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Abstract
Background: Limited data on the prevalence and medical care of sickle cell disease (SCD) in Germany are available. Here, we make use of a patient registry to characterize the burden of disease
and the treatment modalities for patients with SCD in Germany.
Procedure: A nationwide German registry for patients with SCD documents basic data on diagnosis and patient history retrospectively at the time of registration. A prospective annual documentation provides more details on complications and treatment of SCD. For the current analyses,
data of 439 patients were available.
Results: Most patients had homozygous SCD (HbSS 75.1%, HbS/𝛽-thalassemia 13.2%, and HbSC
11.3%). The median age at diagnosis was 1.9 years (interquartile range, 0.6-4.4 years), most
patients were diagnosed when characteristic symptoms occurred. Sepsis and stroke had affected
3.2% and 4.2% of patients, respectively. During the first year of observation, 48.3% of patients
were admitted to a hospital and 10.1% required intensive care. Prophylactic penicillin was prescribed to 95.6% of patients with homozygous SCD or HbS/𝛽 thalassemia below the age of six and
hydroxycarbamide to 90.4% of patients above the age of two years. At least one annual transcranial Doppler ultrasound was documented for 74.8% of patients between 2 and 18 years.
Conclusion: With an estimated number of at least 2000, the prevalence of SCD in Germany
remains low. Prospectively, we expect that the quality of care for children with SCD will be further improved by an earlier diagnosis after the anticipated introduction of a newborn screening
program for SCD.
KEYWORDS

epidemiology, Germany, registry, sickle cell disease

1

INTRODUCTION

cannot be directly transferred to patients living in Germany, who likely
differ from those living elsewhere with regard to the genetic and social

Sickle cell disease (SCD) is a multiorgan disorder resulting in signifi-

background. For these reasons, a registry for patients with SCD was

cant morbidity and mortality.1,2 Through prophylactic and therapeutic

established by the German Society of Pediatric Oncology and Hema-

interventions such as parent education,3 vaccinations,4 antibiotic

tology (GPOH). Here, we report the first results from this registry.

prophylaxis,5 hydroxycarbamide treatment6 and red blood cell
transfusion,7 survival during childhood has continuously improved.8
In Germany, SCD exclusively affects immigrants from endemic

2

METHODS

areas and their descendants, especially from Africa and the Middle
East.9,10 Admission diagnosis data provide an estimate of the increasing frequency of SCD and of its complications in Germany.10 However,

2.1

Registry design

more detailed epidemiological data are required to document the bur-

The nationwide SCD registry records retrospective and prospective

den of disease, to identify shortcomings in patient management, and to

data on patients with SCD across multiple centers. Primarily, all pedi-

improve patient care. In addition, health policy decision-making, e.g., on

atric centers organized in the German Society for Pediatric Oncology

the implementation of a newborn screening for SCD or on the licensing

and Hematology and three internal medicine centers were invited to

of hydroxycarbamide for infants, needs to be supported by “real-world

join the registry. In total, 61 centers were approached, 38 committed

evidence.” Several patient registries worldwide have already answered

to participate and 22 were actively recruiting at the time of data cutoff.

many clinical questions concerning SCD.8,11–14 However, these data

New centers may join the registry at any time. Key inclusion criterion
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was the diagnosis of SCD (both homozygous and compound heterozy-

interim analysis with all available data until the cutoff date of July 4,

gous). Heterozygous carriers of the HbS trait were excluded. The study

2019.

was approved by the institutional review board of the Medical Faculty

In this observational study, no formal statistical hypothesis was

of Heidelberg University (S-416/2014) and performed according to

specified in the study protocol. The sample size is not statistically

the Declaration of Helsinki. Written informed consent from patients

powered for hypothesis testing, and the statistical analysis focuses on

or legal guardians, respectively, was obtained. The first patient was

descriptive and exploratory techniques.

registered in November 2015. Data cutoff for this publication was July
4, 2019. Apart from the registry, the SCD consortium mandated by the
GPOH coordinates several other activities in support of the registry.

