N
N

N

HAL

open science

Decision trees for the severity and recurrence of acute
splenic sequestration in sickle cell disease.

Clara Allayous, Jean-Pierre Diara, Richard Emilion, Therese Marianne-Pepin

» To cite this version:

Clara Allayous, Jean-Pierre Diara, Richard Emilion, Therese Marianne-Pepin. Decision trees for the
severity and recurrence of acute splenic sequestration in sickle cell disease.. 2008. hal-00201460v2

HAL Id: hal-00201460
https://hal.science/hal-00201460v2

Preprint submitted on 12 Mar 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00201460v2
https://hal.archives-ouvertes.fr

Decision trees for the severity and recurrence of acute

splenic sequestration in sickle cell disease

Clara Allayous, Jean-Pierre DiafaRichard Emiliori, Therese Marianne-Pepin

!l aboratoire Dynamique des Protéines et Modélisatibriversité des Antilles et de
la Guyane, Pointe-a-Pitre, Guadeloupe, France
’Service de Pédiatrie, CHU de Pointe-a-Pitre, Guage, France

3Laboratoire MAPMO, Université d'Orleans, Orleangarice

SCorresponding author

Email addresses:

CA: callayou@univ-ag.fr

JPD:diaraky@wanadoo.fr

RE: richard.emilion@univ-orleans.fr

TMP: tmariann@univ-aq.fr




Abstract

Background

Acute splenic sequestration is one of the majonadi forms of sickle cell disease.
This potentially life-threatening complication isfathed by a rapid sequestration of
sickle red blood cells in the spleen. Approxima®D@6 of young patients will

develop this complication and 49% of them will hageurrences.

Methods

The decision tree method is a statistical methati¢hn act as a medical decision tool
in the case of a complex biological problem. Theiglen tree method is used here to
determine the variables involved in the severity eecurrence of acute splenic

sequestration crises.

Results

A prior decision tree shows that platelet leveljatzon in spleen size, patient age and
hygrometry also called relative humidity define t&csplenic sequestration severity.
A second one shows that spleen size variation, giheric pressure and patient age

define recurrence.

Conclusions

For the first time, biological and environmentatgraeters are combined to discover
some interesting rules which can lead to more atewvaluations of acute splenic
sequestration severity and recurrence. Thus, ththod provides a sharp diagnostic

tool which could improve medical treatment for betiatient care.



Background

Sickle cell disease is a monogenic hemoglobinopeghylting from a mutation of the
-globin gene (Glu6Val). After releasing oxygen le pperipheral tissues, sickle
hemoglobins interact hydrophobically and stick tbge to form long chains. These
rigid polymers distort the red cells into a chaeaistic sickle shape which cause them
to obstruct blood circulation, leading to tissuendge [1-3]. Acute splenic
sequestration (ASS) is one of the major clinicahifestations of sickle cell disease
and a potentially life-threatening complicationislfound mainly in children but only
rarely in adults [4, 5]. ASS is an important caaéenortality and morbidity in HbSS
children less than five years old [6, 7]. About 36#4hem develop this complication
and the death rate is 10 to 15%. Early detectisplti#Fen enlargement, usually by
parents using palpation techniques, reduces th&ahtpiand morbidity rate linked to
this complication [7-11].

ASS can be classified as being either severe a, mith the latter being more
common [14]. We have defined a mild ASS episoda gigght increase in spleen size
with a decrease in hemoglobin of 2-3 g/dl [14]. @@ other hand, severe ASSs are
associated with a greater drop in hemoglobin Idesk than 2 g/dl [14]. ASS is a
recurrent complication in 49% of cases and recagsmave a 41% death rate, as
shown by Emondt al [7, 11]. Their studies show that severity and resnce are two
major parameters in vital prognosis and patierd €85]. The aim of this paper is to
provide medical doctors with some tools to asdesseéverity level of an ASS
episode and to predict ASS recurrences in a giegiermt. To reach this goal, we have
used a database which contains traditional biokdgiarameters such as spleen size
and patient age, but also contains environmentalnpeters. For the first time, the

Decision Tree Method (DTM) was applied, providiragre interesting decision-

-3-



making tools. As an example of our results we stiat some parameters, such as
platelet level and atmospheric pressure, that aresually classified as triggering

factors may play an important role in ASS occureenc

Methods

Patients, clinical event definition

Data about HbSS patients having ASS events wasatetl by the Sickle Cell Center
“Guy-Mérault” in Guadeloupe between 1980 and 200&:se data concern a set of 32
young patients with a total of 75 ASSs (tables d 2n 16% were female and 84%
were male. No deaths were observed after thesepgB8&ds. No splenectomies were
performed on these patients. Clinical, hematoldgarad environmental data were
collected and recorded into standardized and cosniget] forms (tables 2 and 3).
Only ASS events which required the children to ught to the hospital pediatric
department for medical care were recorded. An A&Sitewas defined as a sudden
drop in hemoglobin level of at least 20% associatgld an increase in palpable
spleen size of at least 2 cm [9, 11, 12], and ifladsaccording to severity level and
recurrence. Mild to moderate thrombocytopenia isropresent [11, 13]. The severity
and the recurrence of ASS were assessed whentibatp@as attended to by the
medical staff.

