A Simultaneous Consult On Your Patient’s Diagnosis

SimulCon§ult®

Basic features of SimulConsult

Diagnosis is one of the most complex intellectual tasks in medicine. Diagnosis requires taking knowledge
about findings (symptoms, signs and test results) learned as “disease X has these findings” and inverting it to
instead ask “with this group of findings, what diseases are likely”. The process of diagnosis is iterative — the
diseases under consideration determine the most useful questions to ask next, the answers to which in turn
affects the probability of the diseases under consideration in the differential diagnosis.

The SimulConsult Diagnostic Decision Support System (DDSS) aims to make each clinician their best
diagnostician, while saving clinician time, (including accounting for the time to use the tool).

To do this, SimulConsult has curated medicine into a computational database. The database currently covers
~7,500 diseases, including genetic diseases with germline changes convincingly associated with human
disease and all convincing chromosomal disorders. It also includes many nongenetic diseases, with particular
strength in neurology and rheumatology.

The fundamental tasks performed by the DDSS are as follows:

¢ Helps you collect findings. Enables quick entry of patient findings — both pertinent positives and
negatives (Figures 1 & 2).

e Computes differential diagnosis. Compares the findings you enter about your patient with every
disease in the database and computes a measure of fit resulting in a probability-weighted list of
possible diagnoses called a differential diagnosis.

e Suggests useful findings. Computes which among its ~10,000 findings would most change the
differential diagnosis and displays these findings in rank order of Usefulness. When you specify the
presence of absence of a finding, the software recalculates the differential diagnosis and useful findings
iteratively each time a finding is entered.

Note: The DDSS does not use machine learning, but rather manual curation by expert clinicians. Machine
learning is well-known to be bad at unlearning, which is a problem because our understanding of medicine
continues to change. In addition, many subtle facts about rare diseases have never been written down and are
only known to specialists.

Time course of findings. Critical to the performance of the DDSS is the fact that the database has the time
course of each finding in each disease, and you specify the time course in your patient when you enter
findings, when known. The DDSS then uses time-based Bayesian logic to do a pattern match.

Pertinent negatives. Diagnoses of exclusion and pertinent negatives are a critical part of genetic diagnosis;
the DDSS allows you to specify that a finding is absent.

The main “Dx” screen. After you enter the patient age and sex, and an initial finding or findings from search
or core lists, you will go to the main screen, “Dx” for diagnose. It has four tabs:

o Differential. This shows the evolving differential diagnosis (Figure 3) with the blue bars indicating
probability

¢ Add findings. This displays clinical findings not yet commented on, in order of usefulness (Figures 4).
The green shading indicates the finding’s relative usefulness.

e Add tests. This displays test results not yet commented on, in order of usefulness. Instead of “All
tests” (Figure 5) you can select to see only one kind of test. Some test “bundles” are shown (e.g., bone
imaging in Figure 5) to combine the usefulness of all the results in the test.

¢ Rulein or out. By clicking “Rule in or out selected disease” in the Add findings or Add tests the
usefulness assessment can focus on a particular disease (Figure 6).

e Phenotype. These are the findings you have entered about the patient, both pertinent positives and
negatives.
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Getting started using the software

Task

Description

Share button

The rightmost button on the top black navigation bar allows you to load or
save a patient using either a PDF file that is both human and machine
readable, or a Text string (Figure 7).

o Info buttons

These explain features and conventions in the software.

Hover over a

If you hover over a disease or finding it will display the synonyms and

disease or explanatory terms.
finding
Links With a disease or a finding highlighted, click Links on the black top

navigation bar to get links to relevant resources.

Two key colors

Green is associated with findings and blue with diseases

Entering information about the patient

Task

Description

Basic
demographics

On the initial screen, you must enter the age and chromosomal sex of the
patient to get started.

Family history On the Initial screen, this feature allows you to specify if others in the
family are affected, if known (Figure 8).

Primary, On the initial screen, this feature allows you to ignore the incidence of the

specialist or disease and is useful for when a patient has already had many commonly

tertiary diagnosed conditions ruled out.

