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ABSTRACT
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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
middie-aged woman enters a doctor’s office at a large metropolitan
hospital. 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 ensuest

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 I did. Aimost 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.

OVO0O VOO VO [ B v}
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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 process of
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formulating a diagnosis, is one in uﬁich virtually all doctors participate
every day. By the end of the intsrview a doctor uiil have gathered enough
information to guide him in making the necessary d‘ociﬂ-om in the
management of the patisnt inc}/ludi‘ng mtﬁ#;diﬁaﬁic procedures and
initial therapeutic decisions. Thess decisions will be based, in lsrge
weasure, on the diagnostic hypotheses formed in the process of taking the
present illness. | -

The motivation for the research | undertook wes the fundamental
question that arises when one exawines the process of ‘tlk'ing the present
iliness - bhat of_the specific

asked by the doctor?

1.1 Methodology

The method | chose to attack the fundamentsi guestion is to model the
process of taking the present iliness. In the design ofuodﬂc of the
clinical decision-making process, two distinct mmhﬂo been used.
The first, the normative approach,. emphasizes the. dq,vclopnnt of models
that are prescriptive. THe decisions made by a normative mode! are said
(under cs;‘tain assumptions) to bo'hmxdcdisioht; 1f this Is true, it
is claimed that decisions gught to be made this uay, disregarding the way
that doctors make the same decisions. While in most cases no real claim of
optimality can be wade, the normative approach has had some success in

certain |limited areas <Corry 73>.



PAGE 7

The second approach, the development of a doscry‘tnve’nodol, is the
one | chose to attack the fundamental question. A lodcl bﬁocd on this
approach seeks to describe the actual decision-making process of clinicians
performing a problem-solving task such as @iagqqsi;{: Ihg_pqo(s,forvthe
model I have developed is the rg;ofdédband_transcfipodﬂyqrbql behavior of
doctors taking a préoent illness callad-a érotﬁcol, !n,tbq analysis of a
protocol, th. v.rbal behavior of the doctor io seqn ae a record of the
sequence of stops taken bu thc doctor tﬂ aofv;ng a di%gno'tlc problem.

Protocol analysis han boen used bu different ressarchers in various
problem domains. Newell and Simon were among the first to apply this
tachnique{to aidrln the undersfgndingbbf‘hqéan ﬁr;blgn oqlving <Neuel! and

Simon 72>, In the area of nedfcal diagnosis, Klnipgunté'analuzad the
protocols of n‘urologists diagnosing.oighiypreag of neurological disease
and combared the performance uitnin,diffqrgnt Ievelarofvclinical experience
<K|elnmuntz 88>. Donbal examined the dlffarontaal d'agnoaso of abdominal
pain again using clunocnana With vargung dogrooa of prerttse <Donba| 73>.
Recently, Rubln used protocol analgs(s applled tq a ;Qqc‘of presenting
hematuﬁia as a basis for a model of‘hgpéthisfo foriqti;ﬁiqndkvorification
<Rubin 74>. A comprehensive survey of protocol analggisiand o}hor "process
tracing‘ nethodologybhis been compiled bgchhuluan ana Elstgin <$Qhulnan

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 cggnifion:

"The major reason that cognitive psychology has

made relatively littie progress uith respect to under-

standing behaviars 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 clihicians 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
well 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 hou he solved a diagnostic problem.
While this can also be a useful too!, there are some serious drawbacks that

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

introspection is validation. There is no way to confirm that the problam'
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was actually soived by the doctor in the Hay that“hqwggggripgg, In
contrast, a protocol reveals each of the separate steps takeﬁ by the doctor
in his problem-solving process. Beqayge‘introgp’;tion’ggn ngjd ugeful
insights, in the experiment | porfornca the doctors were sncouraged to
report their current thinking about the problem in,additggn to asking for

data.
1.3 Goals of the Protocol Analysis

The original question - the origin and reason for sach question asked
by the doctor - | felt was to broad and general to b?vg‘ang hope of my
giving a complete or definitive ansiuer. Instead, 1 have focused on one

specific issus raised by this question - the datg-acquisition strategies

used by the doctors. In particular, the gosls 1 set for my anaiysis uere
the follouing: |

1. Determining what strategies are used
by doctors in the gatbprung of data
for the purpose of dih%nﬁ: s._‘

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 Experiment
1.4.1 Experimental Design and Constraints

With the aid of Dr. Jerome Kassirer, | selected a case hlito&u from
the patient records of the Tufts-New England Medical Center. Esch of the
six doctors who participated in the experiment uss given the follouing
instructions: T I

1. You will be presented uith 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 ansusrs to your
_questions. . Inste;
‘question” you ask
from the point of viou of a ndical person.
who knous as much as can be known about
the medical history pf thg pgtjgn.t.,_.

B) The questions. mu ask Mwld '
specific as possible, ukmg or apociflc
facts. Gensral questi ]
“What complaints did the pﬁg ”';?hﬂ “In
the past?™ wuill not be anmhd.

C) UWhen you ask 2. qugntson uay{‘ybwgd provldo
a réason for asking it

D) You are to tell what you learned from
the answer 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
gons as far as you can, you can stop asking
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questions and summarize the case.

The entire dialogus was recorded and transcribgd. Of the six doctors
who barticipatod in the experiment, four were renal Fellous at the NEMC,

one uas a gastroenterologist and one 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. An important fact not directiy connected io'iho experiment
itself was that the case be centered on a»ronalvprbblqj. This was deemed
necessary because Or. Kassirer, who would be ansuer ing the questions in
the experiment is a renal ipocialiot'ahd‘indicttddﬂthﬁt he felt most
comfortable in this area, | '

The criteria that did diréélly‘bnirﬁoh the experiment were:

1. 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.

2. 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.

3. 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
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" an elewent of chronic disease as ueli as an acute
presentation in that ue uwished to see if different

approaches uera used for the tuo d!fmont utnqwn
or uhat 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 a history of a
previous hospitalization for kidney stone removal snd 'Q_‘,‘iho.spivtyalia’zvatjon for
urinary tract infection. At the actual time the p;g'tien;t__;m4 to the NEMC
the doctors fait that the patunt'o findmg. uorc du‘ to a conbinod
stiology. The dimopu made then and Httod on thu dilehargo sumNary was:

" 1. Acute pyeionephritis (APN) y
2. Chronic renal dissase (CRD) i
- sither a) Chronic pyelonephritis (CPN)
o b)-Phenacetiy nepreitis
or both together. A
3. Chronic renal fallure Wl o
4. Metabolic dcidodiv; e ry' to CRF,
5. Anemia secondary to W and foiic acid
- deficlency.

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

from the ho-pnal after a thres week hospl tmuum. L
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1.5 Previeu

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

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

strategies calied 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 PRESENT ILLNESS PROTOCOLS

A present ilfnass protocol is a record pf tho probjen-solving behavior .
of a doctor performing diagnosis. Tho énaluoia of each protocbl was
directed towards uncovering the strategies used by a doctor in performing
this taek. Th§ kernel of the analysis uas the assignment of a set of goals
and methods to each question. The strategies used by the doctor were then
specified through the goal-structure fqr each quastion and the
' relationships among the goals for different questions.

Tﬁo major part of this chapter consists of the analysis of one of the
protocols. The anaiysis consists of tuo components - a formal and an
informal one. The formal component specifies (among other things) the
goals and methods for sach question and the rclitio’nchip of the goals to
the current'utratagu of the doctor. The informal couponﬁnt is'a_éonmentaru
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 uas important to try to
maintain as uide a perspective as possible. By this | mean that the broad
outlines and overall patterh- of questioning were kept in mind as wuell as
the spccific'dttails of oacb question. One interesting (but not

unexpected) discovery uas the tendency of the doctors to digress from a
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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. (Une 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
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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 betueen the data and a specific
knouledge "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-ievel strategy, the goal structure is also given.
Two types of goals where assigned to each question, a
primary goal and (uhere 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 tuwo or more equally significant implications

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

as a multiple primary goal.
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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.
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E.

F.

H.

LTI - B TomTe L TR Taw e e

Expectation - 1f the doctor had sowe expectation of
uhat anwcrhouould get to a quutuon. it was noted. These
-xpactatmm are clauufiod as ltrong. mdcrlto. uuk or

uncommi ttod.

“Ansuer - The data supphod bg Or. Kaiﬁim in response

to the quution.

Result - To uhat oxtent was th- prinrg mi uthﬂoa.

To uhat extent were the mondaru mu uthficﬁ.w

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

hgpothun) i: a rcpruentatnon of tm doctor o thmking |
about thc prmnt ullmss of tho patunt aftor hurmg

the ansuer 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 Hlt is dlvid.d mto '
six parts: CCNFIRHED SATISF&. LIKR.Y Pamw: lN.IKE..Y
and R(JI.ED-GJT. Tho ftrst hupethﬂla anth. L!KELY'HZ:’t‘ ic |
called the prlﬁcupal disesse hgpothuu (Pﬂ-ﬂ.

Ooctor’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 a 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 old lady who is boong discharged
from the hospitol 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 t+ None

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

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

Ruled~out: None

Initial Commentary - The initial presentation is a set of findings that,

‘even boforo‘intorprotation.'haa a fairly compiex structure. The symptoms
of nausea aﬁd»voniting are specifically Gl but commonly occur in many forms
of renal disease. Abdominal pain ig too general @ finding to refer to any
particular organ system uhile 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 infection). APN is ngrqgjly used to refer to
the infection of the entire urinary tract including:tqéikignqu and bladder.
Because APN includes the findings of ALUTI as g principal-part (a
principal-part of a disease is a subset of related findings of the disease
that is viewsd as a_dlc;}nct:clintcl[,pnit)._l; is 8 better hypothesis and

could explain all of the know synptgngtif ;hquol[ggingﬁarqltqgos

1. The abdominal pain i.'abag-inaj tiank pain
2. The onset of the symptoms uas sudden.
3. The duration of the anpteun hoa been faurlu |
lhort.

4. There uere systemic lanffygtaiioﬁp of infection.

Anathor factor that the doctor uust tako lnto considtratton is the
length of the hospitalization. Nornailu. unconplicattd acute
puelonepﬁritin is treated uithrantlbjot1c§Aagd.cigarplup githun a week.
The patient uas hospitalized for a period of three ueeks, housver. This
Would make the doctor suspect that either the llln.po‘ﬁacrygrunanvoro.
resistant to antibiotic therapy or that the patient had noré proleuo.
specifica!lg.»obnc chronic condition. Thulf‘ﬁ%”ii’rua&dnpblo for the
doctor to hypotheslze as possible a chronnc rcnal dl',ll! that is being
complicated by an acute urinary tract‘infgcgppn. lt io a fact that many
chronic renal diseases make a patient more susceptible to urinary tract

infection. In addition, certain chronic renal diseases can lead to chronic
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renal failure for uhich nausea and vomiting are key symptoms. At this
point the doctor can not rule out the possibility that he is not looking at
a renal problem but a Gl problem or 8 combined renal and GI problem.

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

Goals

Primary - Discriminate Acuts vs. Chronic ilinsss. shgoa]
to Explore time-pattern of the iiiness.

Secondary ~ 1. Confirm sympton tou—d\ration oonpumt of APN
prototyps . 40 Confirm princippivparts symptom
time-pattern of prototype § i :

. Confirm APN prototype - 1 to Lasasbui ld
~ APN subgoal to Confirm -
2. Ewplore the need for. imeedis
a clinical condition that éan | P
symptom: aevere, short-ters m%tiu' on tause dehydration,
alkalosis. '

Methods - P: lndluroctz Tho dura‘tidn\of tlii;néun‘oa '& vémting '
: géz Dimct. """

- S2: Indirect: The duragiogf of. the nauges 8, vg:itlng e

" 1s-A-Suggestive-Measure-0f the Hkol Haood of dohgdration

and/or.sikalosis. - ‘

Expectation - Moderate : Less than 2 wesks.
_ - S;troag,_: Less than 3. uesks..

Ansuer - She had the nauses and vomiting for three uasks bofyro coming into
the hospital. -

Result - P: Partially satisfied
Sl: Satisfied.

82: Partially satisfied

" PLIS - Unchanged

Doctor’s Commentary - The reason for the first question is to get a time



PAGE 23
course as far as the patient’s illness is concerned.

Commentary - The strategy chosen by the doctor écflccto'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 sghptdnaticvdurétibhi(of'thi nausea and
vomiting) is just consistent with an acute prbcoos'and'iildpggéstivé of an
under lying thonic process; for this reason the prlnjhb,gbif is 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 follouing
argument: of the three reported sgnptgpsi}nluggﬁé?qd’volftinﬁ get |inked
together) the patient would have most fikalufqgndﬁh§r?d‘uhen the nausea and
vomiting began since this is a varu'dggzr;is*f"hg condition. Another
impor tant reason for choagsing this anﬁfom 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 need to treat
such clinical conditions as dehydration (With resulting loss of renal
function or even damage to the kidney), acute weight loss or metabolic
alkalosis that can result from an axtindid'hhriéd 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 refliected in the assignment of the first’qicbhﬁary‘goa}. This goal
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is a subgoal of a higher-ievel strategy that thes doctor has invoked callied
. case-building. This strategy is invoked when the doctor wishes to confirm
a hypothesis he vieus as likely. (See Section 4.1.2,1 for a dstéilcd

" description of ;asgfbuilding 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“tho aigno'andkaynptgpsvthat«a doctor would
expect a,pafi-nt to have if:the patilnt had_gba djtpagg.) This is
acconpjisho¢'bu_octting up as subgoals tbgqupgirqagjgn_ofiuach component
of the disease prototype. For ths hypothesis of APN tha goal-tres is the
fol lowing: .

(GOAL (CONFIRM APN) .
(o (EUNFiRH APN) " (CASE-BUILD APN)

mmn TIME-PATT
e 4 ccmtmh %xﬁm&m

wm {< (3 MEEKS)))))

SUBDEN) ) ))

(cnw:x w@{
(com svsrmrt-x 0N
(CONFIRM KIDNEY-INFLAMATION) 1))

Question 2 - Did the nausea and Vou:tinywbcgsnﬁbifare the f?oﬁbcncu or did
the ;auaea and vomjting occur after tha. jrgqupncg‘hadhoncurrod,for ssveral
days '

Data Requested - Sequence and rélation!ﬁib of symptom development.

Goals P
Primary - Discronlnata Gl otsologu of lgnptona from

‘renal’ uttology subgga to Explore organ—ogotin
of disease origin.
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Secondary - 1. Confirm symptom onset-pattern of APN prototype

subgodl to Lonfirm principal-parts . susptom
‘time-pattern af APN e/ a. Lor sgm@ro‘totwo
APN oavi ‘to Case-bu o APH. Bupgasl, to
Confirm o _
Methods - P: Indirect: Characterize th. tm uquonco of
aunpton dgvclmant. ok e

Ex goctatio - Strong: The nausea and vomiting and tho
frequency agcured Within a 1an. dmof
each other. . -
Moderate: The fraquoncu proccdld ‘the
nausea and vomiting by a feu days or

_both. sumptons occucred. Sogather.
Anguer - The occurrence was pretty much simultaneous.. .

Result - P; Partially. utufud
' Si: sltooflld

PLIS - Unlikely ¢ Acuta GBI 'd“t‘s':oase'
Chronic Gl diseass

Qoctor’s = Tha reason far that g ,timmtgt to%tprmm
whether the naussa and vomiting |'s the primary prohlon, tru nw to see which

came first and which I8 the secandary sequence.

Commentary - This question is very complex in torn o the kind of
‘information that could have been obtained. The doctor might have been
given many different ansuers, “each om of uhfch uou(d have a ditferent
mterpratahon. Thc doctor's prllary concorn horo. houcvor. is to
determine the stiology of & complex of ‘sysbtoms from di fferent organ
systems. The first step towards achieving this ml ‘is to determine which
organ system is ruponublq. 1 ordér to'put this’ “into’ mrwﬂu

consider the rangs of intsrpretations if the ansusr hldbun that the
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nausea and vomiting had preceded the frequcncg by many days.