3

RESULTS

These include treatment guidelines for SCD,15 creation of a reference
network to offer advice to physicians with limited experience with

Until the cutoff date, 22 centers in Germany registered a total of 439

SCD, pilot projects in newborn screening for SCD, and educational

patients with SCD. Two centers (Hamburg, Berlin) contributed each at

events. The registry is filed with ClinicalTrials.gov (NCT03327428).

least 50 patients, ten more centers at least 10, thus documenting that
SCD patients are widely distributed across the country. Two-hundred

2.2

Care for SCD

twenty-four patients (51%) were female, and 215 (49%) were male.
Genotypes, countries of origin, age at diagnosis, and age at registration

The registry is a purely observational study that does not regulate

are presented in Table 1. One-hundred seventy-two (90.1%) of 191

patient treatment. However, national treatment guidelines15 recom-

patients with SCD aged 6 to 16 years attend regular schools.

mend basic health care measures for SCD, such as parental education,
vaccinations, the use of antibiotic prophylaxis or TCD screening as do
international treatment guidelines.16,17 In Germany, everybody is cov-

3.1

SCD results in relevant morbidity

ered under an obligatory health insurance system, regardless of their

As expected, at the time of registration, more than two thirds of

employment status. New immigrants who are asylum seekers have

patients had already experienced at least one pain crisis requiring hos-

access to medical treatment for acute conditions as well as vaccina-

pitalization, more than one quarter had suffered from acute chest syn-

tions. After a waiting period of 15 months, they become eligible for

drome (Table 2). These numbers were lower in patients with HbSC

the obligatory health insurance coverage, which includes free access

disease compared with homozygous SCD. Stroke and sepsis were

to approved medications. Currently, 60 centers with expertise in pedi-

reported in the history of 4.2% and 3.2% of all patients, respectively.

atric hematology offer care for patients with SCD, but not all cen-

During the first year of observation (Table 3), 201 (48.4%) of 415

ters are equipped for TCD screening. Adults with SCD are frequently

evaluable registry patients with SCD were treated as inpatients,

taken care of by general practitioners, most hematologists follow few

20 (10.2%) of 196 evaluable patients required intensive care. The

patients only.

totals of evaluable patients vary because the number of missing values
differs, leaving room for a reporting bias if the number of evaluable

2.3

Data collection

patients is considerably lower than the total of 439. The most frequent
reason for hospitalization was acute pain (154 of 413 patients, 37.3%),

The registry continues collecting data prospectively without fixed end

followed by acute chest syndrome. These numbers did not change

date. Participating centers enter data via “remote data entry” into elec-

during the second and third years of follow-up (Supporting Informa-

tronic case report forms that have been designed using the electronic

tion Table S2). On average, patients were admitted 0.7 times per year

data capture software Marvin (XClinical GmbH, Munich, Germany).

for pain (range, 0-20). Hospital admissions for pain crisis documented

At the time of registration, basic data including date of birth, date and

during the first annual follow-up in the SCD registry (283 in n = 406

circumstances of diagnosis, genotype, country of origin, blood group,

patients) represent 22.3% of the 1269 hospital admissions that

and patient’s past medical history are reported. Starting from the date

have been reported by hospitals with principal diagnosis “SCD with

of registration, annual follow-ups prospectively document details of

crises”(ICD code D57.0) in 2017 according to the nationwide statistics

SCD-related complications (see Supporting Information Table S1),

of the German Federal Statistical Office.10,18 If the number of hospital-

laboratory parameters, and treatment that have been collected in the

izations in the registry was representative for all patients with SCD in

previous 12 months. Data verification was by plausibility check but

Germany, the minimum total number of patients with SCD in Germany

not by source data verification. The data that support the findings of

could be estimated to be at least 2000. However, in adult patients

this study are available on request from the corresponding author. The

treated in hospital, SCD frequently is a secondary, not a principal, hos-

data are not publicly available due to privacy or ethical restrictions.

pital diagnosis. Because adults are underrepresented in our registry,
the real number of patients with SCD may considerably exceed this

2.4

Statistical analysis

approximation. Further, the total number of patients may be underestimated because patients with mild disease may not be captured.

