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Introduction

Upshaw-Schulman syndrome (USS, OMIM#274150), 
known as congenital thrombotic thrombocytopenic purpura 
(TTP), is a rare autosomal recessive disorder caused 

by mutations of a disintegrin-like and metalloprotease 

with thrombospondin type 1 motif  (ADAMTS13 ) 

(OMIM#604134) (1). TTP presents as hemolytic anemia, 

thrombocytopenia, microvascular thrombosis, and end-
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organ damage. Plasma exchange is the preferred treatment, 
and can reduce the fatality rate of TTP by >80%. The first 
case of hereditary TTP was described in an 8-year-old girl 
in 1960 by Schulman et al. (2). Upshaw described another 
child with a similar clinical manifestation in 1978 (3) and 
in 2004 Schiff et al. reported two children with delayed 
diagnosis (4). Previous studies have found that USS is 
caused by gene mutations in ADAMTS13, showing <10% of 
its activity (1) and currently, more than 150 gene mutations 
of ADAMTS13 have been reported worldwide, including 
missense, nonsense, splice-site alterations, nucleotide 
deletions, and insertions. ADAMTS13 is located on 
chromosome 9q34, is 37 kb in length and contains 29 exons. 
Mutations affect the entire ADAMTS13 protein, changing 
the secretion and activity of ADAMTS13 to varying  
degrees (5). 

ADAMTS13 is a metalloproteinase and specifically 
cleaves a macroporous von-Willebrand Factor (VWF) 
multimer with thrombogenic effect. A homozygous 
or complex heterozygous mutation will  inactivate 
ADAMTS13, which impairs the synthesis or secretion of 
disintegrin-like and metalloproteinases. When the plasma 
ADAMTS13 antigen or activity is decreased, uncleaved the 
supermolecular VWF multimer (UL-VWFM) accumulates 
in the blood, causing abnormal platelet aggregation and 
extensive microvascular thrombosis. Patients may present 
with some or all of thrombocytopenia, hemolytic anemia, 
nervous system abnormalities, renal insufficiency and 
fever (5). Here, we report three cases of neonatal deaths 
in the same family, each presenting with early jaundice, 
and thrombocytopenia. A novel heterozygous compound 
in ADAMTS13 that originated from father and mother 
respectively expands the phenotypic spectrum and broadens 
the spectrum of genetic causes of this rare disorder. We 
present the following article in accordance with the CARE 
reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-22-114/rc).

Case presentations

All procedures performed in this study were in accordance 
with the ethical standards of the institutional and/or 
national research committee(s) and with the Declaration of 
Helsinki (as revised in 2013). Written informed consent was 
obtained from the patients’ parents for publication of this 
case report and accompanying images. Copies of the written 
consent are available for review by the editorial office of this 
journal.

Case 1

A 39-week-gestation female infant was vaginally delivered 
24 h after spontaneous rupture of membranes with 
a birth weight of 1,950 g, and Apgar score (6) 8/3/3 
(1’/5’/10’) on May 20, 2015. This was the first baby of 
the couple. The 24-year-old mother was diagnosed with 
gestational hypertension and gestational diabetes mellitus 
(GDM) during pregnancy and referred to the Prenatal 
Diagnosis Center of Jiangsu Province for the evaluation of 
intrauterine growth restriction (IUGR) noted on routine 
antenatal examination at 39 weeks. Following admission, 
increased cardiothoracic ratio, and myocardial thickening 
were noted. Genetic diagnosis was not performed because 
of premature rupture of membranes and irregular 
contractions. The newborn presented with jaundice, 
cyanosis and tachypnea immediately after delivery. Heart 
rate and blood oxygenation dropped sharply 4 min later. 
At that time, the baby was markedly icteric and had many 
petechial hemorrhages. Transcutaneous bilirubin (TCB) 
assay was 12.8 mg/dL. The liver was palpable 4 cm below 
the costal margin and the spleen was 1 cm. The newborn 
was resuscitated, but died of cardiac arrest. Cord blood 
hemoglobin (Hb) was 74 g/L, white blood cell (WBC) 
count was 44×109/L, red blood cell (RBC) count was 
1.79×1012/L, hematocrit (Hct) was 23.9%, and platelet count 
(Plt) was 44×109/L. A routine peripheral blood sample gave 
similar results. Lactate dehydrogenase (LDH) was 2,422 U/L, 
total bilirubin (TBIL) was 136.4 µmol/L, and direct bilirubin 
(DBIL) 15.4 µmol/L. Blood smear showed all stages of 
immature RBCs, abnormal RBCs and mature RBCs that 
were uneven in size (Table 1). The couple was consulted but 
refused genetic testing and autopsy partially for financial 
reasons, but donated the placenta and corpse to the 
hospital. There were no obvious abnormalities on placental 
pathologic examination.