1. Ah-indepsrident: (or wm-twi %1 provion
- and’ urotogical prwiu amropw “I't Wt
th. m t'“o ' ' o

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

3. There was a chronic renal diswiiss Wtich ﬂ!vﬂopld
into chronic renal failure and preceded tht
urinary tru:t Inchtion.

4. The ur*’réfaru tract Thfdction wm bg the
descending (blood-ba-ml routs. _

The hypothesis of indepentent pmftﬁMﬂcmvop in tuo different
organ systems at about the same time ..mmw«««a l'kety by most
thy 1 mlmiw

doctors. Doctors use the principle of peruid

explanations for findings. Thise prmcuplc,;ag- thot tho .inplut
explanation should be considered bifors 8 wore cabpitx oxplmtlon.

C'e‘m‘lu. 2 st of indepentent {unylated)’ § B end Ty

explanation. Tho doctor did rot expect to noar ﬁm ‘tie’ hauséa and

vomiting had been a chronic condition for ssvaral months (ormrp). It
this had besn the case he pc‘ggaqvly&u@gld have, qptgﬂd for, ‘th;GJ ogntu as
the causs of both symptons. The fact that the onsst at all the symptoms

was simul taneous is cqngwt“s_tgn‘t ui‘_t.h his WlMIPlLﬂJIﬂOQ hwgthnn but

Question 3 - Along uith the fnqu.ncu Has theroa%btﬁrnmgon urmatiom
mu mwia? . w\.ﬁ».,‘ A [RLEE LT

'Data ngueetad - Presence of dysuria observed by the patient.
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.Goals . E TR
Primary - Confirm principal-part: Bladder Irritation of
APN prototype !-9.‘229&- to Confirm prototuns, ARN.

Methods - P: Direct:s Oysuria’ ll-Prllﬁ’FCGIQ-EﬁidQﬂQ’f}or
‘Bladder irritation., o

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

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 Pls 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.

Expectation - Modérate: Height-Toss 5 - 16 tbe."
Strong 1 Any ueight-loss.
“““ Stight uo’ight-qaln.

Ansuer -~ She lost 18 ibs. of weight ip the tuwo Lseks hefore admission.

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

PLIS - Unchanged.

Doctor's Commentary - That is to assess, if you will the severity of the
Aliness. Tt she had gained several pa yring thet time you would be
much Tess [1kely Yo bélieve the fn¥ors I‘on%out i Mwmung.

. Whereas with the 18 ib. wuejght-lass, an grou t tient’e Bistory,
that makes tha.t‘,ior& bohevag?o. 9. A

Commentary - le-o are tuq pomtspf interest about this question. The
first is that it is the firet example in the pratocal ae far of a muitiple
primary goal. The second but related point is that.it sesme as if the
focus has immediately shift,éd‘aaa,u', from ,camtzuil.dlm' for the principal
disease hypothesjs. It.is, in fact, not sa mych & shift auay than.a
broadening of the focus to include another, aspect af the patient’s .
condition that is significant by itself and also provi‘dn some evidence for
the sufticiency of ‘the principal dmm mtmng m mmf“‘mﬂon for
the findings). In developing quntiom to uk. th- dactor olwc hu a set
of goals that he would like to oatiofu. A-ong ihn are:

1. Arrive at a sitiofacforu diagnons - .

2. Assess the need for mmdhtptrnfmt o

3. Gather sufficient information ta min
formulating & therapouﬂc plan.
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5. Dot-rmno uhat furthor lnfornﬁon nndl o
to be gathered as part of tl'p ant.
plan for the mlcnt.

In the early stages of the interview, when nost oF these gosis have not yet
been satistied; a good strategy Is try to develop questions that might
satisfy as many of these goals as posﬂb_lo. o ‘

In the present case; uhile severity is not speci¥ical ‘.g"‘_z. part-of the
prototyps for APN, the doctor his a fairly good idesof the range. that can
be expected. Clearly, a ueight-loss of 33 Ibs or more would make him
suspect a serfous gastrointestinal probles. Tt should be noted that, in
gcﬁbi*al'. the amount of weight-ioss s aqbodlnd?c;io;ofhoulcutcly i
the patient is. - T |

" The question also serves as a chack on the degres of nauses and
vomiting. The doctor could have asked another sst of qusstions in order to
characterize the degree of nausea and vomiting. The information about
weight-Toss, houever, I8 sufficient to Indicate a level that is consistent
With the reported time duration add also uith the principai disease |
hypothesis. | ‘ R -

ees

Heek lntcrval betuesn the tin of tm mt of ber, mtm and_tha time or
" presentation to the hospital?

Data Requested - Presence of fever or chills.
' Goals ‘ -

AEIPUR - o i AN
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Primary - Confirm principal-part: Sustemic evidence of active
infection of APN prototgpo m_ to Conflr-
prototype APN. . L

Methods - P: Indirett: Fever or chlllg Io-Sirm—S}wortmg-Evidoncc-For
~ Active infection.

_Exg‘egtatigr‘\ - Moderats; Fever or:ch,i,ll_u‘_,praun.t. s

Ansuer - She said she had chills but her tewperature uasp’t taken.
Result - P: Satiefied

PLIS - Satisfieds Active infection (o! APN).V_

Doctor's C t
intectious diseass.

-1 am truma to_sptablish whether or not this. u an

Cguggntam - In thu qyootuon the doctor has returned to gpnﬁrnlpg the APN
prototupo as hn prmary goai. An nuntml feature of APN is that it
produces systemic findings associated with an active inf.ction Ouch as
fever or ch:llo. Thls ll normally not tho case fpr an. gq;uto yeinary tract
mfcction that is restricted to the lousr urinary tr;pt (cuotltlo).v The
fever_va.uocigv;to‘_d with APN c;n_bc quite high, (101 -LQ)lemb. a
s’ariouo‘cmitigﬂ_in an older pq‘rson“_if it hag persisted fgr.nu length of
time. lt lq Quite possible thers in a0_ocdaring. considaration in
confirming each principal-part of the disease prototype: the more uﬂouo
and potentialliy health- (or iife-) threatening symptoms are asked about
first. This would tend to shou ;;hgt,w;qnWiaﬁq;mtggiwwgm _
fundamentai coricern of the doctor is tocussd ‘90 t.hgmll-boingqftho |
patient. This kind of subtie (but demonstrable) .gpgtoglcpl cholco ulll

probably have to be ewbeded into a prount iHmo prograa for lt td?{bo .
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_ acceptable to the medical profession.

guestlon B - Along With the dysuria and the frequency uere thers any
episodes of gross hamaturia whers she passed biddd or dark urine?

Data Rogunto | - Presence of gross hematuria (observable by the pafiont).
Goals ' ‘ o '

Primary - P: Eliminate a complication of the POH (e AFN):
‘ Hemorrhagic cgoti tis, ,

Secondary - Si: Explora diseases that are. compl icated bu,tha PDHs
Obstruction, renal tumor, renal calculi.

Methods - P:. Dirnctz Absance of gross hematuria Is-Priu-Faclc- v
Evidancn—ﬁgpim,t Haworrhagic custitis,. .. . '
Si: Indirect: Gross honaturit‘Io-Shgqeativc-Evid.ncn-For
Dbstruction, renal calculi, .

Expectation - Moderate: No gross h.natqfii. '

Ansuer - No. v R

Result - P: Satisfied
- S1: Partially satisfied.

IS - Ruled-out: Hemorrhagic cystitis.

Commentary - There are a number of possible interpretations of this
question, thle the focus is still on thg_PDﬂ itﬁjyinpt(conptotoluﬁclaar
whether the primary goal is part of ca;g-buiigjng_oc,é}iginatjon of a
complication, The reason that elimination of hemorrhagic cystitis uas
cﬁoagn was that the doctor later told ng,ihat is what he had in mind. The
absence of gross hcnaturi?vqould be a coqpqngntl;nith’:doctop'a prototype
for APN, however. As far as the secondary goal is concerned, urinary tract

infection is a common complication of dissases such as urinary tract
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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 uosﬂd ;M(tgi_n;l,y' hwplcﬂvatgdthou

hypotheses.

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

Data Requested - Presence of pyuria or foul-swelling urine.

Goals
Primary - Confirm principal-parts K dnejfi1 stiger lnﬂmtlon
of APN prototype gubgos! to Contiril prototyps N’N

e

Methods - P: Indirect: Pyuria or fnut-m“fﬁhg wing la-%pmrtlng-
Evidence-For Kidney/b|adder inflmﬂon.‘_‘r

Expectation - Moderate: Pyuria or foui-smelling urins present.
Ansuer - No.
Result - P: Not Satisfied.

S ————

" PLIS = Unchanged.

Comntgg - Pyuria is a key sign in the diagnosis of a urinery tract
infection. The fact that the patient did not report ohssrving e ther
pyuria or its side effects (the foul-smelling Urine) is not disturbing,
however, as it can be easily overlooked by a bi‘t;‘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»speclfﬁcalfg?

Data Reguested - Prosence of ftank pain,
. Goals ‘ : : f
Primary - Confirm principal-part:s Kidney infliamation

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 f1ank pain In the past on the left side.
Result - P: Satisfied.
PLIS - Satisfied: Acute pyelonephritis.

Ooctor’'s Commentary - Well, | am not sure hou this is to bq played but what
["d be homing in on now is the situation of the nausea, vomiting,

frequency, dysuria and flank pain as somsbody ujthigpugp puqloncphrjtis.
Commentary - F)ank_pain (gfthor uqilategal or bi}ateraj)jip”anofhor»kou
symptom in the diagnosis of acute puclonqpﬁritfs, At this point in the
protocol the doctor has finishing confirming the component of the acute
pgelonephritig prototype that refers_to gynptoga}jg history. It is clear
that while he feels satisfied that she has APN, no svjdence. strong enough
to confirm that diagnosis has been presented yet. Thi;_pyidence will be
gathered when th docfor reaches the part offthg;prgs@nt;illness concerning
physicai examination findings and laboratory results, fItril thon that
signs such as costovertebral-angle tenderness, pyuria , white blood-cell

casts and bacterluria will be asked about.t
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Question 9 - OK., we've got nausea, vouitmq. 18 pcund mimt Iou.
frequency, dysuria and at least left-sided fiank pain. And now 1’1l begin
to question specifically for wm;, which.is what 1'd de aiming

for at the present time. Now, 1'd like to know whether before this 3 week
episode, befors this acute iliness uhtthor in th. pnt she has ever had any
episodes of a similar nature? . : .

Data Reguested - Hiatoru of' simi l'ar péi";t’epi'iodu.

" Goals o o ' T o

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

urinary tract infection of CPN deveiopmantal-
scenario subgoal to Confirm scenario CFN

gutgoal to Case-build. CPN subgel. 49 -
Methods - P: Direct.
Expectation - Weak:s History of similar pait opuodes present.
Ansuer - Yes, .ho has. ‘ o

Result - P: Satistied.

PLIS ~ Likelys Chronic pyelongphritis (CPNl (with gcute flare-ups)
Possible : Uther chronic interstitial nephritis (CIN)

Unrelated episodas of AUTI. .

Acute flare-ups of chronic bactcriurla

_Chronic renal failurs, (CRF)
Commentary - This question ihdt’catqs' that a mﬁ*bfs‘o}dfof the protoco! has
been reachsd = the patient's past wedicai history. The findings that the
doctor has heard so far, while fairly convincing evidance for an acute
urinary tract infection and acute puo!omphrltio. lroaho iubqiutiv. of an
under 1ying chronic condition. The Iangthoftho hé'cp‘tilkaif‘ion. the
duration of the symptoms and the saverity of the nausea and véu"ltfﬁg (as
indicated by the 18 pound weight loss) are all clues in that direction. It
is only at this point, however, that he is willing to speclfy more
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precisely uhat chronic renal diseases might be prqqeﬁtfand cqauit himsel f
to pursuing one of them>- chronic pualoh&ﬁﬁritii. Tﬁo strategy he chooses
‘is another variant of caoé-building;} The variantthLQOQdQPOfdPl uas
applicéblo to acute diseases‘andxonlu inQolyad cbnéigikng.thc disease
prototype. In case-building for a chronic diseasse ﬂﬁo&harfpouponont must
also be confirmed - the d cveloguengg! scenaric (Ses S;Ction 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;narg tract lnfpction over a
fairly long time period. This is generally nat dus to reinfection by new

| organisms but dus rather to acute flare-ups of 8 longéot;d&lnﬁ. chronic
.infection. It is entirely possible (andralqn duifo common) for the patient
tobexperienco both unrelated epiobdcs-of acut“infoctibn-br acute flare-upse
(of chronic bacteriuria) without having CPN.. 1t ie also possible for the
patient to have another chronic interstitial disease 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 patisnt’'s medical hiitorg. This

consideration leads to the next question.

- e > o - . o - - ——— - - -

Question 18 - Does she know that? Can she tall me whether she’s had one,
tua, three? Has she been hospitalized here before or el senhere?

Data Requested - History of previbus hospitalizations. l

Goals
Primary ~ Confirm a body of reliable information on the
patient’s past medical history is available.
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Secondary - 1. Confirm simitar past eptsodes were serious’
nnough to nquu-e hospitalizatmn. ,

Hethods - P. Indirect: Past hospitalizations h—Evimnqa-Eor
 Avattabi ity of reliable patisnt TAformetitn (hospita! records).
S1: Indirect; Past hospitalizations |s-Suggestive-Evidence-For

" Past’ -ptswevbﬁnq ‘s#r fous. ™

Expectation - ﬂbd‘rahx ‘At [east one mit,ﬁowﬁi\l fzation.

Ansuer - She has in fact been hespltatized efore. In fact her first
hospntallzatuon uas for a kamg atom ; e

Result - P: Partlally satisfied,
~ Sls Partially satisfied.

IS - Liketys CPN ‘(uith acute flare-upe),
Poulblnz K:dneu-stonoa(pat) Caused-by UTI
K1 dnag-Stoné rronce) (4 MY
Other CIN
" 'CRFCause-bij PN or ‘ttar CIN ©
Unl ipgclux Unrelated episodes of AUTI

o

Commentary  The doctor learhed ‘tio Inbortant fabte With' this question.
“'9f times. The

The tirst is that she ‘Indéed uss hospitafiZed & mub
second plece of data, that the First hispitatization dls fbr a Kidney stone

was free information, Tiis Wb ‘3 Shror T te ‘e Tush Rl procedure.
(The primary ophcern of ‘the doctor In Hsking' tHy tlestinh s to see 1f
reliable infornation about the Wf%f"if‘*‘bﬁ? weditat’ history Ts |

avai Iahl'i.i Tha anwier he obtained, houwii' uh’i’l. consistent uith a

chronic urinary tnct mfnction Wﬁi & féu pat N

~kinds of kidney stones (cailad mfectvon sztgn-g;g are fqrnm argynd a
nucleus of bacteria associated with a urinary tract infection, Ki@w
gt miogl g Ao widhea gnetin oo
3130, predishoss. the batisnt 1o having-tur ther

urinary tract infections. These ‘infoctiom in turﬁ»éan csuse ths formation

~ stones in °‘m‘1.houcvcri
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of new kidney stones. The doctor’s new hypothesis is that the patient may
now be having a recurrence of this cycle. The linked hypothesis of
rgéu:‘rjoncg of kidney stone and acute urinary tract infection could explain

all of the known findings.

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

Goals L ,
Primary - Confirm/Eliminate scenario-prerequisite: Consistent -
lateralization of previous kidney stone and current lbédoglml
-pain in hypothesias K:M,;tgmﬂ(rmrfpo) & ATEY -

subge%él;;fg- Confirm scensria Kidhay alons (recurrence)
+ ) subgoat’ to’ Cbcinhb/glinidi‘f% Nmchtom
{(recurrence) (+ AUTI), T A

Hethods - P: Direct: Expert witness.

Expectation - Moderate: Left Ii‘&o.“v'

Ansuer - She had had a kidney stone 17 uﬁaﬂ befors. He don't know
anything about that. He don’t know khigh side that uas.

