Direct Cpnfirnation

Direct confirmation strategies are con?irnationmotrategias that use
direct methods. They can be further lupg!v}q.d:int?: ::grtvy‘tgill and
 prima facig confirnagion. Expert yitngsggg ’fﬁ¢‘b?§9;9°9*°f’~5?9,h"‘
obeerved tﬁa patigntiat sone tine{ig\tho‘paot»angwg;vg,ggglugtgq their
medical status. lh addition, the d§;gor»hag“rgaogqang@yyot their
conclusions. An example of this strafsﬁg is the‘follouing. the doctor
wants to confirm a hiaforu of previous urinary tract infections:

D: Did they (the doctors at the hospitall © =
arrive at a conclusion from the IVP,
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K: She was said to have a bilateral staph.
pyelonephritis. .

As our protocols demonstrated direct contirmation using the expert witness

method will be quickly abandoned once fho wtmttmprovmtobe '

unreliable. [n gensral, howsver, doctors ndoturclu'Sﬁ”fhbﬁpé§§3bu;’

hospital records or reports from other doctors to & certain extent.

Prima facle direct confirmation is normally restricted to physical
examination or ‘laboratory findings but can bs used in other phases as the
| m‘:’auiplo of the dysiria demonstrates. This strategy can best be understood
| by observing that ;skingjfor prima facie svidence is equivalent to asking
it the patient has the condition baTng tested for. Asking if the -
creatinine value is slevated is equivalent to asking if the ﬁitimr't’ has

renal failure.
4.1.2 Indirect Confirmation

Indirsct confurnat:on uas the most conon .tratagg found in the
protocols. A single application of this ctrltow pnontod from one to as
many as flfteen quutionc. Indlnct conflrution otrltogiu are hucd on
the use of findmg-duuan mocistcon rules. The general form of these
rules is: : 4 o S '

" evidence-for ;
<collection of findings> ~-=rwr=u- > sclinical condition>
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In tﬁe simplest case for example, fever is evidence for an active
infection. For anything other than very simple condltiénp‘tho collection
of findfngs is a complex, highly-structured set consisting of many
elements. If a sufficient collection of positive findings is found, the

clinical condition is considered confirmed.
4.1.2.1 Case-Building - An Indirect Confirmation Strafagu

Consider the task of a district attorney prosscuting a case against a
defendant, In order to be successful he must show a number of things:
1. A crime has been committed. ‘

2. The defendant had the opportunity
to commit the crime. ‘

3. The defendant had the necessary
- "tools” avaiiable to him.

4. The defendant had a motive for

"~ committing the crime.
In addition, he must demonstrate a prima facie case. (A case built
entirely on circumstantial evidence will ba throun ogtrby the judge.) A
case of homicide is a good example. To show that a hopiclde Has committed
a body must be found. To show that the defendant had opchtunity there
must be §videncg (witnesses, credit-card trails, etg)_that the defendant
uas near the victim at the time of the murder. I[f the victim was shot, the
prosecutor must produce a gun and shou tho‘dgfondant had posaession‘of it

at the time of the murder. To shou motive the DA must prove that the
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defendant had a reason to kill , either gain of animosity, for oiialple. o¢
course |f enough credible witneases sau the dbfmt puH the &riggnr. the
 other elene‘ht’af’night not be mcum(Mthough wotive is ihportant in
~ determining which degres of homicide the defendant uill be prosecuted
| for.). | “ o '
Case-building in medical diagnosis is similar to this legal example.
(Of course the doctor is not bound by the rules ot evidenca.) ’Therc’:dncap-t
of opportunity is found, for example, in the consideration of a patiént who
seens to have a disease that has a clear dclographwdl stiibution. The
past presence of a patient in'a plach ibere he’uculd Ravé been exposed to a
certain kind of infectious dissdse woild norhaily bé confirmed if the -
doctor is considering 'an"i*&i?ﬁﬁoi‘lj an lnfgctjon that is localized to that
part of the world. The analogy. of “topis" can be sesn in diagnosing
_alcoholic cirrhosis of the Iiver. Tmacctwmst demonstrate that a
sufficient amount of alcohol Qah ava{tabl.andconmd by the patient.
The concept corresponding to motive in medical diagnocio is predisposition.
A person uith diabetes ullutuc is prodf:poud to having urinaru tract
infections; he has a “motive" for getting the disease,
This analogy (lﬁko most analogles) can be overdone. The point I would
like to make is »trrm't[ in attempting to confirn a disgnostic hypothesis a
great deal of evidence of different tupnluatbté'lthirod. " "Case-building
is not a single strategy but a collection d?'::tr"'ita'i;‘s; The variant of
case-buiiding that the doctor uses dapends on the nature of the disease

hypothesis to which it is applisd. ~The thres major variants that 1 have
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identified corhaspond to the classification of a disease as acute,single-
phase, acute, multip|e-phase or chranic.

. Cage-Building-1 - Acute, Si

An acute, single-phase disease is one that develops over a short time
period and has only one phase of_develppnnt. Exénplu are influenza,
acute myocardial infarction (heart attack) and APN. Case-building applied
to this kind of d'i_uase.r is characterized by an attempt to confirm the
disease prototype. It is diffi;ullt to give an.exact definition of what a
péototupe is. The uworking definition that nqot-ef,tbo'doqtora seemed to
use is that it is the collection of signs anQ_wlfp,tqn__,{h;é;ﬁ they would
expect the patient to have if the 'patiﬂnvt had the disease. It includes all
the findings that are necessary evidence. For ounnpis;‘tho~prototups for

influsenza is:

(PROTOTYPE - INFLUENZA
(SYMPTOMATIC-HISTORY-REVEALS
(ONSET .
(CONSTELLATION .
(FEVER AND CHILLS: AHD MALAISE))
(BETWEEN: (18 mw f2 HR)))
AND MUSCLE-ACKES '
AND COUGH = -
AND NASAL—SIUFF!NESS
AND (OCCASIONALLY PROSTRATION -
AND NAUSEA
AND CORYZA))
(PHYSICAL-EXAMINATION-REVEALS. - -
MILD-PHARYNGEAL-INJECTION AND
FLUSHED-FACE AND |
CONJUCTIVAL- REDNESS)
{LABORATORY-DATA-REVEAL
LEUKOPENIA))
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The prototype for APN can be found in Appendix 1.

A variant of this form of case-bullding is used for acute, multiple-
etiology diseases when the etiology is a factor in-du&rnining a treatment,
acute pericarditis, for example. This variant of casa-building will
typically invoke a sub-strategy to determine the etiology. -

Case-Buiiding-2 - Acute, Muitiple-phase Dissdses

The diseases that fall under this classification are ‘short-term uith
tuo or more distinct phases of deveiopment. Exsaples srs acute
glomerulonephritis and acute tubular necrosis (acute renal failure). This
strategy is characterized by confirming a set of prototypes; each
representing & phase of the diseass. The prototype-~sst &lso incliudeas the
time-relationships among the phases. For mh‘."» the set of protetypes
for acute tubular necrosis:

(PROTOTYPE-SET ACUTE-TUBULAR-NECROSIS
((PROTOTYPE OLIGURIC~PHASE
{OLIGURIA AND
RED-CELLS AND N
- GRANULAR-CASTS .,, ETC.))
{PROTOTYPE DIURETIC-PHABE

(TIME-BETWEEN (OLIGURIC-PHASE DIURETIC-PHASE)
(BETWEEN (2 DAYS) (6 UEEKS))))

In the case of a multiple-etiology disease such as acute renal
failure, where the estiology is a factor in determining the treatment, a

sub-strategy may be invoked to determine the cause.
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Case-Building-3 - Chronic Disgases

Chronic diseases are long-term diseases that may or may not have acute
episodes. In many chronic diseases the presentation may not have a
characteristic prototype depending on the stage of development. In order

to characterize chronic diseases a d‘yclo_ entgl,sc naqio is needed. This

scenario is similar to the connected phases assoctated uith acute,

mul tiple-phase qiqeases.’ It copsiﬁt;ﬂof apsoqueécg of events and their
associated time roléfionshjﬁa.. Dccacional}g. ghgrq;guopcc of svents is
very clearvsuéﬁ as the three etaﬁes in the devalopment of syphilis or a
history of rheumatic fever in rheumatic hoart‘dijdhtg. ‘Iﬁ many dases.
however, there is no single sequsnce of events that can characterize the
“development of a chronic diseass. When this is the case a set of
alternative scenarios is encased together and cailed the story of the
devcloﬁnont of the disease. Included in this story are the common features
of the different scenarios. For sach scenario there ¢an be findings that
are independent of the'ctags'of development. A typical pattern of
questioning in the protocols uas for the doctor to try and establish the
initial point of the story. In many disceias the initial event is the
common locus for all the scenarios. Even when this is not the case, the
iﬁitial event can be a good guide to the selection of the appropriate
scenario.

