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Introduction

4 Decision trees are commonly used for representing a reasoning
process, in particular in the medical field

¢ from expert knowledge, e.g. clinical practice guidelines
¢ or generated by machine-learning algorithms

Assess patient
Are any of the following signs ofsevere pneumaonia present? Clinical 3|gns ofpne umonia and any of the following:

Adults: RR = 30/min, severe respiratory distres 5P0; < 90%
.. Child: very seve F'l.l'IE tindrawing, grunting, central cyanosis, or presence
C||n|Ca| Cal‘e fOI’ of any other general danger signs (inability to breastfeed or drink, -;'l'w'g}' or ._Jrll;_r_‘."lb-:_ELZ-LIE.rll;' s5 ar convulsions).
Severe Acute |
Respiratory l NO ¥ES ¢
WHO 2022)
Continue monitoring Nasal cannula :
and reassess {—qzuﬁ hr] 0.5-1 LPM necnates; 1-2 LP M infants; <+— NO BER SREQONEY SIGNS PICSE Ny
1-4 LPM children; 1-5 LPM adults and
Is the patient meeting treatment goals? school children i YES
+ SpO, (> 90% |
+ improving w tllrlllt-' thing :
P Tl Assess response Consider
* PaC0,<45 Increased distress or Sp0, < 90%7 intubation and
= adequate mental status :
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Introduction

Decision trees are commonly used for representing a reasoning
process, in particular in the medical field

¢ from expert knowledge, e.g. clinical practice guidelines
¢ or generated by machine-learning algorithms

Advantages:
¢ Machine-interpretable if the tree is fully formalized

¢ Intuitive to understand for clinicians

@ Allows “one-click navigation”:
user can go from any node in the tree to any other node in a single click



Introduction

Decision trees are commonly used for representing a reasoning
process, in particular in the medical field

¢ from expert knowledge, e.g. clinical practice guidelines
¢ or generated by machine-learning algorithms

Limits
¢ The size of the tree is limited by the size of the screen



Clinical Care for
Severe Acute
Respiratory
Infection

(WHO 2022)

Assess patient

Are any of the following signs of severe pneumonia present? Clinical signs of pneumonia and any of the following:
ults: RR > 30/min, severe respiratory distress, or SPO; < 90%

Child; very severe chestindrawing, grunting, central cyanosis, or presence

of any other general danger signs (inability to breastfeed or drink, lethargy or unconsciousness or canvulsions).

:

Continue monitoring
and reassess (~q2-6 hr)

Is the patient meeting treatment goals?
+ 5p0, (> 90%)

+ Improving work of breathing

+ pH>730

= Paco, =45

+ adequate mental status

If not, consider alternative therapies,
escalation, or transferto a
higher level of care

NO YES

Max FiO, £ 0.4

-

Assess response
Increased distress or S p0, < 90%7

—N04¢ves

A

Titration and SpO, goals
* 5p0, 2 90% in adults and children
* 5p0, 2 92-95% in pregnant patients
* §p0, 2 94% if child or adult with signs of
multi-organ failure
* Avoid Sp0, > 96% to avoid ill effects of
hyperoxia and to conserve O, supply

Assess response
Increased distress or Sp0, < 90%?

Max FiO, 0.5-0.95

Adjuncts

+ Ensure adequate PPE and IPC

+ Place medical mask over nasal cannula,
face mask, non-rebreather mask with
reservoir, or high-flow nasal cannula to
decrease risk of droplet and aerosolization

+ Prone positioning

+ Reposition airway (shoulder roll, jaw thrust)

+ Elevate the head of the bed

+ Provide chest physiotherapy

+ Oral and/or nasal suctioning

Assess response
Increased distress or S pO, < 90%?

—N041YES

Are emergency signs present?

NO L—VES—‘

Consider 1-2 hrtrial of one of the following
based on patient & local context®:

v

}

NO ——  Are emergency signs present?

‘ XES:

Emergency signs
QObstructed or inadequate breathing
Central cyanosis
« Severe respiratory distress (i.e. significant
tachypnoea, accessory muscle use)
Signs of shack
Seriously reduced level of consciousness
+ Seizures
« Acidosis (pH < 7.30)

Severe hypuxaemla . P:F <100

CPAP/NIPPV contraindications
+ Aspiration risk

+ Inability to protect airway or remove mask
+ Haemodynamic instability

+ Abnormal mental status

+ Need for emergent intubation

+ Anatomic barriers to mask seal (relative)

+ Insufficient respiratory drive/effort

Max FiD_< 1.0

Max Fi0, < 1.0

Continue therapy

;

Assess response

Wean for $ pO, > 90% and —  (-q1 hrinitially; q2-4 hr once stable or improving)

improved work of breathing

1

Increasedicontinued distress, Sp0, < 90%, pH < 7.30,
PaC0, > 45, declining or altered mental status?

NO ¢ YES




Introduction

Decision trees are commonly used for representing a reasoning
process, in particular in the medical field

¢ from expert knowledge, e.g. clinical practice guidelines
¢ or generated by machine-learning algorithms

Limits
¢ The size of the tree is limited by the size of the screen

¢ Some reasoning processes are difficult to translate into tree

@ E.g. independent followup elements in clinical recommendations:
If element A is abnormal, treat A. If element B is abnormal, treat B.



