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Objective

To systematically review current evidence regarding prenatal diagnosis and management of
transient abnormal myelopoiesis (TAM), in fetuses with Trisomy 21. A novel case of GATA1 positive
TAM, in which following serial in-utero blood transfusion clinical improvement and postnatal

remission were observed, is included.

Search Strategy & Data Collection
A systematic search of electronic databases (inception to October 2014) and reference lists, hand

searching of journals, and expert contact. All confirmed cases of prenatal TAM were included for

analysis. Data on study characteristics, design, and quality were obtained.

Results
Of 73 potentially relevant citations identified, 22 studies were included, describing 39 fetuses. All

studies included comprised single case or small cohort studies; overall quality was ‘very low’. Fetal /
neonatal outcome was poor; 12 stillbirths (30.8%), 4 neonatal deaths (10.2%) and 7 infant deaths

(17.9%). In two the pregnancy was terminated (5.1%).

TAM was primarily detected in the third trimester (79.4%), and in 14 a retrospective diagnosis was
made postpartum. Ultrasound features indicative of TAM included hepatomegaly +/- splenomegaly
(79.5%), hydrops fetalis (30.8%), pericardial effusion (23.1%), and aberrant liquor volume (15.4%).

When performed, liver function tests were abnormal in 91.6% cases.

Conclusion
Prenatal TAM presents a challenging diagnosis, and prognosis is poor, with consistently high

mortality. A low threshold to measure haematological and biochemical markers is advised when
clinical features typical of TAM are detected in the context of Trisomy 21. Larger prospective studies
are warranted to accurately ascertain the role of GATA1 analysis, and potential value of prenatal

therapy.



Introduction
Trisomy 21 is the most common fetal autosomal Trisomy, affecting up to 1.3% of in-utero

pregnancies(1) . These babies have excess mortality compared to euploid fetuses because of a

number of co-morbidities.

Transient abnormal myelopoiesis (TAM) is a haematological disorder that exclusively affects babies
with Trisomy 21 during fetal and neonatal life(2). Defined by the predominance of megakaryoblasts
in peripheral blood, it presents in approximately 10% of new-born infants with Down Syndrome, and
in most resolves within the first 3 months (up to 80%) without treatment(3). However, TAM may
progress to life-threatening illness in approximately 20% of cases; specifically secondary to liver
dysfunction and/ or cardio-pulmonary disease(3). Furthermore, of the 20% of TAM cases that
undergo neonatal recovery develop acute megakaryoblastic leukaemia (AML) in the first 4 years of

life(4).

In TAM and AML, blast cells harbour an acquired mutation in exon 2 or 3 of the gene encoding
GATA1, a key hematopoietic transcription factor associated with Down Syndrome(5-7). Following
disease remission, GATA1 is undetectable(8). However, the current prospective definition of TAM

specifies neither the percentage of blasts nor the role of GATAI mutation analysis.

This review shall systematically assess all reported cases of prenatal-onset TAM with specific
reference to its in-utero detection, investigation, and management. This group appear at particular

risk of high mortality(9).

Methods
A case of prenatally diagnosed (GATA1 positive) TAM diagnosed in the second trimester is

presented. We describe the in-utero management with serial blood transfusions with associated

resolution of TAM.



A systematic review of the literature high-lighting cases of prenatal-onset TAM was performed to

assess the diagnostic features, investigations and prenatal management options.

Of 73 potentially citations, identified from the primary literature search using internationally
recognised literature searching methodology (search terms; ‘transient abnormal myelopoiesis’,
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‘TAM’, ‘trisomy 21°, ‘down’s syndrome’, ‘fetus*’, ‘prenatal’, ‘transient myeloproliferative disorder’,
‘an(a)emia™®’), 22 papers were identified in the PubMed and Medline electronic databases

describing 39 fetuses diagnosed with prenatal-onset TAM (Figure 1 and Table S1)(10-31). The pre-

defined criteria were required for study inclusion:

(i) Diagnosis of fetal or neonatal Trisomy 21 / Down’s Syndrome
(ii) Prenatal ultrasound features consistent with in utero onset of TAM
(iii) Haematological tests consistent with TAM (disease confirmation may be postnatal)

The assessment for inclusion, data extraction, and methodological quality evaluation were

performed by two independent reviewers (JT, LS) prior to pooling and data analysis (JT).

