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Nomograms of the fetal thymus for clinical practice
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A b s t r a c t

Introduction: The fetal thymus may be visualized using ultrasonography 
(USG) and is typically located in the mediastinum. In the past years, the 
size of the fetal thymus has served not only as a marker of genetic or heart 
defects but also as a  predictive factor for intrauterine growth restriction, 
premature birth, preeclampsia, chorioamnionitis or even neonatal sepsis.
Material and methods: A total of 410 fetuses were qualified for the study. 
Fetuses with heart defects were excluded from the study. The fetal thymus 
was evaluated with ultrasonography between the 14th and 40th week of ges-
tation. After obtaining a standard transverse view encompassing the three 
great vessels, thymus measurements were attempted, i.e. maximal trans-
verse diameter, circumference and surface area. Linear regression was used 
for statistical analysis, yielding 3 models, each with a different dependent 
variable. The confidence interval for each model was set at 80% to aid the 
comparison with centile grid growth charts for neonates and children. The 
test was regarded as statistically significant when p < 0.05.
Results: From a total of 410 fetuses the thymus transverse diameter, circum-
ference and area were successfully measured in 410, 320 and 330 cases, 
respectively. The probabilities are lower than 0.0005 for each model, which 
means that each model is quite statistically significant.
Conclusions: The coverage of healthy thymus nomograms in the fetal popu-
lation may be the basis for the identification of fetuses at risk of hypoplasia 
or thymic hyperplasia, which seems particularly important from the point of 
view of the detection of potential inborn immunological disorders

Key words: ultrasonography, fetus, thymus, percentile charts, nomogram.

Introduction

The thymus is an organ that develops mainly from endoderm from the 
3rd and 4th pharyngeal pouches during embryogenesis. It is composed of 
the inner medulla and peripheral cortex and it is surrounded by an outer 
capsule. It starts to develop around the 9th week of human development 
and it is fully developed by birth. The thymus continues to grow between 
birth and puberty and then begins to involute through atrophy. It may 
also undergo dynamic changes during a  state of illness. It constitutes 
a central (primary) lymphoid organ that controls the early development 
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of peripheral (secondary) lymphatics and cellular 
immunological competence of immunologic cells, 
which provides resilience throughout the time of 
fetal, neonatal and child development. The thy-
mus is a  lymphoid organ, where T lymphocytes 
are promoted through a positive and a negative 
selection process to mature T lymphocytes that 
carry an array of different surface T-cell antigen 
receptors. T cells leave the thymus in their naive 
form, i.e. when they have not encountered their 
cognate antigen yet, and occupy peripheral tis-
sues where they differentiate into effector and/
or memory cells after stimulation with antigen [1].

The fetal thymus may be visualized using an 
ultrasound machine and is typically located in the 
mediastinum anterior to the great arteries and su-
perior vena cava. In the past years, the size of the 
fetal thymus has served not only as a marker of 
genetic or heart defects but also as a predictive 
factor for intrauterine growth restriction (IUGR), 
premature birth, preeclampsia, chorioamnionitis 
or even neonatal sepsis [2–6]. Fetal thymus eval-
uation has become an important diagnostic and 
predictive tool for obstetricians, neonatologists 
and pediatric immunologists that may predict 
immunodeficiencies and qualify for further vacci-
nation protocol. Consequently, a need has arisen 
to define and provide ultrasound nomograms of 
the fetal thymus, which could provide a very use-
ful point of reference like in the case of various 
growth charts for neonates and children used in 
doctors’ everyday practice.

Material and methods

A  total of 410 fetuses were qualified for the 
study and evaluated at the Prenatal Cardiology 
Department of the Polish Mother’s Memorial Hos-
pital Research Institute the between the years 
2016 and 2018. Fetuses with heart defects were 
excluded from the study. Other anatomical defects 
or anomalies such as intrauterine growth restric-
tion (Intrauterine growth restriction (IUGR) refers 
to a condition in which a fetus is unable to achieve 