Introduction

Limits

¢ The size of the tree is limited by the size of the screen

¢ Some reasoning processes are difficult to translate into tree

@ E.g. independent followup elements in clinical recommendations:
If element A is abnormal, treat A. If element B is abnormal, treat B.

Element A is abnormal?

Lno

Element B
is abnormal?

L no Lyes

Lyes

Element B
is abnormal?

i no Lyes

Nothing

Bl Treat B

Treat A
TreatA + Treat B

The tree has at least 2" leaves,
where n is the number of elements A, B, etc.



Introduction

In machine learning, multi-path decision trees have been
proposed:

¢ For a given sample, several paths can be selected simultaneously
[Guo 2013]

¢ But it has not been formalized for the user presentation of decision
tree

In this work, we propose a dynamic and interactive visualization
tool for a multi-path decision tree

¢ Including algorithms adapting the one-click navigation

¢ With an application to the clinical management of Covid-19
patients



Multi-path decision tree model

We consider 2 types of nodes:

& Single-choice gquestion nodes, corresponding to the usual behavior of
nodes in a decision tree

& Multiple-choice question nodes, for which one or more child can be selected
@ Multiple-choice question nodes may have a special “hone” child

Select abnormal elements
(multiple choices allowed)

Lno iyes none A B
Element B Element B

is abnormal? is abnormal?

Element Ais abnormal?

Mg Treat A Treat B
Lno iyes i no iyes to do
Ntotréing Treat B Treat A ?ea:g The multi-path tree has at least n+1 leaves,
+ .
0o rea where n is the number of elements A, B, etc.




Interaction with a multi-path decision tree

Adapting one-click navigation to multi-path decision tree is
challenging:
¢ some current paths may be affected by the user interaction and
others not

¢ some previous nodes must remain open
(e.g. multiple-choice question nodes, in order to let the user
choose another answer, unless “none” has been chosen)



Algorithm 2 Algorithm applying the user interaction and
computing the new set of current nodes.

Algorithm 1 Algorithm partitioning nodes in four subsets,
C', P, A and I, the subsets of current, past, accessible and
iaccessible nodes.
function ancestors(n € \):

if n = root: return ()

return {parent(n)} U ancestors(parent(n))

function accessible_descendants(n ¢ N, C C N, P C N):
if (n € M) and (multi(n) N (C'U P) # (): return ()
return children(n)

UUpechitdren(n) accessible_descendants(k, C', P)

function make_partition(C' ¢ \):
P = |, cc ancestors(n)
A = |J,,e accessible_descendants(n.C, P)\ C
I=N\(PUAUI)
return C', P, A, I

function descendants(n € N);
return {n} U Uy conitgren(n) descendants(k)

function multiple_choice_ancestors(n € A):
if n = root: return ()
if parent(n) € M and n € multi(parent(n)):
return {parent(n)} U ancestors(parent(n))
return ancestors(parent(n))

function apply_user_interaction(C' ¢ N, P ¢ N, n € N):
£Z =T
while not ((x = root) or (parent(z) € C' U P)):
x = parent(x)
if = root:
C' = {root}
else if not ((parent(x) € M)
and (x € multi(parent(x)))):
C'" = (C'\, descendants(parent(x))) U {n}
else if (n € C) and (z = n):
' = (C'\ descendants(z))
else:

C' = (Cf \\ UﬁcEﬂonc’.{pm‘ﬁnt(r}}lu{Jc} descendants(k})
U{n}

C" = C" U multiple_choice_ancestors(n)
return C”



Formalization of the decision tree

Decision trees were formalized using an OWL ontology

¢ May include coded medical criteria, using medical reference
terminologies :

@ ICD10 (International Classification of Disease, release 10)
© ATC (Anatomical Therapeutical Chemical classification of drugs)

@ LOINC (Logical Observation Identifiers Names & Codes, for lab
tests)

¢ Nodes that are fully coded can be executed automatically



Visualization and fisheye

@ Detail on demand: at a given time, four categories of nodes, displayed differently:

& Current node(s), with full details Abnormal CRP and cytokine storm
OCRP>10

and [JIL-6

and [JLDH

and [J fibrinogen, all three suggesting a cytokine storm

I\!o 1 [ Yels

& Past nodes, in gray with only the title

Abnormal CRP and cytokine storm

& Accessible nodes, in gray with only the title

Abnormal CRP and cytokine storm

& Inaccessible nodes, in white with only the title and shrunken

Abnormal CRP



Visualization and fisheye

Fisheye: parts of the tree that are inaccessible are shrunken

¢ At least half of the available horizontal space is devoted to accessible
leaf nodes

¢ Smooth transitions are used for opening/closing node boxes,
and changing the node horizontal sizes



Application to Covid-19

i 3 scenarios were considered:
& a phone hotline receiving a call from a patient with confirmed or suspected Covid-19
&the home care management of a Covid-19 patient, including oxygen therapy if needed
&the hospitalization of a Covid-19 patient

i Thorough synthetic review of practice guidelines from:
& World Health Organization
& Centers for Disease Control and Prevention — USA
& International Society for Infectious Diseases — USA
<& Haute Autorité de Santé — France