Case Report
A 40 year old multiparous woman with a fetus with cytogenetically confirmed Trisomy 21, presented

at 27 weeks gestation with a fetal ultrasound scan demonstrating an isolated large pericardial
effusion, mild hepatomegaly with echogenic parenchymal foci, and significant abdominal ascites.
There was little fetal movement observed on ultrasound, umbilical artery Pl was elevated (>95%ClI
for gestation) and there was absent flow in the ductus venosus during atrial contraction. A small
ventriculospetal defect (VSD) was suspected. Fetal biometry demonstrated the baby was small for
gestational age on customized growth charts (<10™ centile) but with normal maximal amniotic pool
depth [MPD] 4.2 cm. Percutaneous ultrasound-guided fetal blood sampling demonstrated
haematological findings were consistent with a suspected diagnosis of TAM; leucocytosis (40.9
x10°/L; neutrophil count 0.4 x 10°/L, lymphocyte count 0.8 x 10°/L), thrombocytopenia (31 x 10°/L),

4



fetal anaemia (haemoglobin 98 g/L [<5™ centile for gestation]; fetal direct coombs test negative) and
a reticulocytosis (341 x 10°/L (13%). The fetal blood film (Figure 2) noted a circulating blast cell (38.4
x 10%/L; 96%) predominance. Fetal liver function tests were also abnormal (AST (59 iu/L) and low
albumin (27g/L)). DNA analysis confirmed the presence of GATAI mutation on sequencing. Figure 3
illustrates the 2 base pair frame-shift deletion of a TG in Exon 2 (HGVS nomenclature -
€.108_109delTG, p.Gly37Alafs*2) detected, which is considered a deleterious change with resultant

loss of full length GATA1 protein.

Unique to this case was the decision to give supportive fetal therapy by serial in-utero transfusion of
packed red cells and platelet concentrate as the fetus was mildly anaemic with thrombocytopenia
(performed at diagnosis at 27 weeks [Hb 98g/L and platelet count 31 x 10°/L]). This was repeated at
31 weeks gestation (Hb 111g/L [<5™ centile] and platelet count 38 x 10°/L), as the fetus had
significantly reduced movements and appeared to have reaccumulated some abdominal ascites. The
haematological indices subsequently improved with a significant reduction in the proportion of
circulating blasts noted at repeat in-utero testing at 31 weeks. The improvement in ultrasound
features (resolution of fetal effusions and reduction in hepatomatomegaly) suggests a combination
of therapeutic and “spontaneous remission” prior to preterm delivery at 34 weeks. Delivery was
expedited due to threatened pre-term birth with subsequent fetal distress on cardiotocograph
monitoring. At birth, APGAR scores (9 at one and 5 minutes) and umbilical artery cord blood (pH
7.26, base excess -0.7), were normal. A short 24-hour period of endotracheal ventilation was
required with a further 56 hours of CPAP. The neonate required phototherapy until day 10 for mild
hyperbilirubinemia (maximum total serum bilirubin 248umol/I; conjugated 23umol/l). Neonatal
abdominal ultrasound confirmed the presence of mild hepatomegaly and splenomegaly, whilst
cardiac echocardiography demonstrated a persistent small pericardial effusion, atrial septal and

small ventricular septal defects.



Further transfusions in the neonatal and infant period were not however indicated. The full blood
count at birth showed a normal haemoglobin (22.6g/dl), WBC (12.8 x10%/I) and moderate
thrombocytopenia (platelets 48 x10%/1). Spontaneous resolution of all haematological parameters
occurred over 14 days. The baby was discharged day 21 postnatal with nutrition support with multi-

disciplinary follow up, and remains well at present (at 9 months of age).