Periodic analysis and reporting are conducted annually and include

The overall incidence of acute chest syndrome (72 episodes in 679

analyses specified by a cutoff date. The present report is based on an

observation years) was comparable to that in the cooperative study of
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Patient and disease characteristics

Genotypes (n = 425)
HbSS 319 (75.1%)
HbS/𝛽 0 thal 27 (6.4%)
HbS/𝛽 + thal 29 (6.8%)
HbSC 48 (11.3%)
Others: HbS/OArab 1 (0.2%), HbS/HPFH 1 (0.2%)
Region/country of origin*
(for each patient, country of origin of both parents is reported; n = 824)
Africa (66.8%)

Asia (21.9%)

Nigeria

170 (20.6%)

Ghana

140 (17.0%)

Togo

48 (5.8%)

Angola

42 (5.1%)

Cameroon

34 (4.1%)

Guinea

23 (2.8%)

Congo

21 (2.6%)

Sierra Leone

12 (1.5%)

Other

60 (7.3%)

Lebanon/Palestine

61 (7.5%)

Syria

41 (5.0%)

Turkey

32 (3.9%)

Iraq

25 (3.0%)

Other

21 (2.5%)

Europe (without Turkey)

19 (2.3%)

America

14 (1.7%)

Unknown

53 (6.4%)

Age at diagnosis/at registration
<1 year

1-5 years

6-11 years

12-17 years

>17 years

At diagnosis (n = 379)

129 (34%)

189 (49.9%)

44 (11.6%)

13 (3.4%)

4 (1.1%)

At registration (n = 438)

14 (3.2%)

108 (24.7%)

155 (35.4%)

92 (21.0%)

69 (15.8%)

Circumstance of diagnosis (n = 351)
Newborn screening

Positive family
history

Routine checkup

Symptoms

Incidental
finding

Others

18 (5.1%)

76 (21.7%)

5 (1.4%)

202 (57.5%)

34 (9.7%)

16 (4.6%)

∗ Only countries contributing > 10 to the countries of origin.

TA B L E 2

Medical history prior to registration: SCD-associated complications by genotype

Genotype

HbSS

HbS 𝜷 0 thal

HbS 𝜷 + thal

HbSC

Total

n = 319

n = 27

n = 29

n = 48

n = 425*

Severe pain crisis**

221 (71.1%)

17 (65.4%)

21 (72.4%)

24 (53.3%)

285 (69.0%)

Acute chest syndrome

102 (33.3%)

2 (8.7%)

6 (20.7%)

8 (18.2%)

118 (29.2%)

Splenic sequestration

42 (13.8%)

7 (29.2%)

7 (25.9%)

0

56 (14.0%)

Splenectomy

40 (12.8%)

9 (36.0%)

6 (20.7%)

0

55 (13.3%)

Aplastic crisis

28 (9.4%)

3 (13.0%)

5 (17.2%)

5 (11.4%)

42 (10.6%)

Stroke

15 (5.0%)

2 (8.3 %)

0

0

17 (4.2%)

Sepsis

12 (3.9%)

0

1 (3.4)

0

13 (3.2%)

Reaction to red blood cell
transfusion**

5 (1.7%)

0

0

0

5 (1.3%)

∗ Two patients with genotypes HbS/OArab and HbS/HPFH were excluded from this table; percentages were calculated from nonmissing values only.
∗∗ Resulting in hospital admission.
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TA B L E 3

SCD-associated complications by genotype, first annual follow-up
HbSS

HbS 𝜷 0 thal

HbS 𝜷 + thal

HbSC

Total

Genotype

n = 304

n = 26

n = 29

n = 45

n = 406a

Severe pain crisisb

112 (36.7%)

10 (38.5%)

14 (48.3%)

10 (22.2%)

147c (36.1%)

Acute chest syndrome

37 (12.1%)

1 (3.8%)

3 (10.3%)

3 (6.7%)

44 (10.8%)

Splenic sequestration

4 (1.3%)

2 (7.7%)

0

0

6 (1.5%)

Splenectomy

8 (2.6%)

1 (3.8%)

0

0

9 (2.2%)

