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Common Blood Test Indices for Predicting Transient Abnormal
Myelopoiesis-Related Mortality in Infants with Down Syndrome
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Transient abnormal myelopoiesis (TAM) can cause early death in children with Down syndrome, and liver
failure is the most common cause of death. The aim of this single-center retrospective study was to identify
a quantitative index for predicting TAM-related mortality at the time of diagnosis. Of the 462 children with
Down syndrome admitted to our hospital from 1992 to 2021, we studied 12 infants with TAM-related death
and 31 survivors who were diagnosed with TAM. In the death and survival groups, the median gestational
ages were 34.9 and 37.1 weeks, respectively (p = 0.12). At diagnosis, the white blood cell (WBC) counts
were 99.2 and 36.2 x 10%L (p = 0.011), the hemoglobin concentrations were 131 and 159 g/L (p = 0.009),
and the serum albumin concentrations were 23 and 31 g/L (p < 0.001), respectively. The areas under the
receiver operating characteristic curve for the abilities of the WBC count, hemoglobin, and serum albumin
at diagnosis to predict survival were 0.75, 0.76, and 0.85, respectively. The serum albumin concentration
threshold of 28 g/L at diagnosis had sensitivity of 0.79 and specificity of 0.82. Gestational age and serum
albumin concentration were entered into a logistic regression model. The serum albumin concentration
was an independent indicator of TAM-related death (adjusted odds ratio, 0.78; 95% confidence interval,

0.65-0.93; p = 0.005). In conclusion, a low serum albumin concentration at diagnosis may be a good

predictor of TAM-related death.
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Introduction

Transient abnormal myelopoiesis (TAM) is observed
in 5% to 10% of patients with Down syndrome (Pine et al.
2007). Liver or kidney failure causes early death in 10% to
20% of these patients at less than 6 to 9 months of age, and
liver failure is the most common cause of death (Massey et
al. 2006; Klusmann et al. 2008; Muramatsu et al. 2008).
An elevated white blood cell (WBC) count at diagnosis,
preterm birth, ascites, systemic edema, bleeding symptoms,
elevated serum aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) concentrations, an elevated
serum direct bilirubin (D-Bil) concentration during the dis-
ease course, and persistent peripheral blood blasts have
been identified as predictive indicators of early death
(Massey et al. 2006; Klusmann et al. 2008; Muramatsu et
al. 2008; Yamato et al. 2021a).

However, one study showed that children with a low (<
10%) peak percentage of blasts have risks of liver fibrosis
and liver failure similar to the risks in children with a high
peak percentage of blasts (Yamato et al. 2021b). In our
clinical practice, we sometimes encounter infants with a
WBC count of < 100 x 10°/L at diagnosis who subsequently
develop progressive liver failure and early death, despite
the disappearance of blasts from peripheral blood and nor-
malization of the WBC count. Therefore, although a high
WBC count is considered a useful predictor, it may not be
the most optimal predictor. Liver failure is the main cause
of death in infants with TAM, but the sensitivities and spec-
ificities of existing prognostic factors remain unclear.
Systemic edema is also considered a useful predictor of
TAM-related mortality (Klusmann et al. 2008), but it is a
non-quantitative, subjective assessment index.

There is a need to predict TAM-related mortality at the
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time of TAM diagnosis. In this study, we aimed to identify
a quantitative index that can be used to predict mortality at
the time of diagnosis.

Materials and Methods

Study design and patients

In this single-center retrospective review, we analyzed
infants with Down syndrome-associated TAM who were
admitted to our neonatal intensive care unit from 1992 to
2021. The diagnostic criteria for Down syndrome were full
trisomy, mosaicism, or Robertsonian translocation. The
diagnosis of TAM was based on the detection of > 5%
blasts in peripheral leukocytes within the first month of life.

When infants with Down syndrome were admitted to
the neonatal intensive care unit, we routinely performed
echocardiography to identify cardiac malformations and
pericardial effusions, and to evaluate cardiac function.
Furthermore, we checked for pleural effusion and ascites by
thoracoabdominal ultrasonography; we also performed
blood cell counts and general blood biochemistry.