Case 2 

One year later, a second female infant was born at 37+3 
weeks’ gestation by oxytocin induction due to mild 
preeclampsia, with a birth weight of 3,240 g and Apgar 
score of 9/10/10 (1’/5’/10’) on December 1, 2016. Maternal 
blood pressure during pregnancy was unstable and fetal 
ultrasound showed separation (11 mm) of the left renal 
pelvis. Prenatal diagnosis had again not been accepted 
because of they had no family history. The mother had 
irregular antenatal examinations at a local hospital and was 

https://tp.amegroups.com/article/view/10.21037/tp-22-114/rc
https://tp.amegroups.com/article/view/10.21037/tp-22-114/rc
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referred to us because of abnormal fetal umbilical artery 
blood flow with bloody show in the third trimester. In the 
12th hour of life, the newborn developed jaundice (TCB  
18.5 mg/dL) and was transferred to the neonatal intensive 
care unit (NICU). Initial laboratory tests revealed pH 6.95, 
PCO2 52.2 mmHg, PO2 52.0 mmHg, and base excess (BE)–
18.8 mmol/L. There was abnormal coagulation (Prothrombin 
time (PT) 27.9 s, Activated Partial Thromboplastin Time 
(APTT) 96.2 s, Fibrinogen (Fbg) 1.2 g/L, Thrombin time 
(TT) 24.9 s, D-dimer(D-D) 9,190 ng/mL, Fibrinogen 
degradation product (FDP) 103.9 ug/mL), high TBIL but 
acceptable routine blood values (Table 1). The physical 
examination revealed jaundice, petechiae and tachypnea. 
The liver was palpable 3.5 cm below the costal margin 
and the spleen was just palpable. Ultrasound examination 
detected a patent ductus arteriosus (PDA), and an atrial 
septal defect. Lungsand abdomen were normal on X-ray. 
After admission, the newborn was given ventilator-
assisted respiratory support to correct the acidosis, as well 
as hemostasis interventions, infusion of RBCs, and fresh 
frozen plasma (FFP), and other symptomatic supportive 
treatments. Repeat routine blood review showed obvious 
changes (Hb 30 g/L, WBC 15.0×109/L, RBC 0.95×1012/L, 
Hct 9.9% and Plt 255×109/L). At 30 h after birth, the infant 
deteriorated rapidly and died. The couple again refused 
genetic testing and autopsy but donated the placenta. No 
abnormalities showed on placental pathologic examination.

Case 3 

On June 18, 2019, a third female infant was born at 39+3 

weeks’ gestation with a birth weight of 3.6 kg, normal Apgar 
scores of 9/10/10 at 1, 5 and 10 min of life and referred to 
the NICU immediately after birth because of the previous 
two unexplained neonatal deaths. This pregnancy had 
been complicated with preeclampsia and the mother still 
refused to undergo amniocentesis and genetic diagnosis. 
Both the prenatal fetal ultrasound and chromosome 
karyotyping of the couple were normal. Within 1 h of 
admission to the NICU, the newborn developed shortness 
of breath, bruising, loose bleeding point in the face and 
hypoglycemia. She was started on hood oxygen, hemostasis, 
and rehydration support therapy. At age of 5 h, the newborn 
showed an increase in oxygen requirement with an increase 
in breathing effort and due to impending respiratory 
failure, she was intubated for mechanical ventilation. At 
that point in time, the newborn was noted to have purple 
lips, cold limb tips, whole body skin bleeding spots and 

ecchymoses; her vital signs were unstable. Intensive 
phototherapy was started, with supplemental oxygen to 
improve microcirculation and component blood transfusion 
preparation. The newborn rapidly deteriorated after 
birth and was resuscitated but soon died of respiratory 
cardiac arrest. Blood gas analysis showed pH 7.33, PCO2  
46.7 mmHg, PO2 44mmHg, BE −2.1 mmol/L, and SO2 
76.4%. The laboratory tests showed remarkably low Plt and 
abnormal coagulation (Table 1). Echocardiography revealed 
PDA, patent foramen ovale and pulmonary hypertension 
(64 mmHg). Autopsy was not accepted. No obvious 
abnormalities were found in placental pathology. 

Genetic testing was f inally conducted with the 
permission of the couple. Whole-exome sequencing (WES) 
of case 3 and the parents’ whole blood samples were sent to 
the Beijing Full Spectrum Medical Laboratory for testing. 
The ADAMTS13 c.1187 (exon10) G>A (p.C396Y)/c.1595 
(exon14) G>T (p.C532F) complex heterozygous variation 
was detected in the three newborns (Figure 1). According 
to the 2012 American Society for Genetic Genetics 
(ACMG) variation classification criteria (14), the c.1187G>A 
(p.C396Y) variation is defined as having “Uncertain 
significance”. This mutation has not been reported in either 
the previous literature or the large population sequencing 
databases. It is a rare mutation; the father of the newborns 
carried the variation; The variation of c.1595G>T (p.C532F) 
was also defined as “Uncertain significance”, and not 
reported in the previous literature and large population 
sequencing databases. It is a rare mutation that the mother 
carried. The family was consistent with an autosomal 
recessive pathogenesis. The parents provided informed 
consent for the placenta to be donated to the hospital and 
for samples to enter the biological specimen bank. After 
receiving the genetic results of case 3, we submitted the 
placental tissues of case 1 and case 2 to Prenatal Diagnosis 
Center for genetic analysis (Figure 1). After learning the 
results for the three babies, we requested the parents to test 
plasma enzyme activity, but they did not consent.