its genetically determined potential size. This func-
tional definition seeks to identify a population of 
fetuses at risk for modifiable but otherwise poor 
outcomes.) and macrosomia (Fetal macrosomia: 
the term macrosomia is used to describe a new-
born with an excessive birth weight. Fetal macro-
somia has been defined in several different ways, 
including birth weight greater than 4000–4500 g 
or greater than 90% for gestational age.) were also 
disqualifying. Patients with diabetes, obesity and 
autoimmune diseases, patients receiving prepara-
tions of heparin, acetylsalicylic acid and steroids 
and thyroid hormones were also excluded from 
the study group. Further exclusion criteria consist-
ed of any systemic functional change that could 
be linked with infection, such as tricuspid valve 
insufficiency, idiopathic oligohydramnios (Oligohy-
dramnios: refers to amniotic fluid volume that is 
less than expected for gestational age. It is typical-
ly diagnosed by ultrasound examination and may 
be described qualitatively (e.g., normal, reduced) 
or quantitatively (e.g., amniotic fluid index (AFI) ≤ 
5)) or polyhydramnios (Polyhydramnios: is an ab-
normal increase in the volume of amniotic fluid. 
In singleton pregnancies it is defined as either the 
deepest vertical pocket of ≥ 8 cm or an amniotic 
fluid index of ≥ 24 cm.), hydronephrosis, etc.

The fetal thymus was evaluated with transab-
dominal ultrasonography between the 14th and 
40th week of gestation during a  standard echo-
cardiography examination performed routinely at 
the Prenatal Cardiology Department of the Polish 
Mother’s Memorial Hospital Research Institute. 
The plane used for evaluation visualizes the thy-
mus immediately posterior to the sternum at the 
level of three great vessels of the mediastinum: 
the main pulmonary artery with its right and left 
bifurcation (MPA with RPA and LPA), the aorta (Ao) 
and the superior vena cava (SVC) (Figure 1). After 
obtaining a standard transverse view encompass-
ing the three great vessels thymus measurements 
were attempted, i.e. maximal transverse diameter 
(mm), circumference (mm) and surface area (cm2). 
The maximum transverse diameter was defined by 
a  line drawn perpendicularly to the line between 
the middle of the sternum and the vertebral col-
umn at the level of the thymus-lungs interface. The 
circumference was measured by tracing the trans-
verse outline of the thymus immediately behind 
the sternum anteriorly and towards the interface 
with lungs on the sides, across the three great ves-
sels of the mediastinum posteriorly. The methodol-
ogy used has been described in other studies [7, 8]. 

Statistical analysis

Linear regression was used for statistical analy-
sis, yielding 3 models, each with a different depen-
dent variable (thymus maximal transverse diame-Figure 1. Thymus imaging in ultrasound
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ter, circumference and area) and with gestational 
age (weeks) as the independent variable. The con-
fidence interval for each model was set at 80% to 
aid the comparison with centile grid growth charts 
for neonates and children. For instance, since a 90–
97th centile for a child mass indicates overweight 
and a  3–10th centile indicates underweight, the 
normal weight is accepted to be between the 10th 
and the 90th centile. Thus, the confidence interval 
was set at 80% by analogy (90th centile minus 10th 
centile = 80). The test was regarded as statistically 
significant when p < 0.05. The statistical analysis 
was performed using SPSS v.25.

Results

From a total of 410 fetuses the thymus trans-
verse diameter, circumference and area were suc-
cessfully measured in 410, 320 and 330 cases, re-
spectively. The probabilities are lower than 0.0005 
for each model, which means that each model is 
quite statistically significant and that the coeffi-
cient of determination R2 is above, each being sta-
tistically significant.

Linear formulae: Transverse diameter (mm) =  
– 12.478 + 1.424 × gestational age (weeks). Cir-
cumference (mm) = –39.382 + 4.272 × gestational 
age (weeks). Area (cm2) = –4.717 + 0.280 × gesta-
tional age (weeks) (Tables I and II).

R2 is the coefficient of determination. The inter-
pretation of R2: the percentage of variance of the 
endogenous variable (thymus parameter) that can 
be explained by the variance of the exogenous 
variable (gestation age). Its maximal value equals 
1 when all points lie on the linear regression line. 
P for R2 is the probability in hypothesis testing 

H0 : R
2 = 0

H1 : R
2 > 0 .

B is the regression coefficient. A simple linear re-
gression model can be presented as Y = A + B × X, 
where Y is the thymus parameter, X is the gestation 
age, A is the constant and B is the regression coeffi-
cient. P for B is the probability in hypothesis testing: 

H0 : B = 0
H1 : B =/ 0  (Figures 2–4).

Discussion 

The aim of this study was to determine the fea-
sibility of USG examination in developing a model 

of fetal thymus evaluation and to develop thymic 
nomograms of healthy fetuses. The process of ob-
taining the thymic maximal transverse diameter 
is a marginal addition to the echocardiography ex-
amination since it is visualized together with the 
desired three great vessels of the mediastinum. 
Also, as in our case, it is often an inherent element 
of the USG fetal examination protocol. Since the 
outline of the fetal thymus may vary, the manu-
al tracing of the thymic transverse circumference 
and the surface area may be unreliable and un-
fit when visualizing the three great vessels of the 
mediastinum. 

