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Introduction
Sickle cell disease (SCD) is the most frequent monogenic disease in the world 
(300,000 newborns per year).1 The prevalence depends on the geographical area, 
with predominance in sub-Saharan Africa, Mediterranean basin, and India.1 In 
France, about 500 newborns per year are diagnosed.2 SCD occurs in people who 
carry two abnormal alleles of the HBB gene, coding for the Beta chain of hemo-
globin, located on chromosome 11. Depending on inherited mutations, there are 
several types of SCD. The main ones are: homozygous SS-SCD (71% in France), 
double-heterozygous SC-SCD (22%), and double-heterozygous Sβ-SCD (7%).2

Patients with SCD present chronic hemolysis, recurrent episodes of pain (called 
acute vaso-occlusive crisis or acute vaso-occlusive episodes – VOEs), multiple 
organ dysfunction, and early death.1 VOE usually refers to different clinical sub-
types such as painful vaso-occlusion, acute chest syndrome or acute splenic seques-
tration. VOEs are the leading cause of care-seeking in this population, affecting 
both patients with homozygous SS-SCD and those with double heterozygous SCD. 
They induce a decrease in quality of life and increased mortality.1

Population-based studies using health care or health insurance databases are 
very useful to assess the epidemiology and management of rare diseases like SCD 
in France.3

However, health insurance databases are primarily built for reimbursement 
purposes. Consequently, the identification of diseases encoded in these databases 
needs validation before use for research. The French Health Insurance System 
Database called SNDS (Système National des Données de Santé) virtually covers 
the entire French population (>66 million inhabitants). It links administrative, out- 
patient health care, and in-patient data. In-patient data are collected in the PMSI 
(Programme de Médicalisation des Systèmes d’Informations) hospital database. It 
records data related to all hospital stays in both private and public hospitals, 
including admission and discharge dates, one primary discharge diagnosis (usually 
corresponding to the reason for hospitalization)± one related discharge diagnosis, 
and associated discharge diagnoses (corresponding to comorbidities or events that 
occurred during the stay). These diagnoses are encoded at discharge using the 
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International Classification of Diseases, 10th version 
(ICD-10th) by the physician in charge of the patient or 
by professional coding technicians reviewing the medical 
records.3

In 2020, we conducted a cross-sectional study in the 
2017 French PMSI database to assess the positive predic-
tive value (PPV) of ICD-10 discharge diagnoses of hemo-
lytic anemia.4 In this study, the PPV of sickle-cell 
disorders discharge diagnosis (including sickle-cell trait) 
was 97.6% (confidence interval – CI: 95.0–100.0%). 
However, the PPV of discharge diagnosis of VOEs was 
not assessed. This was the aim of this study.

Materials and Methods
We selected all hospital stays at Toulouse University 
Hospital, South of France (2860 beds) between 
January 2017 and December 2017 with a discharge 
diagnosis of VOEs, ie, with the D57.0 ICD-10 code. 
This code corresponds to “sickle-cell anemia with cri-
sis”. Albeit it is recommended to use this code for SS- 
SCD with crisis, there is no other code for VOE in the 
ICD-10. In practice, all VOEs, including VOEs occur-
ring in patients with double-heterozygous SCD, are 
encoded using this code.

True positive cases of VOE were ascertained by 
a detailed medical chart review. PPVs were calculated 
as the number of true positive cases divided by the 
number of patients with D57.0 discharge diagnosis 
code (ie, true-positive plus false-positive cases) and 
stratified according to the category of diagnosis code 
(primary, related and associated). Their 95% Cis were 
calculated by the exact method (Clopper–Pearson inter-
val). The demographics of our sample and the total 
population were compared by a Chi-squared test for 
categorical variables and a Student’s t-test for quantita-
tive variables. Analyses were conducted using SAS 
V9.4TM (SAS Institute, Cary, NC, USA).