TAM-related death was defined as death from liver
failure or disseminated intravascular coagulation within 6
months of birth. Liver failure was defined as a prothrombin
time-international normalized ratio (PT-INR) of > 2.0 under
vitamin K administration with biochemical evidence of
liver damage, in accordance with a report by Squires et al.
(2006). Intestinal failure-associated liver disease and viral
hepatitis were excluded as causes of TAM-related death.
The diagnostic criterion for disseminated intravascular
coagulation was a score of > 5 in the International Society
on Thrombosis and Haemostasis scoring system (Taylor et
al. 2001).

Deaths primarily caused by complications of Down
syndrome (e.g., chylothorax, chyloabdomen, persistent pul-
monary hypertension, or necrotizing enterocolitis caused by
congenital heart disease) were excluded from TAM-related
deaths. The following cases were also excluded: deaths

‘ Down syndrome (n = 462) ‘
| Tam (ln =51

caused by severe neonatal asphyxia, patients with missing
data at diagnosis, and patients who received fresh frozen
plasma or human albumin before diagnosis.

We collected the following data: gestational age, birth
weight, sex, Apgar score, congenital heart disease, congeni-
tal gastrointestinal disease, tracheal intubation at birth,
hydrops, systemic edema, bleeding symptoms, WBC count,
blast percentage, hemoglobin concentration, platelet count,
serum AST and ALT concentrations, lactate dehydrogenase
concentration, D-Bil concentration, albumin (Alb) concen-
tration, PT-INR, D-dimer concentration, hyaluronic acid
concentration, low-dose cytarabine administration, gluco-
corticoid administration, red blood cell transfusion, fresh
frozen plasma transfusion, and platelet transfusion. We
defined systemic edema as the presence of pitting edema
throughout the body. Because of the retrospective nature of
the study, we excluded blood test indices from our analysis
if they were not performed in more than 20% of both
infants with TAM-related death and infants who survived.

Statistical analysis

The normality of the data distribution was evaluated
using the Shapiro-Wilk test, considering the sample size.
Because all items under consideration were non-normally
distributed, values are presented as medians and interquar-
tile ranges. Differences in median values between the two
groups were compared using the Mann-Whitney U test.
Differences in categorical data were evaluated using
Fisher’s exact test. The abilities of laboratory findings at
diagnosis to predict TAM-related death were assessed by
determining areas under the receiver operating characteris-
tic curve. Optimal cut-off points of laboratory findings to
predict survival were determined by the Youden index: J =
max (sensitivity + specificity — 1) (Youden 1950). Multiple
logistic regression analysis was performed with adjustments
for possible confounders. All significant variables were
cross-tabulated to assess multicollinearity. The number of

+ Laboratory data unavailable at diagnosis (n = 2)
+ Blood transfusion before diagnosis (n = 1)

Non-TAM-related deaths
* Chylothorax or chylous ascites (n = 2) (at 19 and 30 days of age)
— * PPHN (n=1) (at 4 days of age)
* NEC associated with congenital heart disease (n = 1) (at 66 days of age)
* BPD (n=1) (at 69 days of age)

l

TAM-related deaths (n = 12)

‘ Survivors (n =31) ‘

(liver failure: 8, DIC: 4)

Fig. 1. Patient flow chart.

TAM, transient abnormal myelopoiesis; PPHN, persistent pulmonary hypertension of the newborn; NEC, necrotizing
enterocolitis; BPD, bronchopulmonary dysplasia; DIC, disseminated intravascular coagulation.
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independent variables in each model was limited to avoid
overfitting the data. Because the impact of preterm birth on
neonatal prognosis was significant (Tashiro et al. 2019),
gestational age was entered into a logistic regression model
to assess the risk of TAM-related death. Survival curves
were estimated using the Kaplan-Meier method and com-
pared by the log-rank test. All tests were two-sided, and
p-values < 0.05 were considered statistically significant.
All statistical analyses were performed using EZR software
version 1.55 (Saitama Medical Center, Jichi Medical
University, Saitama, Japan).

Ethics

This study was conducted in accordance with the prin-
ciples contained in the Declaration of Helsinki and was
approved by the institutional review board of Kanagawa
Children’s Medical Center (No. 137-1).

