
Prognostic Value of Fetal Thymus Size
in Intrauterine Growth Restriction

ntrauterine growth restriction (IUGR) refers to a fetus who is
unable to reach the genetically determined potential size and
carries an increased risk of perinatal morbidity and mortality.1

Although the causes of IUGR are very diverse, abnormal placental
implantation plays an important role in the pathogenesis. Accord-
ing to this process, insufficient trophoblastic invasion of the spiral
arteries results in the reduction of uteroplacental blood flow.1
Hence, assessment of the uteroplacental and fetal circulation by
Doppler sonography has been used to identify fetuses at risk of
hypoxemia and acidemia. In addition, Doppler sonography is gen-
erally accepted as the primary tool in the surveillance and man-
agement of IUGR.2 Nevertheless, there is a need for additional
prognostic factors for predicting perinatal outcomes of pregnancies
with IUGR.
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Objectives—Our aim was to evaluate the size of the fetal thymus by sonography in preg-
nancies with intrauterine growth restriction (IUGR) and to search for a possible rela-
tionship between a small fetal thymus and adverse perinatal outcomes.

Methods—The transverse diameter of the fetal thymus was prospectively measured in
150 healthy and 143 IUGR fetuses between 24 and 40 weeks’ gestation. The fetuses
with IUGR were further divided according to normal or abnormal Doppler assessment
of the umbilical and middle cerebral arteries and ductus venosus. Measurements were
compared with reference ranges from controls. To determine which perinatal outcomes
were independently associated with a small fetal thymus, a multivariate logistic regression
analysis was performed.

Results—Thymus size was significantly lower in IUGR fetuses compared to controls
(P < .05). Among IUGR fetuses, thymus size was significantly smaller in IUGR fetuses
with abnormal Doppler flow compared to normal flow (P < .05). A small thymus in
IUGR fetuses was independently associated with early delivery (odds ratio [OR], 1.24;
95% confidence interval [CI], 1.05–1.49; P = .023), respiratory distress syndrome (OR,
1.36; 95% CI, 1.09–1.78; P = .005), early neonatal sepsis (OR, 1.65; 95% CI, 1.11–2.42;
P = .001), and a longer stay in the neonatal intensive care unit (OR, 1.33; 95% CI, 1.08–
1.71; P = .017).

Conclusions—Intrauterine growth restriction is associated with fetal thymic involution,
and a small fetal thymus is an early indicator of adverse perinatal outcomes in pregnancies
complicated by IUGR.

Key Words—fetal sonography; intrauterine growth restriction; obstetric ultrasound;
prenatal diagnosis; thymus gland
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In recent years, fetal thymus size has been suggested as
another sensitive parameter related to pregnancy compli-
cations. It has been proposed that thymic involution in
pregnancy is a stress-related condition consequent to acti-
vation of the hypothalamic-pituitary-adrenal gland axis.3
Di Naro et al3 suggested that fetal thymic involution in
patients with preterm labor is strongly associated with the
fetal inflammatory response syndrome. In a study by Yinon
et al,4 fetal thymus size was decreased in choriamnionitis
after preterm premature rupture of membranes (PPROM).
Mohamed et al5 found that preeclamptic women had sig-
nificantly smaller fetal thymuses than those of healthy con-
trol women. In studies by Cromi et al6 and Olearo et al,7
IUGR was associated with a significant decrease in fetal
thymus size. However, the value of these studies is limited
by their retrospective character or small sample size.

We therefore conducted a prospective study with a
relatively large sample size to assess the size of fetal thymus
sonographically in pregnancies with IUGR. Furthermore,
we also aimed to identify whether an association exists
between a small thymus and adverse perinatal outcomes
in IUGR fetuses.

