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Abstract: Down syndrome (DS) is a common genetic disorder and is associated with an increased 

likelihood of many diseases, including defects of the heart, genitourinary system, gastrointestinal 

tract, and oncological diseases. The aim of this study was to analyze medical problems occurring in 

newborns with DS and to create a basic diagnostic and therapeutic algorithm intended primarily 

for neonatologists, pediatricians, family physicians, and physicians of other specialties caring for 

children with DS. Over a 5-year period, the medical records of 161 neonates with Down syndrome 

from four neonatology departments in Poznan, Poland, were examined. After applying exclusion 

criteria, 111 patients were analyzed. Data obtained from medical history included sex, week of ges-

tation, birth weight, APGAR score, clinical symptoms, peripheral blood count with smear, and clin-

ical features such as jaundice, hemorrhagic diathesis, ascites, hepato- or splenomegaly, pericardial 

or pleural effusion, respiratory failure, and other rare transient signs of abnormal myelopoiesis: fetal 

edema, hepatic fibrosis, renal failure, and rush. In the study group, 8% of children with Down syn-

drome were diagnosed with a heart and 1.8% with a genitourinary defect. Transient abnormal myel-

opoiesis syndrome (Transient abnormal myelopoiesis (TAM)) was found in 10% of newborns with 

DS. A blood count with blood smear, cardiology consultation with echocardiography, and an ab-

dominal ultrasound should be performed in the first few days after birth in all newborns with Down 

syndrome. If this is not possible and the child’s condition is stable, these tests can be performed 

within 2–3 months after birth. 
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1. Introduction 

Down syndrome (DS) is a common genetic disorder and is caused by the presence of 

an extra chromosome 21 or part of it [1]. Aneuploidy is most commonly caused by trisomy 

21, which occurs in 95% of cases. Much less common is the mosaic variant, in which only 

some cells have an extra copy of chromosome 21. This variant causes 1–2% of Down syn-

drome cases. The phenotypic features of Down syndrome may also occur due to the so-
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called Robertson translocation, which is responsible for 2–3% of cases or duplication of 

chromosome 21 [2]. 

Down syndrome is associated with delay in physical growth, intellectual disability, 

and distinctive facial features [3,4]. The most common dysmorphic features include a flat-

tened face, small head, short neck, protruding tongue, upward slanting eyelids, abnor-

mally shaped or small ears, poor muscle tone, broad, short hands with a single crease on 

the palm, relatively short fingers and small hands and feet, and excessive flexibility in the 

joints [5]. Children with Down syndrome have an increased risk of congenital heart dis-

ease, hearing loss, gastrointestinal defects such as duodenal and anorectal atresia, Hirsch-

sprung’s disease, and skeletal and genitourinary defects. They are more likely to develop 

eye diseases, including cataracts and severe refractive defects, hip dislocation, obstructive 

sleep apnea, hypothyroidism, celiac disease, epilepsy, or—later in life—Alzheimer’s dis-

ease. These children often present abnormal humoral immunity, resulting in recurrent 

respiratory infections and otitis media. Children with Down syndrome also have a higher 

risk of leukemia, so-called myeloid leukemia of Down syndrome (ML-DS) [6]. This disease 

is caused by a transient neonatal preleukaemic syndrome, transient abnormal myelopoi-

esis (TAM). TAM and ML-DS are results of cooperation between trisomy 21, which itself 

perturbs fetal hematopoiesis and mutations in the key hematopoietic transcription factor 

gene GATA1. These mutations are present in almost one-third of DS neonates and are 

frequently clinically and hematologically ‘silent’. TAM is characterized by an increased 

number of circulating blasts that contain acquired N-terminal shortening mutations in the 

key gene of the hematopoietic transcription factor GATA1 [7]. 

There is no cure for Down syndrome; therefore, proper care for these children is es-

sential from the first days of life. Parent education and appropriate care significantly im-

prove the quality of life of these children [8,9]. In developed countries with adequate 

health care, the life expectancy in people with Down syndrome is 50–60 years. Regular 

screening for health problems that often co-occur in Down syndrome is recommended 

throughout life and should begin immediately after birth. Such management is extremely 

important to improve the quality of life for people with Down syndrome [10]. 