Systematic Review
Figure 1 summarises the process of literature identification and selection. Of the 73 potentially

relevant citations identified from the primary literature search, 39 articles underwent detailed
primary analysis, and 26 were excluded following identification as duplicates. A further 25 papers
subsequently failed to meet the study inclusion criteria as detailed; ‘incorrect study population and
Jor disorder’ (n=19), ‘review article’ (n=4), postnatal diagnosis (n=3). In total 22 studies were

included, describing 39 fetuses diagnosed with prenatal-onset TAM.

The study population includes 38 cases (97.4%) with the diagnosis of Trisomy 21 confirmed with
cytogenetic analysis; 31 (81.6%) prenatal, and seven (18.4%) postnatal. In outstanding case, IUFD
occurred at 30 weeks and post-mortem analysis failed, however since Trisomy 21 was strongly

suspected and both ultrasound and haematological markers consistent with TAM were evident (19).

Only 14 (39.5%) were alive at most recent follow up (range; 2 weeks — 3 years), and there were 12
stillbirths (>24 weeks) (30.8%), 4 neonatal deaths (< 28 days) (10.2%) and 7 infant deaths
(17.9%)(range; 31 days — 3 years). In two cases the pregnancy was terminated (5.1%); in one
parental counselling included the possibility of TAM (21), whereas in the second severe liver
dysfunction was identified. Post-mortem analysis enabled a retrospective diagnosis of TAM to be
made(22). No cases of miscarriage (<24 weeks) were reported. The gestation at delivery, (excluding
cases of stillbirth (n=12), elective TOP (n=2), and insufficient data (n=2)), was 8 cases delivering at
term (>37 weeks) (34.8%), 15 (65.2%) were delivered preterm (<37 weeks), 9 (39.1%) of which were

at <34 weeks.



‘The ultrasound features evident in prenatal-onset TAM were hepatomegaly +/- splenomegaly
(n=31; 79.5%), hydrops fetalis (n=12; 30.8%), pericardial effusion (n=9; 23.1%), aberrant liquor
volume (n=6; 15.4%), cardiac abnormalities (n=5; 12.8%), fetal ascites (n=4; 10.3%), pleural effusion
(n=3; 7.69%), and peripheral oedema (n=1; 2.56%). As illustrated in Figure 4, in most cases (n=28;

71.8%), at least 2 of these features were evident.’

In 13 cases (33.3%) with hydrops fetalis and hepatomegaly, 12 (92.3%) died either prenatally or in
the early neonatal period. Of the remaining fatal cases of prenatal TAM (n=11) (excluding
termination of pregnancy [TOP]; n=2), either hepatomegaly (n=4; 36.3%) or hydrops fetalis (n=8;
54.5%) was evident in 10 cases (90.9%). In the non-fatal cases of TAM (n=14), isolated hepatomegaly
(n=8; 57.1%) and hydrops fetalis (n=1; 7.14%) were both detected. Prenatal isolated hepatomegaly is
highly predictive of TAM. Hydrops fetalis is less common and but may be associated with a poor
prognosis, when associated with liver dysfunction. Prenatal TAM presented most commonly in the
third trimester (n= 31 (79.4%)).These data do not accurately reflect the timing of disease onset as
detection was incidental in most cases following routine antenatal scan(19, 24, 26). Early, prenatal
TAM detection is important as it permits parental counselling, and where appropriate, prenatal

therapeutic support.

In only 26 cases (66.7%) were prenatal FBS performed. Leucocytosis with blast cell predominance
was confirmed in 25 (96.2%) of these cases. In the remaining case, borderline leucocytosis and
blaststosis was detected within the context of severe liver dysfunction. Post-mortem examination
following 2™ trimester TOP revealed excessive haematopoiesis and high megakaryocytes counts
within the liver sinusoids, consistent with TAM(22). In 10 further cases leucocytosis and blast cell
predominance were confirmed postnatally(16, 19, 20, 24, 26, 31). In 3 cases, leucocytosis without
significant blast cell predominance (10.9% and 9%) was observed, however in both there was a
marked resolution of peripheral blast counts, which was concluded consistent with TAM(24, 26).

These findings support prenatal fetal blood sampling as a method of confirming suspected prenatal-



onset of TAM in the context of Trisomy 21. No cases reported any direct procedure-related

complications reported.