«0” Search Click “©” on the top black navigation bar and then the Finding search tab.
Then begin typing the name of a finding. A list of findings matching that
term will appear. (Figure 2)

Core Lists Click Core on the top black navigation bar. The lists of 48 core findings
are available for several specialties, but most helpful in specialties for
which patients are well described by 48 core findings, such as neurology
or rheumatology. (Figure 1)

Presence / To the left of each finding is a pull-down menu with a “?” (once you’ve

Absence entered an age and sex for the patient). This is where you specify

presence or absence. Include onset at an age or onset by an age to get
maximum use of available data.

Required finding

Occasionally, a finding that is relatively common is so abnormal you want
to be sure every disease you consider has that finding. The asterisk to
the left of the presence display (when on the Search results and the
Phenotype tab of the Dx screen) allows you to specify that a finding is
required. Leaving a finding not required means the DDSS will consider
the possibility of that finding being incidental to the diagnosis.
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Assessing possible diseases

Task Description

Differential All the tabs on the Dx screen show the differential diagnosis. The

diagnosis Phenotype tab on Dx shows the patient findings entered.

Profile Click the button of the name of the disease and then click “Profile” up on
the black bar to see all the findings in this disease, and click younger or
older to see how they emerge over time

Assess With a disease selected, click “Assess” up on the black bar to see the fit

between the patient and the information in the database about the
disease — this is the reveal of the logic of the ranking in the differential
diagnosis. Research has shown that DDSSs are only adopted if the
physician can assess the logic, because no clinician wants to be in the
position of answering the question “why did you diagnose x” with “the
computer said so”.

With a finding selected, click “Assess” up on the black bar to see the
frequency of the finding in the diseases in the differential diagnosis.

Saving and Reports

Task

Description

Text string

Automatically generate a text string that includes all the patient data
(Figure 7). Pasting the text string into the Load field allows reopening the
patient where you left off.

Summary report
(findings only)

Assembles the pertinent positives and negatives and displays the HPO
codes. The PDF is also machine readable, so you can pick up where
you left off. The file can be generated from the Report menu (Figure 9)
or the Share screen. It can be uploaded from the Share screen only
(Figure 10).

Summary report
(Full)

Assembles the pertinent positives and negatives, differential diagnosis,
and most useful tests into a graphical display. Document is also machine
readable, so you can pick up where you left off. The file can be
generated from the Report menu (Figure 11) or the Share screen.
be uploaded from the Share screen only (Figure 12).

It can

Prognosis table

Useful for Patient Education and communication between specialists and
primary care. Characterizes the natural progression of the selected
disease (without treatment).

SOAP note
(Subjective, Objective,
Assessment and Plan)

Automatically outputs a SOAP note format with the data you entered as
plain text that can be copied and pasted to the electronic health record
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Figure 1: Genetics Core List

Notice that after commenting on the findings the green shading indicating usefulness will recalculate and lead
you to the iteratively next most useful findings based on the differential.

SimulConsult:

Finding search §  Core lists of findings

or specialties O

O Rheum clinical

< ® Genetics

ce ) Findings in the core list

| (Autistic behavior

| (Bleeding tendency

| (Bone fractures, frequent
| (cataracts

v » | [comneal clouding or opacity

| (Digits: polydactyly
| (Dysarthria or abnormal sound character
\ Dysphagia or feeding difficulty

| (Eyes: proptosis

| (Fontanels large

| [Gait

| (Gastroesophageal (GE) reflux

Figure 2: Search for finding

SimulConSult’

Finding search

) Rheum tests

Genitalia ambiguous

Hair: abnormal texture

Hair: sparse

Headache (frequent or severe)

Hearing impairment

Hepatomegaly
Hypertelorism

Hypertonia / stiffness

or

Hypotonia

Infections, frequent

Intellectual disability (speech delay included)

Recent ~

Recent ~

Joint dislocations, unusual
Joint laxity, hypermobility
Kyphosis without scoliosis
Macrocephaly

Microcephaly

Motor developmental delay
Mouth: palate cleft
Myopia, severe

Nuchal skin, redundant

Optic atrophy or hypoplasia

Pectus or

Polyhydramnios during patient's gestation

for a finding (add one or more to the phenotype) ©

X

Next: Click Dx (Diagnose) on the top black navigation bar for differential diagnosis

Premature birth
Respiratory difficulty

Scoliosis with or without kyphosis

Skin: areas or lines of pigment or redness

Skin: cutis laxa

Skin: hyperpigmented lesions
Skin: thin, atrophic or fragile
Stature short

Stature tall

Visual

despite lens

Weight high or weight gain

‘Weight low or weight loss

Highest usefulness T |

The Dx screen is the core of the software. Use its capabilities, Q or Core to keep adding findings until you are satisfied with the diagnosis or workup.