However, to make care as useful as possible, it is necessary to develop a supportive 

diagnostic and therapeutic algorithm for neonatologists, obstetricians, family physicians, 

and physicians in other specialties. In some regions of the world, such guidelines exist 

[10,11]. In Poland, the diagnostic and therapeutic recommendations for children with 

Down syndrome are ambiguous. While congenital heart and gastrointestinal defects re-

ceive special attention in children with DS, other conditions, including hematological and 

immunological disorders, remain largely forgotten. The purpose of this study is to high-

light the need for multidisciplinary care for children with DS shortly after birth in order 

to improve their quality of life. Hence, the results of the study can be used to prepare a 

basic diagnostic and therapeutic algorithm for any physicians who care for children with 

Down syndrome. 

2. Materials and Methods 

In this study, we decided to analyze the frequency of medical problems, including 

hematological disorders, TAM syndrome, and leukemia occurring in newborns with 

Down’s syndrome born in three hospital centers during the 5-year study period. It was 

also checked whether children with DS were referred to a hematologist or oncologist. The 

collected data were based on the medical records of patients from four Neonatology De-

partments in three medical centers in the capital of the Greater Poland Region: the Gyne-

cology and Obstetrics University Hospital, which includes two departments: the Neona-

tology Department and the Neonatal Infectious Diseases Department (the newborn is hos-

pitalized in one of them depending on the state of health), the Provincial Hospital in 

Poznan and the Franciszek Raszeja City Hospital. The first hospital mentioned is the larg-

est of its kind in the region and the only one with the third degree of reference, which is 

the highest reachable in Poland and means that the medical center offers highly 
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specialized procedures in convoluted cases. All hospitals treated pregnant women from 

both urban and rural regions. Prenatal care in Poland is offered to all pregnant women. 

However, the way in which it is utilized, as well as proper nutrition during pregnancy, 

largely depends on individual environmental conditions. 

The number of total live births per year between 2016 and 2020 from these centers is 

listed in Table 1. 

Table 1. Number of all live births and newborns with DS (in parentheses) between 2016 and 2020 in 

Gynecological and Obstetrics University Hospital (UH), Provincial Hospital of Poznan (PH), and 

Franciszek Raszeja City Hospital (CH). 

Year 
Number of Life Births (Newborns with DS) 

UH PH CH Total Per Year 

2016 7824 (22) 1420 (1) 2532 (1) 11,776 (24) 

2017 7742 (22) 1542 (1) 2652 (2) 11,936 (25) 

2018 7052 (17) 1585 (2) 2597 (1) 11,234 (20) 

2019 6934 (18) 1626 (1) 2520 (1) 11,080 (20) 

2020 6583 (19) 1545 (1) 2183 (2) 10,311 (22) 

The total number of newborns with DS across all 4 hospitals was 161. From this 

group, after applying the exclusion criteria (another place of birth: 39 cases and multiple 

hospitalizations: 11 cases), a group of 111 patients was separated. The data (1) were ob-

tained from the medical history records, (2) were collected from the first day of life, and 

(3) included the patients’ sex, week of gestation, birth body mass, APGAR score, health 

diagnoses, congenital malformations, biochemical examinations, the result of peripheral 

blood count with smear, and clinical features such as jaundice, bleeding diathesis, ascites, 

hepato- or splenomegaly, pericardial or pleural effusion, respiratory failure, and other 

rare TAM symptoms: fetal edema, liver fibrosis, renal failure, and rush. 

Statistical analysis was performed using Statistica 10 software (StatSoft Inc., Tulsa, 

OK, USA). Chi2 Test, t-Test, and Mann–Whitney U Test were used. The observed differ-

ences were considered significant at p < 0.05. The data were elaborated for the group of all 

children, and one’s with TAM Syndrome separately. 

The Bioethics Committee at the Poznan Medical University approved carrying out 

this study. All procedures involving human subjects were performed in accordance with 

1the ethical standards of the institutional and/or national research committee and with the 

1964 Declaration of Helsinki and its subsequent amendments or comparable ethical stand-

ards. We did not receive funding for this study from any public, commercial or non-profit 

sources. 

3. Results 

The analysis of 111 newborns with Down syndrome showed that 15 of them required 

further hospitalization in specialized departments immediately after birth. These were the 

departments of cardiology (n = 6), cardiac surgery (n = 3), oncology (n = 3), nephrology (n 

= 2), and pediatric surgery (n = 1). The duration of hospitalization of children in these 

departments ranged from 1 to 44 days. Two other newborns, after hospitalization in the 

neonatal unit, were referred to the hematology-oncology outpatient clinic for further di-

agnostics and observation. In summary, only 5 of 111 (4.5%) children with DS were re-

ferred for hematology-oncology care, including only two with TAM. Four children died 

between 10 and 29 days of life. The direct cause of death was circulatory-respiratory fail-

ure related to infection. Among all neonates with DS, jaundice, respiratory failure, and 

hemorrhagic diathesis were the most frequently observed abnormalities (Table 2). Among 

the entire study group, 11 neonates (9.9%) were diagnosed with TAM syndrome. The di-

agnosis of TAM was made on the basis of physical examination, peripheral blood count 
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with smear, and biochemical tests. In none of the DS patients, despite genetic counseling, 

testing for GATA1 gene mutations was performed. 

