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An enlarged fetal thymus may be the initial response to intrauterine
inflammation in pregnant women at risk for preterm birth
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SUMMARY

OBJECTIVE: Fetal thymus involvement in prematurity has been studied, and this study aimed to evaluate its relationship with short cervix and amniotic
fluid sludge in the second trimester of pregnancy.

METHODS: In this prospective cross-sectional study, 79 pregnant women (19+0 to 24+6 weeks) were included, and cervical length and the presence
or absence of amniotic fluid sludge were evaluated. In the three-vessel view of the fetal thorax, the thymus was identified, and its perimeter and
transverse diameter were measured and transformed to a zeta score based on gestational age.

RESULTS: Data from 22 women with short cervix (<25 mm) and 57 patients with normal cervix (=25 mm) were analyzed. The transverse diameter of
the fetal thymus was significantly greater in the short cervix group compared to that of the normal cervix group (z-score 2.708 vs. -0.043, p=0.003).
There were no significant differences in the perimeter (z-score -0.039 vs. -0.071, p=0.890) or the transverse diameter (z-score 1.297 vs. -0.004,
p=0.091) of the fetal thymus associated with the presence (n=21) or absence of sludge (n=58).

CONCLUSION: A short cervix is associated with an increased transverse diameter of the fetal thymus during the second trimester of gestation.
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INTRODUCTION

Prematurity is a global concern because it leads to high rates of
short- and long-term disability and morbidity. In 2014, ~15
million babies were estimated to have been born at <37 weeks
of gestation, and this statistics is probably underestimated'.

Spontaneous preterm birth is considered a syndrome, and
the multifactorial aspects involved, such as infection and inflam-
mation, contribute to the difficulty in its prediction and preven-
tion. When clinical chorioamnionitis is present, the diagnosis
is clear. However, most cases of subclinical chorioamnionitis
are diagnosed only by histological placental examination after
premature birth or late miscarriage’.

The presence of intraamniotic infection or microbial inva-
sion of the amniotic cavity (MIAC) and the presence of pro-in-
flammatory cytokines in the amniotic fluid perhaps exist in
most cases in the long preclinical stage of chorioamnionitis?.
Some researchers have reported the ultrasonographic image of
amniotic fluid sludge (AFS) as a signal of intra-amniotic micro-
bial invasion and an independent risk factor for prematurity’.

Fetal inflammatory response syndrome (FIRS) represents
the involvement of the fetus in this infectious/inflammatory

process®. Many fetal organs may undergo modifications,
particularly organs related to immunity, such as the thymus,
which develops early in gestation in humans. The fetal thy-
mus can be visualized by ultrasound since the first trimes-
ter, and its size is associated with intrauterine infection in
cases of preterm premature rupture of membranes (PROM)
in the third trimester. Preterm labor with intact membranes
and histological findings of funisitis were associated with a
small fetal thymus’®.

Currently, the main strategy to prevent preterm birth
is based on ultrasonographic evaluation of cervical length
during the second trimester of pregnancy. It is known that
the shorter the cervix, the higher the risk of prematurity, and
intra-amniotic inflammation/infection has also been identi-
fied in these patients®.

Traditionally, sonographic markers of preterm birth have
primarily focused on maternal signs, and fetal involvement in
response to the intrauterine infection/inflammation process
is less investigated. This study aimed to evaluate fetal thymus
size during the second trimester of pregnancy and determine
its association with cervical length and the presence of AFS.
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Enlarged fetal thymus and preterm birth

METHODS

A total of 84 pregnant women referred to undergo ultrasound
examination were invited to participate in a prospective cross-sec-
tional study involving sonographic measurements of fetal thy-
mus size and preterm birth predictors. Women with low- and
high-risk pregnancies were included for ultrasound exams.
The study was approved by the Local Ethics Committee, and
written informed consent was obtained from each participant.

The inclusion criteria were as follows: gestational age from
19+0 to 24+6 weeks, singleton pregnancy, absence of malfor-
mations, absence of signs of PROM, and estimated fetal weight
between the 10th and 90th centiles’”. We analyzed the data of 79
patients and excluded 1 HIV-positive patient, 1 patient under-
going immunosuppressive therapy for kidney transplant, and
3 patients whose neonatal data were unavailable. Other exclu-
sion criteria were suspected or confirmed congenital infections
and the presence of malformations at birth.

Gestational age was estimated from the last menstrual
period and confirmed by first-trimester ultrasound. The images
were obtained using a Voluson 730 Expert (General Electric
Medical Systems, Zipf, Austria) and Accuvix V20 (Samsung
Corp., Seoul, South Korea). Fetal thymus evaluation was not
used for clinical decisions. Patients with short cervixes and AFS
received vaginal progesterone and/or cervical pessary and/or
antibiotics, in accordance with local protocols.