Patient/guardian consent

Patients were not required to provide informed consent
for participation in the study because the analysis used ano-
nymized clinical data that had been obtained after each
patient’s guardian agreed to treatment by providing their
written consent. We also adopted an opt-out system and
posted a summary of the study on the hospital’s website
(https://kemc.kanagawa-pho.jp/about/ethics/conduct
research/rec_neonatal.html).

Results

Patients

Among an initial total of 462 infants with Down syn-
drome admitted to our hospital from 1992 to 2021, 51 infants
were diagnosed with TAM. Eight infants were excluded; the
remaining 43 infants (12 with TAM-related death and 31 sur-
vivors) were included in the analysis (Fig. 1).

Table 1. Clinical characteristics and laboratory findings in transient abnormal myelopoiesis (TAM)-related deaths.

TAM-related deaths

Survivors

(n=12) (n=31) p value
Gestational age, weeks” 34.9 (33.5-36.7) 37.1(35.7-38.1) 0.123
Birth weight, g’ 2,352 (1,799-2,580) 2,637 (2,030-2,949) 0.20
. Male sex” 5(42) 16 (52) 0.74
At birth ok
Apgar score at 5 min 8 (7-8) 8 (8-9) 0.056
Congenital heart disease” 4(33) 15 (48) 0.50
Congenital digestive disease” 1(8) 5(16) 0.66
Pleural fluid® 2(17) 2(6) 0.31
Ascites” 8(67) 8 (26) 0.032
Pericardial fluid” 9(75) 7(23) 0.004
Systemic edema’” 5(42) 5(16) 0.11
Bleeding symptoms” 5(42) 2 (6) 0.012
WBC count, x10%/L" 99.2 (74.9-166) 36.2 (18.6-77.7) 0.011
. . Blast percentage in peripheral blood, %" 71.9 (45.0-85.3) 39.0 (13.0-69.5) 0.096
At diagnosis . .
Hemoglobin, g/L 131 (102-143) 159 (142-187) 0.009
Platelet count, x10°/L" 299 (231-533) 239 (50-447) 0.138
AST, TU/L” 98 (52-212) 43 (34-85) 0.019
ALT, TU/L 77 (43-166) 23 (9-89) 0.012
LDH, UL 4,796 (2,732-7,717) 1,362 (844-2,948) 0.013
D-Bil, pmol/L* 17 (15-25) 15 (14-24) 0.30
Albumin, g/L* 23 (19-26) 31 (28-34) <0.001
Tracheal intubation at birth” 8 (67) 5(16) 0.003
Low-dose cytosine arabinoside’ 2(17) 2 (6) 0.31
Glucocorticoid” 5(42) 2(6) 0.012
Treatment .
Red blood cell transfusion 12 (100) 18 (58) 0.008
Fresh frozen plasma transfusion” 12 (100) 8 (26) <0.001
Platelet transfusion” 7 (58) 11 (35) 0.26
Disease course Age, days’ ﬁt(??fgg) Ast f 1(s3c6h_ e;rég)e:

Values are expressed as either median (interquartile range) or n (%).

"Data were available in all children (n = 43); 'n = 36; *n = 40.

WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; D-Bil, direct

bilirubin.
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Table 2. Specificity and sensitivity of laboratory findings at diagnosis for prediction of survival at each threshold.

At diagnosis Threshold Sensitivity Specificity ROC AUC 95% CI

Gestational age, weeks” 36.9 0.61 0.75 0.66 0.46-0.85
Birth weight, g’ 2,780 0.45 0.92 0.63 0.45-0.81
WBC count, x10%/L" 78.1 0.77 0.75 0.75 0.56-0.94
Blast percentage in peripheral blood, %* 82 0.90 0.50 0.67 0.47-0.86
Hemoglobin, g/L" 147 0.71 0.83 0.76 0.60-0.92
Platelet count, x10°/L" 125 0.43 1.00 0.65 0.48-0.82
AST, TU/L 109 0.93 0.50 0.74 0.56-0.91
ALT, TU/L" 24 0.53 1.00 0.75 0.60-0.90
LDH, UL’ 1,950 0.71 0.82 0.75 0.56-0.94
D-Bil, umol/L} 15 0.56 0.73 0.61 0.41-0.82
Albumin, g/L* 28 0.79 0.82 0.85 0.73-0.96

"Data were available in all children (n = 43); 'n = 36; n = 40.