Table 2. The comparison of symptoms occurrence that might lead to suspicion of TAM. 

Analyzed 

Parameter, n (%) 

All Newborns with 

DS 

(n = 111) 

DS 

no TAM 

(n = 100) 

DS 

with TAM 

(n = 11) 

p-Value 

Birth weight (g)     

Mean (SD) 2812.3 (712.8) 2814.3 (728.2) 2794.2 (582.4) 0.930 

Min–Max 765–4450 765–4450 1900–3590  

Median (Q25; Q75) 2950 (2260; 3320) 2955 (2295; 3320) 2880 (2256; 3360) 0.836 

Jaundice 87 (78.4) 78 (78.0) 9 (81.8) 0.770 

Hemorrhagic diathesis 51 (45.9) 41 (41.0) 10 (90.9) 0.002 

Ascites 2 (1.8) 2 (2.0) 0 (0.0) 0.636 

Hepatomegaly 7 (6.3) 3 (3.0) 4 (36.4) <0.001 

Splenomegaly 2 (1.8) 0 (0.0) 2 (18.2) <0.001 

Pericardium effusion 2 (1.8) 0 (0.0) 2 (18.2) <0.001 

Pleural effusion 2 (1.8) 1 (1.0) 1 (9.1) 0.056 

Respiratory failure 65 (58.6) 54 (54.0) 11 (100.0) 0.003 

Fetal edema 3 (2.7) 1 (1.0) 2 (18.2) <0.001 

Kidney failure 5 (4.5) 3 (3.0) 2 (18.2) 0.021 

Death 5 (4.5) 3 (3.0) 2 (18.2) 0.021 

Leukemia 9 (8.1) 3 (3.0) 6 (54.6) <0.001 

DS: Down syndrome, TAM: transient abnormal myelopoiesis syndrome. 

Hemorrhagic diathesis, hepato- and splenomegaly, pericardium and pleural effusion, 

respiratory and kidney failure, fetal edema, and leukemia were significantly more fre-

quently observed in children with DS accompanied by TAM syndrome compared to chil-

dren without it (Table 2). Blood count and smear results comparing newborns with Down 

syndrome with and without TAM showed significantly lower hemoglobin levels and plate-

let counts in the TAM group (Table 3). Moreover, in this group, significantly higher leuko-

cytosis, blast and erythroblast count in peripheral blood smear were observed. 

Table 3. Peripheral blood count and peripheral blood smear results in newborns with Down syn-

drome with and without TAM. 

Analyzed Parameter 

All Newborns 

with DS 

(n = 111) 

DS 

no TAM 

(n = 100) 

DS 

with TAM 

(n = 11) 

p-Value 

HGB (g/L)     

Mean (SD) 13.19 (1.72) 13.3 (1.5) 12.1 (3.0) 0.021 

Min–Max 5.2–18.5 8.3–18.5 5.2–14.5  

Median (Q25; Q75) 13.3 (12.4; 14.3) 13.3 (12.5; 14.4) 13.4 (10.9; 14.1) 0.359 

PLT (thousand/μL)     

Mean (SD) 154.3 (74.0) 158.1 (70.4) 119.9 (98.8) 0.105 

Min–Max 25.0–390.0 33.0–390.0 25.0–311.0  

Median (Q25; Q75) 149 (108.0; 198.0) 151.5 (112.5; 201.0) 79.0 (51.0; 177.0) 0.045 

WBC (thousand/μL)     

Mean (SD) 21.14 (13.4) 19.2 (7.6) 38.5 (32.1) <0.001 

Min–Max 4.95–99.99 5.0–50.0 8.5–100.0  

Median (Q25; Q75) 18.9 (14.8; 23.8) 18.6 (14.7; 23.2) 27.6 (19.82; 43.44) 0.013 

Erythroblasts (×/100WBC)     