Thie variant of case-building does not have as rigid a sequence of

actions as do the other veriants. Thers ére.'hou§véﬁ; definite components

of the strategy that are normally attempted (regardiess of the order' in
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uhich each is tried). They are:
1. Confirm the inltial nvent (inctudlng

prenequigites), The. initial event ja nermal ly
associated with the cause of the disease. In

this situation it is calied the grecipitating.
event.

2. Contirm thc dovolopuental ccenario bg confirnlng
each principal event. .-This -oen detsrmine the
stage of development.

3. Confirm the tlne-'ndcpendont fondlngs.

b, 1f the discau hao a tupccal acuto prncntatlon.
: confiru ihe associated praototype: . :

S. Confirm any. prediapositions. to the precipi tating
event.

An example of this strategy.is in. the protoce! analyzed. in Chapter 2.
Here the doctor wished ta confirm chranic. pysiocnephritis.- The: -
precipitatirfg event was an initial urinsry tract infection in associetion
With a kidney stone 17 ysars earlier. The scenarie- that- the: doctor chose
to match specified chropic bacteriuria uitg;mtmflwoy-qu of urinary
tract infection. After establishing: this + Ahe doctor: established @
predisposition to CPN, phenacetin abuse.

4.2 Elimination Strategies

Ellnlnataan ltratcglcs are invoked uhen -the doctor uishes to remove a

hypothesis from active conteation. This. -aoradl ly. means ‘moving the -
hypothesis to the RULED-QUT section of the PLIS. fleving 8 hypothesis from
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LIKELY to UNLIKELY will also be consodorod an applicatiqn of an elimination
strategy. Thia is becausc In tho phasu pr&ceding the phgsical exam and
lab data it is nomallg not poasnble to RULE-0UT or CONFIRM a hypothesis.)
The most mportant'ol'mnt of tﬁo IDC ~in dltcrnlntngjumthqr elimination
Will be uloctod is the total nulbcr of LWELY and WB{E hypotheses.

The larger this number, the groitor thc "Tik%l mcod ﬁuf aHnlmtion will be

_selected. This, however, is not the only cr, I,tgrlzgg_{or the selection of

~elimination. * The number of separate arelis covered by the set of hypotheses
is another crucial efement. As %hd’uh"iﬁ" fhc m}uzoq b‘i‘btocol, the

presence of mdapondont Gl hupothosu on the P@SIBLE tist . nas a factor in

the doctor's uloction of an atratcgg at Qtnutnonﬁ'. ('ﬂn ucondaru goal

was to ehmnatc Gl as a separate, independent problu.}.

Many factors go into the decision as to which hypothesis ‘tp-vo.l iminate
after el ininatiop‘, has been selected. The falloning facters ueigh in. the
favor of a hypothesis being s;g‘lagtgg for .ljﬂn,j_mtinimlr '

1 The position on the PLIS, The_ lower
doun on the list, the more |ikaly the
hypothesis is to be selscted for cutting, .

2. The increase in the conpgcmgn of tha PLIS
" "to be gained by cutting a hipdthesis.
Hypotheses that uill remove whole arsas. from .
consideration are prefersd.

3. The relationship of the cut Findings of a
hypothesis to the current chge of. quutmmng.

(Cut findifigs aré those findings that are considered
to be necessary evidence for a hgpoghuu or. pave& :
a very Nigh frefiuency of octurrence in the dneaso.)
Hypotheses whose cut finqus Aare 9!0»1 rglated
‘to-the group'of firdirigs Under consideération
are prefered choices for ollninatmg.
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1§ the current focus of questioning is urinalysis
findings, for example, a hypothesis that can.be
eliminated by asking about the prcoancc of rod-ctll
casts would be prefered. _ ,
4. The potential decrease in the PLIS density: i
a whole set of hypotheses on the hypothesis |l8t
connected through relational |inks can be removed .
by cutting a hypothesis. Cutting a hypothuu that
has many CAUSE or, COMPLICATION |inks on uw
PLIS i's generally prefered.
5. The prognosis of a disease hypothesis. The protocol
analysis revealed that the Nore serious the .diseass
uas in terms of dlffucultg of treatment or having
a poor prognosis the more {ikely the dector wuas. to
try and eliminate it.
6. The number of findings left unixp!aancd by a
_hypothesis. A hypothesis that leaves oy of the
findings unexplained is a profcrcd choice for
e!:nanatton. ‘ , Lo
' Elininatibn:strategies—are charactérizéd.by questions about the
absence af findings that are either necessary evidence for a disease or are
so. often found if a disease is presant that their absence weighs very
heavily against a disease hypothesis. What distinguishes an elimination
strategy from a discrimination strategy is that a ?lﬂaﬁng sought that is
evidence against the diseass hybothbéii-tb be'qtiiihafad is not necessarily
evidence that supports any other hypothesis on the list.

The goal of elimination must also be distinguished from the possible
results of expioration. An exploration strategy uu have the result of
eliminating areas of consideration, but since the hupothnu that are
eliminated were never on the PLIS to begin with, it can not be interpreted

as an elimination otrategg.
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4.2.1 Diract Elimination

Direct elimination is similar to d‘???{VFQin"iSﬁP"- In direct

~ confirmation the findings that are‘spughti;ré thqgo‘thét%aqg‘pri!a facie
evidenco in support'of a hup§thagiq,‘lln ﬂirgﬁt qjjg{qgtibq’fhp findings
sought are prima facie evidence against th§ ﬁgpothgo]lbo. , Aoking about these
findings is thus equivalent to asking if the patient does not -havo the
condition. Consider the foflouing.oxauplqugkgn:fﬁngﬁrgggqg] 2

D: First I'm going to ask some questions about
the character of her urinary stream because ['m
thinking in terms of infection in the lower urinary
tract. Did the patient notice any blcod In her
urine?

Ks No, she didn't.

. D: - That she didn’t have gross hematuria makes me turn
" away from one possitility < tha€ she might have past
@ stone in association with infection. She might have
had ‘a heworrhagic cystitis amd that wakes Tt unlikely.

Another example from the same protocal:

O: The one other thing I' might be interested in
this lady with what you told me is the fact that
she continued “to have White cefls in her urine.
Atthough it*s completely tonsistent with chronic
pyelonephritis | would be interasted in getting
a TB culture on her just because of her history
a long period of time ago. | would expect them
to be negative.

K: TB cultures usre performed and were negative.

A special case of direct elimination occurs when the finding (if

positive) is sufficient evidence for the hypothesis and if negative is
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sufficient evidence against the hypothesis. In the annotation of the
protécois I noted this type of strategy with a top-leve! goal of
Confirm/Eliminate. Thers are many ﬁdépi\'o:'.: Asking if dys could be seen
in the ureters 1 if yes, no total ureteral ’"dhstrvdc}tibh. if no, obstruction
is present. Another example is the urfncqéulture a6’béfdénc;hbf active

urinary tract infection.
4.2.2 Indirect Elimination

Indirect elimination .is a class af otratechs that have structural
umularutleo to mdu-oct confirmation stretegsn ouch as case-building., It
is tempting to call these stratagmo ggatwe caeo—building. These
ctrategms uare not a; nomnlu m in tho prqtocqls oinplg because in the

case ue used, they probablu were not qucd Indmgct elimination is

~ characterized by the following set of subgoals:

1. Confirm symptoms inconsistent with
- the hypothesia.

2 Confirm tho ,ghunga of agmmg;,{tatmg
_event, .tnqlomul mt mmdlapoﬂtion

3. Confirm tho ahuncn o,j prmpml events
~in the dqvatwtal scanario.: -

4. Confirm physical exam findmgo lnconustent
~ Hith _hypothesis. ‘ ce g

‘S5, Rule-out (eliminate) the hgpothula ualng
Laboratory data,. :




PAGE 93

Considor an oxanple fron protocol 4. Tho doctor 1- trulng to aliucnato
chronic ahdonunal problems:

Di Has this lady ever had any abdominal coqplalnto
© 0 whioh required surgery I the psst? -

K She had' a chiolecys tectom ‘and eppindectony
sovontcan years earlaar.‘

D: ‘Nas thla the furst tino nhe ovor had abdoninal
probtlas

Ki - Yo

D:  She’d never hatd any trouble as & chifd where she
_missed ochooi bocluao of quonjgp[ qug[gipgq,”r
K:  Not that we're auare of, ‘ .
Di Or had irregular houol uovougnto--again I'm
© 7 looking.. the goal herd . 1% this & chronic”
pattern of a person who has had sbdominal
“complaints all their 11 fiand had s sbbindectomy
and cholecystectomy gono on‘tho bggl at ust
“ehronlc complaining. . 01d In 3 4
of her cho'-eu-mtmm have, aa' Istones?.

