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1 The case data
Let us motivate our choice of popuplation under study. We used this population

because sickle cell disease is a worldwide health burden (the most frequent mono-

genic disorder), mostly in African population. Risk factors for readmission are not

well understood, while for other chronic disease, many studies have been conducted

on readmission. Moreover, focusing on a homogeneous population is more relevant

in terms of clinical impact. Thus, there is a first clinical interest.

Moreover, we included a large number of covariates (high-dimensional setting)

with no a priori hypothesis on which covariates should be important for predicting

the readmission. Therefore, it was necessary to have a monocentric setting due to

the heterogeneity of Electronic Heath Records (EHR) between different hospitals.

This is particularly true for longitudinal variables, being a central focus in our study.

Indeed, very few studies in the literature are dedicated to the prediction of read-

mission in such a complex data space in terms of dimension or temporal dependency

of the longitudinal covariates. And in this context, no one has yet compared recent

machine learning methods simultaneously in the two theoretical settings used in

readmission studies (survival analysis and binary classification) – while this is a

paramount question – both in terms of prediction abilities and covariate selection

for interpretation purposes.

Then, our sample is not very large in the context of chronic diseases, but all the

retrospective studies about Vaso-Occlusive Crises (VOC) that use clinical data have

a sample size of same order: see for instance Vichinsky et al. [7] with 538 patients

(but this study is multicentric), Prasad et al. [6] with 58 patients, Frei-Jones et al.

[4] with 100 patients, Darbari et al. [3] with 264 patients, Curtis et al. [2] with 432

patients (but this study focuses on emergency room only).

Finally, and most importantly, strictly in terms of methodology, all the methods

used in this paper are actually designed for small sample size in a high-dimensional

context. One key point of our paper is to propose a general methodology to com-

pare and understand different models within distinct framework (survival or classi-

fication) for a given dataset, potentially leading to complementary conclusions and

interpretations, and this message does not depend on the sample size of the dataset.
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The pipeline proposed in our study is devoted to have a broader view than studying

readmission rate for conditions with already well documented risk factors.

Because SCD is rare, patients are almost systematically addressed to hospital

specialists for follow-up. In France, SCD experts are regrouped in SCD referral

centers such as the GPUH. Therefore, in our case, primary care and urgent care are

provided by the same hospital (the GPUH).

Hence, for patients included in this study, we had complete information regard-

ing their follow-up and no alignment between primary care and hospital care was

necessary. Moreover, our study focuses more on the methodological side than on

readmission modeling for chronic diseases. The proposed pipeline holds for any hos-

pitalized condition where readmission is of interest, not only chronic diseases.

2 Details on covariates
2.1 Descriptive data

Figure 1 represents the distribution of the number of stays.
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Figure 1: Covariates selection similarities. Number of stays per

patient (# means “number of”). 161 patients have only one stay within

the follow-up period, hence did not experience a readmission in this

period (censored data).

The 161 patients with no readmission within the follow-up period are treated as

censored ones in the survival analysis setting. This was possible because we had

complete information on their follow-up.

2.2 Covariates creation

Since SCD patients are frequently treated with opioids to control the pain induced

from VOCs, some may develop, over time, an addiction to these products. Such

addiction may cause readmission and often interferes with hospitalization timeline.

In order to limit confusion bias, we excluded patients encoded as opioid addicts

(ICD-10 F11) as well as those who were treated with substitute products such as

Methadone or Buprenorphine, both determined from hospitalization reports and

drug prescriptions.
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Regarding opioid treatment related information from the CDW, based on doctors

and nurses inputs, variables extracted were the following:

- the specific molecule of each prescription,

- the specific dosage form of each prescription,

- the initiation and ending timestamps of each prescription.

From these variables, we also derived the following:

- the delay between the end of the last syringe received and the hospital discharge,

- the number of syringes used per day on average,

- the slope from the linear regression of the delay between syringes throughout the

stay.

Regarding intravenous opioid treatments, we also extracted bolus dosage, maxi-

mum dosage, and refractory period. In order to capture both the average level and

the general trend of these covariates, we derived them by calculating the slope and

intercept from the linear regression of each of these parameters throughout the stay.