Materials and Methods

We conducted a prospective observational study including
143 pregnancies with IUGR and 150 healthy control preg-
nancies in patients who were admitted to Izmir Tepecik
Training and Research Hospital between February 2012
and January 2015. The study was approved by the local
Ethical Committee, and written informed consent was
obtained from all participants. Singleton pregnancies with
intact membranes between 24 and 40 weeks’ gestation
were considered eligible for the study. Patients with known
maternal or fetal infections, fetal structural or chromosomal
malformations, or fetal demise and patients in active labor
were excluded. Patients in whom optimal thymus meas-
urement was not obtained because of the fetal position,
oligohydramnios, or maternal obesity were excluded as well.
Fetal position was considered inadequate when shadow-
ing from surrounding bones obscured visualization of the
thymus. Healthy controls were women without IUGR
who were referred to an outpatient clinic for routine sono-
graphic evaluations. The control group included pregnant
women with an estimated fetal weight between the 10th
and 90th percentiles. Gestational age was confirmed by a
first-trimester scan with crown-rump length measurement.
The diagnosis of IUGR was made in the presence of an
estimated fetal weight that was below the 10th percentile
for gestational age.2

On admission, all patients underwent a detailed sono-
graphic examination by 1 of 2 experienced authors (A.E.
and C.G.) using a LOGIQ 5 Pro ultrasound machine (GE
Healthcare, Milwaukee, WI) with a 5-MHz transabdominal
transducer before administration of any medication
(including steroids). Fetal biometric parameters and the
amniotic fluid volume were measured. The calculation of
estimated fetal weight for the IUGR and control groups
was done by using the formula proposed by Hadlock et al.8
Oligohydramnios was defined as an amniotic fluid index
of less than 5 cm.9 In all pregnancies complicated by IUGR,
Doppler flow velocity waveforms of the umbilical and mid-
dle cerebral arteries and ductus venosus were evaluated.
The reference ranges that we used to define normal and
abnormal Doppler findings were based on the ranges devel-
oped by Parra-Cordero et al.10 Abnormal Doppler flow
velocity waveforms included the following: (1) pulsatility
indices for the umbilical artery and ductus venosus above
the 95th percentile for gestational age; and (2) pulsatility
index for the middle cerebral artery below 5th percentile for
gestational age (brain-sparing effect).

Measurements of fetal thymus sizes were obtained
during the fetal resting period after Doppler sonography.
The transverse diameter of the thymus was measured, as
previously described.11 The thymus was visualized on a
transverse section of the fetal chest posterior to the sternum
and anterior to the great vessels of the heart (3-vessel view).
The maximum transverse diameter was measured by plac-
ing the calipers perpendicular to the junction between the
sternum and the spine (Figure 1). The mean of the 3 meas-
urements was used for statistical analysis. In healthy con-
trols, the mean and percentile distribution of the transverse
thymus diameter for each gestational age was determined.
A small fetal thymus was defined as a decrease in the trans-
verse thymus diameter below the 5th percentile for gesta-
tional age according to the nomograms of our controls.

Invasive testing was offered to the patients with IUGR
that was associated with fetal structural malformations to
rule out aneuploidy. Patients were also screened for toxo-
plasmosis, rubella, cytomegalovirus, and herpes infections.
The following data regarding clinical characteristics of the
patients were recorded: maternal age, parity, body mass
index, smoking habit, type of conception (spontaneous ver-
sus in vitro fertilization), gestational age at admission, amni-
otic fluid index at admission, maternal illness (preeclampsia
or gestational diabetes mellitus), fetal sex, and transverse
fetal thymus diameter.