Discussion 

This study focused on a family case of three neonatal deaths. 
Gene detection confirmed that the three consecutive infants 
had the same compound gene mutations, which originated 
from their father and mother respectively, and led to the 
higher lethality compared with other reported cases. To our 
knowledge, this is a newly discovered gene mutation, which 
may add a new phenotype to this disease spectrum. Three 
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infants showed severe symptoms at birth and died suddenly 
during rescue efforts. 

The symptoms of the three infants were mainly severe 
jaundice, anemia and thrombocytopenia after birth, 
which was consistent with the reported USS symptoms 
of neonates. The diagnosis was supported by the genetic 
results. We reviewed nine published studies of newborn-
onset patients (all were diagnosed by ADAMTS13 activity, 
in seven cases gene mutation analysis was performed) and 
compared them with our three cases for clinical symptoms 
and laboratory testing (Table 1) (7-13). In our literature 
review, all infants showed jaundice and thrombocytopenia 
after birth to varying degrees, accompanied by other 
different symptoms (e.g., fever and hematuria) (7,8). In all 
nine cases in the literature, only one case died (9). In that 
case there was a family history of neonatal death and the 
neonate showed dyspnea after disease onset, followed by a 
rapid deterioration, as was the case in this study.

Researchers have suggested that USS shows mild or no 
clinical symptoms in childhood, and its onset is considered 
to be caused by various factors (e.g., pregnancy, upregulated 
cytokine expression during severe infection and excessive 
drinking) (15). In a 10-year Japanese study, 37 patients had 

no history of neonatal onset, and of them 29 (79%) had a 
history of thrombocytopenia in childhood [misdiagnosed as 
idiopathic thrombocytopenic purpura (ITP)], and only 16 
(43%) had undergone exchange transfusion for jaundice (16). 
The three infants in this study had early onset and they all 
had dyspnea and jaundice immediately after birth; infusion 
with fresh plasma during treatment did not significantly 
help the condition of the latter two infants, which was 
inconsistent with previous reports (7,10). Additionally, 
according to the study (16), of 15 cases of USS pregnancies, 
in 8 cases the infants were stillborn or died shortly after 
birth. It is believed that the lack of ADAMTS13 enzyme 
activity in the maternal plasma is harmful to both the 
mother and fetus. Among the nine cases we reviewed, 
enzyme activity was detected in the parents of five surviving 
cases:in one case there was mild deficiency of enzyme 
activity in the parents (8), and the other four cases were in 
the normal range (10-12). We speculate that the mother of 
the three neonates in this studyhas notably lower enzyme 
activity than normal, but this cannot be confirmed without 
analysis of plasma enzyme activity. The parent’s consenting 
to WES of the third baby gave us some clues to the puzzle 
of continuous onset (17).

Figure 1 Sanger sequencing showing the mutation in the ADAMTS13 gene.
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Based on the time of onset, USS is divided into earlyand 
lateonset, and onset in the neonatal period is classified 
as early (18). Mutations in the N-terminal domain 
(signal peptide-spacer) are closely related to more severe 
phenotypes (e.g., earlier onset), and some mutations 
seem to result in more severe phenotypes (18). The 
compound mutations in this study were in the domains of 
thrombospondin 1 (TSP1) and cysteine-rich (Cys-rich) of 
ADAMTS13, both of which are located in the N-terminal 
domain, and are a functional part of the cleavage of VWF 
polymer (19). Therefore, it is reasonable to suspect that 
the new mutation we have reported is the cause of earlier 
onset and low plasma enzyme activity but we do not have 
evidence from plasma enzyme activity or VWF polymer 
analysis to support our view.

Plasma transfusion and exchange is considered to be 
the first choice for USS treatment, and it has remarkable 
treatment effects in the acute phase. It supplements 
plasma enzyme activity and removes the adverse factors 
that lead to vascular endothelial cell injury and platelet  
aggregation (20). However, long-term transfusion of blood 
products increases the infection risk and causes great 
economic burden, accompanied by an unclear long-term 
influence on severely affected children with neonatal onset. 
Recent animal experiments have provided new methods 
for USS treatment, including ADAMT13 recombinant 
and gene therapy (5). However, it has not been applied in 
humans and has an unknown effect. The couple was advised 
to use preimplantation genetic diagnosis to prevent the 
mutated gene being passed on to the next child.

In summary, the incidence of USS rate is low, and it has 
diverse clinical manifestations, which make early diagnosis 
difficult. Gene detection can assist, but later treatment 
remains complex, and the long-term complications are 
unclear. Improving the understanding of this disease is the 
key to saving infant patients’ lives. For those with a clear 
family history, prenatal embryo selection might be the best 
option.
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