The top black navigation bar provides access to other screens, including ﬁ] for loading a previous patient or saving the current patient.
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Figure 3: Dx/Differential

SimulCongult Y stat Q core Profile Assess [4{ 8~ Report~ [2']

Differential Add findings Add tests Phenotype &) ©

Diseases ranked by probability

|MPS |, severe: Hurler syndrome classic |

| Acromesomelic dysplasia, Maroteaux type

[NF1: Neurofibromatosis 1

(MPS VII: Sly syndrome, infantile

|:GM1 gangliosidosis, type I (infantile)

| sialidosis II, infantile

[Schimmelpenning-Feuerstein-Mims syndrome

[MPS VI A (classic, severe): Maroteaux-Lamy syndrome

(MPS IV A (Morquio, GALNS-related)

|' Sjogren-Larsson syndrome |

[Kabuki syndrome 1

]
[Mucolipidosis 1l a/f ]
l

[MPS Il A (severe): Hunter syndrome

|Hypomelanosis of Ito |

[MPS VI B (intermediate): Maroteaux-Lamy syndrome

[Ichthyosis X-linked

J
[MPS VI C (mild): Maroteaux-Lamy syndrome ]
l
l

[Cockayne syndrome I, moderate or classic

[Multicentric osteolysis nodulosis and arthropathy J

[GLCSA: CYP1B1-related primary congenital glaucoma ]

1 of all diseases > 100% probability T
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SimulConsult'

Figure 4: Add findings by usefulness

Y start Q core Profile Assess [4 &~

Report ~ [E]

Differential

[MPs 1, severe: Hurler syndro...

Add findings

Add tests

Phenotype €) @
Presence ) Findings ranked by usefulness )

[Acromesomelic dysplasia, Ma...

[Hypotonia

[NF1: Neurofibromatosis 1

| Mouth: tonsils large

[MPS VIi: Sly syndrome, infant...

[GM1 gangliosidosis, type | (in...

[Sialidosis Il, infantile

[Schimmelpenning-Feuerstein...

|[MPS VI A (classic, severe): M...

[MPS IV A (Morquio, GALNS-re...

[Sjégren-Larsson syndrome

|Kabuki syndrome 1

[ ] |Respiratory difficulty

|Eyebrows thick

:] |Epicanthus

[: I: Face, coarse features

:] | Mouth: alveolar ridge overgrowth

|Weight low or weight loss

:] | Peripheral nerve entrapment or compression

| Lip: vermilion, upper lip, thick

[Mucolipidosis 1l a/f

[Frontal bossing

|>MPS Il A (severe): Hunter syn...

[ } | Lip: vermilion, lower lip, thick

|Hypomelanosis of Ito

| Mouth: tongue large

[MPS VI B (intermediate): Mar...

|_ Atlantoaxial instability or dislocation

|[MPS VI C (mild): Maroteaux-L...

[Sleep apnea

[Ichthyosis X-linked

[COCkayne syndrome |, moder...

|Multicentric osteolysis nodul...

[GLC3A: CYP1B1-related prim...

17 2
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[Dolichocephaly

|Infections, frequent

:] [Hernia of the abdominal wall

[: |skin: epidermal thickening

1of all findings >

Highest usefulness T

Page 7 of 15



Figure 5: Add tests by usefulness

Y stat Q core Profile Assess [4 &~

SirnulConsult'

Differential Add findings

|MPS 1, severe: Hurler syndro...

|:Acromesomelic dysplasia, Ma...