Fetuses with IUGR and normal Doppler flow velocity
waveforms were monitored weekly with a biophysical pro-
file and umbilical artery Doppler sonography and fort-
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nightly with a fetal growth scan. In cases of IUGR with
abnormal Doppler flow velocity waveforms, patients were
hospitalized for close monitoring with a daily nonstress test
and twice-weekly amniotic fluid index and Doppler veloci-
metric studies of the umbilical artery, middle cerebral
artery, and ductus venosus. A single course of cortico -
steroids were administered between 24 and 34 weeks’ ges-
tation if preterm birth was expected. Indications for
delivery included the following: (1) IUGR with normal
umbilical artery end-diastolic flow at term; (2) IUGR with
an increased pulsatility index at 37 weeks or later; (3)
IUGR with absent umbilical artery end-diastolic flow at 34
weeks or later; (4) IUGR with reversed umbilical artery
end-diastolic flow at 32 weeks or later; (5) absent or
reversed a-wave at the ductus venosus; (6) persistent
decelerations on the nonstress test; (7) a persistent abnor-
mal biophysical profile; and (8) complications of severe
preeclampsia. A biophysical profile score, which was orig-
inally described by Manning et al,12 was used to assess the
well-being of the fetuses. A biophysical profile test result
was considered abnormal when the test yielded a persist-
ent score of 6 of 10 after 24 hours and also a score of 4 of
10 or lower.

To minimize the potential impact on the fetal thymus,
fetuses delivered for other indications (such as preterm labor
and PPROM) were excluded from the study. Perinatal out-
comes included placental abruption, nonreassuring fetal
status, stillbirth, gestational age at delivery, admission-to-

delivery interval, mode of delivery, birth weight, Apgar
scores at 1 and 5 minutes, emergency intubation (within
24 hours after birth), respiratory distress syndrome (RDS),
early-onset neonatal sepsis, early neonatal death, and dura-
tion of stay in the neonatal intensive care unit (NICU).

The study population was classified into 3 groups:
namely, controls, IUGR fetuses with normal Doppler flow,
and IUGR fetuses with abnormal Doppler flow, which
were compared in terms of associated risk factors. We also
categorized patients with IUGR into 2 groups based on
fetal thymus size to compare perinatal outcomes.

Statistical analysis was performed with SPSS version 20.0
software for Windows (IBM Corporation, Armonk, NY).
To create a nomogram for thymic diameter from our con-
trols, a linear regression relationship between fetal thymus
diameter and gestational age was calculated. The 5th, 50th,
and 95th percentiles of thymic diameter for each gesta-
tional age were calculated from the regression equation.
Of the 2 experienced examiners, A.E. measured the trans-
verse thymus diameter in 162 fetuses, and C.G. measured
the remaining 131 thymus sizes. The mean differences
(95% limits of agreement) for intraobserver reproducibility
of thymus sizes measured by A.E. and C.G. were –0.024
(0.915, 0.867) mm and 0.032 (–0.844, 0.908) mm, respec-
tively. For interobserver reproducibility, the mean difference
(95% limits of agreement) was –0.063 (–1.350, 1.224) mm.
Data were expressed as mean ± standard deviation for con-
tinuous variables and number of cases and percentages for
categorical variables. The Student independent t test and
Mann–Whitney U test were used to compare continuous
parametric and nonparametric variables, respectively.
Categorical data was analyzed by a χ2 test. To determine
which perinatal outcomes were independently associated
with a small fetal thymus, a multivariate logistic regression
analysis was performed. 

Results

This study included 150 healthy control pregnancies and
143 pregnancies with IUGR, the diagnoses of which were
confirmed after birth. Intrauterine growth-restricted
fetuses were further divided into 2 groups according to
Doppler flow patterns in the fetal circulation. Among
IUGR fetuses, 81 (56.6%) had normal Doppler flow veloc-
ity waveforms, and 62 (43.4%) had abnormal waveforms.
Interobserver and intraobserver variability rates for the
transverse thymus diameter measurements were calculated
by intraclass correlation coefficients, which indicated a
high degree of reliability (0.965 and 0.927, respectively).
The clinical characteristics of the study groups are presented
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Figure 1. Sonogram showing the thymus in the anterior mediastinum.

The transverse diameter of the thymus was measured as its greatest

width (2) perpendicular to a line connecting the spine and sternum (1).