K: We don't have that information,

As the reader has‘probablu'hbt?&id;°tho‘1nt¢?§rotéifaﬁ of this set of
questions Is subtle. It could bc‘irguca”tﬁi%’tﬁc“déciérfdi-‘t?ging to
confirm a deveiopmeerital scenario for chronic abdc-inal ‘problems. The
reason Or. Kllniror and. 1 chose to~ |nforprcf thcn o Indircct olinunation
was the absence of any |inks made by the doctor to her current symptoms and
the remarks made by the doctor aftér_iﬁimbfqgégél;ﬁgd'ﬁiin taken in which
he said that It is very commen taféiiréfﬁ.ifgfﬁ)gtjchronic complaints and

procedures performed Without any undtriﬁtﬁﬁﬁéhfgﬁfé°probIons being found.
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4.2.2.1 Causal Exclusion - An Indirect Elininatiﬁn'Stratiqu

An example of indirect elimination is 8 strategy called causal
exclusion. UWhen a patient presents with iinding:«that suggest a multiple-~
etiology sundrone. clinical or phusuoluglcal state such ae nephrotic
syndrome, renal fatluro. sodium rotentlon or huportlnslon. a8 set of the
possible causes may be placed on the PLIS. Depondine-on~tho place in the
protocol where the resulting condition .is:hypothesized, this list can be
- very long or quite short. E;esdn”;ﬁawﬁéoe?ﬁiit.v?3;%§xanplo. list 44
different etiologies for chronic renal f;fihro <B§esoh an& McDermitt 71>.

A diagnosis uujf 1nclud§ tHe undgriying.cihjiibib;naéisn.l As has boen‘
stated prevuoualy this is oupprtant fnr a nUNer of rcasons. Among them is
to separatc out treatabla causao fron untrcatablo cluacs. The mode of
treatment nag ‘also dopend on the otcoloqg. o

Causal exclusion is a strategy that is invoked in order to eliminate
frém‘considpra}iqn a subset of the possible causes of the resulting state.
This strategy is characterized by sesking findings that are consistent with
resu|tin§ clinical state but inconsistent with the causg (or set of causes)
to be eliminated. An axampte of causal exclusion can be found in Protocol
2. |

0: ....0id she have any hletoru of high blood

T pressure? The reason ['m asking that question
is that in association with certain kinds of
renal insufficiency hypertension is a very

common feature.

K: No, shs didn't,
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~D: The answer to that question leads me away from
something like chronic glomerulonephritis as
causing her renal Insufficiency. It's consistent
with chronic pyelo. You could have hypertension
" or no hypertension.

4.3 Discrimination Strategies

Discrlminationvcou{d be viewed as a form of elimination in that the
~goal is to eliminate one or anothef of tuo coppgtlng'hupgthosea. Looked at
in the other direction, elimination could be sesn 3s a form of
discrihination. where the two hypotheses to be discriminated are "Has-X"
and "Doeﬁ-nqt-havc-x." Discrimination strategies, in fact, do have a
unique characterization that sets thém_aside from elimination strategies:
1. They are applied to pairs of hypotheses. 2. In tehns.bf the information
sought, any evidence that supports cone of hgpotheoeavis‘also evidence
againat the other hypothesis. Hodicalybooks are not very precise in making

distinctions between elimination and discrimination. Doctors use the term

differential diagnosis to refer to the combined use qf_olinination and
discrimination strategies to determine which of two or iors diseases uith
similar symptoms the patient has.

It might be argued that elimination strategies tchd to indirectly
aupport the hypotheses that remain under conuiderafion.‘ If ue eliminate an
alternative hypothesis from a list that is knoun to ba.an exhaustive
enumeration of all possible diagnostic hypotheses ue in fact do tend to add

ueight to (at least) a subset of the hypotheses that remain. 0Of course,
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this situation may not occur with with anu4frqqu3ﬂcg iq real diagnostic
situations. In the same |ight, by eliminating all other options but one,
under the same conditions, w could conclude that we have gonfirmed the
remaining hypothesio. These techniques are ciever and no doubt are used by
most physicians some of the time. In the protoco! analysis, however, 1 did
not observe these techniques being used. What was evident, however, uas
that there were tuo different kinds of questions associated with the
application of a discrimination strategy: 1. Aikfng‘aifa'noncopuittal
question for the presence or absbnbb_b? aﬁfiﬁdthd 6@ fdﬁ the value of some
measure (such as the hematocrit). 2. Asking a st of questions to

characterize a finding, normaliy a symptom.
4.3.1 Direct Discrimination

Direct discrimination is a strategy that has one form. The finding
that is being asked about, if positive is considered to be bri'u tacie
evidence in support of one hgpothisli while tho'nopathi’findlﬁg is
necessary evidence for the other hypothesis. An example that uas found in
nearly every protocol was to discriminate aﬁ'ééute:frdi'a chrfonic problem.
Five out of the six doctors asked for the duration of the nausea and
vomi ting. Naus_ua and vomiting of long duration ls pﬂh’l’fcé’u evidence for
a chronie problem, while nausea and vomiting of ehort diration is nicuurg
evidence for an acute problem. Due to the nature of clinical medicine

there are not many examples where such a clear cut discrimination is
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possible, _ ’ S
4,3.2 Indirect Discrimination

Most dcscrlnlnation stratagues that Here observod fall into the
category of indirect dascr:mnnatuon. Indiroct discrtn:nation is
charact.rlzod by quoations derived frou rutss that assocnate the positive
finding as supportung evidence for one hypothosls and negatuva evidence for
the competing hypothesis. In Protocol 4 an okaupla of the first form of
discrimination strategy can be found (+ or —P¥Tndihg);? In this example the
doctor is trying to discriminate a bowe! problem from a kidnou problems

- Ds l'u thinking wore of & Kidney thing than‘a
: bous! thing and | would ask her did she have
any change in boue! moveMents asdociated with
this {(the abdoninal painl? ls this a posclbnlutg.
Ks He don t have any lnformat:on about it.

O:  There is no diarrhea that we're auare of?

K: He don't have any information about that.

Just prior to this set of questions tﬁe doctor used tho'second form of
dlscraminatlon (ounpton characterlzatlon):

D:  I'm feeling ....it would be noro ltkalg
a kidney problem or & Hladder problem ['d
be concerned with., [ would ask about the
* the abdominal pain....dld‘fhe patient doscrube
it or where it where it is located?

K: The location uas said to be in tha afba of the
' left flank.
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- Later on in the protocol the doctor again returned to the characterization
of the abdominal pain in order to discriminate the flank pain asoociatcd
With obstruction or renal calculi from thc flank pain of (unconplncatod)
pyelonephritis:

D: Did the pain in the flank raduato atall... A‘
did it move? .

K:i It uas said to radiate asround to. betusen the
left flank and the left kidney orca.

O: Did the pain at all radlatc down tnto tho
preoin?

K: She had also«auporpubsc pain snd tenderness
at times.

The final cxanplc of differential :gyptou charOcacr»zaxion comes from
Protocol 2. ln this cxaupln the docter il~trﬂ$ﬂg lo discriminate uremia
from other cadues of nausea and vomiting (specificallu. GI causes).

- Dt UWas she nauuated for thc uhole poriod of
time? Again |'m trying te charatterize this
nausea that she had. And the vomiting: was it
associated with fogd, was it spentaneous. First
of all, was she contnnually nauseated?

Ks  She first became nauseated. touard.the beginning
of the illness and later on began to vomit.

O: And was the vomlttng aaoocoatod uoth oatlng
. or did she waks up in the morning with nausea
and vomiting?

K: 1 don't have information about that but | can
tell you she did loco ueight during that time.