2.3 Missing data

We substitute missing medical history related data as follows: if a specific medical

condition or VOC complication is mentioned in a report, this item is considered as

part of the patient’ medical history for every chronologically following stays; if a

specific medical condition or VOC complication is explicitly stated as absent from

the medical history in a report, this item is considered absent in all the previous

stays.

For other specific covariates, we proceed that way:

- for the patients’ baseline hemoglobin value, we use the last hemoglobin value mea-

sured during the first included stay,

- for the dichotomous variables regarding the patient’s entourage and professional

activity, we use the most represented value amongst all stays (of all patients),

- we consider non-mentioned medical history or VOC complications as absent,

- we consider that all patients received both opioid treatments and oxygen therapy

at admission in the emergency room. Therefore, we consider the post-opioid obser-

vation period, as well as the post-oxygen observation period, to be the same time

length as the entire stay.

For all remaining covariates, we impute as follows (after the random sampling of

one stay per patient):

- numerical variables are imputed with their median values,

- categorical variables are imputed with their most represented values.

2.4 List of covariates

Table 2 summarizes the concepts used and their basic properties.

3 Details on experiments
3.1 Survival function estimation

For the Cox PH model, the survival P[Ti > t|Xi = xi] for patient i in the test set

is estimated by

Ŝi(t|Xi = xi) = [Ŝcox
0 (t)]exp(x

>
i β̂),
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where Ŝcox
0 is the estimated survival function of baseline population (x = 0) obtained

using the Breslow estimate of λ0 [1]. For the CURE or the C-mix models, it is

naturally estimated by

Ŝi(t|Xi = xi) = πβ̂(xi)Ŝ1(t) +
(
1− πβ̂(xi)

)
Ŝ0(t),

where Ŝ0 and Ŝ1 are the Kaplan-Meier estimators [5] of the low and high risk of

early-readmission subgroups respectively learned by the C-mix model (patients with

πβ̂(xi) > 0.5 are clustered in the high risk subgroup, others in the low risk one), or

cured and uncured subgroups respectively learned by the CURE model.

3.2 Hyper-parameters tuning

Let us summarize the hyper-parameters obtained after the cross-validation pro-

cedure for each method. First, we take η = 0.1 for all method using Elastic-Net

regularization to ensure covariates selection. The strengh of the penalty is tuned

to 42.81 for LR, 0.05 for SVM, 0.03 for C-mix, 0.008 for CURE and 0.014 for Cox

PH. For RF, the maximum depth is 7, the minium sample’s split is 3, the minimum

sample’s leaf is 2, the criterion is the entropy and the number of estimators is tuned

to 200. For GB, the maximum depth is 7, the minimum sample’s split is 3, the

minimum sample’s leaf is 4 and the number of estimators is 200. Finally for NN,

the hidden layer’s sizes is 3, the regularization term is tuned to 0.13.

3.3 Covariates importance comparison

Figure 2 gives the covariates importance estimates for all covariates and all consid-

ered methods.

4 Results in terms of accuracy and F-measure
Let us precise in Table 1 the results obtained in the binary outcome setting in terms

of accuracy and F-measure, in addition to the AUC score.

Table 1: Comparison of prediction performances in the binary outcome setting for

different metrics, with best results in bold.

Model AUC Accuracy (%) F-measure

SVM 0.524 52.11 0.521
GB 0.561 54.59 0.547
LR 0.616 57.86 0.580
NN 0.707 70.24 0.701
RF 0.738 72.13 0.718

ŜCURE (ε = 30) 0.831 81.24 0.822

ŜCox (ε = 30) 0.855 84.42 0.853

ŜC-mix (ε = 30) 0.940 92.38 0.927

Author details
1 Laboratoire de Probabilités Statistique et Modélisation (LPSM), UMR 8001, Sorbonne University, 4 Place Jussieu,

75005 Paris, France. 2 Biomedical Informatics and Public Health Department, European Georges Pompidou
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Figure 2: Covariates importance. Comparison of covariates impor-

tance, ordered on the C-mix estimates. Note that for RF and GB mod-

els, coefficients are, by construction, always positive.
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