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ABSTRACT Objective: To evaluate the relationship between fetal thymus diameter and perinatal outcomes in preterm premature rupture of
membranes (PPROM) cases and to compare three-dimensional (3D) fetal thymus volume in the same cases. Material and Methods: This was
a prospective study from March 2019 through March 2020. Women diagnosed with PPROM between 24 and 33+6 weeks of gestation were
included. Pregnancies were divided into 2 groups as small and normal according to the thymus size nomogram. The virtual organ computer-
aided analysis software calculated the volumes automatically. Results: In 41 patients, measurements could be successfully acquired with two-
dimensional and 3D sonography. Twenty eight (68.3%) patients were in the small thymus group and 13 patients (31.7%) were in the normal
thymus group. The probability of clinical chorioamnionitis increased 7.7-fold-times in cases with small thymus (odds ratio 7.7, 95% confi-
dence interval 1.1-67.4, p=0.038). The latency period was significantly higher in the normal thymus group. The correlation between transverse
diameter and thymus volume was analyzed according to gestational age at ultrasound measurement and a significant correlation was observed
between them. Conclusion: A small transverse diameter of the thymus in PPROM cases may be associated with clinical chorioamnionitis,
and a normal thymus diameter may predict a longer latency period. In addition, although transverse thymus diameter was correlated with thy-
mus volume, no significant volume difference was observed between the groups when percentile classification was made.
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Maternal and fetal immune responses due to cal/histological chorioamnionitis according to the
intraamniotic infection (IAI) are the main cause of  presence of clinical and laboratory signs.* It is possi-
inflammation of the chorion and amnion (chorioam- ble to make a definitive diagnosis by invasive meth-
nionitis) and umbilical cord (funicitis).! In women ods (such as amniocentesis) before birth or by

with premature rupture of membranes, the incidence histopathological examination of the placenta, fetal
of Al increases as a result of the ascending migra- membranes, or umbilical cord vessels after birth.!
tion of the cervicovaginal flora, and the frequency of =~ Unfortunately, all these methods require invasive in-
IAI in preterm premature rupture of membranes terventions or postnatal evaluation, and they are not
(PPROM) is approximately 30%.> Chorioamnionitis practical and safe in the prenatal period. For this rea-

is defined as clinical chorioamnionitis and subclini- son, diagnosis is made on suspicion of clinical find-
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ings (maternal fever, leukocytosis, maternal and/or
fetal tachycardia, and uterine tenderness). Because
late detected or unrecognized chorioamnionitis
causes maternal, fetal, and neonatal morbidity, it is
important to predict the presence of Al in patients
with PPROM who are undergoing expectant man-
agement, even in the absence of clinical findings.**

The thymus is the main organ in the development
of the fetal immune response during the intrauterine
period. It begins to develop at the 9" week of gesta-
tion, begin to descend into the anterior mediastinum at
the 12 week which consists of the cortex and medulla
and is differentiates approximately by the 17-week
gestation completely.®” Previous studies have shown
that chorioamnionitis is associated with a significant
reduction in thymus size at birth, associated with an
increased inflammatory response.® In recent studies,
prenatal ultrasound (US) evaluation of the fetal thy-
mus has been used to detect chorioamnionitis in
PPROM or spontaneous preterm birth. These studies
showed that small fetal thymus (<5" percentile for
gestational week) is associated with early diagnosis
of chorioamnionitis in PPROM cases.>*!? In these
studies, the size of the fetal thymus was measured by
two-dimensional (2D) US with a perimeter or trans-
verse diameters. Recent studies have focused on three-
dimensional (3D) US for accurate measurement due to

11,12

the irregular shape of the fetal thymus.

In this study, we aimed to evaluate the relation-
ship between fetal thymus diameter and perinatal out-
comes in PPROM cases. In addition, we made
comparisons by measuring the 3-dimensional fetal
thymus volume in the same cases.

MATERIAL AND METHODS
STUDY DESIGN

This prospective cross-sectional study was conducted
between March 2019 and March 2020 at the Mater-
nal-Fetal Medicine Unit of University of Health Sci-
ence, Tepecik Training and Research Hospital,
Tirkiye. This study was conducted following the
Helsinki Declaration ethical standards. The ethics
committee approval for this study was obtained from
the University of Health Sciences Tepecik Training
and Research Hospital Non-Invasive Ethics Com-
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mittee (date: February 28, 2019; no: 2019/3-25). All
participants were informed and informed voluntary
consent was obtained.