D: I'm still thinking renal dissass and ] don’t
~ know why at this point...But I was thinking
With that question in terms of uremia.
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4.4 Exploration Strategies

The discovery of a class of strategies uho_u;,té;z-vl‘;e'vcl goals could
ne'i ther be classified as confirmation nor as a form of elimination or
discrimination was unexpected (even thauéh;jt u nat.difficult to imagine
strategies that are not hypothesis driven.). The f6ﬁ—lovel Qoal of
diagnosis specifies devaloping a dlaqnpatlc-ﬁupqtﬁg&l!iand then confirming
ite If angbnq has w}o,va_rh_ad to repair a car or a’.r‘ad'cq there are many times
When the presenting "syxptons® suggest nothing !&cg'mci‘fviq,than “the
elecfricai susgeu‘,or "the pouerf;upp|g? and even thcgé.npn-qﬁqcific
hypotheses might have a low certainty. The strategies that car mechanics,
radio and TV repairmen use have a certain gimilarity ta the strategies that
the doctors used. In the preseﬁce of noh-specifi; cluss these
diagnosticians can (and do) use variations of what could be called check-
" out lists. A check-out list io‘sinp;lu; m-dqqgi;ud"‘ut‘of quastions or
| conditioﬁs to be tested. The .nature of thase |ists is‘,‘n‘gch,tha\t in aimost
all cases they Qill turn up something that will generate a very specific
hypothesis. The diagnostician then can sither cml&t& the check-out list
or immediately turn to the hypothesis (or hypothesses). .that has been
generated. These lists can be quite complex; they can ‘c,onta;,in;naw'branch
points and levels of detail. In medicine, the conpcphmiu chack-out list
is called a review of systems. |

The protocal analysis revealed thres differant intended effects whoss

top-level goals | have classified ag—‘pxp'loratiom They ares
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1. Developing a hypothesis in an ared where
thers are no hypotheses at present.

2. Sharpening a hgpothuh by nakmg it more
" speclific -

3. 'Chécking for sdditional ﬁroblon" in the'

presence of a hypothesis structure that is

“already sufticient to’ exptatn’ tha-kAoin

findings.
The use-of the uord "srea" in 1. ts meant to e very general. It can refer
to an ares of internal wedicine such ss valvilsr Nedét Glssase or
carcinomas of the pancreas. [t can aiso refer to B aspect of the
relational structure of a disease such as complications of urinary tract
Mtr\;ctron or Causes of renal failuFe. 1t 'can also refer to aspects of
the patient's condition that cat dcross il ‘clinical “Gitegories such as the
sevﬁritg of the iliness. ‘

Haking a hypothesis more specific is what dédtors generaliy mean by
sharpening a hypothesis. It I's not uncomwsn for a doctor to sfart wlth a
broad Mypothesie such as chronic renal disease or ‘scute abdominal probiem
and try to sharpen it rnulting in, for example, chrome pu-l‘omphroth in
the forwer casé’ snd dcute pancrestitis 1n' the Tatfer,

An important corsideration In making a Hinal didgnosis is that It
‘should be "comptete” in ths ssnse of not midwing any secondary, subsidiary
or compiemsntary probiems of the patient. Evhwthowh thess might not be
the major problems (or at least the most obvious ohee) that the patient is
manifesting, @y mansgewent declsions about ‘the ptﬁerﬂ' tﬁouid"'%ﬁlu be made
With as compiete & disgnostic picture as possible:” In the tase that ue
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used all of the doctors uncovered the secondary anemia and five out of six,

the metabolic acidosis.
4.4.1 Direct Exploration

Direct exploration can easily be confused Wwith direct confirmation or
direct elimination. As in these tuo strategies it is characterized by
asking for prima facie pyidence - thus it is equivalent to asking if a
condition is present. It can be differentiated from these two strategies
by two conditions: 1, The hypothesis being tested is not od the PLIS
and/or 2. There has been no evidence presented as yet that the condition is
present. Direct exploration can result in the sinpltanedus activation and
either the confirmation or‘elinination of a hypothe;is. This gtbategg Has
used by one doctor and resulted in uncovering and confirming the patient’s
metabolic acidosis. From Protocol 2:

0: Nou, in terms of a Iadu who is presantnng
With uremia with what 1 think are uremic.
symptoms in association with an acute. bactsrial
‘infaction superimposed on chronic pyelo, I'd
be concerned with her eloctroigtc status at the
time of admission as weil,

K: You want to know her Na, K, Cl and COZ?

D: VYes

K: 148, 3.7, 109 and 12,

D: Given that information which makes me think
she’s got a metabolic acidosis with an increased

anion gap, I'd like to know her pH just to make
certain that's what is going on.
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K: Her pH was 7.18 , PCO2 15.

Occasionally, direct exploration can uss the expert witness method. From
Protoco! 6: |
D: The next question would bs had she any history
‘of any kudnou dissase in the past. ﬁpemflcnllg
 has she ever been told that she had a kidney
disease as a youngster or In the. course. of -
pregnancies or anything of that sort?
K: She did have a history of difflculties with her
kidneys in the paet. _ RO

 4.4.2 Indiract Exploration

Indirect exploration is characterized by quiotnonl dorivcdfron rules
that assocuate the findnnq sought to thc actlvation of a discaoo
hypothesis. This strategy can enconpaac a slngla questnon or uhole groups |
of questions. The following example from Protocol 3 can bo considered as a
single queetion.» The doctor has invoked pr!oratlon ln order to develop a
hypothesis in thefarea of chranic renal dislanos

D: ...Now she literally had nothing else going on
in the intervening time, is that right?

K: The history that she gavé-said that she had no
' serious illinesses during that time.

D: No urinary symptoms, no abdeminal pain, no
nausea, no vomiting?

-Ks That's correct. ¥

Dt  No bouts of unexplained fever?
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Ki Mo unoxplainqd faver.

One area that'concornod'thcfddbtﬁf:“ggslgh@ﬁgqvorlty of her iliness.
Question 4 of the analyzed protocol is an example aof indirect exploration
focused on the question of severity. In the naxt example (from Protocol 6)
the issue of saverity ina previous iliness Is explored:

O: HWas she hospitilized orf that occasion?
K: Yes she was. Why did you want to know that?
Di Because | would aocuho‘tb*lbﬁ;'iifiﬁt'fhi"
severity of her symptoms might be reflected
in whether or not she uas hospitalized. It
would give me an indication of hoq sarlnuslg
11 she wiis at ‘the time.
The next oxanplo ohouo hou indiroct nxploration can be used to dovalop 2
hgpothosis of oarlu ronal fauluro. Aga:n fron Protocol 6
0: Has there ang uodlfncatuon of hor diet?
K3 Not that we' re aware of.

D1 Was thoro any reduction in thp lnount of
- protein in her diot?

' k: We're not ‘awars of any changs in Hiet.

If a doctor had found renal ansufficloncg an tho paet. one thprapy plan
night include a reduction in the amount of protcjn the pationt could

* incorporate in her dlct. - '

The final example of a oinglo-quostlon. indirect exploration strategy
_ shous how it can be used to check for sscondary or .associated conditions

(in this case hypertension of renal origin), Again from Protocol. 6:
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D: Also one question I should ask is do you
have any information about her bliood pressure.
s her blood pnessure elqvated during that
hospitalization or has it ever been?

K: I'm sorry but I don"t have that information.

D: I raise that questmn nou because of its
association with chronic renal disaase. -y

computer telis me that whenever you get chronic

renal diseass you nead to know about the blood .
pressurse.

4.4.2.1 The Revisn of Systems

The rovie’ulof systems is the best oualpl. I found of an extended,
ihdirect exploration strategy. Many doctors consider asking this
collection of questions to be a routmoprocodun tobopcrforud N
regardiess of ény'diaqhbatic.hgpothc';i;.w ‘lnEo;d. thencmd :h'a‘lyvos of
Protocols 4 and 6 were extensive and near Iﬁu”é;’uﬁlvd-tt fovious of systems.
The normal revieu of systems Wil cover;uch areas as the head, sars, eyes,
nose and throat (HEENT), the skin andmagula'-nkaletonal system, the
cardiovascular, genitogrinarg. jgaatrpki_n;gg.t,_imjv and newrological systems.
Most doctors will include a history of medications and previous illmnis
(although these are usually considered f:art; of th-"nd‘i‘éélih'ivst:bru)‘..

As an example of this strategy I will focus on a protocol that, so
far, has not been used as an example - Protocol 5. This pra':tfqéol bao- by far
the most difficult'one to analyze. Most of the protocol was a review of
© systems, but one that seemed to be tailored to the cass in question. By

using this strategy the doctor very effectively uncovered the phenacetin
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abuse and eliminated the possible abdominply.tiologgtJ The reason for the
difficulty in analysis was that‘uhilc each question could be viewed as
having a éonfirbatlon or elimination ﬁaat thof. seemsd to be no clear
hgpothosis‘structuro to which to appty these goals. Fcf'tﬁtc redson both
Dr. Kassirer and I decided that each question uis‘roallg‘ncantvto devalop
hypotheses rather than confirm or sliminate them ov§n5thoﬁ§h in the process
of developing a diagnostic hypothesis, fho doctor_dodi oliuinﬁto‘cebtain
areas of consideration. | | |
D: I think I'd tike to go to sort of a iuitilatié
revies of her health to see if we ¢can pick up any
ancillary information. MHad she ever been told
about .....had she ever-had any prublaun utth
her skin? Rashas or allergies? ‘ A
K: No.
O: Had she been subject to haada;ho?
D: She had a long history of headaches. v
K: UWas she treated? Did she treat haroof}?