Mean (SD) 39.72 (72.5) 33.7 (62.7) 91.6 (122.7) 0.016 

Min–Max 1.0–504.0 1.0–504.0 21.0–422.0  

Median (Q25; Q75) 20.5 (9.5; 41.5) 15.0 (8.0; 39.0) 42.0 (28.0; 94.0) 0.003 

Blasts (%) 

Median (Q25; Q75) * 
13.5 (9.0; 32.0) 12.0 (7.0; 27.0) 54.0 (43.0; 65.0) 0.013 

DS: Down syndrome, TAM: transient abnormal myelopoiesis syndrome, WBC: white blood cells, 

PLT: platelets, HGB: hemoglobin; * median analysis due to data availability. 
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4. Discussion 

Many congenital conditions can be present in children with DS. Although the phe-

notype of children with DS is variable, there are many typical features that enable physi-

cians to make an accurate diagnosis [12]. For ethical and medical reasons, it is necessary 

to know about the possible diseases and problems that can occur in patients with Down 

syndrome from the first days of life. 

One of the possible co-occurring problems in children with Down syndrome is heart 

defects [6]. The most common of these include ventricular septal defect, persistent ductus 

arteriosus, ventricular septal defect, and tetralogy of Fallot [13]. Some heart defects are 

diagnosed during prenatal ultrasound [6,13]. Other children with DS and major heart de-

fects may develop heart failure, breathing difficulties, and developmental problems in the 

neonatal period. However, in some cases, the defect may not produce clinical symptoms; 

hence it is important that all children with DS have an echocardiogram at birth. If this is 

not possible, it should be performed within the first two or three months of life. In our 

group of patients with DS, all newborns had echocardiography performed. Of the 111 

children with DS, six neonates required hospitalization and further diagnostics in the car-

diology department immediately after birth; another three children were transferred to 

the cardiac surgery department. Taking into account that a total of 15 children were trans-

ferred to other specialist wards, including nine to wards with cardiology specificity, these 

data indicate the need for evaluation for heart defects in neonates with DS. 

People with Down syndrome are highly protected against most solid tumors but 

have a high predisposition to certain types of blood cancers, mainly leukemia. In our 

study group of newborns with DS, this was the second most common condition (three 

newborns) requiring further hospitalization in an oncology unit and further diagnostics 

in an outpatient setting (two patients). Acute megakaryoblastic leukemia (AMKL), known 

as myeloid leukemia associated with Down’s syndrome (ML-DS), is particularly common 

in children with DS, and its development is closely related to the preceding so-called tran-

sient abnormal myelopoiesis (TAM) [14]. TAM, which appears to be a rare condition, can 

develop in approximately 4–10% of all neonates with DS. Some researchers point out that 

the diagnosis is underestimated due to the asymptomatic course of the disease and spon-

taneous remission [14]. In our study group, TAM syndrome occurred in 11 of 111 neo-

nates, which represented 9.9% of analyzed children with DS. The GATA1 gene mutation 

appears to be crucial for the occurrence of TAM syndrome in neonates with and without 

DS [7], as well as for the development of AMKL, so its detection plays a key role. However, 

testing for GATA1 gene mutations is not widely used in neonatal and pediatric units in 

Poland. In the available records analyzed by us, none of the children were tested for 

GATA1 mutation. 

Depending on the symptoms and clinical presentation, the prognosis in children with 

DS and concomitant TAM can be good; up to 80% of cases achieve spontaneous remission 

or inauspicious and is associated with an increased risk of death. The percentage of blasts 

in the peripheral blood appears to be related to the patient’s condition. Muramatsu et al. 

showed that the onset of life-threatening symptoms and the higher median age at which 

blast cells disappear from the blood are more likely in patients with a higher percentage 

of blast cells, whereas infants with LBP-TAM, defined as TAM syndrome with low pe-

ripheral blood blast cell with percentage ≤10%, tended to be in better condition and were 

less likely to develop AMKL or premature death [15]. Therefore, it is important to perform 

a complete blood count with peripheral blood smear in all neonates with DS. These tests 

should be repeated multiple times because up to 30% of patients with TAM syndrome 

may develop AMKL. Prevention carried out in this way can avoid delaying the diagnosis 

and treatment of leukemia [7]. 

Children with Down syndrome often have genitourinary malformations [16,17]. In 

our study, this was the third most common condition (two newborns) requiring further 

hospitalization in the nephrology department. Kupferman et al., in their study, compared 

3832 children with Down syndrome and 3,411,833 healthy children. The study showed 
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that 3.2% of children with DS had kidney and urinary tract anomalies compared to 0.7% 

of children without DS. The defects observed in children with Down syndrome included 

anterior urethral obstruction, renal cystadenopathy, hydronephrosis, ureters, hypo-

spadias, posterior urethral valves, prune syndrome, and renal agenesis [18]. The children 

in our study had posterior urethral valves and prune syndrome. They accounted for 1.8% 

of newborns with DS in the entire study group. 