PATIENTS’ SELECTION AND
PREGNANCY MANAGEMENT

We evaluated singleton pregnancies between 24 and
33+6 gestational weeks (confirmed by first-trimester
US with crown-to-rump length) and expectantly man-
aged singleton pregnancies according to the last men-
strual period with PPROM.

The exclusion criteria were fetal structural or
chromosomal abnormalities, the presence of labor at
the time of diagnosis, or giving birth within 48 hours
of diagnosis, multiple pregnancies, fetuses that do not
tend to grow normally (estimated fetal weight below
the 10" percentile or over the 90 percentiles according
to Hadlock et al.)"? and pregnant women with addi-
tional diseases (i.e., hypertensive disease of preg-
nancy, diabetes).

PPROM was diagnosed in pregnancies with am-
niotic fluid leaking from the cervical os and pooling in
the vaginal vault on sterile speculum examination. In
patients with suspected PPROM but without amniotic
fluid drainage, the diagnosis was confirmed using the
placental alpha microglobulin-1 protein test from the
vaginal fluid. After the diagnosis, patients between 24
and 33+6 weeks of gestation without labor and TAI
findings were hospitalized for expectant management.
Patients who refused inpatient follow-up, were sched-
uled twice weekly as an outpatient. All pregnant
women received a single course of betamethasone (6
mg intramuscularly every 24 hours for 2 doses), and
antibiotics (1 g of azithromycin orally and additionally
2 g of ampicillin intravenously 4 times a day for 2 days
followed by 500 mg of amoxicillin orally 3 times a day
for 5 days). The pregnancies were followed up to the
34" gestational week. Indications for delivery included
clinical signs of IAI (maternal temperature was ele-
vated to 38.0 °C on 2 occasions 30 minutes apart plus
one or more of the following criteria: fundal tender-
ness, maternal tachycardia (heart rate >100 beats per
minute), baseline fetal heart rate >160 beats per minute
for >10 minutes, maternal leukocytosis (white blood
cell >15.000/mm?) or foul-smelling purulent discharge
from the cervical os on sterile speculum examination),
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FIGURE 1: Axial plane of the fetal thorax at three-vessel trachea level.

fetal distress, labor or severe vaginal bleeding suggests
ablation placenta. The optimal birth time was planned
as 34 weeks and above.

US MEASUREMENT TECHNIQUES OF THE THYMUS

US measurements were obtained in both 2D and 3D
with an US machine Samsung Ultrasound System
HS70A (Samsung Medison Company, Republic of

Korea). Fetal biometric measurements, fetal thymus
diameters, and fetal thymus volumes were performed
48 hours after PPROM. WBC, C-reactive protein
(CRP), and US measurements were made 48 hours
after the PPROM.

The fetal thymus was visualized as described by
previous studies.' ! In the axial plane, in the three-
vessel trachea (3VT) section, between both internal
mammary arteries, behind the sternum, and in front of
the 3VT, the fetal thymus was localized (Figure 1).
When the fetal thymus was completely visualized in
the axial plane, maximal transverse diameters (mm)
acquired. Maximum transverse diameter was defined
as a measurement of fetal thymus perpendicular to
the axis sternum and spine. Then the 3D probe was
activated. Six consecutive images were acquired, and
their boundaries were determined manually. The vir-
tual organ computer-aided analysis (VOCAL) soft-
ware calculated the volumes automatically (Figure 2).

Reference Volume : 12,334 em™3
Shell Volume : 12,334 em3
Insiée Yolume : 0.600 em'3
OuSide Volome : 12.3%4 em'3

FIGURE 2: Virtual organ computer-aided analysis calculation of the fetal thymus.
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All examinations were performed by one sonogra-
pher (MK) and all measurements were repeated three
times and the mean value of these measurements was
included in the study. According to the nomogram,
2D thymus diameter measurements made as de-
scribed by Musilova et al. in 2001, and the small thy-
mus was accepted as the transverse thymus diameter
below the 5" percentile. '