D: Yes, she has taken some mdlcatnon for some
time. :

O: Do we know the nature of this medication?
K: She took Empirin tablets.
0: Houw many did she take.

K: As far as we cen tel! she took around 6
tablets a day.

D: Over uwhat period of time.
'K:  For about 15 years.,

D: What I'm concerned about now is whether she has
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had an abuse of this compound.

After the history of headaches has been established the possibility of drug

abuse arising from self medication immediately follows. Chronic headaches

are associated with hypertension, thus the next series of questions:

D:

Did she have any problem with her blood pressure?
She never was told she had high blaed pressura.
Had it been examined?

[t had been examined on nuWerous qccasions some

time ago.

“Hou about her vision?

No problems with her vision.

Has she beenbeubject to seizures?

"~ No.

Hou about deprsssions? Pauchiatrch...?

- No.

‘Had she any problems with her breathing? Any
shortness of breath, cough?

No.
Hemoptysis, chest pain?

She mentionad that she has had a chronic dry
hacking. cough without sputum -production.

Obviously the most cogent thing we've picked up

in this revieuw is the very heavy abuse: of Empirin
which [ think could well be related to the:problem
.she had with kidney stones. . could wed! ity fact have
been a slioughed papilla from papillary necrosis. The
episode she’s having.now cowld well represent
episodes of renal infection or papillary necrosis
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related to phonagotin abuse or anaigg;fc.abuoo.

The doctor i§ bcing a little modest at this point. The hypothesis he
stateé is clearly his PDH. The rcmainihg’quesffbng‘éan.éither be vieued
either as exploration or a ueak form of elimination. It uas difficult to
decide because the doctor’s PLIS now contains a vorg“sharb hypothesis.

D Had she had any problems uith cardiac disease
or anguna?

K3 - She has no cardiac symptoms.

D: Ankle swelling? '

K: No.

D: Aside from this weight loss that she.experienced
Wwith this present iliness, had she had any change
in her ueight over the past year?

K: No.

The focus is now in the area of GI problouo.

O: Any problens uith her appetite ur any difficultu
ouallouing?

K No.

0: Any previous episodes that ue know abcut of
gastrointestinal upset, any ulccrs?

Kx No.

O: The cholecystsctomy uaa.porfornad bpcauae of
“what....jaundice? Pain?

K: I don’t have any information about that.
D: - Bowa! habits? '

K: She has a rectocels. She has had a history




D:
K:
0:

K:

K:
Ds
Ks
D
Ks
Ds
K:

0s

Ks
0s

K3

of severe conoitipaé?dh*ibﬁo sever since March.

_Has she taking any medicatlion?

No she was not.

Had she noticed any chanﬂﬂ in _the colar of
her stool?

No.

I uant to get a foel for her langtrual hlstorg
NoW....onset of menses Was....7

Normal age.

DOoes she have any chi ldren?

She has one child who is 35 and u.ll;

‘Did she have any difficultg With thlt prognancg?

Not that we're aware of,

And was it delivered normally?

[ don’t have any information.

But she dodn't have any 0gcinlnn ar. cesarean
section? : .

No.

Did she have any prablam yith, hqc jo;nt:? Any
swelling? Pain like arthritis?

No.

Well again, I think the main thungkuo ve-
Isarned from that brief review of guotcns is

 that she's had this largo TngoutTeh of Empirin,
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In Chaptor 3 | discussed diagnosticuggg;g, - Hithout any considerations

of style the preceding diajogue could nat be explained in a satisfactory
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way. For another doctor, the hypothesis of phenacetin nepnritis might have
immediately invoked case-building., In this example, however, the doctor

continues the review of systems to its conclusion.
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Agpangix L - A meml_mmm

(FRAME ACUTE-PYELONEPHRITIS

(CLASSIFICATION-OF x - |
ACUTE ERISDBIC SINGLE-ETIOLOGY INTERSTITIAL mamsass)

(ULTIMATE-ETIOLOGY-OF *
BACTERIAL-IM:ECTION-N-LHINMY-IRACT)

 (ULTIMATE-SEQUEL-OF *
NONE)

(sm%s-cr *
{ALMOST-ALIAYS
(ASCENDTNG-PATHUAY-ROUTE SCENARIO

{ nmsnm-esmeeu
(EP1SODE-OF Lmen-tmmv-mcr-wecnom
: égmsom-‘gugﬁ;.%r{mn »
- {BETWEEN ( )
(CINTERVAL-BETLEEN
(EPI1SODE-OF KIDNEY~INFECTION)
(EPISODE-OF #))
(BETWEEN @ws) (4. msnu

(COTEMPDRANEOUS -0F 4
(Ele-lf KIDNEY-]
| ' (EPISODE-OF %))))
(DCCASIONALLY

(DESCENDING-PATHWAY-ROUTE SCENARIO
(BEGINS-WITH (EPISCOE-OF BLOOD-BORNE-INFECTION))
((EPISODE-OF BLOOO-BORNE-INFECTION) PROGRESSES-TO
(EPISODE-OF KIDNEY-INFECTION))
(BCCASIONALLY ( (EPISODE-OF KIDNEY-INFECTION) PROGRESSES-TO
(EPISODE-OF LOWER-URINARY-TRACT-INFECTION) ).
({EPISODE-OF KIDNEY-INFECTION) CAUSES (EP1SODE-OF %))
(TIME-PATTERN
~ ( (INTERVAL-BETHEEN
(EP1SODE-OF BLOOD-BORNE-INFECTION) -
(EP1SODE-OF KIDNEY-INFECTION)) 4
(BETHEEN (8 DAYS) (5 DAYS))) |
{ (INTERVAL-BETWEEN

m;mmmmm
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(EP1SODE-OF KIDNEY-INFECTION)

(EP1SODE-OF LOWER-URTNARY-TRACT-INFECTION))
(BETWEEN (@ DAYS) (3 DAYS)))
{ (INTERVAL-BETHEEN"

(EP1SODE-OF xm\ev-lmrmm

(EPISODE-OF %))

(BETWEEN (8 DAYS) (3 DAYS)))) = o

(COTEMPORANEOUS - (EP|SODE~QF -BL000-BORNE- INRECTION)
(EPTSODE -u;':im\'-tmygm -

(EPISM-DF 31 F)
(COWM-FEAIURES i
SELF-LIMI TED-WI TH-TREATMENT
SYMPTOMS-SELF-L 1M TED
(TIME-DURATION (EPISODE-OF m (BETWEEN . (2-0AYS) (14 DAYS)))
(TYPICAL-TIME-DURATION (Emsws-nr ) (s wsm

(SEQUELAE
(OCCASIONALLY (CHRONIC-BAGTERIURIA OR
 UEAKNESS)) |
(PROTOTYPE-OF x

(PATIENT-DESCRIPTION-REVEALS (SEX FEHALEH
(SYMPTOMATIC-HISTORY~REVEALS -
((ONSET-OF
(CONSTELLATION (HIGH FEVER oR- smmc CHILLS)
(ACHING FLANK-PAIN OR SEVERE FLANK-PAIN
- GR ACHING CVA-PAIN OR SEVERE CVA-PAIN))
(BETHEEN (3 HOURS) (2 DAYS)))
AND (SYMPTOMS-OF BLADDER-IRRIZATION)))
(PHYSICAL -EXAMINAT] ON-REVEALS. CYA~TENOERNESS)
(LABORATORY-TESTS-REVEAL (PYUREA-AND
POSITIVE sam-recmve unme-cu.ruae AND
WH] TE-BLORD~-CELL-CASTS AND -
(MILD. uam:\g IGF5 -OR mrs
Y mg, SmFTED—TO—LEFT)))

(SUFFICIENT-EVIDENCE-FOR . !E?lSﬂOE-»OF £
(FEVER AND PYURIA AND POSITIVE mme-cu.mu

(ASSOCIATED-CONSISTENT-FINDINGS~IN x
(SYMPTOMATIC-HISTORY-REVEALS
((USUALLY (MALAISE OR WEAKNESS))
AND

(OCCASIONALLY (ABOOMINAL-PAIN OR
BACKACHE OR
LUMBAR-PAIN OR
(NAUSEA AND VORITING) m
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VFDLL-uSt‘ELle.LﬁM : 3

AND .
Ymsuamn - L
(Hlsmm-d-‘-‘:. »'mus =14 ﬁs—mms

uemsu:ﬁﬁmwﬁ RACT-

(EPISODE-OF ®ii11)
© (PHYSICAL-EXAMINATION-REVEALS | |
((USUALLY tNORMAL BLODD-PRESSURE “AND

(NORMAL SKIN-TURGDR OB .