This is the reason why the number of mea-
sured circumferences and areas is different from 
the number of measured transverse diameters. 
Namely, after having reviewed the available USG 
scans that yielded a  successful measurement of 
the thymic maximal transverse diameter, only 320 
and 330 were further qualified for subsequent cir-
cumference and area measurement, respectively. 

Functional disorders in otherwise healthy fe-
tuses (oligo- or polyhydramnios, heart valve in-
sufficiency, arrhythmia, pericardial effusion) or in 
mothers (flu symptoms, urinary tract infection) 
led to exclusion from the study because they 
often correlate with potential intrauterine infec-
tion. Hamamoto et al. pointed out that amniot-
ic fluid sludge and a small thymus may be signs 
of intraamniotic infection and preterm labor [9]. 
Similarly, the study of Yinon et al. found that 
a smaller fetal thymus correlates with chorioam-
nionitis and with the resulting preterm premature 
rupture of membranes [10]. When the thymic size 
is evaluated postnatally, it can be used to predict 
the likelihood of survival in preterm infants. This 
was concluded from the study of Tooke et al., who 
found that cardiothymic/thoracic ratio in preterm 
neonates correlated with survival outcome (p = 
0.029) [11]. Moreover, a  correlation with pre-ec-
lampsia and infection was also found but it was 
significant only in the first 24 h of life when clini-
cal signs of infection are yet to develop. Evidence 
of an association between thymic size and infec-
tion is further provided by a  pathology study of 
Galvina-Durov et al., who analyzed post-mortem 
a total of 100 premature neonates and found that 
infection as a cause of death was connected with 
advanced thymic involution (p < 0.001) [12]. Con-

Table I. Probabilities for each model of thymic measurements

Thymus parameter  
in transverse plane

R R2 P for R2 Constant P for 
constant

B P for B N

Maximal transverse 
diameter

0.822 0.676 < 0.0005 –12.478 < 0.0005 1.424 < 0.0005 410

Circumference 0.699 0.488 < 0.0005 –39.382 < 0.0005 4.272 < 0.0005 320

Area 0.749 0.561 < 0.0005 –4.717 < 0.0005 0.280 < 0.0005 330
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Table II. Mean thymic parameters, 80% confidence interval and standard deviation 

Pregnancy weeks Transverse 
diameter

Circumfer-
ence

Surface area

10 + 0–14 + 6 N 1 0 0

Mean 10.00 – –

15 + 0–19 + 6 N 28 23 24

Mean 14.17 41.03 0.82

80% confidence interval for 
the average

Lower limit 13.52 37.86 0.74

Upper limit 14.86 44.20 0.90

Standard error of the mean 0.4434 2.39 0.057

Standard deviation 2.34 11.49 0.279

20 + 0–24 + 6 N 101 84 85

Mean 18.58 52.93 1.37

80% confidence interval for 
the average

Lower limit 17.74 51.65 1.30

Upper limit 19.02 55.74 1.49

Standard error of the mean 0.445 1.641 0.069

Standard deviation 4.48 15.04 0.639

25 + 0–29 + 6 N 133 101 110

Mean 27.44 84.02 2.97

80% confidence interval for 
the average

Lower limit 26.65 82.01 2.92

Upper limit 28.17 87.28 3.24

Standard error of the mean 0.4815 2.115 0.1169

Standard deviation 5.55 21.26 1.226

30 + 0–34 + 6 N 105 81 80

Mean 33.56 94.03 4.48

80% confidence interval for 
the average

Lower limit 32.05 89.39 4,1959

Upper limit 34.18 99.23 4.70

Standard error of the mean 0.6905 3.657 0.20343

Standard deviation 7.07 32.91 1.819

35 + 0–40 + 0 N 39 26 28

Mean 38.66 116.17 5.26

80% confidence interval for 
the average

Lower limit 37.85 116.33 5.04

Upper limit 41.92 130.57 6.31

Standard error of the mean 1.08 6.555 0.4346

Standard deviation 6.77 33.424 2.299

sequently, it is agreed that the size and function 
of thymus depend strictly on the accompanying 
infection as well as on external factors, such as 
smoking or chronic steroid therapy during preg-
nancy [13–15]. It was estimated that the thymus 
may shrink by up to 40% of its original size [16] 
and that environmental or perinatal factors may 
be associated with the risk of developing an auto-
immune disease [17]. 