Aplastic crisis

3 (1.0)

0

1 (3.4%)

3 (6.7%)

8c (2.0%)

Stroke

1 (0.3)

0

0

0

1 (0.2)

Sepsis

3 (1.0%)

0

0

0

3 (0.7%)

Reaction to red blood cell
transfusionb

0

1 (3.8%)

1 (3.4%)

0

2 (0.5%)

a Patients with documented genotype and first annual examination, percentages were calculated from nonmissing values only.
b Resulting in hospital admission.
c One patient with genotype HbS/HPFH experienced both pain crisis and aplastic crisis; one patient with genotype HbS/OArab had not experienced complications related to SCD.

SCD.19 Above the age of one year, the frequency of hospitalization for
pain and acute chest syndrome did not change with age.

The high proportion of patients prescribed antibiotic prophylaxis
and hydroxycarbamide documents good compliance with current

Three patients died of SCD-related complications, all male and

guidelines.15,17 However, although the rate of transcranial Doppler

genotype HbSS: one patient (age 7 years) from streptococcal sep-

(TCD) ultrasounds usage (74.8% of patients with an indication) com-

sis, one (age 40) from heart failure with siderosis, and one (age

pares favorably with historic cohorts,13,23 this important diagnostic

11) from cerebral venous sinus thrombosis, intracranial bleeding and

procedure is still underused.

pulmonary embolism. One additional patient (male, HbSS, age 6) died

One hundred six of 413 patients (25.7%) received red blood cell

from pulmonary complications and viral infection (EBV, Boca) on

transfusions, 84 (20.3%) for acute complications, 19 (4.6%) as a

day 100 after allogeneic stem cell transplantation from a matched

“chronic” transfusion program, and 3 (0.7%) had both chronic and

unrelated donor.

emergency transfusions.
Twenty-three patients received 24 allogeneic stem cell trans-

3.2

Treatment of sickle cell disease

plantations. All patients transplanted from a matched sibling donor
(n = 15) were alive without SCD and without GvHD at last contact.

Almost all children up to the age of five years with the genotypes

Ten of these had at least one year of follow-up. Of the eight patients

HbSS and HbS 𝛽 0 thal were prescribed antibiotic prophylaxis with

having received allogeneic stem cell transplantation from a matched

penicillin V (95.6%). The only currently available disease-modifying

unrelated donor, one patient died and one was transplanted a second

drug hydroxycarbamide is licensed in Europe for use in children with

time for treatment-induced myelodysplastic syndrome after graft

SCD with an age of two years and older. Close to 80% of all reg-

failure one year after his first transplant. Of the remaining six patients,

istry patients were prescribed hydroxycarbamide, 90.4% of patients

follow-up is below one year in five.

above the age of two with either HbSS or HbS 𝛽 0 thal genotypes. These
numbers by far exceed those of other recent registry cohorts.11,12
Patients without hydroxycarbamide had fewer pain crises or chest syndromes (on average, 0.3/year in 111 patient years, SD 0.6) as com-

3.3 Patients with an early diagnosis tend to have
fewer vaso-occlusive crises

pared with patients on hydroxycarbamide (0.8/year in 554 patient

Because SCD is not a target disease of the general newborn screening

years, SD 1.6), indicating that only mildly affected patients did not

in Germany, most of the registered patients were diagnosed later than

receive hydroxycarbamide. The high proportion of patients prescribed

the first year of life after symptoms of SCD had occurred. In order

hydroxycarbamide is reflected in HbF levels. Adult patients with geno-

to tentatively assess within the limitations of a retrospective registry

type HbSS had a mean HbF level of 12.5% (SD 8.2%, n = 11), more

whether an early diagnosis and subsequent treatment results in fewer

than twice that reported for hydroxycarbamide-naïve patients of West

complications, we defined two groups of patients. If patients were

African origin.20,21 This relation holds true for patients of all ages

diagnosed within the first six months of life before the onset of symp-

both of African origin (n = 105, mean HbF 17.6%, SD 15.3) and of

toms (either because of positive family history, newborn screening, or

non-African origin (n = 48, mean HbF 19.8%, SD 16.5), indicating

incidental finding), they were categorized as being diagnosed “early”

that due to the effect of hydroxycarbamide, the HbF levels in the

(n = 55). Patients diagnosed with symptoms of SCD or after the age

registry patients are higher than in hydroxycarbamide-naïve patients

of six months were categorized as being diagnosed “late” (n = 325).