AR

| (OCCASIONALLY Aauomw-tsmssm
(LABORATORY-TETS-REVEAL
{(usuaLLY (usm-mmexmg L2

m_ _trmo
N AND

EG“TWE 84 ,.-CILTIJ?E))
ANG

' (OCCASFONALLY mmezwrmy .8
HEWTRIAN DG

(Assocmsu—msuse's-mosmfs-w x
(COMPLICAT FORSDF - URLNARY-TRACT-0BSTRUCTION)
(COMPLICATION-OF CHRONI
{COMPLICATTON-0F 'B¥
(COMPLICATION-OF PAPI

(COMPLICATION-OF PER]NEPHRT C-ASSCES:
(com.mnouﬁ‘ @&iﬂéce’ésy
(COMPLICATION-OF RENAL-CALCLLI).

(COMPLICATED-BY mrsnsntc-mu ST

(PREDISPOSI TIONS-TO *
DIABETES-MELLITUS
PHENACET IN-ABUSE
CHRONIC-BACTERIURIA
POTASSIUM-DEPLETION
URINARY- mcr-oasrmcﬂm
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URINARY- TRAcr-Amronxcag-mxrxes
mnmv-mm-mgﬂxﬁﬂﬂ{ﬁﬂ .

RENAL-CALCUL!
PREGNANCY -
SICKLE-CELL-TRAIT)
(x PRESENTS-AS ‘ o
((USUALLY ((SYMPTOMS-OF BLADDER- mmmnom:#m R
: : SYSTEMIC-PANIPESTATIONS=OF - INFECT n'*:m-

(occa'sxmmv A (FEVER OR-EHILLSY AND MALATSES) OR - -
(OCCASIONALLY (LUMBAR-PAIN OR mw@‘rm L

(TREATHENT-FOR » PARENTERAL-ANT}SIﬁnci% Voo

(HEUR!STIC-RULES-FOR % .
(IF (CHRONIC-RENAL-DISEASE OR UR!NARY-TRACT-@SYRUCT!W)
(USUALLY{HISTORY-OF (ONE-OR-MORE-OCCURRENCES-OF
((EPISODE-OF x) OR (EPISODE-OF !.RINARY-TRACT-HFECTIGJH))H
(IF (ACUTE HYPOTENSION AND (FEVER OR CHILLS)) '
(CONSIDER BACTERENIC-SHOCK))
(IF (HYPERTENSION OR EDEMA)

(CONSIDER ({RENAL-FAILURE AND CHRONIC-RENAL-DISEASE) OR
ACUTE-GLOMERULONEPHRITIS OR
CARDIOVASCULAR-DISEASE) ) )

(IF ((ABDOMINAL-PAIN OR (NAUSEA AND VDﬂlTlNG))
AND
(NO PYURIA AND NEGATIVE URHE-CU.TU%))
((RULE-OUT (EPISODE-OF x)) AND (CONSIDER (APPENDICITIS
OR CHOELECYSTITIS OR PANCREATITIS))))
(IF (HIGH BUN OR HIGH CREATININE)
(CONSIDER (RENAL-FAILURE OR CHRONIC-RENAL-DISEASE)))
- (IF (FEVER AND LEUKOCYTOSIS AND (FLANK-PAIN OR CVA-PAIN)
AND NO PYURIA)
(CONSIDER RENAL-ABSCESS))
(IF (FLANK-PAIN RADIATES-TO (UPPER ABDOMEN OR BACK))
(CONSIDER PERINEPHRIC-ABSCESS))
(IF SMALL-KIDNEY (CONSIDER CHRONIC-RENAL-DISEASE))
(IF SCARRED-KIDONEY (CONSIDER CHRONIC-PYELONEPHRITIS))
(IF (LOW HEMATOCRIT OR LOW HEMOGLOBIN)
(CONSIDER (RENAL-FAILURE AND CHRONIC-RENAL-DISEASE)))
(IF ((HIGH BUN OR HIGH CREATININE) AND (DECREASED SKIN-TURGOR))
(CONSIDER PRE-RENAL-AZOTEMIA))
(IF ANURIA
(CONSIOER ACUTE-RENAL-FAILURE OR URINARY-TRACT-OBSTRUCTION))
(IF OLIGURIA
(CONSIDER URINARY-TRACT-OBSTRUCTION))
(IF (URETERAL-PAIN OR (FLANK-PAIN RADIATES-TO GROIN))




(CONSIDER URINARY-TRACT-DRSTRAH] ‘
(IF (HISTORY-OF (ONE-OR-MORE
({EP1S0DE -OF tﬁw-mr-lmum

(EP1SQOE-OF x))))
(CONS1DER CI-RONIC-PYELWITISH
(IF PHENACETIN

(CONSLDER | (PHENM
(IF  ((RENAL-VASCULA

(FLANK-PMN AND HEﬂATURIA))

(CONSIOER PAPILLARY §1) ~
(IF (TIME-DURATION MYW (> (3 WEEKS)))
(CONS10ER ORONICHOMWLDISEAEN)) .
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Presented below is a set of descriptors that can be used as a basis
for the internal diagnostic configuration of a present iliness program. In
constructing this set | have attempted to -include ovqcy considaration that

could be inferred from the protocol analysis.

The information in this subcomponent is not specific to any one

hypothesis or subsst of hypotheses, but io;ingxsad.a ¢0llp;tinn of

~_descriptors about the general medical status of tho‘patient.

] : f 1) - The. dq@tor'a. :priaru concern is
uith the welli-being of the patient. This must be rof_lcﬁ_tad in a present
iliness prograﬁ. This is the key variable in determining if the choice of
focus will be on an emergency situation, Thg;pqgsiblp.va{uea:tor this |
variable are UNKNOWN, CONFIRMED, STRONG,WEAK]-EVIDENCE- {FOR,AGAINST} .
R_gggﬁh_—for—[madig_t_g-l’rcatmgntA,,,(RﬂTM-__ - The evidence or finding that

~ suggests the need for immediate treatment, This can be. & specific disease

hypothesis or finding. Examples: Gl-Bleeding (FINDING MELENA),

 Dehydration (FINDING SKIN-TURGOR-OECREASED), Shock (FINDING SEVERE-

HYPOTENSION) .

Nature-of-Treatment (NMTREAT) - Hou.fhe condition should {or could) be

treated. Once there is strong evidence for the need for .immediate
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treatment, a set of poseible therapiee 3t—r“di”%;ﬁluc of this variable.
Example: 1V fluids for dehydration.

Cavests-Agairist-Traatment (CMTREAT) - 1f there aré any cavests such as

contra-indications or possible coNplications Tn'the consideration of a
treatment assigned to NMTREAT, they are mide the valus of this variable.
Clearly, the focus of the strategy will be to inquire about thase if the
need for immediate treatwsnt Ras been estebiished.

Caveats-—Eiglored (XMTREAT '-»Aw-flfe“?%oéfupocifq if the caveats have been
explored. o
Prognosis-if-Treatwent-Given (PHTREAT} - Future quastioning will be

affected by the ‘prognosis and exp‘o’cti& rnuﬁtdf’tmm ‘for the condition

needing viunediltc treatment as this is. 4 factse in determining a total

management plan for the patient. Valuss f6i tHis veriabis are POIR, GOOD
Information Sources

Sources-of-Information-Available (ISOURCE) - The’ choice of strategy is

influenced by what sources of Tnformation: sbout fﬁo"pﬁi‘ic‘ht"are avallable.
Sources can range from the patient himself, fé"fth-‘f!“'pati’ihlt'i frlends and
-relatives, the LMD,a swall regional hospitsi or & large teaching hospital.
This variable is a i11st of all knoun sources of Information that are
available for this pacticular patient. 1f a Hoetor meeds an expert opinion
about the patient's past medical history he might ask if shé has sver been

hospitalized.

Credability-of-Information-Sources (CRED) - Associsted With each source of
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information is a measure of its credability. This can be knoun a priori by

the doctor or it can be computed based on the data that is .reported from

the squrcé. If clearly contradictory data is reported, the source’s

credabiiitg may be in doubtf In one protobol,.after,tha doctor found out
that the sourée of the information he wanted an a.cgftaln hospital with a
questionable rcputatipn. he tended to discount much ofaghe hoebital record
reported.