Patients are classified as presenting severe AS8IdASS according to their
hemoglobin level. In this study, this parametewai as others associated with it,
such as hematocrit value and red cell levels, wasised to build decision tree

models (table 2).



The definition of recurrence is based on historaizdervations made by the Sickle
Cell Center in order to distinguish between patatdveloping one or two fortuitous
ASS events and patients developing three or mokedi ASS episodes. This is an
important distinction, as in some countries, pati@ften go through spleen surgery

after one or two crises.

Parameters

We have taken 12 biological, environmental, andspial parameters into account.
These are presented in Table 3. Biological paramegder to the patient and to
hematological values where “spleen size variatisrdetermined by measuring the
difference between basal spleen size and its \dhltiag ASS.

Environmental parameters like atmospheric presandehygrometry were recorded at
the meteorological unit of “Météo France”, in LeiRd, Guadeloupe, and were
expressed as average daily values. Average analiedsvare 77% and 1010.25 hPa

respectively for hygrometry and atmospheric pressur

Decision trees

A decision tree is a statistical/computer scieno that explains how a class variable
depends on some predictor variables. In our cheg;lass variable is ASS severity or
ASS recurrence, whereas the predictor variablebiategical and environmental
parameters.

Typically, we start with all of the individuals vain a unique class called the root
node of the tree. This node is then split into thidd nodes according to criteria that
ensure that these children are more homogenougthbanot with respect to the class
variable. This operation is iterated on each chdde and is stopped when the node is

small enough or is sufficiently homogenous. Eacimieal node is called a leaf node.



A branch is a path going from the root to a leaf.

For example, in Figure 1, the root node is sptib invo children nodes according to
variableX “Platelet level” andy = 8 x 1d/mm®. The choice oK anda is decided by
the program as the best split among all possibissspurther, in Figure 1, we see
that one of the two child nodes is split into twalas according to variab}¥"“Spleen
size variation” andr =7 cm.

Hence, there is a corresponding decision ruledchdranch of the decision tree,
such as:

if X3< azandX; > andXs > a thenY = +

with a confidence of 85%, th§ 's denoting the predictor variables a¥itheing the
class variable (for two classes + and -).

In this paper, we used the well-known Classifiaa#dnd Regression Tree algorithm
(CART) [16]. The decision tree is built in two stepsing SODAS free software. A
first expansion step yields a decision tree builhwa low error level for each class
cut. The second pruning step yields an optimalsi@aitree (optimal classification).

Only decision trees obtained after the pruning steppresented in this paper.

Results

DTM provides two models, the first one explainin§#& severity and the second ASS
recurrence.

Physical, biological, and environmental parametested in table 3, are used as
predictor variables to build decision trees. Ea@nbh of the tree yields an easily
understandable rule explaining the class varialiles, we get some decision-making

rules which may be useful in medical prognoses.



ASS severity
The severity DT model presented in Figure 1 suggbsee rules for severe ASS
events and three rules for mild ASS episodes. Te@end on the four predictor
variables of platelet level, spleen size variatjgeitjent age and hygrometry.
An ASS event will be considered as severe when:
a) Platelet level is less than 8 x*Ifim®, spleen size variation is less than 7 cm
and hygrometry is less than 70%
b) Platelet level is less than 8 x"fim® and spleen size variation is more than 7
cm
c) Platelet level is more than 8 x“1m® and patient’s age is between 184 and
238 days (around 6 and 8 months).
On the contrary, an ASS event will be consideredhigd when:
a) Platelet level is less than 8 x*Iim®, spleen size variation is less than 7 cm
and hygrometry is more than 70%
b) Platelet level is more than 8 x“®m® and patient’s age is less than 184 days
(around 6 months)
c) Platelet level is more than 8 x“1m® and patient’s age is more than 238
days (around 8 months).
An analysis of this decision tree showing the cleartbat these patients stand of
developing severe or mild ASS, with a low erroerat about 4%, is presented in

Table 4.