Resujt - P: Not satisfied.

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

Commentary - The fervor with which the neu hypothesis nas originally:
considered has been considerably dampsned by the new information.
Seventeen yeara- is too long & period of time for the ic‘:‘gclrc to be happening
again with any reasonable degree of probsbility. The lack of any
information makes it very d"vfyﬂcﬁlf‘ to pursue even if the time period had
been shorter. The alternative hgpb‘(t;ﬁfni:h}o'f CPN iv; jst?&déthdngcﬁd:;‘;\ﬁsucvor

in an indirect way. The doctor has now established a possible
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| precipitating event in the developmental scenario. CPN requires that there

be a long-standing, chronic inféction of the kidnegis). 1t is quite
possible that the stone could have been associated with a urinary tract
infection (possibly as the result of the clinical p;GCGduFe'tb diacnooil

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

Question 12 - And that stone waen't analuzed?

Data Requested - Results of stqpe.analgsig,<

Goals

Primary - Pl: Confirm precipitating-svent: initial UTl in
CPN developntnttl ‘scenario subgoal to thféﬁn
gcenario
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|tlal UTI
preceding kidney stone. -
P2: Direct: 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. If the kidney stons is of the type that
resul ts fron a preceding in?oction, he Qégld OOQUI;.thjt thojpltiont
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 hjl.that.sho.hgd a episode similar to the
current episode for which she was hospitalized 8 menths prior to the
current admission, | L |
Clearly, there ars 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;f.a&ura;qfnghqﬁqgn.vfin@jqﬁ,(dryqunt in this
case) is being asked about. - Among certain doctors fh-rp,{s a proclivity to
derive as much lnfornat%cn as possible from (and about) fﬁ; ffﬁ&fng or
svent that is currentiy under conngqr;gjonirjghgctghqg “change the
subject.” (See Section 3.6~!bf.a'diigqujodzéffgjigﬁéjijc style.)

- et dast v e W . gnoe

Clerical bridge- D: At our-hospital?

K: No, at another hospital.

Ds And are we able to get those records?

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

O: That was 17 years ago?

K: Yes, that uas 17 years ago.

D: 8 months ago she mas. hoapitallzod for
a similar 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,bclﬁngluzjdibu,thb'fhrual[noano 1
havnk been using; 1te purpose is iiniﬂy tuuubl uh thcfunuork 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 & chance to think
things over before comsiting himself to a nex 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 - Hhat is the urinc-cu?tufu’}iboff?

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

bacteria.
Coals e e e
Primary - P1: Confirm principal-event: Acute ¥lare-up of

‘urinary tract :nfcctlon of CPN develi ntal
scenaric subgoal to'Confirm scendrio’l

P2: Confirm principal-part: Chronic hactoriurua of
CPN prototype subgoal to Confirm prototype CPN

subgoal to Case-build CPN gggagg_“to Confjrn _

Methods - P1: Indirect: Postive urine Culture Is—Supportnng—Evndcnce-
For-Acute flare-up of UTI,
P2: Dtrect.

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 Commontaru - The reason | am asking for that specnfucally
Talthough in most patients uith & rénal probien 1'8 be interested in the
overall renal function), first is again ['m annvng for a presumptive or
sort of speculative diagnosls of “Ichrbhi®l "Bl ohephr It1 8" and 1 would | ike
to find things that are most strongly suggestive for that or uako that
hupothasls enough.
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Cgmnentarg - The doctor has roturned to tho lmo of quntioning that nas
star ted uith Question S. In order to conflrn the chronic UTI associated
With CPN it is necessary to ascertain If the cultures for past episodes
gren significant numbers of bacteria and‘th‘l't‘%hﬁé?‘f‘.tubf‘&fgbﬁtorii'«a&portod
in uch cphodl was the same. At thie point tho thé‘tar dnn not yct 'know
the kind of bactoru that gren out in the uﬂm cu!turi m for- tha
preserit cpuodo %0 thiu point cannot bb chteku. Thn Io not the: cruclal
npcct of thc dzimouo. homvur. lt h quito pusibu that-the -
bactcrlurla of 8 nonth. 8go uas-cured. (Tho euitarn&boem Ctorl Io.) but
because of undorluing CPN she was pr-dhpoud to rolnfoctnon by a neu
strain of bactcria. The algniflclnt upoct is tho .phoda of AUTI itself.
| Noto that thc gocl is plrtiallu utiofl.d olnco tho cultun nport did not

atatc uhoth-r thc colonu count was oignlﬂcmt.

Oueotign 14 - Do ue have a urinaluuo? At thc same tin 1 om looking to
find out: uhothlr or not there wae 8ny pyurie or uhite’ t:ﬂh. '

Data Requested -~ Pressence of pyuria. -

G .
rimary - Pl: Confirm prmcupal-ovnntz Acuto flaro-up of
C 0 urlnery tract - Infection of CPN ‘developmental
scenario.
P2: Confirm principal-pérts  chronic bactoﬁwu of
CPN prototupc

Methods - Pl: Indu-cct: Pyuria h-Supporting—Evidoncc-For
. Acute flare-up (eplsode) of UFL, ©
P2: Indirect: Pyuria lo-Suppcrtlng—Evldonco-For
Chronic bacteriuria

Expectation - Strongt Pyuria present.
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Ansuar - Yes, there were uanu white collo and nd collo prnont in the
Lu‘lnl. ) - . - ; ; BETTY e :
Result - P: 'Satiafipd ; R e
PLIS - Satisfied: Episode AUTI (8 monthe PTA) -

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

got a urinary teact infaction which: presungbiy:sas: the: ceuse of her:dpisode
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
gubgoa to Caec-build EﬁF ggggggq 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 ho docs hoor houever, |is

not unexpectcd and is cons;atgnt’gffh ali thc athgr"qvidonee

;;;;;

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 low value of the NPN 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 resuits of the introvenous puclogran.
. a kldnou K=ray.

'5fiﬁarg Confirm principal-part: Scarred Kidneys of CPN-

_ prototype gubﬁggl to. Confirn prqtotype CPN gggggg to
* Case-build ubgoal 16" Conflgn EPN. -

Secondary - 1. Explore pernahént l’truétural' ‘damage’ to kidneys
: ggagggL to Explore status of pr 40 organ system
under consideration subgéal to Explore level of
an/organ system function. Dty e
2. Engorb a predisposition to PNi urintrg.tract'
obstructien. :
3. Efimtndte’ ﬁfdheg étone (returrence).

Methods = P: Direct.
Sl: Direct.
S2: Direct.
S3: Direct.

Expectation - Moderate: Scarred kidneys, contracted kidneys.

Ansuer - The IVP uas not satisfactory dus to poor infiltration of the dye.
Tt was repeated and there was ohly mininal appearafice, mostiy in the left
urinary tract. No nlgne of stone or othor abnerla!jtico. .

Result - P: Not satisfied.
Sl: Partially satisfied.
S2: Satistled.
53t Satiefied.
PLI Unlakelg: Urinary tract obstruction. (8 ﬁontht PTA).
Ruted-out: Kidney stone (recirrence).-

Commentary ~ The "introvenous pyelogram can ﬁrqvudq crucial data'rn tho
attempt to characterize ths status of the kudncuc. Anong the things that
can be determined (if the IVP ﬂrocodure T8 successtil] arer ‘

1. The size and configuration of ‘the kidneys.

2. An estimate of the level of renal function,
3. The presence of gross abnor;a!ltioo orﬁltpnao.



PAGE 46 -

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, . From his prwioug ﬁwgnu,

knou that he ie prinarl“iu iﬁtdrntod Tn ihether Jthé ﬂdnwi are ocarr-d as

the result vo.f chrgm; infectmn.‘ But ;}

. ,,g. gsmh‘ gan expiore the
overall status of the ksdmuc. m do%in} ict the quution to

just that, The IVP report doot ot mt 0 Quaition of whether 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 ng
| to Exploro status of the prii&u ogitu
wwgfz’.é e t’lqa.; ‘ m& har svhen
impairment) . ' o
Methods - Pl: Indirect: (;PN + puginq kigney ‘*',-Egidgn«-FOc,”
' a pook pr%m‘ .
Pz’ D‘r.Ct.r.win:,. vt b B Mg ol

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

Result - Pl: Not satisiied;
P2i“Net 8 zsz s
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PLIS - Unchanged.

Doctor’'s Commentary - OK, that's the information 1’ve hsen looking for from
8 months ago, now to get back to the present episods. 1 really don"t think
I have any other questions as far as that acute pnioodou 1-wpuld like to
know some general information, He knou that. lb"&-lcutély Til, with an
iliness which is quite similar to that uhich she had 8 months ago. and ue've
got some nice information that 17 years age. shs had. Y Qtnno._ He_know she's
got nausea, vomiting, frequency , duaur:a and. abdoligal pain.

Commentary - There has been no evidence to suggest that the patient is
missing @ kidney. In terms of possible thsrapy for CPN. (uhich the doctor
is considering as he goes aiong), the absence of one 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 viabie. There has been
some suggestive evidence that the dissase might bc,unilatcral. [f thie is
the ca#e and both kidneys are present With the.undigogped kidney '

functioning normally, the prognosis.would be much better.

L D L T L L T -

Question 18 - Is she a diabetic?

Data Requested - Blood sugar, history of diabetes.

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

Methods - P: Direct.

| Expectation - Uncommitted.

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

PLIS*—'Ruleﬁaouti Diabetes.

Doctor's Commentary - Hhat | would |lke to krow ie whether there is
anything’ that would predispose this individusl to having pyelonephritis.
That was:uhat 1 uee looking tor bétfore, ‘that: she’ wight bé-obetructed on one
kidney or the other’8 Wonthe ago. | would’ Hu%kmﬁhﬂm she is a
diabetic, since theiy dre supposediy more sustaptible’ t& infection because
of the disease or instrumentation and whether she takes phenacetin for
headaches or not.

Commentary - An component of the variant of case-building that the doctor
is using is determining if there are any wigniticent factors that would
predispose the patiant to getting the disssés. Most doctors use a weight-
of-evidence procedure in‘ovaldhtlnq a hypothesis <Bhortiifte 74s. This

" involves adding up factors that support a hgpoth-a#o and :ubtrocting those
that are against 1t (Factors that ars neutral don’t count.).
Predispositions are *indirect® @vidence for a diseads or other clinical
condition, They cannot be used to support & hypothesis unless *direct”
evidence for & hypothesis id:gg'tht chéracteristic findings of a disease)
are also present., It should be noted how quickly li.e. houw feu quostiona
were needed) the doctor characterized the previous op!oodc and its

relationship to the current episode and hae woved on.

Question 19 - Does she take phenacetin? Does she take @spirin containing
compounds?

Data Requested - History of medication for hoadachcc. spocuallg compounds
containing phonacotin or aspirin.

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

Hethods -~ P: Direct.

Exgecta;ion -vUncommittad. L o 4
A-M-'i!l'-, - ‘Thqu_'ati_-_nt, had takon 6‘ pgn‘p_iriig: tabiets ,a,},\‘agg_fjprj 15 years.
Ruult - P: Satisfied. | |

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

Urinary tract obstruction

Grasi-tegative (septl c‘)‘ shock

Doctor’s Commentary - I'm sure it took & lot lo‘n’yir to' dig that information
out than simply asking that time around. There is an increased incidence
of infectious diseass of the kitney parincularlu miriaru necrosis in
patients who take increased amounts of phonacatm or momcatan-contacnnng
conpounds. So that would make me concerned first of all not only that
she's got a. urmary tract infection, uhich 1'd quito sure of by this
time even before ’'d done ‘a physical- examination or iiboratnw data but
make me concerned that she might have mlllarg necrosis and might be
sloughing a pq:n & and blocking 1.6, ‘ob¥tructingl offé kidney or the
other. And 1'd be more concerned about this patient than another patient
with it 1 weuldn't ask shy other quuhﬁm ‘at thls tine’ and 1'd begin the
physical exanmation.

Commentary - This finding is one of the Key f“r‘nﬂiﬂngs_'ln fho' diagnosis of
this patient. (The final diagnosis uss APN superimposed on chronic renal
disease, ei’thor phenacetin nephritis, chfqﬁ!’i: pu‘cloh'iphrviﬂ 8 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 it B

1. Through a review of systems 'in' the ssction
about hiatory of medications (Protocols 4 and 5).

2. Through a review of systems (focused
on renal disease & hgportmsion)
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asking about history of headaches (Protocol 6).

(It should be pointed out that the four doctors who uncévorad the finding
of phenacetin abuse had established CPN sariy-on in the int&rvhu a's'tha
most |ikely hypothesis for the underlying chronic renal disease.) The more
common route for uncovering abuse of & drug is probiéblg notv the one used by
this doctor. Guestions concerning the use of t'ndhv'.at‘ions are normally
asked as part ‘of a systems rovim’.v It ilamdwout hera because

determining predi ipolition;,- is part of case-building, the strategy the

doctor is using to confirm his pf-inclpalv‘hupo.thitioj; Tho reason the doc.;tor
says that it probably took longer to get that information is that patients
are sometimes very reluctant to divuige any hutnru {(':f.,ailff medication.

The element of _pheqacatiih' abuse signi f;i,c‘on;-flysé altgrotho doctbr's
hypothesis structurs. “Wnile bath CPN mdghcmcet:q nqphri tis sre forms of
chronic interstitial nephritis and both can occur in‘ tho 'iajio plti'onf at |
the same time, the developmental history is nou c;lou,dnd-.,'A’ comp lex
relationship can exist among chronic pyelonephritis, phenacetin mpbritio.
urinary tract infection and papillary necrosis. The degensrative sffects
of both chronic diseases are. qum,lative. ,,It‘-pqy;po. impossible even with a
~histological vox;a,nination of the lesions in the kg;dn_au_tq ;difforontiato
betueen a slnﬁlo or combined etiology. MWhile both diuacg.pﬁgdi(pou the
. patient to new epiandesv of acute urinary tract Virg;q_ct:ign. it is phenacetin
niphritis that ie indicated in the devolop"nnt“o'f ronal 'papi_llaru necrosis.

For this reason the doctor works under the amsumption that phenacetin
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nephritis u prount becauss of the nngmmu of. millgru necrosis. He

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

occurrod,‘ as a ,rfuu,l t of .loqghiag‘v.g%n@grqgw:gqglHg@wiiﬁggtrmtjpn is a
very serious condition in a patient yith an acute urintrgﬁtnét infection.
| Thiq:ct':nc,ern‘ is duémt,ratm in a partial mmhig &g;iglgn;tq
immediately go to the physical examination. . |

- D . = - - - - - -

Question 20 - What is her biood pressure? Puise? Tespera
Daga Heguestgd - Vital signs on admttim phg;igat axan. )

Goa '

rimary - Confirm/Eliminate a co.pncmon ot APN *wm:
Gram-r crnv. {esptic) shogk gubgeal tg Jorg the nud for
inmedidte treatment subgoal’ to‘ jtho severity

of .the iliness (how acutely 111 | QJ@‘ Pp,t;untl. _

Secondary - 1. Confirm principai-parts .guggnga of active
T "7 infection:”  tempersture > 13?? prototype m_ to
Confirm prototupo APN mto Clgc-yui ld APN

Methods - P: Indirect: Extreme hypotension + fovor/chnllo
Is-Strong-Supportmg-Evudinco-For Gral*nmtlvo '
S1t Direct.

Expectation - I.Jpak: Evidonco of chock.._

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

Result - P: Satisfied.
Sl: Not satisfiad,

PLIS - Ruled-out: Gram-negative shock.

Doctor's Conmtarg -1 am qomq to uk ; mt p;f d&rm;nhuaica‘l
examination: related to the probles at }W hings:which would
need to be done such as a neurological sxami vid |ike to know -
. what her blood pressure is. [f she uere hﬁctmln on admission to the
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floor with pyelonephritis, gram-negative shock happens and is much uorse
and needs to be treated much more rapidly than somebody who simply has an
acute pysionephritis which |s often tréated &8 an outpatient...... {(after
answer! OK, then at least although the temperature is heipful there are
some patients uith gfll—noqativﬁ shock Géhich oho'ﬂbiin t have) who can be
afebrile.