Because of the contemporary rise of diseases of 
affluence, particularly autoimmune diseases, there 
is an increase in the number of patients treated 
chronically with steroids. A long history of steroid 
therapy is observed not only in internal medicine 

patients with asthma, kidney insufficiency, rheu-
matism, thrombocytopenia or flares of inflamma-
ble bowel disease but also in pregnant patients 
with recurrent miscarriages linked to antiphospho-
lipid syndrome or in vitro fertilization [18]. 

Also short treatment with steroids remains 
significant when administered perinatally [14]. 
Researchers from Hamburg Medical University 
showed that betamethasone administration leads 
to thymus shrinkage and loss of thymocytes, 
which are observed for up to 3 days after steroid 
administration [19]. The enlargement of the thy-
mus, although less frequent, is also to be consid-
ered. Transient hyperplasia may be observed in 
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fetuses or in adults who recover from stress such 
as infection, steroid therapy, radio or chemother-
apy, surgery or burns. Yet, it may recover its size 
within 9 months or even outgrow the original size 
by 50%. The rebound effect is known as thymic re-
bound hyperplasia, which is often a source of pa-
rental concern and a reason for pediatric hospital-
ization. A true hyperplasia in turn, although rare, 
may be observed in patients with global disorders, 
such as untreated hyperthyroidism, sarcoidosis or 
red cell aplasia [16]. 

The presented normograms depict a  healthy 
fetal population. In the case of fetuses with car-
diac or other defects, their thymus is smaller [19]. 
Researchers from Gothenburg report that infec-
tions and autoimmune diseases are common 
among patients who during their childhood un-
derwent heart defect correcting surgery and had 
their thymus resected to gain access to the heart 
and the great vessels [20]. Also, some primary im-
munodeficiencies are directly connected with the 
thymus [19]. Yet, no method has been developed 
to identify children at risk of developing an au-
toimmune disease or an immune deficiency [21]. 
Annually, dozens of suspected primary immuno-
deficiency cases should be expected, which could 
be pre-diagnosed thanks to the assessment of the 
thymus in fetal life, especially in children with sus-
pected heart disease characteristic for DiGeorge 
syndrome (Fallot tetralogy 20–45%, pulmonary 
atresia and ventricular septal defect 10–25%, in-
terrupted aortic arch 5–20%, truncus arteriosus 
5–10%, ventricular septal defects (conoventricu-
lar) 10–50%, isolated aortic arch anomalies 10%) 
[22]. It is estimated that primary immune deficien-
cy incidence is 1 : 10 000 births [23]. According to 
the Central Statistical Office of Poland, there were 
nearly 403 thousand births last year [24], which 
means that about 43 of them have a primary im-
munodeficiency. The prevalence of primary immu-
nodeficiency in the Polish population is estimated 
at over 20 000 [25]. 

As mentioned before, thymic size can be indic-
ative of thymic function. Diemert et al. revealed 
a  negative correlation between thymic enlarge-
ment and the frequency of regulatory T cells in um-
bilical cord blood, which indicates an association 
of the developing fetus and the thymus with the 
neonate’s immune status [26]. The most import-
ant matter linked to the development of thymic 
nomograms in healthy children is the possibility 
of their use in detecting primary immunodeficien-
cies, which are accompanied by abnormalities of 
the size of this organ, or its absence. The fetal thy-
mus ultrasound may be a screening test in the di-
rection of deletion 22q11.2 (DiGeorge syndrome), 
especially in children who have an inborn heart 
defect in the echo test [27, 28]. Consequently, 

the introduction of fetal thymus nomograms into 
routine USG examinations could serve the pur-
pose of monitoring various disorders linked with 
intrauterine infections, IUGR or premature labor. 
Fetuses with a heart defect have an absolute indi-
cation for thymic size monitoring as they have an 
increased risk of perinatal infection, which could 
be detected before clinical signs develop. Particu-
lar attention should also be paid to this group of 
fetuses in which, in several ultrasound measure-
ments, the size of the thymus does not fall within 
the normograms for a  given gestational age. At 
this time, an immunological perinatal consultation 
should be planned in order to qualify for a further 
possible postnatal vaccination and diagnosis. In-
formation about hypoplasia of the thymus should 
be noted in the child’s medical history and health 
book [29].
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Figure 2. A  normogram for a  thymus maximal 
transverse diameter
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Figure 3. A normogram for a thymus transverse cir-
cumference
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Figure 4. A normogram for a thymus transverse sur-
face area
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In conclusion, the coverage of healthy thymus 
nomograms in the fetal population may be the 
basis for the identification of fetuses at risk of 
hypoplasia or thymic hyperplasia, which seems 
particularly important from the point of view of 
the detection of potential inborn immunological 
disorders.
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