A indicates aorta; P, pulmonary artery; and S, superior vena cava.
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in Table 1. The proportion of fetuses with a transverse thy-
mus diameter below the 5th percentile for gestational age
was significantly higher in IUGR pregnancies compared to
controls (P < .05). Among IUGR fetuses, the proportion
with a small thymus was significantly higher in the group with
abnormal Doppler indices (72.6%) compared to those
with Doppler flow velocity waveforms within the normal
range (48.1%; P < .05). The transverse thymus diameters
in IUGR fetuses with and without abnormal Doppler flow
were plotted on the reference ranges of the healthy con-
trols (Figure 2).

Compared with controls, IUGR fetuses were more
commonly complicated by preeclampsia (37.0% and
64.5% of fetuses with normal and abnormal Doppler flow,
respectively) and oligohydramnios (30.9% and 43.5% of
fetuses with normal and abnormal Doppler flow), as
expected. In the multiple logistic regression analysis
adjusted for preeclampsia and oligohydramnios, small fetal
thymus size still showed a significant independent associ-
ation with IUGR (odds ratio, 1.57; 95% confidence inter-
val, 1.13–2.14; P < .05).

To assess the relationship between perinatal out-
comes and thymus size, the 143 IUGR fetuses were classi-
fied into 2 groups according to whether they had a small
or normal transverse thymus diameter (Table 2). 
A small fetal thymus was significantly related to early ges-
tational age at delivery (P < .001) and low birth weight (P
< .001) and also showed a significant increase in the fre-
quency of nonreassuring fetal status (P < .001), abnormal
Doppler flow (P = .003), admission-to-delivery interval of
less than 7 days (P = .008), 1-minute Apgar score of less
than 7 (P < .001), RDS (P = .001), emergency intubation (P

< .001), early-onset neonatal sepsis (P = .034) and length
of NICU stay of greater than 7 days (P = .007). Addition-
ally, multivariate logistic regression analysis was performed
to control for potential confounders, including gestational
age at delivery, birth weight, and abnormal Doppler flow
velocity waveforms (Table 3). Small fetal thymus size in
IUGR pregnancies was independently associated with a
decreased admission-to-delivery interval (P = .023) and an
increased risk of early neonatal sepsis (P = .001), RDS 
(P = .005), and length of NICU stay of greater than 7 days
(P = .017).

Discussion

This study has revealed that thymic involution is a feature
of IUGR and that coexistence of abnormal Doppler flow in
IUGR pregnancies is associated with an even greater
reduction in fetal thymus size than IUGR alone. Further-
more, our results suggested that among IUGR groups,
pregnancies with a small fetal thymus had significantly
higher rates of adverse perinatal outcomes.

A few studies in the literature have shown a relation-
ship between a small fetal thymus and pregnancy disorders.
Studies by Yinon et al4 and El-Haieg et al13 found a strong
association between a small fetal thymus and PPROM
pregnancies complicated by histologic choriamnionitis.
Mohamed et al5 demonstrated that a smaller fetal thymus
was a feature of preeclampsia. Eviston et al14 suggested
small fetal thymus size to be an early predictor of clinical
disease in preeclampsia. Confirming our study, Cromi et
al6 detected a significant decrease in fetal thymus size in
IUGR pregnancies. Similarly, in the study by Olearo et al,7
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Table 1. Clinical Characteristics of the Study Groups

IUGR With IUGR With

Control Normal Doppler Flow Abnormal Doppler Flow

Characteristic (n = 150) (n = 81) (n = 62)

Maternal age, y 27.1 ± 4.9 28.1 ± 6.2 28.4 ± 5.6

Nulliparity 66 (44.0) 29 (35.8) 29 (46.8)

BMI, kg/m2 27.2 ± 2.2 27.7 ± 2.3 27.9 ± 2.7

Smoking 5 (3.3) 4 (4.9) 3 (4.8)

Conception by IVF 4 (2.7) 3 (3.7) 3 (4.8)