Prefered-Information-Sources (PSQUACE) - A list of the information sources

in order of preference. Expert witnesses such as rocqgnizqd.spgcialists or

. consultants will have a higher preference than LMDs. This |ist can not be

computed dirqctlg from the credabilities, as some them might not be,knbun.
Thus, this lipt can consist of an ordered List of qnordcredrsublipta.
| Eindings Subcomponent |
The findings subcomponent consists of infornatioﬁ apout‘the featuros
of the findings that have been reported. These featurss are independent of
interpretation with respect to a disease hupnthesis;,_thg pr[maru concern
is with the findings as objects of coﬁsidcration by thémsalves.

Any-Finding-Life-Threatening (FLIFE) - This flag is turned-on if a reported

finding is potentially life-threatening. (The variahle RMTREAT can be set
to this variable.) A condition such as a high serun-cholesterol level is
life~-threatening over a long perfod of time while bleéding is immadiately
life-threatening. For this reason the variable values are NOW, SHORT-TERM
and LONG-TERM.

Differential-Net-for-Any-Reported-Finding (FNET) - Many symptoms are
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associated with a differential discrimination net Based on thelr dimensions
of characterization. The nodes In stch I'h;t point to different diioao‘
hypotheses. A common discrimination strategy used by doctors is to run
doun one of these nets for a particular finding. For example, symmetric
periorbial édgma is suggestive of nephrotic syndrome while asymmetric leg
edema Is suggestive of cellulitis. This flag epecifies if any of the
reported findings has such an associated net.

Major i ty-System-Association-of-Findings (MS5YS} - Most findings can be

associated with a particular organ 6gsteu"dfy€h§ body. For example,
nausea, vomiting, welena and diarrhed ars ‘associated with the Gl system,
uhilélduspnaa and rales are associated with the respiratory system. Some
findings, such as weskness and fever; have nd such sssociation. This flag
indicates if the majority of thd-(%ndiﬁgé‘are specific to any particular

- organ system. It can play a role in the selection of an exploration
strategy in the absence of any LIKELY hypotheses. :

Specificity-of-Tuo-or-More-Findings-Identical (SPELS) - Certain findings

are almost aluays associated with certain diséased or disease cldsses. For
example, squeezing chest pain is aimost a#aqgifdiiabiifod uith heart -
disease. Thie association will, of course, be refsiected in the hypotheses
structure. This flag specifies if tuwo or mwore findings have the identical
association. | |

Individual Finding Deseriptors

Finding-Classification (FCLASIF) - Findings are classified as symptoms,

historical events, physical-exam or (Wborstory data.
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Source-of-andin

(FSOURCE) - Patuent, LHO. hospntal rccord, etc.

Einding-Credability (FCRED) .
u:sean‘

, rgan-Sgatau-Assoccation-of—Fundtng YST)
anferentual-Not for-Fund:ngﬁ(FDNET)

Sortousneoa-of—Flndpn

§pecific-Diseaue-Associatnons (FSPEC) ;

The first sat of descrnptors charactorfzco tho hgpothclus lnst |n terms

of density, spelelcitu and compactness.r Tho undarlging nosologg l' a

“huerarchncal KIND-troe such as uoed by Poplo <Popjo 75}.% )

Totai-Active-!

densntu of the hypothosna loat (tho nurber of hgpathosno in acttvo

consnderatlon) plags an nmportant roln in otratcgg oelcctoon. »A»lgg
density implies the use of ;gnf:rnqtionmutrqsggiggg135hjgp densi ty,

elimination and a zero density, exploration.

__ghest-tlgpslfucatson-LevaJ-of lLI

LR I S RA
DB AR PR o S SIS AU e

§QL§P) Louest—Classufncatpon-Loval-of- _

the number of separate

(LCLSP; LCLSP) - The specificity of a hypotheons j} t

dioeasas to which it can refer. For example, 2 bypgtha@is of regional

enterttie can refer to Chron (] dlseaao or r:gconal ‘10ltlt.b 1nmi,KIQD-
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tree, the classification level is the height (number of levels) of the node

from the fringes of the tree. This uoasur§ tends to indicate the nUibar of
different discriminations that would haVc‘to be nidé‘fd arrive at a-noro
specific disease diagnosis. Tho spread betuoon tho highoat and {owest
levals is a factor in deciding betueen diocruulnation and -lounnatson
strategies. For example, if the spread is Iargc ac ina hupothosaa list
containing heart disesase, |iver diciaii‘ahd acute glomerulonephritis , an
elimination strategu aimed at heart or Invor disease night be appropriate.
Whereas, if the spread is small such as u:th renal disease, heart disease
and |liver di;aase. discrimination might be indicéted. |

Number-of—Nodos~Covered-by—(LlKELY POSSXBLE!A;ggpthg!_g (LNODES, PNODES -
The total number of nudes covorad bg thﬂ hgbéfhosos can be used in deciding

be tusen discri@1nation and elimination. A small covering fits better with
discrimination stratsgies, while large cds)&r:ng is better suited to
elimination. The covering is an ind|cator of thc total rango of dlagnostic
options that must ultunatelu be cons;dored. ln soTectlng a hgpothoals to
ellmunate. the larger the covering tho bottor tha hypothoos: is as a choice
to cut. » |

Measures of Hypothasis List Compactness
Classufncatnongggyef-of—FirstaConnon-Aqgoctnr-Nouu-for-fL!KELY, Eg§§IBLEl-

Hypotheses (CLﬁNL, CLANP) - The compactness of the huuafhcota T8t refers
to the range of different areas covered by the huﬁothiscs: This is

reflected by how high up the disease classification tres one must go to

find a common ancestor. Elimination sthatagibc'arofSOdgéotealbg high
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values and discrimination strategies by low.valyes. .

H qth

,hUPchOSQQa A_t,,hgu are \qr,dqged',bu ahoq}g_tq ‘scarm andq luuf ied by rglative
. score: . |

((CONFIRMED-List) (SATISFIED-Lut)

(LIKELY-List) (POSSIBLE-List)

(UNLIKELY-List) (RULED-QUT-List))
The first entry on the LIKELY-List is called the Principaly Disease
Hypothesis (PDH), o _ SO R RIS
Hypotheses-Structure-Graph (#YCRAPHM) - A ‘graph‘ef the relational

structure of the hypothesis iist, Links iActude ‘CAUSE,COMPLICATION, and
LIKELY-or-POSS] i o-CONPLICATION -CAUSED-BY-SATISF1ED-or -
othesis WLPCSE) ““Certain *pﬁftrnrof“tht hupothﬂw*itructuro

graph are preclassified bacaise of “théir ro'l’a?ti‘v‘c hportlnco in i’ti‘it-gy
selection.  In this particular p‘at’ta‘rn."&é::'hﬁg&fﬁe'éi’;“i s a éohsiqddﬁce of
another hypothesis that is believed trus. Thoefﬂcfonlfrategu selection
might be to force & confirmation strategy aimed ‘it the cause or
complication that will seek explanationé for inconeistent ‘data (if éng) or
attempt to match uncommon scenarios (if naceiaarg’ iir({’lior'ﬂér‘ 'fo‘sia'fki‘sfy the‘
" ‘confirmation goal. ~ |

SATISFIED-or -CONF I RHED-H
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situation. Urinary tract infection is a hypothesis that is easily
confirmed. It is, howsver, very commoniy a'tomplication of another
clinical condition such as cbstruction. A'doctor wight hypothesize the
generating condition even if there is no direct evidsnce for it as yet. He
might then try to confirm or eliminate this new hypothesis. The effect on
strategy selection might be to “f_’qi-,cortbo focqstobcshtftod to thi_s new
hypothesis regardless of its order on the ¥PLISx. (See Question 11 in
Chapter 2.)

Combined-Hypothesis (COMB) - A combined hypothesis is tuo or more unrelated

- diseases hypothesized together 8s.a diagnosis. The effact on strategy
selection might be to favor exploration strategies in order to devalop
alternative hypotheses (If it is the only LIKELY or POSSIBLE hypothesis).

__gstem-Classnf:catlon (SY§TEI‘I] - Tho susm; cpmcdcrad are GI.

Cardnovaucular. GU, Resparatorg. Nourologlcal ngatlc, chtopmatic.