Commentary - In terms of strategy selection, the basis for for choosing
this question is the high priority of determining the need for imeediate
treatment of a potentially fatal cohditlbn; The possiblility of obstruction
secondary to paplllary necrosis superimpossd on an Bcute urlni?thfact
infection is uh*at originally activated the possibillity of septic shock.
While the doctor is auare that this is a diagnostic game, it is asimost
impossible for hiu to forget that he is a doctor fTr;t and remove himsel f
fron his norual dalfy concerns and routines. ' Evin though an slevated
temperature is part of the APN. protetubd and confirning it ptrt of cése-

building for APN it is clearlg a secondary goal.

- — - = - - - - -

Question 21 - Does she have CVA pain postornallu or. can uou feel large
polycystic kidneys?

Data Requested - Presence of CVA pain or palpable Ridﬁﬁgh.

Goals
. Primary - Confirm principai-part: Kidney inflamation of
APN prototype subgoal to Confirm protatyps APN.

Secondary - 1. Explore a predinpoiition to ﬁﬂé p%iuégétic
kidneys. _

Method - P: Indirect: CVA pain or tendorno:s Is-Evudonce—For
- Kidney- inilaaatcun of APN, -
Slt Indirect: Kidneys not patpable ls—Evidunco-Againct
Polucgottc kidneye
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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 b@@vld@mt 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 Quutmn 1- Al tm pt:otogal woves fron
sywptoms and history to physical exam and . ﬂmlly 10 labnmstqrw dﬂtﬁ. the
V‘avudonco available is more oh;ectivo (in tho mn of providlng

increasingly more rollabh tnts of a hupothulu). Roforlng “fo the
| Prototyps of APN in Appondlx 1, We can see thlt lt |l dlvldod 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,ihgt 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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himself performing the phuoical“cxallnatloﬁ‘thqt;qiﬁiéu qudifiono'tdcond
“hand. Thus, uhen he sees himse!f examining the flank area for CVA pain or
tenderness, he uould almost automatically palpate for large kidnouo. It is
like @ reflex: while I'm there I might as uell tind ‘out sbout lt since it
costs very little. As the doctor indicates ‘there has-besn nothing in the
history to Jnd1cIto the presence of p§lq¢uitié>kiq§.oo¢

Question gg Do.c she have ouporp«bic toﬁdﬁrn.oo? \
Data Requested - Presence of tenderness over the bladder.
Goals ' ’

Frinaru Confurn proncipal-part: ‘Bladder irrltation of APN
5 ‘prototye gubgoal to Confirm prototypd APN.

Method - P: Indirects ‘Superpubic¢ tenderriess ls-BvTdence-For
Bladdor Irrutatuon/inflauatnon.‘

Exgectatlonr- ﬂodcrate: Suparpublc tondcrnooo pr:oont.
Ansuer - It's not mentioned.
Result - P: Not satisfied.

PLIS - Unchanged.

Commentary - Suporpubtc tenderness is opticnal. 1f’§fit¢nt. it is simply
supportive evidence. 1f absent, it ueighs 11ttie against the hypothesis.
The frequency and dysuria are sufficient to confirk the bisdder irritation.
Again it's simply a case uhere the data is very inexpensive to obtain and
the doctor would himself have checked for it himswif while conducting the

physical exanm.
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Question 23 - Nou as far as specific Gl fmdmgn. doog she _have bowe|
sounds, rebdund tenderness or not?

Data Requested - Presence of normal bowe! loundl. abuﬂco of rebound
tendornou. }

Goals o
Frinrg - Eliminate acute Gl disease.

Method - P: Indirect: Normal bowe! sounds + soft abdomen:
lo-Strong—SupportIng-Evidqncc—Againlt Acute GI disease.

Expectation - Moderate: Normal Gl findings.
Ansuer - The abdomen uas soft with normal bowel sounds.
Result - P: Satisfied. :

PLIS - Ruled-out: Acute Gl din‘au

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

vomiting.... (af ter answer} He sort have gone through this as nausea
vomiting frequency and dysuria but if uou ) back to that nausea, vaomiting
and weight loss you'd obvioctsiy have to- o at lm} ‘on _one track of your
mind that rather this being a kidrey probles that this is some acute
abdominal problem. MWith soft sbdowen, horWal bouel soundy that goes to the
bottom of the list, if you will and ue ¢l continue doun the stream that we
have been working on. So she has left CVA tenderness, no ‘palpable kidneys,
no comment on superpubit tenderness, soft sbdomen 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 poisibiﬂ’t‘g of acute GI
disease. (He has thought this unlikely all along thmgf\) The best
opportynity tby_ rule-out gcufd’G’i digoag h In tmwicﬂ w“ippﬁon.

He I8 possibly thinking about such dicino_o"”‘ap‘ appcndlclth or peritonitis,
A soft abdomen {(absence: ﬁf re‘bound tqndorng‘g;s) ana nor?all‘b‘oua]‘ sounds rule
these out as actwc poscibilotiu.

It is interesting to note the effect of a doctorf spigia'ttg in
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strategy selection. The protocol ebtained from a gastrosnterdlogist is
almost reversed in the order of which hypotbesis gets tested firet. . The GI
specialist first explored and then eliminated the poscibilifu of

chronic/acute Gl disease bafore going on to renal disease.

Question 24 - What was her ‘hematocrit?
Data Reguested - Value of hematologic t?'uti hmtocrit.

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

developmental scenario to Explore mkonngntal
stage CPN gubgoal to Confirm scenario CPN.

Secondary - 1. Ex‘pldru ‘the severity of tbd H’Iw:

Methods - P: Dirnct: How; itocrit Jow + homlabin Iou Io-Prin-
Facia-Eyidance-For anemia. .
Si: Indirect: Degree of anemia I;Mjntiwouun-ﬂf
the unritu of the iliness.

Expectation - Moderate: Hematocrit marmrui 137 - 47
Ansuer - Her hematocrit was 28X%. Hemoglobin 6.8 grame.

Result - P: Sdt‘lifiod.
Sl: Satisfied.

PLIS - Confirmed:  Anemia

'Docto; s Commwentary - 1 would.go to lshoratory. ipfermation nou.. 1 would
like to know nou & couple of things. | would like to know what her
hematocrit, white count and differential are. -1 weuld Jike. to know her
hematocrit simply as general information to ses if her hematocrit was 20,
1'd be concerned.thai she has been in ranal: faiince{altheugh.us don’t know
that yet) for a longer period of time or something else is going on which
I've totally negliected so far....(aftec - answer) -Thet's interestiog: Then
in addition to this question of infectious acute pyslonephritis there is
more going on thao ue are auare of. Thers are. mﬁma&bnltln. One,
she’s got & séparate reason for being anemic: we're going to have to run
doun the evaluation of her anemia, or secondiy the snemis is part of her
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‘renal disease and if it is it's likaly. to be due to chronic renal failure

which iB odd becauss we are told that. aﬁ.\hadgrodagrypiu normal renal
function or onlg.ojtghtlu impaired renal. unot&qg gngtbo esrlier. |
don’t have ang‘anouer for that yet. T

Commentary - The doctor has in some sense opened up Panoooa's'éox with this
question. Anemia is a clinical condition with aany differsnt eticlogiess
blood loss, excessiva hemoliysis (destruction of red:blood cells) or
impaired production. The anemia of CRF. is aosocdltod\»i%h inpairod
production but there are many other causes of inparod apoduct;on {folic
acid deficiency, splenic dioordoro.o4c.). The docter i flolng tho
foliouiaﬁédilonooi he woulg oxgoot to soo oo-o dogroo of 4npasroont of
renal function; that would be conoiotont unth oathor phonacctin nephritis
or CPN. It is the dogroo of renal failure |opl|od by the anemia ao )
compared uith the measurs of ronal functnon 8 nontho PTA that is
disturblng. At this pocnt in tho protocol tho doctor hao otartod the last
phase of quostlonnng - the Iaboratoru findnngs. Ho dooa not uant to throu
out the hupothosoo ‘he has bocn uorking on and tfy’;o;ofhlng neu ao uot.

For this reason he puts asodo the findung (dooo not puroue lt uolng a

dlfferential diagnostic stratagg) and contunuoo doun tho lnfoctnon/chronuc

: renal disease line.

Question 25 - White count and differential?

Data Reguestod - White blood cell count. dtfforontlal broakdoun of white
cell population. . . _ o ot

Goals ‘
Primary - Confirm Leukocytosis + Left-shifted djfferential
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ubgoal to Confirm principal-part: Sustelic evidence
oi active infection of APN prototyps’: 1 to Conflrl

prototype APN subgost to
to Confirm APN, o

ﬂethods - P: Direct.

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

Ansuer - 9858, 63% polys, 30% lu-phocutcs. 3% wotios, 1% éosinophils.

Resuit - P: Partialiy satisfied.

PLIS ~ Unchanged.

Doctor’'s Commentary - Her uhite count 1'd be onpoc%lng to see slevated with
a shift to the left, because everything that ['ve heard so far leads me to
suspect there is an-acute infectious process.... (wtter sneiwer! That is

not as striking as l would hlvc expected, but dooln t olininnta the
possibility."

Commentarg - Tha uh:te count and dnfforentual aro tuo key signs in the
conflrmatlon of an actnve bactorlal |nfoct|on. Tha norlal uhnt. count is S
- 18 thousand. Mith an infection tho expoctation uould be that it should
be above 18 thousand. But as the doctor hao llld [ Hhit. count‘of‘SSSB
while not supportive of the hupothoauo. dooon t ollnunnto it. Similarly
for the dtfferontnal. Tho expectation ao that tho porcentago of polys
should bertargeé; but the figure givon is Wwithin thq apgrogrnato
consistent range. The laboratory-data section of thc'APN prétotupo is now

being confirmed,

Question 26 - The next thing I uould like to know is what her urinalysis
looks like

Data Reguested - Results of urinaiysis.
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Goals

‘ﬁrinarg' Confirm pyuria gubgoal to Confirm principal-parts

Kldmg-tnﬂau'tlon g ﬁPﬂ 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.

S1: Parttalty 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 puelomphrltin if oho hao flank pain n ucll.

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 Qicqhqﬁégfééii}igiigconccrncd. itis
important that the other components of;&ho‘un&qalysia.argfgonsigtgqt with
the diagnosis of acute infection. (Consistent in this sense means that
white they may not support the diagnesis, nuthnn\do thgg 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 - Moderate: 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

ktha

stained sediment Will reveal numercus bacteria. Thdéh?brd. the ansuer is

slightly disturbing to the doctor. The confirmation can be made on a

quantitative urine culture {and was in this case), ®o fhe hypothesis

not be rejected on the basis of this finding. The finding is also

need

suggestive (though not very strongly) of obstruction, espscially if the

infection is localized to one kidney.

Question 28 - The next thing | would |ike to know would be the level
renal function. ' '

Data Requested - Values of renal function tests.
Goals ' | ‘
Primary - Confirm/Eliminate (late) CRF subgpal to
Explore developments. stage nacetin nephritis.

Methods - P: Direct: Elevated renal function test Is-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) ,

of her

Doctor’s Commentary - That's enough to stop and make a tentative diagnosis
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and then begun to look for some other things, She's got renal failure.
[t's acute in terms of months, that is from 8" uontho ago till the present
time,she’s had a very rapid deterioration in_ repal function, And we
know she's. got an infectious process going on hor kidncua or at teast
everything is consistent uwith that. That dcgroo of rapidity of remal
failure over 8 months is much more likely that | would expect to see in
somebody with chronic pyelonephritis and would make me suspect something
super i mpgosed, .either.gevere bilateral, pualangth&tjl a@d some_preexisting
disease. That could happen. Or obstructibn. Aga?n. we've got that
history of phenacetin us've been told ahout and pepillasry necrosis.
Commentarg'--Aéain. some degree of impairment of rénal function would be
consistent with the hypothesis of underlying 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 Weasu-ement from 8 months
ago was not accurate and her renal functioh had Geen mich’ louer at that
time. What is concerning him now (and concerned him for the remaining part
“of the prototol) is the possibility of ébifruCtidﬁ“rﬁid{giﬁé,fron papillary
necrosis éecondaru to phenacetin nephritis., lf a papulla had djologcd and
had obstructed one or the other kidney , thlo could enplain uhat oools to

be a very acute drop in renal functlon.

The analysis of the remaining portion of the protocol will not be
included here for tuo reasons. The noﬁt*iibortdﬁf$fa'tﬁatlic‘an anluef to .
his next question concerning kidney size by I¥P, ‘he wuas given inaccurate
data. (As this was the first protocol, we“had not discovered that:the x-
ray report was in orror).. The ilcond reason is that 59 this_tiuo the

" reader should have had sufficient @xposurs 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
ssquence of steps that form a plan is normally arrived at through a
decomposition of the original probliem into a set of oub-problolo that are
considered qaluer in some sense to solve. Ths relationship betusen the
sub-problous and the original probiem can be formally represented by an
AND/OR goal-tree. |

There are tuo distfnct but closely folatod 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
haﬁ been obtained and another }s need that specifies uhat data to look for

next. Diagnostic strategy is defined here as the set of goals and methods

that guide 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 sequence of fho questions that are asked.
Since the focus of study in my research has been describing data-gaghbring
étrategg. whenaver strategy le mentioned it is meant to refer to this
strategy. |

The mode! 1 developed to describe strategies and'otrathg selection |

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

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

some feature of his internal diagnostic
configuration (10C), 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 10C under which the

strategy is potentially applicablie. If 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 frams theory for the representation of knouledge
contributed significantiy to the theoretical basis. <Minksy 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. <Paukarv75>. Newel ! and,Siuon'o,uork:pnﬂthgvropfgspntation of
problem spaces and Neue!!’s MERLIN proqral,alsg_playgd;a.significant role

<Neuel | 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 ctrategyitan_bo identified.
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In the strategy frame mode!, the 10C is represented by a set of descriptors
divided into two basic components, The first is a component | call the

patient model and the sécond is the curgggg’!tétg!55f~tﬁc_doctor in the
diagnostic task. The patient model iufi:rpprénvntajioh.bf the doctor’s

diagnostic thinking about the present iliness of t@ifblt1dnt <Si lverman
74>, It conéists of such things as a [ist of classified ind ordered
hypotheses. A typical disease hupothcsis,bn thio‘ljgg is classified by

. features suqh as being acute or chrohic. single oé‘lultiply'etiologg and
episodic or non-bpioodic. The list is ordered by |ikelihood. The features
of repobted findings are also included in fhl: c&ibonehf."lncludod in the
current statue'conpbhont ar§ such thingi'a; fho'§ﬂ;§§ Sf iﬁo intervien and
the strateﬁu-being used. “ 4 ‘

The‘stéréatgped objects to be "recognized" EQ*GQaninihg the IDC are
those configurations that are associated with the selsction of the
.tratégiu that have been identified through the protocol analysis. Each
of these configurations forms the set biﬁcOn&itiého of a strategy frame.
For example, associated with a stratogu'of.coﬁfiruation 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 strategy ssisction is related to
the selection of methods based 6n prbbiui-upace coﬁfibhftt%bna found in the

work of Newell and Simon, Hewitt's stersotypes <Hewitt 765, Schank's
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scripts <Schank 75>, and Uglhotra'aLrg.g{g;r;goggg i;qg!o.<ﬂqlhqtra 75>.
3.2 Constituents of Strategy Frania

A strategy frame consists of two basic congqngnt;, Tho‘firot is &
prototype uhich 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‘afopn in th~§roson; illneso
process if the prototype is succeesfullu‘llﬁchjé,' Thc éagond component can
be optional. | ,

The prototyps consists of 3 set of torglgg(s'ai?in.gpst frame
structures. Each terminal refers to a 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
inmediately |ife-threatening synpton has been reported. The terminal
specifias a condition that must be met by the fcaturi‘rofeféd'to. I[f this
condition is met the terminal has been matched luccotéfuflg. Associated
with each terminal is a score that lndjcéigs the fola&ivo impaortance 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 can also serve as a component of a

terminal.
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CASE-BUILD-1 s o contirmation ofraiig?u“fhif‘ is appl icable under ‘the
folloning conditionss

1. The principal dissase hynhathesis (POM} . - .
is an acute, single-etiology diseass.

2. There are no other |ikely hypotheses.

3, Absolute score of PDH > .8
Relative score of POH > 1.8

4. No CAUSE or COMPLICATION inks into . the PDH.

{PROTOTYPE CASE-BUILD-1
~ (TERMINAL NUM-HYPS (TRIGGER) .
C((TOTUIK 1 (SCORE B))
(TERMINAL HYP-CLASIF
((AND (ACP ACUTE)
(0SCS DISEASE)
(NETIOL SINGLED)
 (SCORE S)))
(TERMINAL HYP-SCORE

- ((AND (ABSCORE ( > .8)) -
(% > 1.00)

(SCORE 4)))
(TERMINAL nvs;‘-smnne
((AND (NOT (LINK-TYPE PDH CAUSE-OF IN)) . ., .
“(NOT “(LINK-TYPE POH COMPLICATION-OF IN)))
| (SCORE 3))) L
(FAILURE-L INKS

(IF (TOTLIK' 2) (ACTIVATE DTSCRTMINATE-1))
(IF (TOTLIK (> 2)) "(ACTIVATE,EL"‘!%% N-1))

(IF mtm? ﬁcufs‘-'s”n?em l’”‘f’agre‘xvm‘ LD-2))

(IF (ACP CHRONIC) (ACTLYATE CASE-SUILO-3)) ... .