STATISTICAL ANALYSIS

SPSS version 26.0 (IBM Corporation, Armonk, New
York, USA) was used for data analysis. The signifi-
cance level was taken as p<0.05 in all analyzes. The
Shapiro-Wilk test was used to determine the distri-
bution of the data. Student’s t-test was used for nor-
mally distributed data in comparisons and data were
presented as mean+standard deviation. Mann-Whit-
ney U test was used to compare the data that could
not show the normal distribution and the data were
shown as median+(minimum, maximum). The chi-
square test was used to compare categorical variables
and odds ratio (OR) [95% confidence interval (CI)]
calculations were made. Power analysis was per-
formed with G-Power (Heinrich-Heine-Universitét
Diisseldorf, Diisseldorf, Germany) according to the
other studies. Accordingly, the minimum number of
samples was calculated as 11 for each group.

I RESULTS

In total, 45 patients with PPROM were selected in ac-
cordance with our study criteria. However, fetal thy-
mus borders could not be determined in 4 patients due
to the fetal position, maternal obesity, and oligohy-
dramnios. In the remaining 41 patients (91.1%), mea-
surements could be successfully acquired with
sonography and enrolled in the study. Twenty eight
(68.3%) patients were in the small thymus group and
13 (31.7%) patients were in the normal thymus

group.

The demographic and clinical characteristics of
the groups were analyzed in Table 1. Both groups
were similar in terms of maternal age, parity, and
body mass index. While 2 (7.1%) patients in the
small thymus group were smoking, this number was
3 (23.1%) in the normal thymus group, which was
statistically similar (p=0.147). Gestational age (GA)
at admission (28.5+3.2 vs. 26.2+2.9, p=0.731) and
GA at delivery (31£2.3 vs. 32.6+2.2, p=0.140) were
statistically similar between the groups. Also, GA in
the US measurement of both groups was statistically
similar (2942.9 vs. 28.6£2.6, p=0.201). The latency
period between admission and delivery was signifi-
cantly higher in the normal thymus group (20£13.5

TABLE 1: Demographic and clinical characteristics of the groups.

Maternal age (year) (X+SD)
Parity (n, %)

Nulliparous

Multiparous
BMI at during test (X+SD) (kg/m?)
Smoker (n, %)
Gestational age at admission (weeks) (X+SD)
Gestational age at US measurement (weeks) (X+SD)
Gestational age at delivery (weeks) (X+SD)
Latency period between admission and delivery (days) (X+SD)
Thymus diameter (mm) (X+SD)
Thymus VOCAL volume (mm?) (X+SD)
WBC (US measurement time) (*10%mm?) (X+SD)
WBC (US measurement time) >15 (*10%mm?®) (n, %)
CRP (US measurement time) (mg/L) (X+SD)
CRP (US measurement time) >5 (mg/L) (n, %)
Clinical chorioamnionitis (n, %)

Small thymus (n=28) Normal thymus (n=13) p value
28.1+6.9 30.146.7 0.395
0.894
7(25) 3(23.1)
21 (75) 10(76.9)
27.3+4.2 27446 0.845
2(7.1) 3(23.1) 0.147
28.5+3.2 28.2+2.9 0.731
29429 28.6+2.6 0.201
31423 32.6+2.2 0.140
20+135 30.3+21.9 0.047
21.3+£3.6 26.3+5.5 0.001
1.77£1.03 1.90+£1.32 0.739
12.9£2.8 13.245.3 0.831
8(28.6) 6 (46.2) 0.269
9.6+10.9 14.1£11.9 0.240
16 (57.1) 10(76.9) 0.221
11(39.3) 1(7.7) 0.038

SD: Standard deviation; BMI: Body mass index; US: Ultrasound; VOCAL: Virtual organ computer-aided analysis; WBC: White blood cell; CRP: C-reactive protein.
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TABLE 2: Maternal and perinatal outcomes of the groups.
Small thymus (n=28) Normal thymus (n=13) p value

Delivery type (n, %) 0.527

Vaginal delivery 8 (28.6) 5(38.5)

Cesarean section 20 (71.4) 8 (61.5)
Indications of labor (n, %) 0.101

Chorioamnionitis 11(39.3) 1(7.7)

Spontaneous labor 6(21.4) 6 (46.2)

Previous cesarean in labor 1(3.6) 1(7.7)

Non-reassuring fetal status 4(14.3) 2(15.4)