Gestational age at admission, wk 29.4 ± 4.6 30.2 ± 4.3 28.3 ± 2.7

Oligohydramnios 0 25 (30.9)a 27 (43.5)a

Preeclampsia 0 30 (37.0)a 40 (64.5)a,b

Gestational diabetes 0 2 (2.5) 2 (3.2)

Male 74 (49.3) 41 (50.6) 30 (48.4)

Transverse thymus diameter <5th percentile 7 (4.7) 39 (48.1)a 45 (72.6)a,b

Data are presented as mean ± SD and number (percent). BMI indicates body mass index; and IVF, in vitro fertilization. 
aP < .05 compared to control.
bP < .05 compared to IUGR with normal Doppler flow.
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thymus volumes of fetuses with an abdominal circumference
and birth weight below the 10th percentile were significantly
lower compared to healthy controls. Fetal thymic function
and volume depend on a number of genetic, nutritional, neu-
ral, endocrine, and immune factors.15 A small thymus is the
consequence of lymphocyte depletion from both the cortex
and medulla and has been associated with gestational and
perinatal environmental exposures, including stress, infec-
tious diseases, malnutrition, and toxic exposures.16

Mechanisms underlying thymic involution in IUGR are
thought to result from placental insufficiency, which is due
to inadequate vascular adaptation at the uteroplacental inter-
face.7 Placental insufficiency creates a chronic state of fetal
malnutrition by preventing adequate delivery of nutrients to
the developing fetus. In response to malnutrition, the fetus
develops a series of neuroendocrine adaptations. Leptin,
which informs the hypothalamus about energy stores, is one
of the mediators.17 Malnutrition causes a significant decrease
in leptin levels, which triggers thymic involution.16 In starved
mice, thymus mass decreases up to 60% but can be com-
pletely reversed by leptin treatment.18 Both direct and indi-
rect effects of leptin play roles in the maintenance of thymic
mass. Inhibition of apoptosis in the thymus is the direct effect
of leptin, whereas modulation of cortisol levels seems to be
the indirect effect of this hormone.19,20 Glucocorticosteroids,
increased levels of which are potent inducers of thymic
apoptosis, are known to be suppressed by leptin via the
hypothalamic-pituitary-adrenal gland axis.20 In physiologic
conditions, the normal pattern of thymocyte apoptosis is
managed by the well-balanced concentrations of leptin and
glucocorticoids. Under situations of malnutrition, decreased
levels of leptin and subsequent increased levels of cortisol
enhance thymocyte apoptosis.

Another proposed mechanism that drives thymic
involution in IUGR is the failure of syncytotrophoblasts to
express an enzyme (11β-hydroxysteroid dehydrogenase
type 2) that converts biologically active maternal cortisol to
the less-active cortisone.21 As a result of reduced enzymatic
activity due to defective trophoblast differentiation, fetal
exposure to maternal cortisol is increased.

J Ultrasound Med 2016; 35:511–517 515
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Figure 2. Transverse diameter of the fetal thymus plotted on our refer-

ence ranges in IUGR fetuses with normal (open circles) and abnormal

(filled circles) Doppler flow. The lines represent the 5th, 50th, and 95th

percentiles for gestational age.