(IF (NETIOL MULTIPLEY ﬁ\cm% %mwrm ))

(STRATEGY = S
((GOAL (CONFIRM (PROTOTYPE POH))) |
(SUGGESTED-HETHODS .

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

Figure 3.1 - Strategy frame for 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@!ﬂg,‘aletggigh a {possibly
empty) set of suggested mgthods. These methods can either be direct or
indirect. A giggg_t__nthod represents the coaversion of the goal (through
syntactic means) into the form of a q;%‘l&i‘mo1"@9(,;Mgintb9d. can
either be the premise of an IF-.T}jENi type rule or a refersnce to another
strategy frame. In the 'it“a’tion where there are no suggested methods
associated with a goal, the (boUnd) goal will indax.3.library of methods in
order to qplqgt a _ntho‘d‘ qpprcpria’te_,’ to tho f‘iqggiqg_;ggigdl_sqa_u;hupothnsis
under cqnaidefation. . .

Figufe 3.1 shous an example of a strategy frame for a variant af the
confirmation sﬁrlto@u called cass-building, Appendix ‘,52 containg a listing

of variables and the feature of the IDC to which sach refars.
3.3 Organization and Operation of the Strategy Frame Syatem

A strategy frams can be activated by the appeacance of a particular
feature in the [OC through the terminals of the frame that serve as
tr'g}ggers. A strategy frame can be considered as, ;;igap'dldau anly if it has
been ac‘t‘iv_a‘teq,_. The frame. system is. acranged mnw;ha Hay, houever, that
the majority of the strategy frames can only bs activated tprqugh' the.
suggested methods of the goal-tree of 3 successfully-metched, higher—lievel
strategy. The suggested nothod:’;;gn_”c.iagad,ui.q;; each.goal act 3s guides in

filling out the details of the tree, These gdetail links can bind.together
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large numbers of strategy frames into compiste sub-eystems.

If the set of suggested msthods Cofitains refersnces to other strategy
frames, sach-of these may be activated-ane-& mitch attempted. [f such a
- subffa’u’is also successful |y matched, the associated strategy replaces the
original wethod:in the goal-tres. Gioba’_: considerations are taken into
- account by impdsing conditiondl teats on the sélection of a member from the
set of suggested wethods at each node of the goaf-tree. In thls way
overall control of the process of itfl’tcgg selection can be maintained
uhile stil| allouing were local details of the configuration to determine
louer~|evel afratogu. This procesi continues untilﬂyllvl' thc {"thojr-im,“l ‘nodes
of the goal-tree are associated with either a single dinct or indirect
method. The process of transfering global ‘Informition can be seen in the
sample strategy frame where the phau of the intcrviouio tokcn into
consideration. |

Anothof ‘forw of br.'gan?":za;‘ﬂbn is iipdd'ed"tﬁ;‘o.u&; ‘tailure links. Each
strategy frame maintains a |ist of alternative frames to activate if the
terminal-matching procedure is not succéestul. ~ (The terminal ;hitching
procedure is not successful if a featire wentiched in’the premise of a
failure=1ink rule does not exactly watch the Eohditicn imposed’ int ‘the

R

terminal it Is a part of.) Each frame wentit

‘a8 an alternative is
either an unrestricted alternative or ‘|s sssociated with a specific reason
for failures It is important to hc‘sti"”mro”‘iﬁa“%"?af‘tu%fi"‘}n”"thi_s‘ context
does not wean the faillure of a stritégy to be dlaghostically productive

after it has been tried, but that it fails to meet - bbiection conditions
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before i»t is applied.
The process of constructing a strategy from the strategy frames should

be vieued as a form of progressive refinement. Sonh&turn of the IDC

are more important in the sslection of strategy ;thgn;’;q:t'hdrs. The sequence
of choices made in the process of constructing a complete goal-tree, from
the highest-level node to the leaf nodes, reflects this implicit hierarchy

. of features.
3.3.1 Strategy Binding and Special Strategies

Strategy binding is the prchgi of replacing the abstract structural
ileuents (such as the principal-part of a disease prntotggq)_ mentioned in
the goal-tree with the specific raferents of 4 dissase frame (e.g. Bladder
irritation is a principal-part of the APNpmtotm.). A_g an example,
consider the cléu of diseases that have as 3 prim}gta:l:fp'art the reduction
in function of an organ or organ sgozto‘n.r' E‘xnbln of this kind of disease
include cirrhosis of the liver, Kimmeistain-Wilson diuau and myxedema.
In applying a strategy of confirﬁﬁgh to each Io"‘?;'"tlhc‘_i;di.uuu. a disease
prototype match must be made. A part of thi‘o “(chi;nc.;ﬁr'ééoduro specifies
determining thd level of organ fmc,tion;» Thitl sklaquidbo feprcuntod by @
goal such as; v

(GOAL
(CONF IR

(PRINCIPAL-PART (PROTOTYPE DISEASE-NAME) -
(DECREASED-FUNCTION ORGAN-SYSTEM))))
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Included in the sst of suggested methods associated ui'th this goal would be

the fol louing wathod:

Binding the gnwal stratogu to each qufiq, qj,upu g\titg rmltg in the
follouwing gguLd strategies:

({GOAL
(mm:tm.mr (P% w&%gsm .
"‘5@ sémmecr v
. NNy
(CONF IR

PAL-PART * (PROTOTYPE KITHELSTEIN-HILSON)
%%nm KIDNEY)))). . -

(METHOD'

“s%n (CREATININE ‘> T F ™ 7~ 7«
~ @BN Gssannp

{PRINCIPAL-PART (PROTOTYPE MYXEQEMA)
mzmon HOIRECT .
(AMJ (PBI (<35)) R
B (< 3PN T e
- This binding procedure results in the construction of a strategy that is
tailored for the shecific diseass. entity under, conaldirition.
It can be argued that experlencid cHhicIBs 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 chat Ctannc at tho NEHC ootinatod that

one-third of all nex cases rofered to thon have unoxptauned hyper tension as
the presenting conpla:nt. ngertenauon isa diaeaoe that is closely
related to a etrategy called causal. fxclusicn (oedasoctnon 4.3). It is
thus reasonabie to oaaumc that ropeﬁtcd bvndtng ut a 1tratogg With respect
to a specific disease or hypothesis qtructurg tends to aqpocnato the bound
strategy uith that disease. ‘A ttf;tcgg:théttt;t;itainod énd associated
nwith a disease is callod as gggggl stratign ic h&raaegg frame model is
flexible onough to tiiou zpecvat stratuna.c. Th' cx;stonce of a special
(pre-bound) stratagu aosocoatad uith one of the currentlu active hypotheses
can be made a teaturt of the 1UC. A otra&egu iralt i. th-n added which
essentially acta lnk--a ”buck—pasanr‘r it ncttt‘thn prcsonce of a special
strategy as part of its prototgpe. Uhen this &nauowtsdactlvated and
successfully natchcd, the tuggestod nethodo 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~sone ocnuo doos
violence to the original conceptlons of Minsky. Hhile thoro is not direct
ev1denco for frame theory as an e xglanatory nechannsu (l.e. a thoorg of

diagnostlc problen-solvnng). ut |s pocstble to argua that nt ia not an
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unreasonable explanation:

1.

2.

Through repeated experience in the process
of taking a present iliness. dactors develop
strategies to deal with each pooooblo con-
tiguration of the 10C, .. . -

At sach level of expartise, within @ particular

- specialty the underlying knouledge base of

3.

"o'

‘medical facte possessad by.each doctor is, to. ..

a close approxiuation. thc same.

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

1t is unreasonable tom that doctors -
associate with each individual disease and
Wwith each possibie grouping of disseses &
aeparate set of strathues.

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

By featurca of dlseases I mean such things a: tho acute ve. chronic

classuflcatlon. Structural. relataonships are CAUSE COHPLICATIDN. etc. If

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

and relationships (and the protocol analuuls provudes sono confirnation

that they do)

then the strategy frame model is not unreallstlc.

3.4 Diagnostic Style and the Strategy Frame Mode!

If it is indeed true that"(at“léasf four of) the doctors who were

subjects have approximately the same underlying (iédicél)‘khoﬁledga base
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(thch Includgs the knouledge of how to take a g;guonthil!ngoc). how can
the differences in behavior found in the protocols ke accounted for and
incorporated in the SFM? (One obviouﬁ_ppngr is that even though they had
heard the same ]nfofqa}iqn.'fhou had Qlffégent:qjggnggtig gqqf]gu¢ptjon|
(e.g. diffyfcnt‘hypthesqs). [f we aggyné. hqypiqﬁL;thatyﬁhcg had the same
configuragioﬁs this vafiation in behavior is diq}qc;ing. A subset of this
v‘vériation ;an’bo oacilg acgqqntod‘foqugnth Sfﬂ$apmit ;tandlﬂ Variatiohl
can be produccd bg asounnng that tho choico of a nodn fron th. .ot of nodes
at a particular level within the goal troo isaa q_gg choicc. Ono kind of
behavioral varuation that this can produce nn a panutatuon in the question -
order unthcn a sot of closelu rolatod quaatlonl.v ijs‘cgn bs sean, for
oxanplo. ln a strategu of confnrnation th!t_qglly foquq3ghingbthl7,
principal-partu of a dioeaec prototypo Tﬁo so!oétion of uhich principal-
part to inquire about first can be uod- a froc cholcn (un many
cnrcuaotancoo). _Free chaice could rloult in oignificaatlu altering the
dlaqnoatuc conflguratlon (and the rcoultung behavior) |f a crucial fact
that is at variance uith oxpcctatlonl ic uncov.red at an carllur ~stage.
Tho choico of conpletolu diffcront otratoglca (under th. assumption of ,'
identscal dnagnostic confaguratnona) nuct still be accountod for Within the
SFM. I uss the torn dtagnostig style to refer to the variatlono in
behavior among doctors resulting from the selection of different
strategies. It is useful to get a feeling for what this kind of variation
is I1ke. Some doctors seem to be more aggressive in pursuing.a hypotheses;

" they ask more gquestions directiy related to its final confirmation at
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earlier it,igii in the interview. In contrast to the ";édrdntiv.* otrullc
there Is a more "cautious” style. A doctor having this .tylo tends to
explore many different sreas before focu.ing in on h!c princlpal diuan
hupothesis or he might intermix the connmt:om ‘questions uith
explorstional gquestions. This kind of behavior cen bi?n’kpalalmd in a
number of Auago.' There can be a high cost associated uith ulumg important
information and thus soms doétors are earoful not to bo lod doun a "garden
path.* Alternatively, the doctor m not fnl collortlbh ulth a hlgh
level of corplulty in the hupothnu otructuu or ulth a certain area of
disease and might tru to ollllnatc unllkolu poulbllltln boforo lttuptlng
" confirmation. Doctors are aiso sware of the fact thlt a putlont m have
multiple, unrelated preblon while only pnnnt”’l’ng uith flndlngc of ons of
them. Many disease procnuo ‘such a8’ clncor o prc-uotn!c rml fai lure
can be “silent” in early stages, o

 Variations con be seen in how doctors choou and punuo a finding.
Some doctors choou to exhaustively characterlzo a ﬁnding alrudg obtained
before uck‘ing lng neu flndinge. ‘Other doctoro tru to onpond tho total
picture they have of & patient befors going atter .pcemc ﬁnd!ng
chanctcrlzanom. Occuuonany. a doctor’ qu nvorn tho norul uquonco
of current symptoms - pnt niam wedient ”ﬁiﬁoru lﬂd lmdlatolu ask
about the history. R ' o

The descriptions | have presented are . imprecise and inpronloniotic: '

they wire lntmdod to glve a'Feader § brosd Svervien o¢" tho range of

varivatloﬂ that is observed. ARy wode! that &laiue to'Be able 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. It aan be included: by weighting. the scoring of the
tr _frames. | o I !

‘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 cauticus 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:'ﬁndin‘g. ~While
this description does not tell the uﬁoia story of hou style is incorporated
into the SFM, it shous that the wodel is flexible ehough to include it in @
rather simple uay.

Style is perhaps the feast understood facet of human problem-solving
behavior and specifically, the problem-solving behavior of doctors.
Dowbal, uho examined the protocols of doctors taking a case of abdominal
pain was forced to conclude that (probebly becauss of the sffects of style)
that thers was no such thing as the "diagnostic process.” <Dombal 73> In
other problem domains it may have as much if‘{"u’:t""‘u'n"“"détornfih,ihﬁ time-to-

solution as intelligence and domain-specific knowledge.
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In this chapter a scheme is presented fﬁr‘gjaqs}fuing,thg data-gathering
strategies from the péotocols. For a long time one type of otratdgu has
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 ]

considered an important step forhard in jh§w§y§tqnatic‘organizatiqn of
diagnostic procedures. Of course, many doctors hqy,qbcgpt that diagnosis
requires a larger repertoire of strategies. ‘} ’

The classification scheme prpgantcd belon uaovd;iplqped‘by assqssing
the intended effect of each question. It uag';}ogr:fhgt the answers to
certain.questions (or‘jroups_of quegfiong) would havo‘thebeffect of
establishing a hypothesis if the aniunrp,ucf the expectations of the
doctor. On the other hand, there were gg!gtions thg}“qgrn.aiued at
removing a hypothesis from contontibn or deciding which of two different
but closely related hypotheses uas better. Finallg, there was a ciaoa of
qguestions whose intended effect was to develop a nou‘hgpothesia or sharpen

an existing one. The names | have assigned to each of these different

types of goals are Confirggtion. gjiuinatigg. gipcriniqgtion and
Exploration. A strategy is assigned to one of thess four categories based
on the intended effect of its top-level goal. The protocol analysis:

revealed that within each of these categories there uas a wide range of
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variation; there are different types of confirmation , elimination,
discrimination and explorafiontstrhtogiot. The classification of
strategies within a category is made on the basis of the method used. ‘In a
direct mathod, the data sought is the same as (or oquiihlont to) the entity
to'thch the goal is being applied. In an indlrect-ﬁifhbd. the data sought
is derived from the premise of a rule‘that'aihociitoéithe data with the
entity to which the goal is applied.