(NF1: Neurofibromatosis 1

|:MPS VII: Sly syndrome, infant...

|:GM1 gangliosidosis, type | (in... ]

| sialidosis Il infantile

| Schimmelpenning-Feuerstein...:

|:MPS VI A (classic, severe): M...

|:MPS IV A (Morquio, GALNS-re...:

| Sjogren-Larsson syndrome

| Kabuki syndrome 1

|Mucolipidosis Il a/B

|:MPS Il A (severe): Hunter syn... '

(Hypomelanosis of Ito

|:MPS VI B (intermediate): Mar...

(MPS VI C (mild): Maroteaux-L...|

| Ichthyosis X-linked

(Cockayne syndrome I, moder... |

| Multicentric osteolysis nodul... '

|:GLC3A: CYP1B1-related prim... '

1 >
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Add tests  Phenotype €) €

Presence ) Tests ranked by usefulness )

:] | a-L-iduronidase enzyme low or absent |
:] [Heparan sulfate high in non-dilute urine |
| Dermatan sulfate high in non-dilute urine J
|Bone imaging J
:] [Blood smear (peripheral) |
:] |IDUA gene variants (biallelic) J

:] | Blood cell metachromasia on toluidine blue staining |
J |X-ray: dysostotic thickening of long bones ]
:] [Lymphocytes: abnormal light microscopy on peripheral blood smear |

[: |CT scan of the head J

:] |_ Neutrophils: granulocytes with inclusions or granules on peripheral blood smear |
| Imaging: bone diaphysis abnormal |
|MRI scan of the brain J
:] | Conjunctival biopsy |
[: |Conjunctival biopsy: abnormal EM morphology ]
[: [Pigmentary retinopathy |
|X-ray: vertebrae abnormal J
[: |Echocardiogram |

1of all findings > Highest usefulness
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Figure 6: Rule in or Rule out a disease

SimulCon§ult'

Differential

Add findings

[MPS 1, severe: Hurler syndro...

J

I Acromesomelic dysplasia, Ma...

| NF1: Neurofibromatosis 1

(MPS VII: Sly syndrome, infant...

|:GM1 gangliosidosis, type | (in...

sialidosis I, infantile

| Schimmelpenning-Feuerstein...

(MPS VI A (classic, severe): M...

[MPS IV A (Morquio, GALNS-re...

| Sjogren-Larsson syndrome

| Kabuki syndrome 1

|Mucolipidosis Ill a/g

[MPS Il A (severe): Hunter syn...

|Hypomelanosis of Ito

(MPS VI B (intermediate): Mar...

|:MPS VI C (mild): Maroteaux-L...

(Ichthyosis X-linked

| Cockayne syndrome I, moder...

| Multicentric osteolysis nodul...

[GLC3A: CYP1B1-related prim...

17 2

SimulConsult © 2021

Add tests

Q Core

Phenotype E) @

O usefulness in all diseases @ Rule in or out selected disease

Presence ) Findings ranked by usefulness )

Y Start

Profile Assess E/,' 8~ Report ~ @

[: [Limbs very short or absent

| Digits: toes short

|Foot, short

| Digits: fingers short or stubby

| Palm, short

[ (Nailyshom

[: | Ulna short, hypoplastic, deformed or absent

| Radius short, hypoplastic, deformed or absent

:] | Metacarpal bone short, hypoplastic or absent

[: | Digits: finger, proximal phalanx short or absent

| Digits: finger, middle phalanx short or absent

[Humerus short, hypoplastic, deformed or absent

[Bowing of long bones

| Joint laxity, hypermobility

:] | Digits: finger, distal phalanx short or absent

[: | Lumbar hyperlordosis

| Skin: cutis laxa

:] | Contractures or limited range of motion

:] (Nose: short

1of all findings >

Highest usefulness T
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Figure 7: Patient Summary Text String

smultcosn ¥ Start Q) Core Dx Profile Assess E/,' 8 * Report ~

Patient Summary Format @

Text String
Loz

Copy
d=243 &u=f0&0=499999 &u=f158&0=399999

Copy Patient Summary Text String

=c02391178&0=399999
u=f13&0=4999998i=1&t=c
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Figure 8: Add family history