from Jamaica and similar to Indian patients of a comparable age

The proportion of patients with a history of pain crises was higher in

distribution.22

the “late” diagnosis group compared with the “early” diagnosis group
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(69.6% vs 53.7%, P(Fisher) = 0.03). As the “early diagnosis group” was

With regard to severe complications of SCD, the most important limita-

younger (mean age at registration 6.4 years) compared with the “late

tion of our registry is the lack of a universal newborn screening for SCD.

diagnosis group” (10.8 years), this comparison is skewed by differing

The fact that most patients were diagnosed with SCD when symptoms

age distributions. While the patients were followed in the registry, the

occurred raises the concern of lethal complications before the diagno-

frequency of complications (hospitalization for acute pain crises or

sis of SCD is made. Children dying from complications of SCD before

chest syndrome) in the early diagnosis group did not differ significantly

the diagnosis is made cannot be enrolled in the registry, thus the num-

from that in the late diagnosis group (mean 0.5/year in patients with

ber of severe complications may be underestimated. Similar concerns

early diagnosis vs 0.8/year in patients with late diagnosis; standard

relate to patients arriving in Germany as refugees, typically without

deviation 1.0 and 1.6, respectively). These findings suggest that our

documentation of their medical history.10,24 Although we know that

patient registry may currently not be suitable to show the advan-

the number of patients with SCD has increased by more than 30% after

tages of newborn screening, either because of the limited number

2013,10 we do not know how many of the registry patients were born

of registered patients or, more likely, because of a bias against early

in Germany and how many arrived after having suffered from SCD in

and potentially fatal events in patients who have not been diagnosed

their home country or in another health care system.

early.

Despite the obvious limitations, this registry systematically gathers
nationwide data on SCD and its treatment for Germany. In comparison
with a previous registry,25 both the number of enrolled patients and
the total of patients with SCD in Germany have approximately doubled

4

DISCUSSION

since 2005. Although the proportion of patients treated with hydroxycarbamide has increased more than threefold compared with 2005

We set up a nationwide registry for SCD patients living in Germany, a

and antibiotic prophylaxis is offered > 95% of preschool children, TCD

country that has recently accommodated a large number of immigrants

measurements are still not used in every patient in need. We conclude

from regions with high prevalence of SCD.

that the physicians that contributed to this registry, mostly pediatri-

On the basis of the insurance data documenting the total frequency
admissions10,18

cians, are aware of current treatment guidelines. However, the incom-

and the average number of admissions for

plete availability of TCD screening due to the lack of physicians with

pain crisis per patient documented here, we estimate the national Ger-

expertise in this technique, and most importantly the late diagnosis

man SCD registry to currently cover up to 25% of all patients living

due to the lack of a newborn screening for SCD preclude treatment

with SCD in the country. Further, the registry demonstrates that the

according to international standards. In order to improve medical care

contributing centers generally treat their patients according to current

for patients with SCD, the most important measures are a newborn

guidelines, which results in a profile of morbidity and mortality that is

screening program that is expected to be introduced in 202126 and a

likely comparable with that of higher incidence countries in Europe and

TCD training program for physicians.

of hospital

North America.