@ Multidisciplinary panel of medical experts



Demo

http://www.lesfleursdunormal.fr/appliweb/orient_covid

ICU admission criteria

Does the patient meet any of the following ICU admission criteria?
Sp02 < 90%

or [ increased oxygen requirements

or [ polypnea > 30 per minute

or [ PAS <90 mmHG

or [J altered consciousness, confusion, drowsiness

No ” Yes
Reevaluation
Clinical evaluation Clinical reevaluation
Need for oxygen supplementation Followup elements (several choices allowed)
. . . Abnormal CRP and cytokine Abnormal CRP and Abnormal CRP and
High risk of progression Improvement . .
starm cytokine storm cytokine storm
Abnormal . o

Preferred therapy D-dimers Discharge criteria
Alternative Home

therapy hospitalization

Symptonr Sympton Alternatih Preferrec Oxygeno Oxygena Oxygeno Discharg Home  Continue Continue Monitori Monitorii Addition: Treatmer Antibiotr Oxygen Oxygen Icu

treatmer treatmer therapy therapy + + + hospitali: + tests + +
+ + + + treateme treateme treateme Anticoag addition: treatmer
LMWH LMWH LMWH LMWH + + + tests

LMWH LMWH LMWH


http://www.lesfleursdunormal.fr/appliweb/orient_covid

Demo

http://www.lesfleursdunormal.fr/appliweb/orient_covid

Need for oxygen sup

Sym
trea
+

LMw

Clinical evaluation

ICU admission criteria

?

Reevaluation

¢

Clinical reevaluation

Enll. I
- P

(several

llowed)

Does the patient have any of the following elements that contribute to the excess mortality? You can choose several choices, or click on "None".

None

Troponin
N D-dimers increased ] increased (

CRP increased

Spit Oxygen
culture ||requiremen
positive || increased

Improvement

Discharge criteria

Alternative Home
Sym| |Alter |Prefi Oxyt |Oxy{ |Oxyt |Disc| Home |Cc
treal |ther{ ther| | + + + hospit

+ + * treal

MW |LMW LMV | + + +

LMW

Conl

o

o

Abnormal CRP and cytokine storm

Abnormal
CRP and

cytokine

storm

Monitoring +

Anticoagulant

- Perform a thoracic CT-
scan (to verify the
absence of pulmonary
embolism).

- Increase the dose of
anticoagulant therapy.

- Dose the D-dimers again
every 48 hours.

® CRP>10
and IL-6
and | LDH
and [ fibrinogen, all three suggesting a cytokine storm
No W [ Yes
Meonitorir Additional tests Treatment

Antibioth



http://www.lesfleursdunormal.fr/appliweb/orient_covid

Preliminary evaluation

Two internists validated the medical content of the trees

4 Visual trees were presented to 6 clinicians not involved in the
conception

¢ SUS (System Usabillity Scale) score: 92.5% — “excellent”

¢ Qualitative remarks were collected
® The system was described as “user-friendly” (4 times), “good and

clear visuals”, “simple and practical”
@ 5 clinicians said it can improve adherence to guidelines



Discussion

Many clinical guidelines include informal decision trees
¢ Some of them being multi-path in spirit, but not formalized as such

¢ Classical approach for
viewing big decision tree - B - e
IS to display the tree
In a panel, and the

Wells criteria: 6.5 out of 12.5

CTPA: Negative

testing. Based on the negative CT result
- . . . PERC () PERC (+)
@ But it is not suited
imaging, or 2D echo). CTPA has a

. Wells >: Recommendation: Based on the information you have
details of the current o
(29.4-39.7%)
however, the risk of a repeat VTE event
in the next 90 days is 1.2%. Some
for multi-path trees sensitvity of 83% and a specifcy of
96%

having a PE is 8.6% at the time of
clinicians may end the investigation
CTPA (+) here. If, however, clinical suspicion
remains high, further testing is needed
(e.g., serial leg Doppler, additional chest
T T Treatment decision made: Stop investigations for PE
imer (-] -Uimer (+)
[ ] [ ] Override decision support

[Babione 2020]



Discussion

Fisheye have already been applied to trees in various manners
¢ Radial 3D visualization [Mrva 2019]




Conclusion

We proposed methods for visualizing big decision trees, relying on a
multi-path tree model, Fisheye and details-on-demand

¥ We adapted one-click navigation to multi-path decision trees

¥ We applied these methods to the presentation of decision trees for the
clinical management of Covid-19 patients

Perspectives:
& Clinical validation of the Covid-19 application
& Connection to hospital electronic health records
& Application to larger decision trees

¢ Implementation of other guidelines (medical or not) or machine-learned
decision trees



Thank you!

Email for questions and remarks:
jiba@lesfleursdunormal.fr

Online demo:
http://www.lesfleursdunormal.fr/appliweb/orient_covid

This work was funded by the French Research Agency (ANR)
through the Orient-Covid project [grant number ANR-21-LIBA-0004].
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