SiralCongult Q, Core Dx Profile Assess [#4 £~ Report ~ (D
Required information about this patient Ciear patient
Age B8 Days O Weeks & Months ) Years
Sex ® Male  Femsle  [Usepesunes cvomosomal s | OPtional information about this patient
Next: Click Q or Core on the top black navigation bar to ¢ a Emerged OVer... (time over which the most recent episode of clinical findings appeared)
Mother affected: O Unknown @No O Yes
Optional information about this patient
EMOrged OVer... (1ime cvar which the most recet apsods of cf Father affected: O Unknown @No O Yes
Family hist
\/ ity iotery Sisters affected: 0 of 0 by similar age
Exposure history
Diwed Family history g, thers affected: 0 of 0 by similar age
s.um’ for this patient Maternal uncles affected: 0 of 0 total

Care level ® Primary C Spacialist O Tertary @)

Onset considered Parental consanguinity: (none noted) ~

About the software

_]Exposure history
Click the () buttons for details on using the software 1 Died
Ladrn how coler is used in e SoTtware 10 ConVy MEaning o !
Licensed to Lynn Feldman | Demo mm?
Database 2021 June 23 20026 UTC
Interface 2021 July 8 14:41UTC
ANgorithms 2021 July 8 11:44 UTC Top authors and editors

This sofltware compares a patient's findings to the findings in 7,642 diseases. It suggests a Differential Diagnosis and
identifies other findings and lab tests that may be useful in reaching a diagnosis. The tool includes the 4179 genes with
germline changes corvinangly associated with human disease. It also includes many nongenetic diseases, with
particular strength in neurclogy and rheumatology.

Copyright © 2021 SmuiConsudt, re.

USRS \iierncott wiorg 2095, 7,742,832 and 9,624,373
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Figure 9: Patient Summary (Findings only) to generate PDF and save

SimulCongult: Lynn Feldman

Finding search  Core lists of findings  Disease search

Add findings from core lists for specialties @

® ics ial

Initial Profile Assess Links 2~ Report ~ @]

Chart note (findings onlv}
Chart note (SOAP irmat)

Summary report (findings only)

Presence () Findings in the core list

gy O Rheum clinical O Rheum tests

Summary report (full)

| [Autistic behavior

) [ ‘ Hearing

| | Bleeding tendency
\ | Bone fractures, frequent
[ [Cataracts

| v~ | Corneal clouding or opacity

| [ Hepatomegaly ‘
| [ Hypertelorism

| stiffness |

J | [Pectus excavatum or carinatum
‘ | Polyhydramnios during patient's gestation

ypogonadism or cryptorchidism ] | [Premature birth

| | Digits: polydactyly

I [ iaoc sound.cl

Summary by Lynn Feldman for the 8 month old boy with findings:

Pertinent positive findings (
Gnsets can be at an age, by an age, of UnknOWN

Req'd Onset Finding Pertinence
Recent Kyphosis without scoliosis
HP.
v Corneal clouding or opacity —_—
u

808

HP:0007759
Recent Macrocephaly

HP:0000256

high+
Pertinent negative findings
Absent Finding Pertinence
X Stature short
high+

Generated by SimulConsulte on 29 April 202117:36 using interface of 2021 April 29 14:50, algorithms of 2021 April
2914140 and database of 27 April 202119:07. All times are UTC. Care setting was primary. Onset was used.

Hypotonia J | [Respiratory difficulty

Infections, frequent ) ‘ |Scoliosis with or without kyphosis

Intellectual disability (speech delay included) ] ‘ | Skin: areas or lines of pigment or redness

| [skin: cutis laxa
| [Joint laxity, hypermobility ] | [skin: hyperpigmented lesions

| [skin: thin, atrophic or fragile

) [ \ Joint dislocations, unusual |
( Kyphosis without scoliosis )
\

) Macrocephaly ) X~ Stature short
| [Microcephaly | | [stature tal
\ Motor d¢ Kespite lens correction
] | Mouth: g bht gain
‘Summary by Lynn Feldman for the 8 month oid boy
) | Myopia, §  potinent positive findings htloss
Growts can be 310 20, by a1 309, 0 rRAOWR
Reqd  Onest Fndrg Pertrance Highest usefulness T
I

et Kyphass WFow scokes
P 002283

SimulConsult © 2021
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Figure 10: Patient Summary (Findings only) upload

Patient Summary Format @
File Xt String

Load

Summary Report PDF files have the information needed to resume the patient.
The HTML version from the older version of the software can also be used.