Thrombocytopenia screening was performed in 22 cases (84.6 %) prenatally, with 19 (86.4%)
confirmed thrombocytopenia. Liver function tests were performed in 12 cases (46.2 %), 11 (91.6%)
of which were abnormal. There were 3 further cases which had abnormal liver function confirmed
postnatally associated with prenatal hepatomegaly. Abnormal fetal liver function tests (n=13) were
associated with IUFD in 4 cases (30.8%) and neonatal or infant death in 5 cases (38.5%). In 1 case
(7.69%) TOP was performed. In 23 cases (59.0%) liver function tests were not prospectively
measured. Of particular note in the case reported here is the positive GATAI mutation noted
prenatally. This suggests that GATA1 status does not precede TAM. There are three cases for which
GATA1 mutation analysis has been published within the context of prenatal-onset TAM(29). Of
interest, is that Chen’s case study did not identify a GATA1 mutation. In this case IUFD subsequently
occurred at 36 weeks gestation, precluding repeat testing(27). In 24 cases (61.5%) a prospective
diagnosis of prenatal TAM was achieved. There were three cases of prenatal TAM in which
intrauterine fetal blood transfusion was performed to treat fetal anaemia / thrombocytopenia. One
fetus survived with spontaneous resolution of TAM, whilst the other two cases were fatal (one IUFD,
one infant death (five months)(29, 30)). In one case, therapeutic pericardiocentesis was performed
for a fetus with a congenital cardiac anomaly and a large pericardial effusion. This fetus survived and

entered spontaneous remission postnatally(14).

Discussion
The current incidence of TAM in infants with Down’s Syndrome is 10%(3). This is likely to be an

under-estimate(4). In keeping with previous reports, prenatal TAM is associated with a poor
prognosis, particularly when associated with hydrops fetalis and liver dysfunction(25). Itis not
possible to identify positive prognostic features for prenatal TAM, particularly given the mean follow

up time is too short to exclude progression to AML(6). Importantly, overall mortality rates are higher



than those published recently for postnatal-onset TAM (up to 20%)(32). It is important parents are

counselled appropriately regarding the relatively poor prognosis of this condition.

Prenatal TAM had a consistent association with marked leucocytosis with blast cell predominance
(96.2%) and hepatic dysfunction (90.9%). Thrombocytopenia was also evident in most cases
prenatally (81.8%). Fetal anaemia was only described in 2/7 cases in the largest series (28%)(25),

which is consistent with previous reports of neonatal TAM(33).

In fetuses with Trisomy 21, a lower threshold in performing FBS, to investigate the haematological
and liver function may facilitate earlier diagnosis of TAM (when abnormal ultrasound features are
detected). Importantly, this systematic review does not demonstrate a definite association between
hepatic impairment and fetal mortality, as reported previously(26). However, since biochemical
testing was performed in less than 50% of cases, and the degree of dysfunction was not consistently

reported, further studies are still warranted.

In a recent prospective analysis of 200 neonates with Trisomy 21, it was found that blood count and
films noted 97.5% positive for circulating blasts. The findings strongly suggest additional more

specific disease markers for TAM are required(33).

In this systematic review, GATA1 was negative in one case diagnosed with prenatal TAM(27).
Furthermore, in neonates with Trisomy 21, GATA1 mutants have been detected when no other
haematological abnormalities are detectable, denoting ‘silent TAM’(33). This phenomenon is not
fully understood but suggests GATA1 status should be assessed only when there is a clinical

suspicion of TAM, and that negative analysis does not fully preclude the potential diagnosis of TAM.

There has been speculation as to whether a positive GATAI status is predictive of AML
predisposition. A retrospective review by Mansini et al, including 10 TAM [1-41 days age] and 4 AML
[9-27 months age] patients reported 100% positive rates of GATAL in all TAM cases. In the neonatal

period, eight achieved complete spontaneous remission, with only one subsequently developing



AML at 9 months (1 case lost to follow up)(6). These findings do not suggest positive GATA1
mutational analysis is predictive of TAM progression to AML. Furthermore, since all cases were
GATA1 positive, an association with disease severity is also not evident. This is also reflected in the

two cases reported here(29).