Endocr ine, and qu:g;anquqnqt. Any specific aubsystenm [lsuch as the thyroid

of the Endocrine system) is also noted. If nultcplu organ nuatans are

mvolved the value uould be MULTIPLE followed by a Iust of the lu;tqm.

| For example, f_grj Wilson's disease the valus would be _(NJLUPLE
(NEUROLOGICAL BRAIN) (HEPATIC LIVER)). '

Disease-Clinical-or-Physiological-State (OSCS) - Each hynothesis is tagged

with its bauc clinical classnfccatton. These -are disease, clinical-state
or phgsuologoca!-atate. Chronic rqna,;li, failure is @ clinical-state while

sodium retention is a physiological-state.
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Acute-Staged-Chronic (ACP) - A hypothesis is classified as being ejther

acute (single-phase), acute-staged (multiple-phase) or chronic, Examples:
acute - APN, acute-staged - AGN, chronic - CPN. ,ﬂ

Epjsodig:ﬂgh-Episodic (EPSIOD) - Thia\vgciabli,gpq@ifiqc if the hypothesis

is episodic or not. Focal GN and malaria are jpﬁigd@ﬁid}paaoes.

Single/Multiple-Etiology (NETIOL) - Classifiqgigg?rhuﬁbihp;igsas either

single or multiple etiologu.‘ Examplcs;;'Sldblq-iﬁjoqug - Rubelia.

Multiple-Etiology - Acute pancrcétitis.

TEeatable-Not-Troatable {TREAT) - If thers is a kndgn treatment for the
hgpothggizad\disqase. ,

Etiology-lmplicated-In-Treatment (ETREAT) - if\thg}gtlolggusjn a factor in

determining the nature of the traatugnt:fgr\uultjplgfatiology,conditiono.

Differential-Relatives-on-Hypothesis-List (DIFFR) - Indicates if any
diseases that can be eliminated through differential diagnosis of a key

symptom (already reported) are present on the hypothesis |ist.

Absolute-Score (ARSCORE) - A score reflecting the svaluation of the
hypothesis frams, Normally, a ueight-of-evidence measure. |
Relative-ch;g ARELSCORE) - A scors used to classjfy the hypothesis as
CONFIRMED, LIKELY, etc. . .

Hupothesis-Summary (#HYSUx) - The state of a hypothesis with respect to
the reported findings. The summary consists of tu@apgf;o, thn,sc.narlo.
summary (for a chronic disease) and the prototype summary (for all acute
and most chronic diseases). For aguts-ggaggd diseases, the prototype

summary would be a set of prototype summaries. The structure of this
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variable is the following:

(HYPOTHES I S-SUMMARY
(scsnmxo-summv
(PREREQUISI TES-VERIFIED)
(EVENTS-REPORTED-IN-AGREEMENT)
(EVENTS. mrsn-m-msmesnem
(EVENTS-NEEDED-BUT-NOT-YET-K
(EVENTS-KNOWN-BUT-NOT- mm)
(EVENTS-TESTED—BUT-REPORTED-WN) )
(PROTOTYPE-SUMMARY
(FINDINGS-REPORTED-IN-AGREEMENT)
(FINDINGS-REPORTED-IN-D1SAGREEMENT)
(FINDINGS-NEEDED-BUT-NOT-YET-KNOWN) .
(F INDINGS-KNOWN-BUT-NOT-NEEDED) '
(FINDINGS-TESTED-BUT-REPORTED-UNKNOWN) ))

If a reported finding (event) is not part of the prototype (scenario) but
s conoidcrad'cdnsisientbuith*fhé‘hgpofhét%b it is Etassitied as knoun but
not needed. It it is inconéfstent with the hypbthcifdﬁif is classified as
known but in disagreement. R |

Direct-Confirmation (DIRECT) - If there is a finding that can be used to

directly confirm the hypothesis (prima fééie”é%i&éﬁcéi. For example, a
positive urine culture directiy confirms a ur;na»y traet infectien.

Durect-Eluminatnon (ELIMD) - If there is a findiAg that can directly

eliminate (i.e. rule-out) a hypothesis (neceooorg evidence).

EL IMD=DIRECT (CUTCON) - 1f the same tinding can be used to both directly

confirm or directly eliminate the }'ag;;pothca‘f‘ifa'.:‘vj B

Special-Strategy (SPSTRAT) - I thers is a éﬁeciii”ifratagg associated with

RS

"the hypothesis.

- The Current Status Component

The current status component is’a description of hou the diagnoser
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views himself in carrying out a specific present iljndsq., This component
plays the rale of defining what is normally considered the state of a

process,

Process State Descript ra‘

Current-Present Illness-Phase (PH%SE) - The sect;gn of the present ilIness

currently being performed The sectuons are:

1. Symptom discovery and»charq;tq;nzafuon.
2l Pa.t DﬂﬂCél h'ﬂt@ru.

3. Social and family hiatory (ODtioaal).
4, Physical examination.

S. Standard laboratory tests.

6. Complex diagnostic procedures. .

»Revieu-of-sgsfems-Flag‘(HSVSF).-RéVfiu-of;Sgdions-Paiﬁter‘(RPOTNT) -1¢f a

revieu of systems is currently being conducted (RSYSF). The section of the
~ review corresponding to the current present iﬂmi bhase (RPBINT),

Strategy Descriptors

Strategy-Framq-fof«Qgrreht-Qbesfidn'13F0) - The instantiated prototype of

the strategy frame from which the current question has been derived.

Current-Goal-Tres (s«GOALTREEX) - A?sﬁacificatlbh'bf'fﬁi'goaTAfree resul ting

from the binding of the etratogg conponants of ‘the ttrltiqu framss. There
are tuo varieties of root nodes: entry and con%ahuatson nodas.‘ An entry
node is the top node of the subtree generated by a strategy frame. The
expansion of an entry node includes the name of ihh'dfbatagy frame, the
top-ievel structural and bound goal and a fiag specifying the AND/OR
structure of Its immediate descendants: A continuation node is a root node

that is not an entry node. The expansion of a contiruation node includes
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the structural and bound goal and an AND/OR flag. ,
The expansion of a leat node Inciudes the structural goal, the bound .
goal, the method and the question. For example:

(L1 ((STRUCTURAL-GOAL
~ {CONFIRY (ECREASED—FLICTIW M-SVSIEN))!
(BOUND-COAL =~
(CONF 1Rt ([ECREASEU-FLN:TIIN KIDNEY)))
g 1
(IF- (WT!NI&E > 2))

(QUESTION |
* (CREATININE VALLE?))))

Also included in the expansicn of a leaf node is the expscted answer
(if ang). This is to decide it the goal has: besn satistied, Goals or§
marked as uti‘nfﬂiqd;- not satiafied or partially mmm.
= The questions of the leat nodes are.

arranged in a Int corresponding to the. phau of the present illiness.

Within cach_phno the questions are ordsred by the loft-to~right uquonéo

of the original goal-tree. If the goal tres undergoes transformations,
this varoablo u correopondmglu updatod,.
Phase-Transitidn—On—Nont-ﬂﬁsta (FHM) - If thn next quutmn to be

askad ropruento a phase transition. Und.r certain circumgtances this can
cause the current strategy to be recomputed dus to the. dnuirlbjnw of not
having to return to a previous phase.

Pdi

To facilitate the matching of terminals of the strategy frames to the

~ variables of the IDC a collection of predicates (in addition to the normal
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iogical operators) is required.

, _ypothesns List Predaggte

ILINKS <into out-of> Node-Setiggﬂl - The valuo of this prodlcate is TRUE if

the number of links into (out-of) the colloctlon of nodes specified by

Node-Set is equal to Num.

(LINK-TYPE Node-Set Type <into out-of>) - TRUE if any of the links into
{out-of) the Node-Set are of the type specified.

(MxPLISx List) - The genera! hypothesis-list matching predicate. List

specifies a sample hypothesis list to be matched against the current
*PLISx., Example:
(MxPL1S%
((LIKELY NONE)
(POSSIBLE (< 2))))
This will match any hypothesis list with no LIKELY hypotheses and two or

less POSSIBLE hypotheses.

(H*HYGRAPH*’GraEh) - A predicate for testing the hypotheses structure
graph. For exémple=
(MeHYGRAPHX
(AND (COMPLICATION-OF (1 POSSIBLE) PDH)
(CAUSE-OF 1 (2 POSSIBLE))))
will test if any POSSIBLE hypothesis is both a complication of the POH and
a cause of gome other POSSIBLE hypothesis.

Goal-Tree Pradicates .

{NUMBER-OF <entry continuation leaf> <above below> Anchor Num) - This

predicate is TRUE 1f the number of the type of node specified above or
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below the Anchor node is equal to Num.

(MxGOALTREEx Tree) - The general goal-tree matching predicate. Tree is the

pattern to be matched against %GOALTREEx.
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