Vaginal bleeding/placental abruption 0 2(15.4)

Cord prolapses 1(3.6) 0

Optimal birth time 5(17.8) 1(7.7)
Gender (n, %) 0.382

Male 11(39.3) 7(53.8)

Female 17 (60.7 6 (46.2)
Birth weight (g) (X+SD) 1719.1£593.2 1843.5+460.9 0.348
1t minute APGAR scores <7 (n, %) 10(35.7) 8 (61.5) 0.121
5" minute APGAR scores <7 (n, %) 4(14.3) 3(23.1) 0.486
NICU admission (n, %) 25 (89.3) 13 (100) 0.220
NICU hospitalization duration (days) (X£SD) 33.2+27 36.6+21.7 0.696
Perinatal mortality (n, %) 1(2.7) 1(7.7) 0.568

SD: Standard deviation; NICU: Neonatal intensive care unit.

vs. 30.3£21.9, p=0.047). Thymus VOCAL volume
values were similar between the groups (1.77£1.03
vs. 1.90£1.32, p=0.739). WBC and CRP values of
both groups, and WBC>15 ("10°/mm?) and CRP>5
(mg/L) values were similar between the groups.
While clinical chorioamnionitis was seen in 11
(39.3%) patients in the small thymus group, it was
seen in 1 (7.7%) patient in the normal thymus group,
and the probability of clinical chorioamnionitis in-
creased 7.7-fold-times in cases with small thymus
(OR 7.7,95% CI 1.1-67.4, p=0.038) (Table 1).

Maternal and perinatal outcomes of the groups
were analyzed in Table 2. Accordingly, the delivery
types and labor indications of the groups were sim-
ilar. While the small thymus group consisted of 11
(39.3%) male and 17 (60.7%) female fetuses, there
were 7 (53.8%) male and 6 (46.2%) female fetuses
in the normal thymus group, the difference was not
significant (p=0.382). The birth weights of both
groups were similar. There was no significant dif-
ference between 1% minute, 5% minute APGAR
scores and neonatal intensive care unit admission.
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There was one perinatal mortality in both groups
and the difference between them was similar
(p=0.568).

In Figure 3, the correlation between transverse
diameter and thymus volume was examined accord-
ing to GA at US measurement. Accordingly, there
was a significant correlation between them (r=0.335,
p=0.016) (Figure 3).

DISCUSSION

In this study, we showed that the probability of clin-
ical chorioamnionitis increased 7.7-fold times in
cases with small thymus diameters. There was no sig-
nificant relation between other infection parameters
(WBC counts and CRP levels) and thymus diameter.
However, in terms of latency time, the normal thy-
mus group was significantly higher. We also ob-
served a significant correlation between transverse
thymus diameter and thymus volume.

PPROM is a clinical condition that can be man-
aged expectantly until 34 gestational weeks unless
the maternal or fetal indications of urgent delivery
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FIGURE 3: Correlation between thymus transverse diameter and 3D thymus volume. VOCAL: Virtual organ computer-aided analysis.

occur.! One of the delivery indications is TAI, which
is related to poor maternal and perinatal outcomes
when the diagnosis is delayed or unrecognized. Until
the maternal or fetal symptoms of chorioamnionitis
begin, the existence of Al may remain undiagnosed
and lead to an unfavorable prognosis. Therefore, it is
very important to define the diagnosis of 1Al rapidly
and accurately. Because the definitive diagnostic tests
require invasive procedures, such as amniotic fluid
culture or gram staining of amniotic fluid obtained
by amniocentesis, and they are useless in clinical
practice, the recent studies have emphasized new
simple and noninvasive markers such as maternal
laboratory parameters [WBC, CRP, interleukin-6 (IL-
6), procalcitonin] and sonographic markers (fetal bio-
physical profile, thymic diameters) for predicting
chorioamnionitis."!'' However, there is currently no
definitive reliable noninvasive marker that can pre-
dict chorioamnionitis before symptoms begin. Due to
the relationship between unidentified or late detected
chorioamnionitis and adverse perinatal outcomes, we
aimed to know whether we could identify a new
sonographic and noninvasive marker that could be
used in the early prediction of chorioamnionitis with
this study.