A schéne for claué}fying strategids says nothing about the conditions
for the selection of a particular strategy. In addition to its value as an
observation of underlying structure in the 6uperiusnthi‘déta. however, it
can give us a uay of viewing strategies in terms that can aid in our
understanding of thc’clinical decisidn-hakfhg‘procuts,' 1 each question
asked by the doctors represented a difforéhf'sygg of iifdtdgu our ability
to describe and understand the doctor’s probiem-sclving behavior 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 aravcharactcéizidlbu'Qubifibﬁl ;H3§;iéck evidence that
Will support the hypothesis to be confirmed. “Further, the type of evidence
that is sought is positive evidence. This means findings 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»giql!ac_gp‘tho

legal concept of circumstantial evidence; it 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:i She was said to have a bilateral staph.
pyelonephritis. .

As our protocols demonstrated direct confirmation using the expert ultness

method will bﬁ quickly abandoned ohce fho wttmtrmprovm tobe

unrelisble. In general, housver, doctors must rely on the previous

hospital records or ropart’s’frou other doctors to a certain extent.

Prima faé1§ direct confirlathurfivﬂbrialIUAribtficiidito physical
exanination or {sboratory findings but &én be used in ather phases as the
| e:‘:’aufplo of the dysuria demonstrates. This stFategy can best be understood
| by observing that .asking for prima facie evidence is equivalent to asking
if the patient has the bbndition'biﬁ?g tested for. xfiihg‘lf the -
creatinine value is elevated is equivalent to asking if the patient has

renal failure.
4.1.2 Indirect Confirmation

Indirsct confurnat:on was the most conon .tratagg found in the
protocols. A single application of this ctrltow pnontod from one to as
many as flfteen questions. Indirect confirmation o"ir;l’t'd_giia are bqud on
the use of findmg-duuan suocistcon rqu. ?hogomral forl of t;ano
rules iss \ ' o S

" evidence-for ;
<collection of findings» w-=ewr==r-=ew=> ¢g}inical 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 example. Of
course |f enough credible witnesses sau the dbfmt puH the irigger. the
 other elene‘hfavinight not be mcum(Mthough wotive is ihportant in
" determining which degres of homicide the defendant will be prosecuted
| for.). | | o '
Case-building in medical diagnosis is similar to this legal example.
(0f course the doctor is not bound by the rules bf evidence.) ’Therc’:dncap-t
of opportunity is found, for example, in the consideration of a patiint who
soems to have a diseass that has a claar demograghié distiibution. The
past presence of a patient in"a place ibere he uould havé been exposed to a
certain kind of infectious disedss would normaily bé confirmed if the -
doctor is considering as a'diagnosis an lnfgctjon that is localized to that
part of the worid. The analogy of "tepls” can be sesn in diagnosing
“alcoholic cirrhasis of the Iiver. Tho‘éoctoruust demonstrate that a
sufficient amount of alcohol was avaigabl.andconmd by the patient.
The concept corresponding to motive in medical diagnocio is predisposition.
A person uith diabstes mellitus is prodf:poud to having urinaru tract
infections; he has a *motive" for getting the diseass.
This analogg "(l'i:ko most analogicii:“éin’bi‘evcb&ohc. The point | would
llke to make is that in attempting to confiri a disgnostic hypothesis a
great deal of evidence of different tupnluatbté'lthirod. *Case~building
is not a single strategy but a collsction di::tr"itai;‘s; The variant of
case-buiiding that the doctor uses depends on the nature of the disease

hypothesis to which it is appliad. The three msjor variants that I have
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identified correspond to the classification of a disease as acute,single-
phase, acute, multiple-phase or chraonic.

- Cage-Building-1 - Acute, Si

An acute, single-phase disease is ona that develops over a short time
period and has only one phase of_develppnont. Exahplns are influenza,
acute myocardial infércxion (hgant agtack)ﬁand 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;uit to give an.exact definition of what a
péototupe is. The uworking definition that nqot-ef,tbo'doqtora ssemed to
use is that it is the collection of signs and. wnfp,tqn_,{h;é;ﬁ they would
expect the patisnt to have if the patient had the disease. It includes all
the findings that are necessary evidence. For ounnpis;‘tho~prototup; for

influenza is:

(PROTOTYPE INFLUENZA
(SYMPTOMATIC-HISTORY-REVEALS
(ONSET .
(CONSTELLATION
{FEVER AND CHILLS: AHD MALAISE))
(BETLEEN: (18- Mit) - (2 HR)))
AND MUSCLE-ACHES |
AND COUGH
AND NASAL-STUFFINESS.
AND (OCCASIONALLY PROSTRATION |
AND NAUSEA
AND CORYZA))
(PHYSICAL-EXAMINATION~REVEALS - .
MILD-PHARYNGEAL-INJECTION AND
FLUSHED-FACE. AND |
CONJUCTI VAL -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~db€trnining a treatment,
acute pericarditis, for example. This variant ot case-building will
typically invoke a sub-strategy to determine the etiofogy. -
| Case-Building-2 - Acute, Multiple-phase Dissases

The diseases that fall under this classification are ‘short-term with

tuo or more distinct phases of development. Examples are scute
glomerulonephritis and acute tubular necrosis {scute renal failure). This
strategy is characterized by confirming a set of prototypes; each
representing & phase of the diseass. The prototype-~set also includes the
time-relationships among the phases. For mh‘.?» the set of prototypes
for acute tubular necrosis:
(PROTOTYPE-SET ACUTE-TUBULAR-NECROSIS
{ (PROTOTYPE OLIGURIC-PHASE
{OLIGURIA AND
RED-CELLS AND N
- GRANULAR-CASTS ..., ETC.))
{PROTOTYPE DIURETIC-PHAGE
(PG.YUR]A e Emn’))

(TIME-BETWEEN (OLIGURIC-PHASE DIURETIC-PHASE)
(BETWEEN (2 DAYS) (6 UEBEKS)))) .

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

sub-strategy may be invoked to deterwine 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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which each is tried). They are:
1. Confirm the initial event (inciuding

prevequisitesl. The initial svent ia.nermally
associated with the cause of the disease. ' In

this situation it is called the precipiteting.
event.

2. Contirm thc aovolopuental ccenario bg confirnlng
sach principal event. - This -0ondetermine the
stage of development.

3.~Confirn the tlne-ondcpendont fondsngs.

4. 1f the discau hao a tupccal acuto prncntation.
- confirm the associated prototypes .. >

5. Confirm any. prediapositions. to the pnmpcttting
event.

An exampla of this strategy is in the protoce! analyzed. in Chapter 2.
Here the doctor wished to confirm chranic. pysionephritis.  The: -
precipitatirjyg, event was an initial urinary tract infection in associstion
With a kidney stone 17 years sar!isr. The scanarie that- the: doctor chose
to match specifisd chronic bacteriuria uitg;mtyflworq» of urinary
tract infection. .After establishing: this , the doctor: estabiished &
predisposition to CPN, phenacetin abuse.

4.2 Elimination Strategies

Elimination strategies are invoked uhen -the doctor. uishes to remove a

hypothesis from active contention. This. ncrmal ly.means moving the

hypothesis to the RULED-OUT section of the PLIS.. (Moving 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 dltcrnlntng;umthqr 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, houever, is not the only cr I,to;r)uz%rp_f;or the selection of
~elimination. - The number of separata af-uo coversd by ‘the set of hypotheses
is another crdcial element. As shounm fhc m}uzoq b‘i‘btocol, the

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

the doctor's uloction ‘of an atratcgg at Qtnutnon 4’.”(% 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 fgr 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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If the current focus of questioning is urinalysis
findings, for example, @ hypothesis that can_he
eliminated by asking about the prcoencc of r.d-coll
casts. would be prefsred. ,
4. The potential decrease in the PLIS density:
a whale set of hypotheses on the hypothesis Inst
connected through relational .|inks can be removad.
by cutting & hypothesis. Cutting a hupothcalt that
has many CAUSE or. COMPLICATION |inks on the.
PLIS is generally prefered.
S. The prognosis of a disease hypothesis. The protocol
analysis revealed that the mors serioqus the.disegss
uas in terme of difficulty of treatment or having
a poor prognosis the more likely the doctor wuas to
try and efiminate it,
6. The number of findings leftIUnixp!aancd‘bg a
_hypothesis. A hypothesis that leavas many of the
findings unexplained is a proforcd choice for
e!:nanatton. o
' Elininatibn:strategies—are charactérizéd.bg questions about the
absence of findings that are aither necessary evidence for a disease or are
0. often found if @ disease is present that their absence weighs very
heavily against a disease hypothesis. What distinguishes an elimination
strategy from a discrimination strategy is that'a ihding sought that is
evidence against the disease hybothbéii-tb be eliminated is not necessarily
evidence that supports any other hypothesis on the list.

The goal of elimination must also be distinguished from the possible
résults of expioration. An exploration strétiﬁb,piyﬁhQQj‘tﬁc result of
eliminating areas of consideration, but since the hﬁébthhtc: that are
eliminated were never on the PLIS to begin uith, Itnébn.nof:bo 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 ’thc
protécois I notod this type of strategy with a top-level! goal of
Confirm/Eliminate. There are many ﬁdépi\'o:'.: Asking if dye could be seen
in the ureters s if yes, no total ureteral ’"dhstrvdc}tibh. i no, obstruction
is present. Another example is the urine culture ’ao‘" evidence of active

urinary tract infection.
4,2.2 Indirect Elimination

Indirect elininationils'a.ctaaj qi;oiraiéﬁﬁ;§ &hat have structural
oit&iiaritin to indirect confirmation stretegicés?”ouéh as case-building. It
is tempting to call these stratagmo ggatwe caeo—building. These
ctrategms uere not a; comnlu m in tho prqtocqls oinplg because in the

case we used, thsy probablu uerc not mgdcd Indmgct alimination is

~ characterized by the following set of subgoals:

1. Confirm symptoms inconsistent with
. the hgpnth.ula,‘

2. Contirm the shssnce of & precipitating
. avent, .tnqlomul agent, and. predisposition

3. Confirm tho ahmcn Qﬁ pmnpml svents
_in the dqvatwtal scenario.: -

4. Confirm physical exam findmgo lnconustent
- Hith hypothesis. Ce g e

‘S, Rule-out (eliminate) the hgpothnla ualng
Laboratory data, Lotome R
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Consider an example from protocel 4. The doctor js trying to eliminate

chroniq ahdoqinél problems:

Di
. which required surgery i the paet?

Ks

Has this lady ever had any abdominal conplalnto

She had' a chio facys tec tolj ‘and sppiindec towy

sovontoan years earlaar. .

Ds
s
Os

K:
Ds

‘Nas thla the furst tinc nhe ovor had abdoninal

probtlas

- You

She’d never had any trouble as & chifd where she

_missed school because of ahdoninal copplaint..,r

3RS

Not that we're auare of,

Or hld irregular houol uovougnto--again I'm
looking. . the goa! herd .. 7% this & chronic
pattern of a person who has had sbdominal

‘complaints al1 their 11 fiand had ‘sh sppindettomy

and cholecystectomy gonc onﬁtho bgglz ot 4uyt

“ehronlc complaining.. 018

of her cholocyotoctpgy;ghc:bayg{gg}lp;qpopg$ h

We don't have that information,

As the reader has probably noticed, the interpretation of this set of

questions is subtie. 1t could bi‘irﬁhcﬁ'tﬁii’tﬁiidéciériﬁicit;ylhg to

confirm a devaiopserital scenario for chronic abdominal problems. The

reason Dr. Kassirer and ! éhoni”fé“iﬁio?béii”ihi; a.'faéiriét‘oiinination

was the absence of any |inks made by the doctor to her current symptoms and

the remarks made by the doctor after the.protocal had been taken in which

he said that it is very common tofjiiﬁifﬁgitgéﬁJgg?thonic complaints and

procedures performed Without any underiying chronic problems being found.
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4.2.2.1 Causal Exclusion - An Indirect Elininatiﬁn'Stratiqu

An example of indirect elimination idfé,ﬂtrstcnu.cdliod causal
exclusion. UWhen a patient presents with f‘ﬂdiﬂﬂ!’ﬁhﬂt 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;ffuro Beeson an& McDermitt 71>.

A diagnosis nujf 1nclud§ tHe undgriying.cihiiiiib;haéisn.l As has boen‘
stated prevuoualy this is important fer a nunbor of reasons. Among them is
to separate out treatable causao fron untrnatablo cluacs. The mode of
treatment nag ‘also dopend on the otioloqg. o

Causal exclusion is a strategy that is invoked in order to eliminate
frém\considgraﬁiqn 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 cauee (or set of causes)
té be eliniﬁatod. An example of causal exclusion can be. found in Protocol
2, |

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

Co pressure? The reason ['m asking that question
is that in association uith certain kinds of
renal insufficiency hypertension is a very

common feature.

K:s  No, shs didn't.
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“Ds The ansuer to that question |sads 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

Discrimination could be viewed as a form of elimination in that the
_goal is to elimingta one of anotheh ofvtgo coppgtlng‘hupgthnseo. Lopked at
in the other direction, elimination could be seen as a form of
discrihination. uhere 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 aelimination strategies:
1. They are applied to pairs of hypotheses. 2. In tobns.bf the information
sought, any evidence that supports ons of hgpotheoeavis‘also evidsnce
against the other hypothesis. Medical books 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 digseases Kith
similar symptoms the patient has.

It might be argued that elimination strategies tchd to indirectiy
aupport the hypotheses that remain under conuiderafion,' I we eliminate an
alternative hypothesis from a list that is known to ba.an exhaustive
enumeration of all possible diagnostic hypotheses we in fact do tend to add

uweight to (at least) a subset of the hypotheses that remain., 0Of course,
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this situation may not occur With uith anu{fr.qqucg iq real diagnostic
situations. In the same light, by eliminating aﬂl_lv‘othor options but one,
under the sawe conditions, we could conclude that we have confirmed the
remaining hypothesio. These technigques are clever and no doubt are used by
most physicians some of the time. In the protoco! analysis, however, | did
not observe these techniques being used. What was evident, houever, uas
that there were tuo different kinds of questions associated with the
application of a discrimination strategy:s 1. Asking as a noncommittal
question for the presence or absence of a tinding or for the valus of some
measure (such as the hematocrit). 2. Asking a sst of questions to

characterize a finding, normally a mtodl k
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 facie
evidence in support of one hypothesis while the negative finding is
necessary evidence for the other hypothesis. An exampls that was found in
nearly every protocol uas to discriminate an ééu"te‘:frdi a chronic probiem.
Five out of the six doctors asked for the duration of the neusea and
vomi ting. Naus_ta and vomiting of lohg duration ls pﬂh’l’fcé’u evidence for
~a chronic problem, while nausea and vomiting of short diration is nicuurg
evidence for an acute problem. Due to the naturs of clinical medicine

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

Most dcscrlnlnatnon stratagles that Here observod fall into the
category of indirect djscrnmnnatuon. Indiroct discrtn'nation is
characterized by quoations derived frou rutss that assOCIate the positive
finding as supportung evidence for one hypothosls and negatlva evidence for
the competing hypothesis. In Protocol 4 an okauplﬂ 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 kidney problem:

"Dt I'm thinking more of & Kkidney thing than-a =
: bous! thing and | would ask her did she have
any change 'in boust moveMents associated with
this {(the doninal pannl? ls this @ poscubnlutg.
Ks  He don t have any lnformat:on about it.

D: There is no diarrhea that ue're aware of?

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

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

D:  I'm feeling ....it would be noro ltkalg
a kidney problem or a Hladder problem [°d
be concerned with., [ would ask about the
* the abdominal pa%n....dld‘fhe patient doscrlbe
it or where it where it is ltocated?

K: The location was said to be in tha dfba 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 associated
with obstruction or renal calcull from tho‘fiank'biin‘o} (uncomp| i cated)
pyelonephritiss

D: Did the pain in the flank raduato at alle.,
did it move? : ,

K: [t uas said to radiate sround to betuesn the .
left flank and the left kidney area.

Ds Did the pain at all radnatc down :nto tho
grein?

K: She had also«auporpub¢c pain snd tenderness
at times.