Table 2. Perinatal Outcomes of Fetuses With IUGR According to Thymus Size

Normal Thymus Size Small Thymus Size

Outcome (n = 59) (n = 84) P

Placental abruption 2 (3.4) 4 (4.8) .518

Nonreassuring fetal status 13 (22.0) 60 (71.4) <.001

Abnormal Doppler flow 17 (28.8) 45 (53.6) .003

Stillbirth 1 (1.7) 3 (3.6) .452

Gestational age at delivery, wk 33.1 ± 3.4 30.1 ± 3 <.001

Admission-to-delivery interval <7 d 9 (15.2) 29 (34.5) .008

Cesarean delivery 45 (76.3) 78 (92.9) .005

Birth weight, g 1919.7 ± 580.6 1189.8 ± 418.8 <.001

1-min Apgar score <7 17 (28.8) 51 (60.7) <.001

5-min Apgar score <7 13 (22.0) 28 (33.3) .099

Emergency intubation 8 (13.6) 47 (56) <.001

RDS 7 (11.9) 30 (35.7) .001

Early-onset neonatal sepsis 1 (1.7) 9 (10.7) .034

Early neonatal death 1 (1.7) 4 (4.8) .312

Length of NICU stay >7 d 10 (16.9) 31 (36.9) .007

Data are presented as mean ± SD and number (percent).
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It is well known that fetuses with IUGR have an in -
creased risk of subsequent morbidity and mortality.
In addition, this study demonstrated that those IUGR
fetuses with a smaller thymus had an increased risk of early
delivery and adverse neonatal outcomes. The literature
regarding the association between a small fetal thymus and
antenatal obstetric complications is limited and inadequate
for comparisons. However, the relationship between thy-
mus size and adverse neonatal outcomes was reported in
some studies. De Felice et al22 found a small thymus to be
a reliable predictor of bronchopulmonary dysplasia in very
low-birth-weight neonates. Another study observed a sig-
nificant correlation between a small thymus at birth and
adverse neonatal outcomes, such as RDS and sepsis, in a
regression analysis after adjusting for gestational age and
birth weight.23 Increased adverse perinatal outcomes in
IUGR pregnancies with a small fetal thymus could partly be
explained by the fact that pregnancies with small thymuses
are associated with more severe placental disorders com-
pared to normal thymuses. Another contributing factor may
be explained by effects of the accompanying intrauterine
inflammation in the form of histologic chorioamnionitis
and funisitis. Fetal thymic involution has been documented
in histologic chorioamnionitis and funisitis, which are usu-
ally subclinical and present no overt signs or symptoms.3
According to this finding, maternal inflammatory cytokines
such as interleukin 1 and 6 induce thymic involution by
stimulating the fetal hypothalamic-pituitary-adrenal gland
axis.16 Although patients with PPROM, a major risk factor
for clinical chorioamnionitis, were excluded from our
study, histopathologic examinations of the placenta and
cord were incomplete for revealing the impact of any infec-
tion on outcomes.

The findings of this study suggest that fetal thymus
size may play an important role in the management of a preg-
nancy complicated by a diagnosis of fetal growth restriction.
Its use, in conjunction with standard fetal surveillance, such
as Doppler assessment, may affect decisions regarding

timing of delivery. Identification of fetuses with a small thy-
mus could help clinicians focus on preventive measures,
including hospitalization, maternal administration of cor-
ticosteroids for fetal lung maturation, and more intensive
surveillance. Furthermore, intrauterine detection of a small
fetal thymus might allow early and improved interventions
for neonatal sepsis and RDS and a subsequent decrease in
perinatal morbidity and mortality.

The strengths of our study included a relatively large
sample size, the prospective nature of the study design, and
measurement of every sonogram by 2 experienced exam-
iners in the same institution. On the other hand, one of the
limitations of this study was the lack of information regard-
ing the maternal nutritional status of the pregnancies exam-
ined, which could have allowed us to compare different
etiologies of IUGR with abnormal and normal Doppler flow.
Another limitation was that we were unable to exclude the
possible presence of chromosome 22q11 microdeletion in
fetuses with thymic hypoplasia. However, characteristic
structural abnormalities of this syndrome were not
detected in both the prenatal and postnatal periods up to
the time of hospital discharge.

In conclusion, this study has demonstrated that an asso-
ciation exists between IUGR and fetal thymic involution.
Among IUGR groups, the most extreme reduction of
thymic size was observed in fetuses with abnormal Doppler
flow velocity waveforms. Additionally, it was found that in
pregnancies with IUGR, a small fetal thymus was signifi-
cantly associated with adverse perinatal outcomes inde-
pendent of gestational age or the presence of abnormal
Doppler flow. Therefore, it is concluded that for cases with
IUGR, fetal thymus size measurement may improve ante-
natal fetal surveillance and neonatal management.
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