ASS recurrence
As mentioned before, a patient having at leaset&®S events is classified as a
recurrent one. The recurrence decision tree mgd#iawn in Figure 2. This tree

indicates that there is only one rule over the fthtained which explains ASS



recurrence. This rule relies on the three predicéoiables of age, atmospheric
pressure, and spleen size variation.
Recurrent events will occur when spleen size vianas less than 4 cm, atmospheric
pressure is more than 1013.6 hPa, and patient'ssdges than 409 days (around 14
months), during the first ASS.
On the contrary, a patient will develop one or faxuitous ASS episodes when:
a) Spleen size variation is less than 4 cm, atmosplipeessure is less than
1013.6 hPa
b) Spleen size variation is less than 4 cm, atmosplpeessure is more than
1013.6 hPa and patient’s age is more than 409 @aysnd 14 months)
c) Spleen size variation is more than 4 cm.
According to our results, patients have a highebability of developing one or two

ASS events, with a low error rate of about 8%, r@sgnted in Table 5.

When comparing the two decision trees, common prexdvariables such as age and
spleen size variation are found. Thus, a spleen\aration of less than 7 cm may
define a severe or a mild ASS (Figure 2), whereggeen size variation of less than
4 cm may define a recurrent one. The lapse of bateieen the onset of ASS and

medical attention does not seem to have any ingraotcurrence.



Discussion

ASS severity and recurrence

The purpose of the present paper is to identifyfalotors involved in ASS severity
and recurrence using the decision tree technigdeadiscriminate between factors
triggering each phenomenon. This method is vemcéffe for simple and fast
medical decision making rules to solve complexdmatal problems. When a child
presenting an ASS episode is brought to the hdsfheamedical staff must note the
level of severity of the ASS and whether or nas & fortuitous event. These are

fundamental criteria for the vital assessment efdhild’s condition.

Biological and environmental variables combine ampout new decision-making
rules in both events. These rules enable us taroocfassical ASS descriptors such
as platelet level, spleen size variation, and bgealso define their close relationship
to climatic factors such as atmospheric pressudehgtgrometry. They not only
determine the nature of the variables involved,aism their relative importance.
“Severity DT” will make it possible to assess AS8dital severity with a low error
rate (4%). Assessment of severity may influencevitat prognosis, even if this
notion principally depends on the lapse between B&$nning and medical
intervention. This model offers biological predict@riables classically used by the
medical staff, such as platelet level, spleens@etion and age, along with their
associated values [9, 11, 12]. The second DT esalil@cians to split HbSS patients
developing ASS complications into two groups. Tingt one concerns children
having one or two fortuitous events, while the setdeals with children

experiencing more ASS phenomena with reinforceatrments.



These empirical medical observations are matheaiticonfirmed in the two
models suggested. These observations indicatd&8@atmight be considered a
splenic vascular occlusion episode centered ondotet adhesion. This hypothesis
has already been suggested by Warkesttah [17]. These authors posit that ASS
could be an intrasplenic sickling crisis with aulésg decline in venous outflow of

blood and splenic pooling of red blood cells [17].

Moreover, the present study clearly shows a relatigp between climatic
environment and ASS severity or recurrence. Thesptimary importance of
hygrometry (severity) and atmospheric pressuraifrence) in the two
pathophysiological processes has been stressedoidgyy stands out as an
important factor with a slightly lower value (70%)an the average hygrometry
observed in Guadeloupe (77%). In the same way, sgih@yic pressure is linked to
the phenomenon of recurrence. Its calculated @l0£3.6 hPa) is very close to the
normal value in Guadeloupe (1010.25 hPa). Ovetalbapheric pressure variation is
low in Guadeloupe but is observed during some @adr conditions as solstices, bad
weather conditions, and the alternation betweenagiaynight. This study was made
with daily variations, making it difficult to undstand whether ASS is influenced by a
certain level of pressure or a change in atmospipeeissure.

Climatic factors, notably cold and seasonal chang@#e long been known to impact
hygrometry. These climatic factors are also knoovparticipate in HbSS vascular
occlusion, in temperate as well as tropical reg{d8s22]. Our results are in
accordance with several other sickle cell diseas#iess showing that climatic

variables are determining parameters in vasculelusion.

-10 -



Seasonal patterns may reflect viral or other infechgents responsible for the

occurrence of painful crises and are well docuneef2e, 21].

Can pathophysiological models be set?