ROC AUC, area under the receiver operating characteristic curve; CI, confidence interval, WBC, white blood cell; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; D-Bil, direct bilirubin.

1.0

0.8 |

28 g/LL
(Specificity 0.82, Sensitivity 0.79)

Sensitivity

0.0 1 T T T T T T
1.0 08 06 04 02 00
Specificity
Fig. 2. Receiver operating characteristic (ROC) curve showing
the sensitivity and specificity of serum albumin (Alb)
concentration and survival.

With respect to survival, a serum Alb concentration of 28
g/L had a sensitivity of 0.79 and a specificity of 0.82.

Comparison of infants with TAM-related death and infants
who survived

The diagnosis of TAM was made within 24 hours after
birth in 40 of 43 (93%) infants. In the remaining three
infants, the diagnosis was made at 2, 4, and 9 days of age,
respectively. The PT-INR, D-dimer concentration, and
hyaluronic acid concentration were excluded because they
were measured in only 29 (67%), 28 (65%), and 25 (58%)
patients, respectively.

Infants with TAM-related death had a higher incidence
of pericardial fluid, lower hemoglobin and serum Alb con-
centrations, and higher lactate dehydrogenase concentra-
tion. In agreement with previous reports, infants with
TAM-related death also had high WBC counts, ascites,

bleeding symptoms, and elevated serum AST and ALT con-
centrations. Treatment often included systemic administra-
tion of glucocorticoids, which were used to improve circu-
lation (Table 1).

Significant blood data predictors of TAM-related death and
survival curves

The serum Alb concentration produced the highest area
under the receiver operating characteristic curve (Table 2
and Fig. 2). Logistic regression showed an association
between TAM-related death and the serum Alb concentra-
tion. After adjustment for gestational age, the serum Alb
concentration (adjusted odds ratio, 0.78; 95% confidence
interval, 0.65-0.93; p = 0.006) was associated with a risk of
TAM-related death. The adjusted odds ratio for gestational
age was 1.21 (95% confidence interval, 0.80-1.83; p=0.37).

The log-rank test showed that a serum Alb concentra-
tion of < 28 g/L and a WBC count of > 78.1 x 10°/L at diag-
nosis had an effect on the risk of death (Fig. 3).

On the day of birth, the median serum Alb concentra-
tion was lower in infants with TAM-related death than in
infants who survived. However, fresh frozen plasma was
administered to improve bleeding symptoms, and there was
no difference in the Alb concentration between infants with
TAM-related death and infants who survived beyond 5 days
of age (Fig. 4).

Characteristics of hypoalbuminemic infants at the time of
TAM diagnosis

The proportions of hypoalbuminemic infants with
serum Alb concentration of < 28 g/L at the time of TAM
diagnosis were 82% among infants with TAM-related death
and 21% among infants who survived (p < 0.001).

Among infants with serum Alb concentrations of < 28
g/L and > 28 g/L, respectively, the rates of ascites were 60%
and 28% (p = 0.094), the rates of systemic edema were 33%
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Fig. 3. Kaplan-Meier curves for overall survival.
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Fig. 4. Median serum albumin (Alb) concentrations in infants

with transient abnormal myelopoiesis (TAM)-related
death and infants who survived.
On the day of birth, infants who died (n = 11) and infants
who survived (n = 26) had median serum Alb concentra-
tions of 23 g/L and 30 g/L, respectively (p = 0.002). At5
days of age, infants who died (n = 10) and infants who
survived (n = 26) had median serum Alb concentrations
of 30 g/L and 29 g/L, respectively (p = 0.37). At 10 days
of age, infants who died (n = 9) and infants who survived
(n = 25) had median serum Alb concentrations of 30 g/L
and 30 g/L, respectively (p = 0.83). At 15 days of age,
infants who died (n = 7) and infants who survived (n =
24) had median serum Alb concentrations of 34 g/L and
32 g/L, respectively (p = 0.83). Error bars represent in-
terquartile range (IQR).

and 16% (p = 0.26), the median Apgar scores at 5 minutes
were 8 (IQR: 7-8) and 8 (IQR: 8-9) (p = 0.007), and the rates
of ventilator management were 60% and 12% (p = 0.003).