Select the file to upload

Choose Files to Upload
< =v =B £ Other 2] Q

Today

summary-findings-Patient 123456.pdf 48 KB PDF Docume t

[® summary-findings-Patient 654321.pdf 48KB PDF Document  Today at 11:38 AM

Cancel

Browse

PDF file
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Figure 11: Patient Summary (Full) generate and save

Finding search

SimulCongult: Lynn Feldman

Core lists of findings

Disease search

Add findings from core lists for specialties @

@® Genetics (

Metabolic

) Mitochondrial O Neurology (

Presence o Findings in the core list

Rheum clinical

) Rheum tests

Initial

| |Autistic behavior ] |

| | Bleeding tendency ]

\ | Bone fractures, frequent | \

| | cataracts

| v~ [ corneal clouding or opacity ] |

| | Digits: polydactyly ] |

Summary by Lynn Feldman for the 8 month old boy with findings:

Pertinent positive findings

\

risets can be st an age, by an age, o unknomn

Most useful tests for this patient

Req’d Onsct Finding Pertinence
Recent Kyphosis without scoliosis
¥ Comneal clouding or opacity ] | [ Recent ~
Recent Macrocephaly ] —
highs —
e : | [ Recent - |
Absent Tinding Tertinence
X Stature short
nigns
Differential diagnosis ) |
Disease Probability | ‘
MPS 1, severe: Hurler syndrome claselc
Acromessmelic dysplasia, Marotesus type |
o | ) |
———. |
widcnis, ypo | infantile) |
Stabdoss I, |
Schismmelpensing Feuersein Mims synérome |
MPS VI A (classic, severe): Marcteaux-Lamy syndrome |
MPSIV A Qorguio, GALNS relsted) |
Sigren-Lawon syniroms |
100%+

Tiuna T
Onder Test

a-Liduronicase enzyme low of absent

Haparan zlate high in non-diute uina

Dermaten sulfste high  nen-cilute urine

Bundie: Bone imaging

coooao

Bundie: Bload smear (peripheral)

Genersted by SimuConsuit® on 29 April 2021 17:59 using interface of 2021 April 20 1460, sigorithms of 2021 April
29 14:40 and database of 27 Apel 202119:07. Alltimes are UTC. Care setting was primary. Onet was used.

ana reatanity
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Hearing

Hepatomegaly

Hypertelorism

Hypertonia / sti

Chart note (findings only, ®

Dx Profile Assess Links §- Report ~ ﬁ]

Chart note (SOAP format’

Summary repon‘

- Summary report (full)

)

| [Pectus excavatum or carinatum

ism or cryptorchidism )

Infections, frequent

Intellectual disability (speech delay included)

mns, unusual
Joint laxity, hypermobility
Kyphosis without scoliosis
Macrocephaly
Microcephaly

Motor developmental delay

Mouth: palate cleft

PDF File

| [pr birth

«dings only)

) |Polyhydramnios during patient's gestation

‘ (
Y

‘ |Scoliosis with or without kyphosis

‘ [skin: cutis laxa

| [skin:

‘ |skin: thin, atrophic or fragile

| Stature short
Purtngnt poste taangs
=y —
nect Coast P [— Lain
W — —
Comestcoung o scay —
w Macrocesraly - SS
’
prer— [y
X suavmonn
o,
—

Most usefd tests for this pasent

Top et ramaad oy vakRanGa: - nar- s G0 0k, S T St Cok e PR

Th ket abcut i gl a1 b re-saced o e 6140 e s s POF e

lesions

) |skin: areas or lines of pigment or redness

ite lens correction

Highest usefulness T
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Figure 12: Patient Summary (Full) upload

SimulCongult Initial o}

Patient Summary Format @

Browse

Summary Report PDF files have the information needed to resume the patient.
The HTML version from the older version of the software can also be used.

Select the file to upload

Choose Files to Upload
< =V Ev [ Other <] Q
Today Si Kind Date Adde
summary-findings-Patient 123456.pdf 48 KB PDF Document day at 8 AM
[# summary-findings-Patient 654321.pdf 48 KB PDF Document Today at 11:38 AM
Cancel
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