According to the extant literature, approximately 3% of infants with Down syndrome 

are born with an imperforate anus, and about 5% of infants with DS are born with Hirsch-

sprung disease [19]. One neonate in our group failed to pass meconium within 48 h. Due 

to abdominal enlargement, vomiting, and no clinical improvement after conservative 

treatment, he was referred to the pediatric surgery department. The child underwent 

bowel mapping, and a stoma was placed at the splenic flexure. Histopathological exami-

nation confirmed Hirschsprung’s disease. 

The available literature data do not allow sufficient comparison of differences in de-

mographic characteristics of population samples. In the last 10 years, no data on this sub-

ject have been published from Central Europe, and with regard to Eastern Europe, no such 

data have been found at all. Poland, together with the Czech Republic, Slovakia, and Hun-

gary, belongs to the Visegrad Group countries, of which the presented research on the 

subject is the first. Nevertheless, the findings presented to correspond with the cited pub-

lications and confirm the diagnosis of TAM in 10% of infants with DS. 

Careful prenatal care and appropriate screening can lead to a highly probable suspi-

cion of DS in the fetus. However, estimating the screening rate for prenatal DS confirma-

tion was not an expected result; after collected data analysis, it occurred that only in less 

than 10% of infants DS was prenatally diagnosed. This may be due to false-negative ul-

trasound results, failure to perform amniocentesis, or prenatal genetic testing. Poland’s 

National Health System guarantees regular gynecological and obstetric care during preg-

nancy, but underfunding of medical procedures is clearly noticeable. It is highly im-

portant to emphasize the need for public health awareness about insightful prenatal 

screening for DS so that both parents and clinicians could be well prepared for possible 

health challenges to come in their children or patients. 

5. Conclusions 

In conclusion, newborns with Down syndrome require exceptional care supported 

by adequate medical expertise. On the basis of our analysis, we believe that the following 

examinations are mandatory in the first days of life: blood count and peripheral blood 

smear, cardiological consultation and cardiac echocardiography, and abdominal ultra-

sound. If the above-mentioned examinations and consultations cannot be performed after 

birth, doctors and parents should make sure to perform them within 2–3 months after 

birth. Proper diagnosis and care of a child with Down syndrome will improve their living 

conditions and chances for the best possible development. 

Author Contributions: Conceptualization, G.T., P.S.-S., D.J.-L., E.S. and J.M.; methodology, G.T., 

P.S.-S., D.J.-L. and P.M.; software, G.T., P.S.-S., E.S., D.J.-L. and J.M.; validation G.T., P.S.-S., D.J.-L. 

and J.M.; formal analysis, G.T., P.S.-S., D.J.-L., E.S. and J.M.; investigation, G.T., P.S.-S., E.S., D.J.-L. 

and P.M.; resources, G.T., P.S.-S., E.S., D.J.-L. and J.M.; data curation, G.T., P.S.-S., D.J.-L. and J.M.; 

writing—original draft preparation, G.T. and P.S.-S.; writing—review and editing, D.J.-L.; visuali-

zation, G.T., P.S.-S., D.J.-L. and J.M.; supervision, D.J.-L.; project administration, G.T., P.S.-S., E.S., 

D.J.-L. and J.M.; funding acquisition, G.T., P.S.-S., D.J.-L., E.S., P.M. and J.M. All authors have read 

and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Ethical review and approval were waived for this study due 

to the retrospective and non-invasive nature of the study. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 

study. Written informed consent has been obtained from the patient’s parents to publish this paper. 



Int. J. Environ. Res. Public Health 2022, 19, 9774 7 of 7 
 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Weijerman, M.E.; De Winter, J.P. Clinical practice. The care of children with Down syndrome. Eur. J. Pediatr. 2010, 169, 1445–1452. 

https://doi.org/10.1007/s00431-010-1253-0. 

2. Patterson, D. Molecular genetic analysis of Down syndrome. Qual. Life Res. 2009, 126, 195–214. https://doi.org/10.1007/s00439-

009-0696-8. 

3. Kamoun, P.P. Mental retardation in Down syndrome: Two ways to treat. Med. Hypotheses 2019, 131, 109289. 

https://doi.org/10.1016/j.mehy.2019.109289. 