Results
During the study period, 882 discharge diagnosis of VOEs 
were identified, corresponding to 182 patients. The mean 
age of these patients at hospitalization was 23.1 years, 
55.5% were women, 74.3% had SS-SCD genotype, 
13.7% SC-SCD, and 8.2% Sβ-SCD. We randomly selected 
100 hospital stays for analysis, corresponding to 70 
patients. Our sample was not different from the total 
population. The mean age was 22.0 years (p=0.26), 
62.9% were female (p=0.13), and the pattern of genotypes 
was SS-SCD 84.3%, SC-SCD 10.0%, and Sβ-SCD 4,2% 
(p=0.29). Among these 100 stays, 72 were true positive 
cases of VOE (including 10 patients with acute chest 
syndrome and 1 patient with acute splenic sequestration). 
Sixty-three concerned SS-SCD patients, 7 SC-SCD 
patients, and 2 Sβ-SCD patients. False-positive cases 
(n=28) were: scheduled transfusion (n=14), annual organ 
dysfunction check-up (n=3), scheduled surgical procedure 
(n=1) and miscellaneous (n=10). Among the 70 hospital 
stays with a VOE discharge diagnosis in the principal 
position, only one false-positive case was observed 
(abdominal pain in a patient with an SCD trait).

Overall, the PPV for VOE discharge diagnosis in the 
PMSI was 72.0%, 95% CI: 62.13–80.52%. It was 98.57%, 
95% CI: 92.29–99.96% for VOE as primary discharge 
diagnosis, 0% for related discharge diagnosis, and 33.3% 
for associated discharge diagnosis (Table 1).

Discussion
To the best of our knowledge, this study is the first to 
evaluate the PPVs of VOE discharge diagnosis in the 
French health database.

It was very high (98.6%) for principal discharge diag-
nosis, while no true positive case of VOE was observed as 
related discharge diagnosis and few as associated dis-
charge diagnosis. Consequently, epidemiological studies 
assessing VOE as an outcome should identify VOEs 
using primary discharge diagnosis only. Of note, this 

Table 1 Positive Predictive Values of Vaso-Occlusive Episode Discharge Diagnosis in the French Hospital Database (D57.0 ICD-10 
Code)

Category of Discharge Diagnosis N Number of True Positive Cases PPV (95% CI)

Overall 100 72 72.0% (62.1–80.5)

Principal 70 69 98.6% (92.3–100.0)
Related 21 0 –

Associated 9 3 33.3% (7.5–70.1)

Abbreviations: CI, confidence interval; ICD-10, international classification of disease version 10; PPV, positive predictive value.
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study confirms that the D57.0 code was used to code 
VOEs whatever the type of SCD (SS, SC, or Sβ). 
Conversely, the consequence for epidemiology studies 
conducted in the SNDS is that it is impossible to distin-
guish VOEs by subtypes of SCD in this database.

Of note, Aljuburi et al conducted a study to assess 
trends in hospital admissions for patients with SCD, with 
or without VOE in the United Kingdom.5 They also used 
the D57.0 code as primary discharge diagnosis to identify 
VOE. However, the PPV had not been previously vali-
dated in this database. In 2016, Hansen et al assessed the 
PPV of hemolytic anemias diagnoses in the Danish 
National Patient Register. Among 25 patients with a D57 
discharge diagnosis of SCD, 18 were true positive cases 
after medical chart review. However, they did not assess 
PPV of the D57.0 diagnosis due to the low number of 
patients with SCD in this study.6 In 2020, Grosse et al 
reviewed all SCD identification algorithms used in USA 
insurance databases, with heterogeneous results.7 

However, all these algorithms used ICD-9 diagnosis clas-
sification, preventing from any comparison with our 
findings.

The principal limitation of this study is that it was 
conducted in a single university center and may not reflect 
the performance of diagnosis coding at the national level. 
However, coding is similar in all private and public hospi-
tals due to the application of validated national standards, 
consequently, it is expected that our results can be extra-
polated to the whole SNDS. Secondly, acute chest syn-
drome or acute splenic sequestration cannot be 
distinguished among VOEs because there is no specific 
code in the ICD-10.

Conclusion
In conclusion, this study suggested the very high PPV of 
primary discharge diagnosis of VOE in the PMSI.
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