Patient registries, together with concomitant efforts such as physi-

In comparison with other European countries, the German registry

cian training on treatment guidelines or establishing newborn screen-

data reveal two unique characteristics: First, the diagnosis is made

ing programs for SCD, are essential for a comprehensive national SCD

at a relatively old age and mostly related to the occurrence of symp-

management in countries where SCD has only recently been recog-

toms. This challenge will likely be addressed by the introduction of

nized as a challenge.27 However, an optimal care will only be achieved

a newborn screening for SCD in Germany, which is expected to be

if a network of both pediatric and internal medical centers is dedicated

introduced in 2021. Second, the proportion of patients treated with

to offer routine follow-up and emergency treatment for patients with

hydroxycarbamide is far higher than reported in any SCD registry so

SCD.

far,11,12 consistent with current national guidelines.15 We assume that
the comprehensive use of hydroxycarbamide is a characteristic of the
mostly academic centers participating in the registry but may not be a
nationwide phenomenon.
Our study suffers from several limitations that are inherent to the

ACKNOWLEDGMENTS
We thank all participating patients and all contributing physicians and
nurses for their efforts.

design of a voluntary registry. Although 38.2% patients admitted to
German hospitals for SCD were age 20 or above,10 only 15.8% of our
registry patients are adults. This bias toward younger patients is due

FUNDING INFORMATION

to the fact that primarily large pediatric centers contributed to the
registry. Unfortunately, patients with SCD who are taken care of by
family physicians or at smaller institutions are much more difficult to

Starting in November 2016, the SCD registry has been generously
funded by the Deutsche Kinderkrebsstiftung (DKS 2016.12).

enroll and require further efforts until a near to complete enrollment
of all patients with SCD can be achieved. Although the total number
of patients with SCD in Germany is not known, we estimate the total
number of patients with SCD to be at least 2000 in Germany for 2017.

CONFLICTS OF INTEREST
The authors declare that there is no conflict of interest.

7 of 7

KUNZ ET AL .

LINKED CONTENT
This article is linked to an article by Isaac Odame https://onlinelibrary.

16.

wiley.com/doi/epdf/10.1002/pbc.28168

ORCID

17.

Joachim B. Kunz

https://orcid.org/0000-0003-0946-3928

Lena Oevermann

https://orcid.org/0000-0001-6828-1783

Michael Frühwald

18.

https://orcid.org/0000-0002-8237-1854

REFERENCES
1. Gill FM, Sleeper LA, Weiner SJ, et al. Clinical events in the first decade
in a cohort of infants with sickle cell disease. Cooperative Study of
Sickle Cell Disease. Blood. 1995;86(2):776-783.
2. Platt OS, Brambilla DJ, Rosse WF, et al. Mortality in sickle cell disease. Life expectancy and risk factors for early death. N Engl J Med.
1994;330(23):1639-1644.
3. Emond AM, Collis R, Darvill D, et al. Acute splenic sequestration
in homozygous sickle cell disease: natural history and management.
J Pediatr. 1985;107(2):201-206.
4. McCavit TL, Xuan L, Zhang S, et al. Hospitalization for invasive
pneumococcal disease in a national sample of children with sickle
cell disease before and after PCV7 licensure. Pediatr Blood Cancer.
2012;58(6):945-949.
5. Gaston MH, Verter JI, Woods G, et al. Prophylaxis with oral penicillin
in children with sickle cell anemia. A randomized trial. N Engl J Med.
1986;314(25):1593-1599.
6. Wang WC, Ware RE, Miller ST, et al. Hydroxycarbamide in very young
children with sickle-cell anaemia: a multicentre, randomised, controlled trial (BABY HUG). Lancet. 2011;377(9778):1663-1672.
7. Adams RJ, McKie VC, Hsu L, et al. Prevention of a first stroke by
transfusions in children with sickle cell anemia and abnormal results
on transcranial Doppler ultrasonography. N Engl J Med. 1998;339(1):
5-11.
8. Quinn CT, Rogers ZR, McCavit TL, et al. Improved survival of children
and adolescents with sickle cell disease. Blood. 2010;115(17):34473452.
9. Kohne E, Kleihauer E. Hemoglobinopathies: a longitudinal study over
four decades. Dtsch Arztebl Int. 2010;107(5):65-71.
10. Kunz JB, Cario H, Grosse R, et al. The epidemiology of sickle cell
disease in Germany following recent large-scale immigration. Pediatr
Blood Cancer;2017(7):64.
11. Le PQ, Gulbis B, Dedeken L, et al. Survival among children and adults
with sickle cell disease in Belgium: benefit from hydroxyurea treatment. Pediatr Blood Cancer. 2015;62(11):1956-1961.
12. Cela E, Bellon JM, de la Cruz M, et al. National registry of
hemoglobinopathies in Spain (REPHem). Pediatr Blood Cancer;2017(7):64.
13. Telfer P, Coen P, Chakravorty S, et al. Clinical outcomes in children with
sickle cell disease living in England: a neonatal cohort in East London.
Haematologica. 2007;92(7):905-912.
14. King LG, Bortolusso-Ali S, Cunningham-Myrie CA, et al. Impact
of a comprehensive sickle cell center on early childhood mortality in a developing country: the Jamaican experience. J Pediatr.
2015;167(3):702-705. e701.
15. Cario H GR, Jarisch A, Kulozik AE, Kunz JB, Lobitz S, AWMFLeitlinie 025/016 Sichelzellkrankheit, 2014. https://www.awmf.org/