4. Bull, M.J. Down Syndrome. N. Engl. J. Med. 2020, 382, 2344–2352. https://doi.org/10.1056/nejmra1706537. 

5. Parizot, E.; Dard, R.; Janel, N.; Vialard, F. Down syndrome and infertility: What support should we provide? J. Assist. Reprod. 

Genet. 2019, 36, 1063–1067. https://doi.org/10.1007/s10815-019-01457-2. 

6. Bull, M.J.; the Committee on Genetics Health Supervision for Children with Down Syndrome. Pediatrics 2011, 128, 393–406. 

https://doi.org/10.1542/peds.2011-1605. 

7. Bhatnagar, N.; Nizery, L.; Tunstall, O.; Vyas, P.; Roberts, I. Transient Abnormal Myelopoiesis and AML in Down Syndrome: 

An Update. Curr. Hematol. Malig. Rep. 2016, 11, 333–341. https://doi.org/10.1007/s11899-016-0338-x. 

8. Down Syndrome: Other FAQs. Available online: https://www.nichd.nih.gov/health/topics/down/conditioninfo/faqs (accessed 

on 19 June 2022). 

9. Reilly, C. Behavioural phenotypes and special educational needs: Is aetiology important in the classroom? J. Intellect. Disabil. 

Res. 2012, 56, 929–946. https://doi.org/10.1111/j.1365-2788.2012.01542.x. 

10. Hickey, F.; Hickey, E.; Summar, K.L. Medical Update for Children with Down Syndrome for the Pediatrician and Family Prac-

titioner. Adv. Pediatr. 2012, 59, 137–157. https://doi.org/10.1016/j.yapd.2012.04.006. 

11. Windsperger, K.; Hoehl, S. Development of Down Syndrome Research Over the Last Decades–What Healthcare and Education 

Professionals Need to Know. Front. Psychiatry 2021, 12, 749046. https://doi.org/10.3389/fpsyt.2021.749046. 

12. Bull, M.J.; Trotter, T.; Santoro, S.L.; Christensen, C.; Grout, R.W.; Genetics, T.C.O. Health Supervision for Children and Adoles-

cents with Down Syndrome. Pediatrics 2022, 149, e2022057010. https://doi.org/10.1542/peds.2022-057010. 

13. Versacci, P.; Di Carlo, D.; Digilio, M.C.; Marino, B. Cardiovascular disease in Down syndrome. Curr. Opin. Pediatr. 2018, 30, 616–622. 

https://doi.org/10.1097/mop.0000000000000661. 

14. Saida, S. Evolution of myeloid leukemia in children with Down syndrome. Int. J. Hematol. 2016, 103, 365–372. 

https://doi.org/10.1007/s12185-016-1959-5. 

15. Muramatsu, H.; Watanabe, T.; Hasegawa, D.; Myoung-Ja, P.; Iwamoto, S.; Taga, T.; Ito, E.; Toki, T.; Terui, K.; Yanagisawa, R.; 

et al. Prospective Study of 168 Infants with Transient Abnormal Myelopoiesis with Down Syndrome: Japan Pediatric Leuke-

mia/Lymphoma Study Group, TAM-10 Study. Blood 2015, 126, 1311–1311. https://doi.org/10.1182/blood.v126.23.1311.1311. 

16. Pardo, R.; Orejas, G.; Málaga, S.; Málaga, I.; Fernández-Toral, J. Renal involvement in Down syndrome. Pediatr. Nephrol. 2005, 

20, 614–617. https://doi.org/10.1007/s00467-005-1825-9. 

17. Niamien-Attai, C.; Bacchetta, J.; Ranchin, B.; Sanlaville, D.; Cochat, P. Atteintes rénales de la trisomies 21 [Renal abnormalities 

in Down syndrome: A review]. Arch. Pediatrie 2017, 24, 1013–1018. https://doi.org/10.1016/j.arcped.2017.07.014. 

18. Kupferman, J.C.; Druschel, C.M.; Kupchik, G.S. Increased Prevalence of Renal and Urinary Tract Anomalies in Children with 

Down Syndrome. Pediatrics 2009, 124, e615–e621. https://doi.org/10.1542/peds.2009-0181. 

19. Moore, S.W. Advances in understanding the association between Down syndrome and Hirschsprung disease (DS–HSCR). Pe-

diatr. Surg. Int. 2018, 34, 1127–1137. https://doi.org/10.1007/s00383-018-4344-z. 