Numerous questions can be asked using these méawisiypotheses should be
checked out with other experiments, as other inédion might be relevant; for
instance, the number of ASS might be higher aiqdar times of day. ASS vascular
damage can have consequences on the spleen. Sahes $tave suggested that
HbSS patients having bacterial infections are nsatgect to ASS recurrence [24,
25]. This vulnerability to infection is directly noected to an early loss of spleen
function [25]. In addition, splenomegaly during first six months of life is
associated with an increase in infection risks P2,

The present study suggests new investigation raunégives additional information
in the pathophysiology of ASS. In the two modeissented, key variables obtained
are already used in case of vascular occlusiorbidiSease. Platelets seem to play an
important role in sickle cell disease occurreneereting soluble factors including
thrombospondin that can contribute to vaso-occiustmplications [27, 28]. These
complications are promoted by erythrocytes andeiad cell adherence,
microvascular occlusion and platelet aggregati®d2z]. In addition, neutrophils
may play a role in adhesion [36, 37]. Moreover, s@uthors suggest that the
vascular occlusion model is the result of inteatdi between leukocytes,
erythrocytes, platelets, plasma proteins, and blesgel walls [38]. A striking
observation is that neither of the two models ot#diindicate the implication of
neutrophils in this complex phenomenon. Many awisoiggest a link between viral
infections and vascular occlusions through the sidheof red cells and endothelium.

In fact, Smolinskit al indicate that viruses may induce adhesion whichdco
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accelerate occlusion occurrence [39]. Vascular sidhealso implies the expression
of cell-surface adhesion molecules which increassgkle cell disease, probabha
a mechanical effect [15, 37, 40]. Moreover, it basn reported that HbSS children
presenting infections have developed ASS. Theserpiatpresent an acute drop in
hemoglobin level, reticulocytopenia and suddenrgplenlargement, which is in
agreement with our results [41]. These differemidiieses must be confirmed by
additional studies to determine the role of théedént partners involved in ASS

occurrence.

Conclusions

DT methods have enabled the definition of pre@saple, and easy to use rules,
almost anywhere in the world, to assess ASS sg\aarid recurrence where biological
and environmental parameters are both involveds $hidy mathematically confirms
the predictor variables used in an empirical wayigymedical staff. Nevertheless,
the relationship between calculated values and i8tins unclear. Further
investigations are necessary to determine the ploggical mechanisms involved and
to better understand this complex phenomenon.

Thus, these two models not only confirm the cladsitedical factors implicated in
ASS, but also confirm ASS severity even if thisiomtdepends on the lapse of time
between the onset of ASS and medical treatmealsdtenables early detection of
children developing multiple ASS events, leadinghimrough parental prevention,
specific medical treatment, and better qualityifef[42, 43].

To conclude, the rules obtained need to be testeddier to confirm and refine the

related biological and environmental parametersaddition, this study could be
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extended to other patients with sickle cell whoedep different complications in
order to determine the specific factors of spea@implications. These results would
be useful in establishing different sub-populatibnked to specific complications, in

order to predict clinical development and adaptBjetreatments to each population.
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Figures

Figure 1 - Severity decision tree.
The different variables defined for ASS severitd émeir calculated values are
represented as branches. Decision nodes are refgéses circles. Terminal outcome

nodes are represented as triangles on the rigigimar

Figure 2 - Recurrence decision tree.
The different variables defined for ASS recurreand their calculated values are
represented as branches. Decision nodes are refgéses circles. Terminal outcome

nodes are represented as triangles on the rigigimar

Tables

Table 1 - Database characteristics.

Table 2 - Database extract.
ASSN, ASS number; Atm, atmospheric pressure; Releldevel; PN, Patient
Number; L, leukocyte level; H, hygrometyS, spleen size variationl, leukocyte

level variation, AN, neutrophil level variation.
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Table 3 - Physical, biological and environmental p

variables.

Table 4 - Statistics summary of « Severity Decisio
Severe ASS = +
Mild ASS = -

Error rate is indicated under the table.

Table 5 - Statistics summary of « Recurrence Decis
3 ASS events and more = +
1 or 2 ASS events = -

Error rate is indicated under the table.
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Table 1

) Total ASS Patients with 3 ASS
Patients
phenomena events and more
n=32 n=75
Girls 5 (16%) 6 (8%) 0
Boys 27 (84%) 69 (92%) 8 (26 events)

Table 2
P ASS Birth ASS AS AL AN AlLiver Atm H P L
N N date size
1 1 09/09/8901/20/90 3 2100 -261 O 1015.0/1 60000 8100
5 1 09/03/8909/24/90 4 5034 2080 O 1011./8 60000 12600
29 1 04/19/97 06/01/88 3 10120 -3892 0 1014.7 78 60000 30200
Table 3
Physical Biological Environmental
variables variables variables
ASS number Patient age Atmospheric pressure
Patient number Platelet level Hygrometry
Total number of ASS Spleen size
episodes ALeukocytes
ANeutrophils
ALiver size
ASpleen size
Table 4
ASS Tree Decision
10(#) 9(#), 1()
65 () 2 (+),63()

Error rate: (1+2)/(10+65) = 4%
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Table 5

ASS Tree Decision
8 (+) 6 (+),2 (-)
18 (-) 0 (+), 18 (-)

Error rate: (2+0)/(8+18) = 8%

-23-



Figure 1.
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Figure 2.
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