The subtype of GATAI mutation has also not been found to be significant in predicting AML
progression(34). Mansini et al did report that in one case of TAM which subsequently developed
AML, repeat mutation analysis revealed the presence of new mutations within the original mutation.
Progression to AML may reflect the acquisition of additional mutations to GATAL. Whether disease
protection was associated with negative GATAI mutation analysis was unfortunately not measured
(6). The persistence of positive GATAI analysis postnatally in the case reported here is of uncertain
relevance but of interest. Whether serial GATA1 analysis in previously positive patients following

resolution of TAM is of clinical value is also important to understand.

Current evidence is limited as to the role of prenatal therapy in cases of TAM. In neonatal TAM,
there are reports indicating that treatment with low-dose cytosine may be curative(3). In the context
of severe hepatic dysfunction with or without cardiopulmonary embarrassment, early
chemotherapeutic intervention with cytosine arabinoside is now recommended(35). No cases have
been reported in which curative treatment has been commenced prenatally despite evidence of
hepatic and cardio-pulmonary compromise. It is possible that supportive prenatal therapy may
facilitate prolongation of gestation and enable postnatal therapy to be initiated. In the three cases
where supportive fetal blood transfusion was given, fetal outcomes were however extremely
disparate(29, 30). Furthermore, in-utero transfusion is not commonly warranted, and may be
contraindicated if there is relative polycythaemia. Certainly the spontaneous regression of TAM
observed in the case here, with improvement in both clinical and haematological parameters
prenatally, is unusual and has not previously been reported. Since TAM may remit spontaneously,

the intrauterine treatment given here may have contributed to the good outcome but we admit that
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this could be coincidental. However, in all other prenatally diagnosed cases with such a phenotype

in-utero demise occurred (29, 30).

All cases included in this review were single case or small cohort studies (<6 cases). The overall
quality of evidence is Cochrane GRADE classified ‘very low’(36), which most likely reflects the low
prevalence, and poor detection rates of fetal-onset TAM. Concerning bias, the overall risk was
considered low, albeit selection and publication bias may both exist. For example, no reports of

prenatal TAM which resulted in 2™ trimester miscarriage were identified for this review.

There is currently insufficient evidence to make recommendations regarding prenatal supportive
therapy in TAM. It is also not yet possible to define an exact role for positive prenatal GATA1 status,
or the relevance of its persistence following disease remission. High quality, larger prospective
observational studies (perhaps using an international registry) are required to more accurately
define the diagnostic and prognostic markers of prenatal-onset TAM, and disease course. This would

also help ascertain whether the timing of prenatal-TAM onset has important prognostic implications.

Summary
Prenatal TAM carries a poor prognosis, with high mortality rates consistently reported. Detection is

reliant upon timely ultrasound detection and subsequent FBS. A low threshold for measuring
haematological and biochemical markers is advised when clinical features typical of TAM are
detected in a fetus with Trisomy 21 to facilitate detection and subsequent parental counselling.
Higher quality evidence is required to accurately ascertain the roles of GATA1 analysis, and prenatal

therapy.
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Figure Legends
Figure 1. Systematic Literature Search for Prenatal diagnosis of TAM (up to October 2014).

Figure 2. Blood films: 1A: Fetal blood sample at 27 weeks gestation at x100 magnification, showing
numerous blasts and nucleated red blood cells.

1B: Neonatal blood film on day 2 of postnatal life at x50 magnification, showing nucleated red cells,
giant platelets (arrow), target cells and blast cells.

Figure 3. Exon 2 GATA1 gene mutation analysis of fetal DNA sourced from blood cells at 27 weeks
gestation. Sanger sequence traces show that a TG dinucleotide deletion (arrow) has occurred in a
proportion of cells in the fetal sample (bottom trace), which is absent in the wildtype (top trace)
resulting in loss of full length of GATA1 protein. The double sequencing trace is due to presence of
residual normal cells in the sample.

Figure 4. A summary of the total number of ultrasound features indicative of prenatal-TAM
reported.
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