The final example of differential symptom characterization comes from
Protocol 2. ln thii exanple the docter ii;trﬂ#nglle discriminate uremia
from other caules of nausea and vomiting (specificallu. Gl causes).

Dt Uas she nauscated for tho-uhole poriod of
time? Again ['m trying te charatterize this
nausea that she had. And the vomiting: was it
associated with foed, was it spentaneous. First
of all, was she- contnnually nauseated?

K:  She first became nauseated toward.the beginning
of the illness and later on began to vomit.

D: And uas the vomltong aaooctatod uoth oatung
. or did she wake up in the morning with nausea
and vomiting?

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

D: I'm still thinking renal diseass and ] don't
 know why at this point...But | nas thinking
with that question in terms of uremia.
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4.4 Exploration Strategies

The discovery of a class of strafagibs uho_u;,té;z-vl';e'vol goals could
ne'i ther be classified as confirmation nor as a form of elimination or
discrimination was unexpected (even tbéuéh‘.,jt is nat.difficult to imagine
strategies that are not hypothesis driven.). The'kt‘o;b-l-ovel gbal of
diagnosis specifies devaloping a diagnostic hupothnn and then confirming
ite If angbnq has »}ev,_rha_d to repair a car or a'.r‘ad'cq there are many times
when the presenting "symptoms" suggest nothing pqtg'mcuviq_thin f:th"
elect'ricavl system" or "the poueri,suppu',' and even thogé.npn-qucific
hypotheses might have a low certainty. The strategies that car mechanics,
radio and TV _robairmn use have a certain. gimilarity to the strategies that
the doctors used. In the preseﬁce of nor.\-specif\i;‘ cluss these
diagnosticians can (and do) use variations of uhat g@qld be called check-
out lists. A check-out list io‘cim;lu“a m-emi;mim‘og quastions or
| conditioﬁs to be tested. The .nature of these |ists iﬁ.‘!qch,tha\t in aimost
all cases they Qill turn up something that will generate a very specific
hypothesis. The d‘iagnonti:ian then can either cml&t& the check-out list
or immediately turn to the hypothesis (or hypothesss). .that has been
generated. These lists can be quite complex;. they can ‘contqinl:naw'branch
points and levels of detail. In medicine, the conpcphmiu chack-out list
is called a revien of systems. |

The protocal analysis revealed thrae differant intended sffects uhose

top-level goals | have classified a»e-‘pxp'loratiom They ares
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1. Developing a hypothesis in an area where
there are no hypotheses at present.

2. Sharpening a hgpothuh bg nkmg it ‘more
" specific -

. 'Cheécking fer'ldéitiéniiﬁrobldn‘ in the'

presence of & hypothesis structure that is

“already sufficidnt to exptatn the-khoun

findings.
The use of the uord "area” in 1. s meant te bé ver( general. It can refer
to an ares of internal medicine suth ss valvuler W’t disease or
carcinowas of -the pancreas. [t can also refer to #n aspect of the
relational structure of a disesse such as complicstions of urinary tract
atittr\lactron or Gauses of rénal failure. 1% 'can alsd refer to aspects of
the patient’s condition that cat dcréss @il ‘élinical "chtegories such as the
sevﬁritg of the iliness, ‘

Making a hypotheeis more specific s what dodtors generaliy wean by
sharpening a hypothesis. It s not uncommon for a doctor to start with a
broad hypothesie such as chronic Fenal dfssase or ‘dufe abdominal problem
and try to sharpen it rnulting in, for exawple, chrodie pucl’oncphroth in
the former cBsé and dcute pancrestitis (A’ the Tatfer.

An important consideration In making a tinat disgnosis 'is that It
‘should be "comptete” in the ssnse of not mid¥iry any secondary, subsidiary
or cowplementary problews of the patient. Ever though thess might not be
the major problems (or at least the mstmo‘mﬁ»%ﬁlt ths patient is
mani festing, ‘8ny managewent decisions avout the mﬁeﬁt’ tﬁouid"'%hly be made
With as complete a diaqmctic uicturc 88 poveivie.” In ‘the case’ 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 with 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,oh the PLIS
and/or 2. There has been no avidence presented as yet that the condition is
present. Direct exploration can result in the sinpltanedua 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 Iadg who is presantnng
With uremia with what 1 think are uremic.
symptoms in association with an acute. bactsrial
‘infection superimposed on chronic pyelo, 1'd
be concerned with her eloctroigtc status at the
time of admission as weil,

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

D: VYes

K: 148, 3.7, 189 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.

Occasional ly, direct exploration can use the expert witness method. From
Protoco!l 6: |
D: The next question would be had she any history
‘of any kudngu dissase in the past. Speclflclllu
has she ever been toid that she had a kidney
disease as a youngster or in the course of
pregnancies or anything of that ourt7

K: She did have a history of diff:culties With her
kidneys in the past. : : o

- 4,4,2 Indirect Exploration

Indirect exploration is characterized by qUioffonl'doEivcdfron rules
that assocuate the findnnq sought to thc actlv!tion of a discaoo |
hypothesis. This strategy can enconpass a slngla questnon or uwhole groups |
of questions. The following example from Protocol 3 can bo conolderod as a
single queetion.» The doctor has anvok-d pr!oratlon ln order to develop a
hypothesis in the,area of chronic renal dlslaacs

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

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

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

K3 That's correct. i

D: No bouts of unexplained fever?
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No unexplained fever.

One area that'concornod'th§ adbt§f:“g;i the ssverity of her iliness.

Question 4 of the analyzed protacol is an example aof indirect exploration

focused on the question of severity. In the next example (from Protocel 6)

the issue of severity in a previous iliness Is explored:

Din

Ks
Di

Was she hospitalized ont that occasion?
Yes she was. Why did you want to know that?

Because [ would assume to soms extent the
severity of her symptoms might be reflected
in whether or not she was hospitalized. It
would give me an indication of hoq sarlnuslu
11 she wais at ‘the time,

The next oxanplo ohouo hou indiroct nxploration can be used to dovalop 2

hgpothosis of oarlu ronal fauluro. Agann fron Protocol 6

0:
K:
o
' k:

It a doctor had

Ual thero ang uodlfncatuon of hor diet?
Not that we' re aware of.

Was thoro any reduction in thu nnount of
protein in her diot?

We’re not ‘auars of any change in diet.

found renal ansufficloncg an tho past, one therapy plan

night include a reduction in the amount of protcjn the pationt could

" incorporate in her dlct.

The final example of a oinglo-quostlon. lndjrcpt upJgra;]pn strategy

_ shous how it can be used to check for sscondary or associated conditlions

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

K: I'm sorry but 1 don’t have “that information.

D: I raise that questuin nou because of ite

association uith chronic renal disaass. - Iy
computer tells me that uhenever you get chronic

renal diseass you nead to know ahout the blood .
pressure.

4.4.2.1 The Revisn of Systenms

The rovie’ulof systems is the best ompl. 1 found of an extended,
ihdirect expioration strategy. HMany doctort consider asking this
collection of quutuons to b: a routmo procodun to bo porfornd
regardiess of any duaqnoatnc.hgpothcus. lndud. the ncond halvos of
Protocols 4 and 6 were extensive and niiarlu conplct. rovious of systems.
The normal review of systems Wil cover;uch aress as the head, ears, eyes,
nose and throat (HEENT), the skin andmagula--nkaletonal system, the
cardiovascular, genitogrinarg. jgaatrpki_n;gg.t,_imjv ang neuyrological systems.
Most doctors will include a history of medications and previous Hlnuﬁs
(although these are usually considered part of the medical history).

As an example of this strategy | will focus on a protocol that, so
far, has not been used as an example - Protocol 5. This pré’i}:éol hao- by far
the most difficult'one to analyze. Most of the protoco! was a review of
. gystems, but one that seemed to be taiiored 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.tiologgtﬂ The reason for the
difficulty in analysis uas that while sach question could be viewed as
having a éonfirbatlon or elimination goat thof. ssemsd to be no clear
hgpothosis‘structuro to which to apply thess goals. Fcf'tﬁtc reason both
Dr. Kassirer and I decided that each question ubs‘roallg‘ncantvto develop
hypotheses rather than confirm or sliminate them ov§n5thoﬁ§h in the process
of developing a diagnostic hypothesis, fho doctor_dodé oliuinﬁto‘cebtain
areas of consideration. | | |
D: I think I'd Iike to go to sort of a iuitilatié
review of her health to see if ue can pick up any
anciilary information. Had she ever besen told
about .....had she ever-had any prublcun utth
her skin? Rashas or allergies? '
K: No.
O: Had she been subject to haada;ho?
D:  She had a long history of headaches.
K: MWas she treated? Did she treat h-roof;?

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

0: Db we know the nature of this nodicatioq?'
K: She took Empirin tablets.
0: Houw many did she take.

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

D: Gver uhat period of time.
'K:  For about 15 years.

D: UWhat 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 toid she had high blaed pressuras.
Had it been examined?

[t had been examined on numercus qccasions some
“time ago. : .

“How about her vision?

No problems with her vision.

Has she beenbeubject to seizures?

~ No.

Hou about depressions? Pauchiatr?cQ...?

' 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
hack ing. cough without sputum production.

Obviously the most cogent thing we've picked up

in this revieu is the very heavy abuse: of Empirin
‘which [ think could well be related to the:problem
she had with kidrney stones. .could wed | iey fact have
been a sloughed papilla from papiliasry necrosis. The
episode she’s having.now cowld well represent
episodes of renal infection or papillary necrosis
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related to phgnagotin abuse or anaigg;fc.abuoo.

The doctor iﬁ‘bbing a littie modest at this pointf‘*The hypothesis he
sgateé is clearly his PDH. The rcmainihg’quesffbng‘éan.éither be viewed
either as exploration or a ueak form of elimination. It was difficult to
decide because the doctor’s PLIS now contains a vorg“sharb hypothesis.

D;_ Had she had any problems with cardlac dnsoase
or anguna?

‘K1~ She has no cardiac symptoms.

D: Ankle suelling? '

K: No.

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

K: No.

The focus is nou in the area of GI problouo.

O: Any probless with her appetits ur any difficultu
ouallouing?

Ks No.

D: Any previous episodes that ue khbé‘abbut'of
gastrointestinal upset, any ulcers?

Kx No.

D: The cholecystsctomy uaa.porfornad bpcauae of
" what....jaundice? Pain?

K: I don’t have any information about that.
D: Bowe! habits? »

K: She has a rectocels. She has had a history
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of severe conoitipaé?dh*ib¥o sever since March.
O: UWas she taking any medication?
K: No she uas not.

'D: Had she noticed any change in. the colar of
» her stool?

K: No.

D: 1 uant to get a feel for her menstrual hlstory
nowW....onset of menses was....?

K: Normal age.

D: Does she have any chi ldren?

K: She has one child uho is 35 and well.

D: Did she have any difficultg With thlt prognancg?
Ki Not thaf we're auare of.

D:  And was it delivered normaliy?

K: I don’t have any information.

D: But she didn’t have any ngcinsnn ar. cesarean
section? ’ f. o

K: No.

D: Did she hava any problam with hqr lant:? Any
swelling? Pain like arthritis?

K3 No.
D: UWell again, 1 think the main thing ue’ve.
 lwarned from fhat brist review of ggotcns is
~ that she’s had this largt 7ﬁy¢utTeﬁ of Empirin.
In Chaptor 3 | discussed diagnostic-gggég, - Hithout any considerations

of style the preceding diajogue could not 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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_ee.endw 1 - Afrm_mmm_u

(FRAME ACUTE-PYELONEPHRITIS

(CLASSIFICATION-OF % - |
ACUTE EPISDBIC SINGLE-ETIOLOGY INTERSTITIAL mamsass)

(ULTIMATE-ETIOLOGY-OF =
BACTERIAL-IM:ECIION-N-LHINMY-IRACT)

 (ULTIMATE-SEQUEL-OF *
NONE)

(STD%S—OF *

{AL, 'F-MJ“VS

(ASCENDTNG-PATHUAY -ROUTE SCENARIO o
(BEGINS-MITH (EPISQOE-OF LCLER-LRINAR! I:-,HFECTIW}O

mmenm-esmeeu
(EPISODE-OF LOWER-URINARY-TRACT-INFECTION)
o égmsom-‘gugg;.mr{mn .
~ (BETMEEN ( )
((INTERVAL-BETLEEN
(EPISODE-OF KIDONEY-INFECTION)
(EPISODE-OF #))
_ (BETWEEN ¥5).(4 msnu
(COTEMPORANECUS @m {

| (EPISODE-OF %))))
(OCCASTONALLY

(DESCENDING-PATHWAY-ROUTE SCENARIO
{BEGINS-WITH (EPISODE-OF BLOOD-BORNE-INFECTION))
((EP1SODE-OF BLOOD-BORNE-INFECTION). PROGRESSES-TO
(EP1SODE-OF KIDNEY-INFECTION)) '
(OCCASIONALLY ( (EPISODE-OF KIDNEY~INFECTION) PROGRESSES-TO
(EP1SODE-OF LOWER-URINARY-TRACT-INFECTION) 13
({EPISODE-OF KIDNEY-INFECTION) CAUSES (EP1SODE-OF =)
(TIME-PATTERN
~ ( (INTERVAL-BETWEEN
(EP1SODE-OF BLOOD-BORNE-INFECTION) -
(EP1SODE-OF KIDNEY-INFECTION)) i
(BETUWEEN (8 DAYS) (S DAYS))) .
{ (INTERVAL -BETWEEN
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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




FDLL-quELLI m,-l.ﬁle UQ

-
TURTA OR
'CLﬂDY ﬂ!’)) ‘
AND L
msmé%y W%Am ""s'-a:-:\ceq.' s
uemsu:ﬁ-g?mxw“_‘ T-INPECTION)

(EPISODE-OF }13)1) *
' (PHYSICAL-EXAMINATION-REVEALS |
( (USUALLY moam aﬁwmm Aw

NG enenm
AND
, (OCCASIONALLY Aauomm-mw.ssm
(LABORATORY-TESTS-REVEAL"™
{ (USUALLY (LIGHT-PRUTEIM# n

m
m& mo
mwrvsat. :.-cu.men
AND

' (OCCASFONALLY (ENLARGED-KTONEY m
k mﬂﬂtmnn;m

(ASSDC}ATEB—E!SEASES-QR-»STAT.ES-BF *
(COMPLICAT FOR-DF -URINARY-TRACT-0BSTRUCTION)
(COMPLICATION-OF CHRON
(COMPLTCATIONZDF “P¥
(COMPLICATION-OF PAPI

(COMPLICATION-OF, PERINEPHR.
(cmxcmouﬁ‘ %‘:&im*és; ‘

(COMPLICATION-OF RENAL-CALCLLI). -
(COMPLICATED-BY mrsnsnm-mn o

(PREDISPOSITIONS-TO
DIABETES-MELLITUS
PHENACETIN-ABUSE
CHRONIC-BACTERIURIA ,
POTASSIUM-DERLETION L
URINARY- mcr-uasrmcrm’
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URINARY-TRACT -ANATONML CAL,-ABNORMAL I TIES
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-

(OCCASTONALLY - (FEVEH OR EHILLSY mmrﬁv&
(OCCASIONALLY (LUMBAR-PAIN OR BACKA

(TREATHENT-FOR » PARENTERAL-ANT}SIﬁnci% h il

(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))
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(IF (HISTORY-OF (ous-oa-msé 0ctu -OF
( (EP1SODE-OF u;w-mr-lmum

(EP1SOOE-QF »))))
(CWSIEER CPRUNIC-PELWIT!S))

(cm "V.»v-w«
(IF ( (RENAL -VASCULA

(FLANK-PAIN AND HEMATURTAT)

(CONSIDER PAPILLARY . ~
(IF (TIME-OURATION RN DR & (3 WEBXS)))

(CONSICER CHAONIC-REMM.DISEASE)))) -
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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
1liness 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 therapise h—‘.ll"di"miﬁluc of this variable.
Example: IV fluids for dehydration.
Caveats-Against-Traatment (CMTREAT) - If there aré any caveats such as

contra-tndications or possible complications in the consideration of a
treatment assigned to MITREAT, they are made the valus of this variable.
Clearly, the focus of ths strategy will be to inquire about these if the

need for immediate treatment hae been esteblished.

g_a_'veats-Eiplored (XMTREAY) -~ Amﬁfg"f%oiupocifq if the caveats have been

exp‘ aored. -

Prognosie-if-Treatwent-Given (PMTREAT) - Future questioning uill be
affected by the fﬁrbgno!'-is' anid expdctiif; rnu?ttdf’tmrim ‘for the condition
needing viunediltc treatsent as this is 4 factse in determining a total
management plan for the patient. Valuss for this varlabis are POOR, GOOO

Inforwation Sources

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

influenced by what sources of Tnformation®sbout the patient are avallable.
Sources can range from the patient himsel¥, tothpatilnt's frlonds and
relatives, the LMD,a small regional hoepital or & large teaching hospital.
This varisble s a 11st of all knoun sources of Information that are
available for this particuler pi’tiinf. I+ a doctor meeds an expert opinion
about the patient's past medical history he might ask if ehé Mas aver been

hospital ized.