Firstly, De Felice et al. revealed the relation-
ship between the radiological small thymus size of
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preterm infants at birth and the chorioamnionitis of
their mothers in 1999.'"* Yinon et al. studied 21
pregnant women with PPROM in 2007 and found a
statistically significant difference in terms of clini-
cal/histological chorioamnionitis or neonatal sepsis
between intrauterine small thymus and normal thy-
mus groups.? In this study, all patients who developed
clinical and/or histological chorioamnionitis (9/21)
were in the small thymus group. Musilova et al. in
2013, and Aksakal et al. in 2014, observed a smaller
transverse thymus diameter in the patient group with
histological chorioamnionitis.'>!¢ All these results are
consistent with our study. This relationship was ex-
plained with fetal inflammatory response syndrome,
which is defined as an inflammatory process of fe-
tuses exposed to microbial agents and associated with
increased major acute phase response mediator IL-6
levels in umbilical cord plasma.'® It occurs with mul-
tiorgan involvement of the fetus when systemic me-
diators enter the circulation and are related to
adverse perinatal and neonatal outcomes.!” One of
the fetal target organs is fetal thymus, and lympho-
cyte depletion in the fetal thymic cortex and medulla
due to the fetal inflammatory response to cytokines
(IL-6) which is released in case of acute stress situ-
ations such as chorioamnionitis, causes thymic in-
volution.
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In our study, we also looked at 3D thymus vol-
ume in patients with transverse thymus diameter and
found a correlation between transverse thymus di-
ameter and thymus volume. However, when we
classified them as small and normal thymus accord-
ing to transverse thymus diameter, there was no sig-
nificant difference between 3D thymus volumes.
Studies that have previously measured 3D thymus
volume are very limited. The first of these studies
was carried out by Li et al. in 2011."" They obtained
a nomogram of fetal thymus volume according to
GA in normal singleton pregnancies and demon-
strated that 3D-US measurements are more corre-
lated with GA than 2D-US due to the complex and
irregular shape of the fetal thymus.'! In their study,
a significant correlation was observed between
transverse diameter and 3D thymus volume, similar
to our findings. Re et al. published an article on the
thymus volume nomogram in 2015."? In their arti-
cle, the correlation between thymus transverse di-
ameter and thymus volume was not examined. In
these 2 studies, the fetal thymus visualization rate
was 95.3% and 77%, respectively.!’!2 Our visual-
ization rate (91.1%) is higher than 77% but lower
than 95.3%. An important point that stands out be-
tween these two studies and our study is the numer-
ical difference in our 3D volume measurement
values.'""'? For example, while the measurement val-
ues are around 1-10 mm?, in the study by Li et al.,
our volume measurement values vary between 0-6
mm?® as can be seen in Figure 1. This may be due to
the calculation difference of the VOCAL software
used. Therefore, we could not compare the two stud-
ies in percentile values.!!

In our study, we also compared WBC and CRP
values with thymus diameters, but we did not ob-
serve a significant difference. In the literature, Yinon
et al. examined clinical chorioamnionitis and did not
find a significant relationship between thymus di-
ameter and CRP, while Musilova et al. investigated
histological chorioamnionitis and found a significant
relationship.!®> We could not evaluate histological
chorioamnionitis in our study, so histological
chorioamnionitis cases that we were not aware of
may have affected these results. This can be ex-
plained by the late onset of clinical signs in preg-
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nancies with Al because a limited inflammation/in-
fection can not result in the systematic inflammatory
response and clinical signs. In addition, the WBC
and CRP measurement times and antibiotic use of all
these studies were different, which may have af-
fected the results. In this regard, studies investigating
clinical chorioamnionitis with large samples are re-
quired.

The latency period was significantly longer in
the normal thymus group than in the small thymus
group in our patient population. Yinon et al. looked
at the same parameter but found no significant dif-
ference between groups.> Our gestational week at
admission was smaller than that of Yinon et al.'s
population. This is probably why our waiting time
was longer. In our study, while the mean latency
was 20413.5 days in the small thymus group, it was
30.3+21.9 days in the normal thymus group. Yinon
et al. found the median latency to be 8 (0-47) and 3
(2-30) days. Results can be attributed to different
study populations, different follow-ups, and treat-
ments.