Discussion

In this study, we identified the serum Alb concentra-
tion as a sensitive and specific predictor of TAM-related
mortality at the time of diagnosis.

Previous studies have shown that predictive indicators
of TAM-related mortality include a high WBC count, which
is related to abnormal hematopoiesis, and elevated serum
AST and ALT concentrations, which indicate hepatocellular
injury (Massey et al. 2006; Klusmann et al. 2008;
Muramatsu et al. 2008). The present findings suggest that
the serum Alb concentration at the time of TAM diagnosis

is a more quantitative and convenient predictor of TAM-
related mortality. The serum Alb concentration was evalu-
ated after adjustment for gestational age because preterm
infants have a higher mortality rate than term infants in the
general population (Tashiro et al. 2019) and because the
serum Alb concentration is lower at younger gestational
ages (Ochiai et al. 2016). We found that the serum Alb
concentration was a useful predictor at any gestational age.

Indicators of hepatic reserve include the Child-Turcotte-
Pugh classification, which is a measure of end-stage liver
disease severity, and the pediatric end-stage liver disease
score, which is used to estimate the probability of early mor-
tality and prioritize liver transplantation. These classification
systems include the serum Alb concentration, total bilirubin
concentration, and PT-INR (Child and Turcotte 1964; Pugh
et al. 1973; Christensen et al. 1984; Wiesner et al. 2001;
Dehghani et al. 2007). We suspect that a high WBC count at
the time of TAM diagnosis reflects high blast-induced disease
activity, whereas a low serum Alb concentration indicates
that blast-induced liver damage has progressed to the point of
reduced hepatic reserve. Compared with WBC count, we
propose that serum Alb concentration, which can reveal dis-
ease activity-related decreases in hepatic reserve, is a better
predictor of TAM-related mortality. Among infants with
TAM-related death, fresh frozen plasma transfusions
increased the serum Alb concentration to a level present in
infants who survived beyond 5 days of age. Therefore, the
cause of death was reduced by hepatic reserve, rather than
hypoalbuminemia itself.

We believe that hepatic reserve assessment is impor-
tant for prediction of TAM-related mortality. Blood coagu-
lation factors may be sensitive predictive indices because
they have shorter half-lives, compared with serum Alb
(Tuddenham et al. 1995; Prinsen and de Sain-van der
Velden 2004; Levitt and Levitt 2016).

Low-dose cytarabine treatment may prevent early
TAM-related death (Flasinski et al. 2018). However, the
efficacy of low-dose cytarabine administration in this study
was difficult to assess because of the small number of
patients and the retrospective design.
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This study had some limitations. First, ascites and
systemic edema, which are reportedly associated with death
(Klusmann et al. 2008; Yamato et al. 2021a) and hypoalbu-
minemia (demonstrated in this study), may have similar
predictive indicator relationships with TAM-related mortal-
ity. However, hypoalbuminemia can occur in the absence
of ascites and systemic edema. In neonates, physiological
edema and ascites may be present early in life, hindering
determination of whether symptoms are caused by TAM.
In contrast, the serum Alb concentration is quantifiable and
easy to understand. Second, mortality cannot be completely
predicted at diagnosis. Clinicians should consider indices
at diagnosis, as well as complementary predictors through-
out the disease course. Third, the PT-INR may be a useful
predictor of TAM-related death. The PT-INR at diagnosis
was not measured in 33% of patients in this analysis
because this was a retrospective study. However, measure-
ment of the serum Alb concentration requires a smaller
amount of blood, compared with coagulation tests. Finally,
the sample size was small; therefore, a larger number of
samples should be collected to improve accuracy.

In conclusion, in this study, we showed that a serum
Alb concentration of < 28 g/L at diagnosis was a simple,
sensitive, and specific predictor of TAM-related mortality
in infants with TAM.
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