Credability-of-Information-Sources (CRED) - Assbciated uith 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 source of the information he wanted ua§ a.cgftaln hospital with a
questionable rcputatipn. he tended to discount much ofaghe hoebital record
repor ted.

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

in order of preference. Expert witnesses such as recognized specialists or

. consultants will have a higher preference than L!Ds. This |ist can not be

computed directly from the credabilities, as some them might not be known.
Thue, this list can consist of an ordered List of unordered sublists.
| 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 Wwith 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 period of time while bleéding is immediately

|ife-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 & differential discrimination net based on their dimensions
of characterization. The nodes In such a net point to different disease
hypotheses. A common discrimination strategy used by ddctqrs 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 s suggestive of cellulitis. This flag specifies if any of the
reported findings has such an associated net.

Major i ty-System-Association-of-Findings (M5YS} ~ Most findings can be

associated with a particular organ 6gsteu'ofyfhi body. For example,

' nausea, vomiting, melena and diarrhed are - associated with the Gl system,
while .duspn,ea and rales are associated with the respiratory system. Some
findings, such as weskness and fever; have n such @ssociation. This flag
indicates if the majority of thé-(indiﬁgé'are specific to any particular

. organ system. It can play a role in the selection of an exploration
sfrategg in the absence of any LIKELY hypothesas. :

Speci ticity-of-Tug-or-Hore-Find] nge-ldentical (SPECS) - Certain findings

are almost aluays associated with certain disedses or dieease classes. For
example, squeezing chest pain is aimost siusys ssscciated uith heart
disease. This association will, of course, be refsiected in the hypotheses
structure. This flag specifies if tuo or more findirigs have the identical
association. e

Individual Finding Beseriptors

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

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

(FSDURCE) - Patuent, LHD. hospntal rccord. etc.

Finding-Credability (FCRED) L
Sortousneoa-of—Flndnng (FSERI)

,g_gan-Sgatau-Assoccation-of—Fundnng YST)

anferentual-Not for-Fund:ngﬁ(FDNET)

Sgecific-Diseage-Agsociatnons (FSPEC) ; |

The first sat of dcscr»ptors charactortzco tho hgpothccus llst |n terms
of density, specnflcitg and compactness.r Tho undarlging nosologg l' a

“huerarchacal KIND-troe such as uoed by Poplo <Poplo 75>.2 )

Total-Active”

densntu of the hypothosna loat (tho nunbor of hgpathosns in acttvo

consnderatlon) plays an nmqortant‘;pjn_)n gtgaﬁcggroppqptjqn, A Iou

density implies the use of confirmation strategies, 8 high density,

elimination and a zero density, exploration.

(LCLSL, LCLSP) - Tho spec»fcc|ty of a hgpotheoss Is. thn nynb;r pf unparate
dioeasas to which it can refer.. For example, 2 bypgtha@is of regional

enteritis can refer to Chron s disease or r:gconal ‘10ltl‘.b 1nmi,KIQD-
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tree, the classification level is the height (number of levels) of the node

from the frings of the tree. This loasur§ tends to indicate the nUibar of
different discriminations that would have to be nidé‘fd arrive at a-noro
specific disease diagnosis, Tﬁo spread bcfuoih Iﬁo'higho;t and {ouest
levels is a facfor in deciding botuecn'diicriuiﬁation and -liaih&tion
strategies. For example, if the spread io’lgrdé'di‘ih i hypothesis list
containing heart disease, liver diciaii‘ahd acute glomerulonephritis , an
elimination strategy aimed at heart or Iivbrudisoaso might be appropriate.
Whereas, if the spfead is small such as uifh fénél‘diseas;, hoa}t disease
and |iver disaase. discrimination mught be lndlcated. |

Number-of—Nodos»Covere -by-(LlKELY PDSSXBLElgéggpthg!_g L S, PNODES) -
The total number of nudes covarod bg thﬁ hgb&fhosos can be used in deciding

betusen discrimination and elimination. A small €overing fits better with
discrimination stratsgles, uhlla a large covering ie better suited to
elimination. The covering is an indiéafor of fhiwéﬁlal range of diagnostic
options that must ultimately be considered. IH‘szieéfiﬁdué’hgbothoifs to
eliminate, the largir the covering th§ bdttef,tﬁi hybd%%(ii: fo as a choice
to cut. » | . “ |

Measures of Hypothasis List Compactness
Classification-Leve!-of-First-Common-Ancestor -Node-for L IKELY, POSSIBLE! -
Hypotheses (CtﬁﬁL,fttkﬂPi‘4'Thé7cahb§éthiii‘3§'thiiﬂgﬁéihiéti |Tat raters

to the range of different areas covered by the hypotheses. This is
reflected by hou high up the disease classification tres one must go to

find a common ancestor, Elimination sthatagibc'arofSGdgéotealbu high
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values and discrimination strategies by lou.values. .

‘hypotheses; they are qrdered by absajute scoce and classified by ,;ﬁ,la.tive
. score: . U |
((CONFIRMED-Ligt) (SATISFIEQ-List)

(LIKELY-List) (POSSIBLE-List)

(UNLIKELY-List) (RULED-UT-List))

The first entry on the LIKELY-List is called the Principaly Disease
Hypathesis (POHY, o IR AT AR S T-C AN
Hypotheses-Structure-Graph (MHYGRAPHK) - A graph ‘st the ralational

structure of the hypothesis list. Links ifctude CAUSE, COMPLICATION, and
LIKELY-or-POSSIBLE 1 0-CONPLEICATION-OF -or -CAUSED-BY-SATISF1ED-or -
CONFIRMED-Hypothesis (LPCEC) = Torta m*pﬁftrnrcf‘thtihupothﬂw ‘structure

graph are phbcladii?iod'bociﬁidvdé&iﬁiié rd1£€f;i ii;aﬁ@iﬁéihiﬁ‘iiéi;-gg

selection. ' In this particular p’at’tu‘rn.':&é::‘hﬁgé'fﬁe"éi’;“i s a éohiiqddﬁce of

another hypothesis that is believed tﬁud.%"ThiuégiﬁéfySd“;%fﬁtegu seiection

might be to force & confirmation strategy aimed at the cause or

complication that Wiil seek explanationé for inconsistent ‘data (if any) or

attempt to match uncommon scenarios (i¥ naceiaargi in order 'ib‘s’a"tk'kiksfy the‘
“‘confirmation goal. ~

SATISFIED-or -CONFIRMED-H

POSSIBLE-Hypothasis (SCCLP) - This is the reverse of fhe previdus
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situation. Urinary tract infection is a hypothesis that is easily
confirmed. It is, however, very commoniy & complication of another
clinical condition such as cbstruction. A dostor might hypothesize the
generating condition aven if there is no direct evidence 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-,co'tbo focqstobcsmftod 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 two or more uprelated

- diseases hypothasized together as.a diagnosis. The effect on strategy
selection might be to favor exploration strategies in order to devalop

alternative hypotheses (If it is the only LIKELY or POSSIBLE hypothesis).

‘_S_Qstem-CIassnfucatlon (SY§TEI‘1] - Tho susm; cpmcdcrad are GI.

Cardiovascular, GU, Respiratory, Neurological, ngatuc. chtopmatic.

Endocrine, and qu:g;anquqiqt. Any spg;i:fi: aubsysten [lsuch as the thyroid

of the Endocrine system) is also noted. If ;nqltj.pl_p _prganﬁgustm are

involyvad the value wouid be MULTIPLE followed by a iist of the systems.

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

Disease-Clinical-or-Physiclogical-State LQ_SC_S_)_ - Each hynothesis is tagged

with its bauc clinical classnfccatton. These are. digeass, clinical-state
or phgsuologoca!-atate. Chronic rona,;l.;, failure is a clinical-state while

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

acute (single-phase), acute-staged (multiple-phass) or chronic, Examples:
acute - APN, acute-staged - AGN, chronic - CPN, ,%"‘ |

gusodlc-Non-Eg.sod|c (EPSID) - Thua varlablo up.cifunc if the hypothesis

is episodic or not. Focal GN and malaria aro cpwi¢d4c dlooaoos.

Single/Multiple-Etiology (NETIOL) - Class|f1¢s<thq'hupothlaoe as either

single or muitiple etiologu. Examples: Singlq—EﬁjaJpqg - Rubella,

Muitiple-Etiology - Acute pancrcétitis.

TEeatable-Not-Troatable {TREAT) - If there is a kndgn treatment for the

hgpothesnzad disease.

tlglogg-lmpliqg}gd- n-Treatment (ETREAT) - lf the otlologu is a factor in

determining the nature of the traatugnt:fgr\uultjplgfat:ology,condytlono.

Differential-Relatives-on-Hypothesis-List (DIFFR) - Indicates it any
duseasos that can be elnnnnated through d:ffcrentnal diagnosls of a key
symptom (already roportcd) are present on tho hgpothopls list.

Absolute-Score Qgggggg - A score reflacting the pvaluatuon of the

hypothesis frams, Normally, a uaaght-of-ovudcnco measure.
Relative-Score (RELSCORE) - A scors used to classify the hypothesis as
CONFIRMED, LIKELY, etc.

Hypothesis-Summary (#HYSUtx) - The state of a hypothesis with respect to

the reported findings. The summary consists of tdg:pgrto, the: scenario
summary (for a chronic disease) and the prototype summary {(for al! acute
and most chronic diseases). For acute-stagsd diseases, the prototype

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

(HYPOTHES I S-SUIMMARY
(SCENARID-SUHHARY
(PREREQUISI TES-VERIFIED)
(EVENTS-REPORTED-IN-AGREEMENT) .
(EVENTS-REPORTED-1N-D1 SAGREEMENT)
(EVENTS-NEEDED-BUT-NOT-YET-KNOWN)
(EVENTS-KNOUN-BUT-NOT-YET-NEEDED) -
(EVENTS-TESTED—BUT-REPORTED-UNKNONN))
(PROTOTYPE-SUMMARY
(FINDINGS-REPORTED-IN-AGREEMENT)
(F INDINGS-REPORTED- IN-DISAGREEMENT)
(FINDINGS-NEEDED-BUT-NOT-YET-KNOWN)
{F INDINGS-KNOWN-BUT -NOT-NEEDED) "
(FINDINGS- TssreofaquREPORTEDeUN&NDuN))) .

If a reported finding (event) is not part of the prototype (scenario) but

" is considerad consistent with the hypothests 1t is Etassified as known but
not needed. It it is inconsistent uith the hypothesis it is classified as
knoun but in disagraement. e |

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

directly confirm the hypothesis (prima facie evidence). For example, a
positive urine culture directly confirms é'uriﬁiﬁgiiéaet infectien.

Durect-Elumingtnon (ELIMD) - If there is a findidg that can directlu

eliminate (i.e. rule-out) a hgpothesia (nececaaru avidence) .

ELIMD=DIRECT (CUTCON) - 1f the same finding can be used to both directly

confirm or directly eliminate the }'ogmothea‘f‘iia'.f'j h

Special-Strategy (SPSTRAT) - If thers is a special strategy associated with

"the hypothesis.

- The Current Status Component

The current status component is’a deseription of how the diagnoser




PAGE 127

views himself in carrying out a gpeqific‘pceqent iljndsq., This cqnponeht
plays the role of defining what is normally considered the state of a

process,

Process State Descri t‘ra‘

Current-Present Illness-Phase (PHﬁSE) - The sectlcn of the present il lness

currentlg being performed The sections are:

1. Symptom discovery and»charqgtq;nzafuon.
2. Past medical history.,

3. Social and family history (Optioaal).
4, Physical examination.

S. Standard laboratory tests.

6. Complex diagnostic procedures. .

Revien-of-Systems-F lag (RSYSF), -aéwf.u-of’-sge‘t’.-s-Pasﬁ-ter‘ (RPOINT) - If a

revieu of systems is currently being conducted (RSYSF). The section of the
~ review corresponding to the current present iandiiﬁﬁhi..ffﬂPG{NT).

Strateqy Bescriptors

Stratagg-Framq-fof«Qgrreht-Obesfidn'1SFO) - The instantiated prototype of

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

Current-Goal-Tres (sGOALTREEx) - A‘sﬁacificatlbh'bf'fﬁi'goaTAfree resul ting

from the binding of the etratogy components of ‘the stratigu framss. There
are tuo varieties of root nodes: entry and con%ahuatson nodes. 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 the stratagy 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 flsg. |
The expansion of a leaf node inciudes the structural goal, the bound .
goal, the method and the question. For example:

(L1 ((STRUCTURAL-GOAL
~ {CONFIRM (ECHEASEB-FMTIW M—SVST&)))
(BOUND-COAL =

(CONF IR (MCREASEU—FMTIN KIONEY)))
(METHOD
(IF-THEN (WT!NIE o1, ZH

(QUESTION |
* (CREATININE VALUE?))))

ON KTONKEY)))

Also included in the expansion of a leaf node is the expected ansuer
(if ang). This is to decide if the goal. has: besn gt,ljgtfi}g. Goals or§
marked as utilnfj.d;r- not eatisfied or partially mmiu.
_ = The questions, of the leaf nodes are.

arranged in a Int ccrrupondmg to the. phau of the present illiness.
Within cach_phnp the questions are ordsred hy the left-to-right sequence
‘of tha origlna‘l goal-tree. l,ftuth- goal tres undergoes ;trmf,.orutlam'.
this varoablo u correopondmglu updatod,
Phase-TransitiMn—Nontﬁ_gshon (PHTRAN) - 1f the next quutaon to be

asked represents a phase transition. Under certain circumgtances this can
cause the cur{rgnt strategy to be recomputed due to the desirabjiity of not
having to return to a previous phase. o ‘
| Predicates on I0C Varigp)
To facilitate the matching of terminals of the strategy frames to the

_ variables of the 10C a collection of predicates (in addition to the normal
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iogical operators) is required.

, _ygpthesns Last Pred ggte »
ILINKS <into out-of> Ngde-setiﬂgﬂl -. Tho valuo of this prodlcato is TRUE if

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

Node-Set is equal to Num.

LglNK-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 general hypothesis-list matching predicate. List

specifies a sample hypothesis |ist to be matched against the current
»PLISx. Example:
(MaPLISx
{ (LIKELY NONE)
(POSSIBLE (< 2))))
This will match any hypothesis |ist with no LIKELY hypotheses and tuo or
less POSSIBLE hypotheses.

(H*HYGRAPH* Gragh - A predicate for testing the hupothoaes structure

graph. For example'
(H*HYGRAPH*

(AND (COMPLICATION-OF (1 POSSIBLE) POH)
(CAUSE-OF 1 (2 POSSIBLE))))

will test if any POSSIBLE hypothesis is both a complication of the PDH and
a cause of some other POSSIBLE hypothesis.

Goal-Tree Predicates .

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

predicate is TRUE if the number of the typs of node specified above or




PAGE 138

below the Anchor node is equal to Num.

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

pattern to be matched against xGOALTREEx.
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