This study had some limitations. The most im-
portant limitation was that we could not differentiate
histological chorioamnionitis. Clinical chorioam-
nionitis may manifest itself late, which may cause
some cases to be missed. Our sample size was rela-
tively small as a power-limiting factor. In addition,
we examined thymus volumes with 3D VOCAL
measurement, which is a very new field of study, and
detected numerical classification differences, possi-
bly due to different software. Our strength, to the best
of our knowledge, this is the first study to evaluate
thymus volume in PPROM patients. We think that
the results of the study will contribute to the litera-
ture.

CONCLUSION

Small transverse diameter of the thymus in PPROM
cases may be associated with clinical chorioam-
nionitis, and a normal thymus diameter may predict
a long latency period. In addition, although transverse
thymus diameter was correlated with thymus volume,
no significant volume difference was observed be-
tween the groups when percentile classification was
made. However, the 3D volume software used in the
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literature is very diverse and this makes it difficult to
compare the studies.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-

bers of the scientific and medical committee members or mem-

bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

firm.

Authorship Contributions

Idea/Concept: Melda Kuyucu, Burak Bayraktar; Design: Burak
Hakan Gélbasi;

Adryaman; Data Collection and/or Processing: Melda Kuyucu,

Bayraktar, Control/Supervision: Duygu
Bahar Konuralp Atakul; Analysis and/or Interpretation: Bahar
Konuralp Atakul; Literature Review: Duygu Adiyaman; Writing
the Article: Melda Kuyucu, Critical Review: Halil Giirsoy Pala;
References and Fundings: Hakan Golbasi; Materials:Melda

Kuyucu, Bahar Konuralp Atakul.

REFERENCES

1. Committee Opinion No. 712: Intrapartum Management of Intraamniotic In-
fection. Obstet Gynecol. 2017;130(2):95-e101. [Crossref] [PubMed]

Yinon Y, Zalel Y, Weisz B, Mazaki-Tovi S, Sivan E, Schiff E, et al. Fetal thy-
mus size as a predictor of chorioamnionitis in women with preterm premature
rupture of membranes. Ultrasound Obstet Gynecol. 2007;29(6):639-43.
[Crossref] [PubMed]

Tita AT, Andrews WW. Diagnosis and management of clinical chorioamnioni-
tis. Clin Perinatol. 2010;37(2):339-54. [Crossref] [PubMed] [PMC]

Zaki D, Balayla J, Beltempo M, Gazil G, Nuyt AM, Boucoiran I. Interaction of
chorioamnionitis at term with maternal, fetal and obstetrical factors as pre-
dictors of neonatal mortality: a population-based cohort study. BMC Preg-
nancy Childbirth. 2020;20(1):454. [Crossref] [PubMed] [PMC]

Shatrov JG, Birch SCM, Lam LT, Quinlivan JA, Mcintyre S, Mendz GL.
Chorioamnionitis and cerebral palsy: a meta-analysis. Obstet Gynecol.
2010;116(2 Pt 1):387-92. [Crossref] [PubMed]

Zalel Y, Gamzu R, Mashiach S, Achiron R. The development of the fetal thy-
mus: an in utero sonographic evaluation. Prenat Diagn. 2002;22(2):114-7.
[Crossref] [PubMed]

Palumbo C. Embryology and anatomy of the thymus gland. In: Lavini C,
Moran CA, Morandi U, Schoenhuber R, eds. Thymus Gland Pathol Clin Diagn
Ther Featur. 1st ed. Milano: Springer Milan; 2008. p.13-8. Available from:
[Crossref] [PMC]

Jeppesen DL, Hasselbalch H, Nielsen SD, Sgrensen TU, Ersbgll AK, Valerius
NH, et al. Thymic size in preterm neonates: a sonographic study. Acta Pae-
diatr. 2003;92(7):817-22. [Crossref] [PubMed]

Di Naro E, Cromi A, Ghezzi F, Raio L, Uccella S, D'Addario V, et al. Fetal
thymic involution: a sonographic marker of the fetal inflammatory response
syndrome. Am J Obstet Gynecol. 2006;194(1):153-9. [Crossref] [PubMed]

110

10. El-Haieg DO, Zidan AA, EI-Nemr MM. The relationship between sonographic
fetal thymus size and the components of the systemic fetal inflammatory re-
sponse syndrome in women with preterm prelabour rupture of membranes.