19.

20.

21.

22.
23.

24.

25.

26.

27.

uploads/tx_szleitlinien/025-016l_S2k_Sichelzellkrankheit_2014-12_v
erlaengert.pdf. Accessed Aug 1, 2019.
de Montalembert M, Ferster A, Colombatti R, et al. ENERCA clinical
recommendations for disease management and prevention of complications of sickle cell disease in children. Am J Hematol. 2011;86(1):7275.
Yawn BP, Buchanan GR, Afenyi-Annan AN, et al. Management of sickle
cell disease: summary of the 2014 evidence-based report by expert
panel members. JAMA. 2014;312(10):1033-1048.
Statistisches Bundesamt (Destatis). Tiefgegliederte Diagnosedaten
der Krankenhauspatientinnen und –patienten 2018. https://www.des
tatis.de/DE/Publikationen/Thematisch/Gesundheit/Krankenhaeuser/
TiefgegliederteDiagnosedaten5231301177015.html. Accessed Aug
1, 2019.
Castro O, Brambilla DJ, Thorington B, et al. The acute chest syndrome
in sickle cell disease: incidence and risk factors. The Cooperative Study
of Sickle Cell Disease. Blood. 1994;84(2):643-649.
Charache S, Terrin ML, Moore RD, et al. Effect of hydroxyurea on the
frequency of painful crises in sickle cell anemia. Investigators of the
Multicenter Study of Hydroxyurea in Sickle Cell Anemia. N Engl J Med.
1995;332(20):1317-1322.
Borba R, Lima CS, Grotto HZ. Reticulocyte parameters and hemoglobin
F production in sickle cell disease patients undergoing hydroxyurea
therapy. J Clin Lab Anal. 2003;17(2):66-72.
Kar BC, Satapathy RK, Kulozik AE, et al. Sickle cell disease in Orissa
State, India. Lancet. 1986;2(8517):1198-1201.
Armstrong-Wells J, Grimes B, Sidney S, et al. Utilization of TCD screening for primary stroke prevention in children with sickle cell disease.
Neurology. 2009;72(15):1316-1321.
De Franceschi L, Lux C, Piel FB, et al. Access to emergency departments
for acute events and identification of sickle cell disease in refugees.
Blood. 2019;133(19):2100-2103.
Dickerhoff R. [Sickle cell disease in Germany – disease manifestations,
therapeutic options and possibilities for improvement of care]. Klin
Padiatr. 2006;218(3):165-169.
Gemeinsamer Bundesausschuss. Bewertung eines Screenings auf
Sichelzellkrankheit bei Neugeborenen, 2018. https://www.g-ba.de/
downloads/39-261-3394/2018-06-28_IQWIG-Beauftragung-Sichelz
ellkrankheit.pdf. Accessed Aug. 1, 2019.
Inusa BPD, Colombatti R. European migration crises: the role of
national hemoglobinopathy registries in improving patient access
to care. Pediatr Blood Cancer. 2017;64(7). https://doi.org/10.1002/
pbc.26515.

SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

How to cite this article: Kunz JB, Lobitz S, Grosse R, et al. Sickle
cell disease in Germany: Results from a national registry. Pediatr Blood Cancer. 2020;67:e28130. https://doi.org/10.1002/
pbc.28130