BJOG. 2008;115(7):836-41. [Crossref] [PubMed]

LiL, Bahtiyar MO, Buhimschi CS, Zou L, Zhou QC, Copel JA. Assessment of
the fetal thymus by two- and three-dimensional ultrasound during normal
human gestation and in fetuses with congenital heart defects. Ultrasound Ob-
stet Gynecol. 2011;37(4):404-9. [Crossref] [PubMed]

Re C, Bertucci E, Weissmann-Brenner A, Achiron R, Mazza V, Gindes L. Fetal
thymus volume estimation by virtual organ computer-aided analysis in normal
pregnancies. J Ultrasound Med. 2015;34(5):847-52. [Crossref] [PubMed]

Musilova |, Kacerovsky M, Reslova T, Tosner J. Ultrasound measurements of
the transverse diameter of the fetal thymus in uncomplicated singleton preg-
nancies. Neuro Endocrinol Lett. 2010;31(6):766-70. [PubMed]

De Felice C, Toti P, Santopietro R, Stumpo M, Pecciarini L, Bagnoli F. Small
thymus in very low birth weight infants born to mothers with subclinical
chorioamnionitis. J Pediatr. 1999;135(3):384-6. [Crossref] [PubMed]

Musilova I, Hornychova H, Kostal M, Jacobsson B, Kacerovsky M. Ultrasound
measurement of the transverse diameter of the fetal thymus in pregnancies
complicated by the preterm prelabor rupture of membranes. J Clin Ultrasound.
2013;41(5):283-9. [Crossref] [PubMed]

Aksakal SE, Kandemir O, Altinbas S, Esin S, Muftuoglu KH. Fetal tyhmus
size as a predictor of histological chorioamnionitis in preterm premature rup-
ture of membranes. J Matern Fetal Neonatal Med. 2014;27(11):1118-22.
[Crossref] [PubMed]

Gotsch F, Romero R, Kusanovic JP, Mazaki-Tovi S, Pineles BL, Erez O, et al.
The fetal inflammatory response syndrome. Clin Obstet Gynecol.
2007;50(3):652-83. [Crossref] [PubMed]


https://doi.org/10.1097/AOG.0000000000002236
https://pubmed.ncbi.nlm.nih.gov/28742677/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.4022
https://pubmed.ncbi.nlm.nih.gov/17471450/
https://www.sciencedirect.com/science/article/abs/pii/S0095510810000217?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/20569811/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3008318/
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-020-03142-0
https://pubmed.ncbi.nlm.nih.gov/32770947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7414575/
https://journals.lww.com/greenjournal/Abstract/2010/08000/Chorioamnionitis_and_Cerebral_Palsy__A.21.aspx
https://pubmed.ncbi.nlm.nih.gov/20664400/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/pd.257
https://pubmed.ncbi.nlm.nih.gov/11857615/
https://link.springer.com/chapter/10.1007/978-88-470-0828-1_2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2270803/
https://onlinelibrary.wiley.com/doi/10.1111/j.1651-2227.2003.tb02539.x
https://pubmed.ncbi.nlm.nih.gov/12892161/
https://www.sciencedirect.com/science/article/abs/pii/S0002937805007155?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/16389025/
https://obgyn.onlinelibrary.wiley.com/doi/10.1111/j.1471-0528.2008.01715.x
https://pubmed.ncbi.nlm.nih.gov/18485161/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.8853
https://pubmed.ncbi.nlm.nih.gov/20886509/
https://onlinelibrary.wiley.com/doi/abs/10.7863/ultra.34.5.847
https://pubmed.ncbi.nlm.nih.gov/25911719/
https://pubmed.ncbi.nlm.nih.gov/21196909/
https://www.sciencedirect.com/science/article/abs/pii/S002234769970140X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/10484809/
https://onlinelibrary.wiley.com/doi/10.1002/jcu.22027
https://pubmed.ncbi.nlm.nih.gov/23505029/
https://www.tandfonline.com/doi/full/10.3109/14767058.2013.850666
https://pubmed.ncbi.nlm.nih.gov/24089697/
https://journals.lww.com/clinicalobgyn/Abstract/2007/09000/The_Fetal_Inflammatory_Response_Syndrome.11.aspx
https://pubmed.ncbi.nlm.nih.gov/17762416/