Transvaginal ultrasound was used to measure the cervical
length. Each pregnant woman with an empty bladder was sub-
jected to this examination. A magnified image of the sagittal
view of the cervix, including the cervical canal, internal and
external os, and without excessive pressure applied over the
transducer, was used to obtain the cervical length, excluding
the lower uterine segment. Subsequently, three measurements
of the cervical length were performed over a period of 3—5 min,
and the lowest value was used for further evaluation. Short cer-
vix was defined as a cervical length of <25 mm.

The transvaginal ultrasounds were carefully examined and
actively searched for the presence of particulate material near
the cervix. If this material was free-floating (confirmed by
applying gentle pressure over the anterior uterine wall), it was
defined as AFS.

The fetal thymus size was measured in the three-vessel
view of the thorax, between the lungs, and in front of the
vessels. The perimeter and transverse diameter (TD) of this
organ were obtained, as shown in Figure 1. The maximum
TD of the thymus was measured perpendicular to the line
connecting the sternum and the spine, and the perimeter of
the thymus is the line traced around the organ. The mea-

surements were performed three times, and the mean values

2

were taken and then transformed into the Z-scores, which
are the standard deviations (SD) from the mean according
to gestational age at measurement, based on the normative
references®. All thymus measurements were performed by the
same examiner (TENKH).

Fetal biometry, represented by head circumference (HC),
biparietal diameter (BPD), occipito-frontal diameter, abdom-
inal circumference, femur length (FL), and humerus length
(HL), was also evaluated and used for fetal weight estimation.
An assessment of the P/HC, P/FL, P/HL, TD/HC, TD/FL,
and TD/HL ratios was performed.

Statistical analyses were performed using MedCalc® Statistical
Software version 19.5.3 (MedCalc Software Ltd., Ostend,
Belgium). Comparisons among groups were performed using
the chi-square or Fisher’s exact test for categorical variables,
and the Mann-Whitney U test and Student’s t-test for contin-
uous variables. p<0.05 was considered statistically significant.

RESULTS

Of the 84 patients invited to participate in the study, 5 were
excluded, and data from 79 patients were analyzed. In all, 57
participants presented with normal cervixes (225 mm) and
22 with short cervixes (<25 mm). AFS was not observed in 58
women but was present in 21 patients.

Table 1 shows that the between-group characteristics of
women with normal and short cervical lengths are similar
regarding maternal age, white skin color, parity, BMI, smok-
ing, and high-risk pregnancy. Concerning the AFS, there was
a statistically significant difference in maternal age and parity;

however, this did not appear to impact the results.

Thymus Transverse Diameter
—

Thymus Perimeter

Figure 1. Sonographic fetal thymus measurement. S: sternum; P:
pulmonary artery; Ao: aortaartery; SVC: superior venacava; V: vertebra.
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Of the 57 women with cervical length 225 mm, 16/57 (28%)
presented with AFS, and this ultrasonographic sign was detected
in 5/22 (22.7%) women with short cervixes. Of the 79 cases, 10
preterm births occurred (8 spontaneous preterm births, 10.3%).
Table 1 also shows that women with short cervixes had births at
lower gestational ages, compared to women with normal cervixes.

Table 2 presents the results of thymus measurements (TD
and perimeter) and the presence of a short cervix and AFS. In
women with a short cervix (<25 mm), the TD of the thymus
was enlarged (p<0.05), with statistically significant higher TD/
HC, TD/FL, and TD/HL ratios. Patients with AFS presented
with increased thymus size; however, it was statistically signif-

icant only for the TD/HC and TD/FL ratios (Table 2).

Table 1. Population characterization according to the groups.

DISCUSSION

In pregnant women at risk for preterm birth, if they have short
cervixes, the TD of the fetal thymus is increased and is per-
haps the initial response to intrauterine inflammation. A short
cervix is related to MIAC, and it is believed that patients with
this condition are more frequently subjected to inflammatory
processes leading to fetal thymus involution, as reported in the
literature®®. Some studies have demonstrated that infectious and
inflammatory processes involved in prematurity are responsible
for FIRS, which is characterized by elevated interleukin 6 (IL-
6) levels (>11 pg/mL) in fetal serum®. Following the insult, the
thymus and adrenals are the first organs to undergo alterations.

The endogenous corticosteroids increased by the activation of

Maternal age, years 28.8(6.1) 26.2(8.8) 0.136 27.0(7.2) 31.1(5.6) 0.020
White 28 (49.1%) 8(36.4%) 0.311 23 (39.7%) 13(61.9%) 0.080
Nulliparous 24 (42.1%) 11 (50.0%) 0.970 31(53.4%) 4(19.1%) 0.02
BMI (kg/m?) 26.3(4.5) 26.7 (6.0) 0.739 26.3(4.6) 26.6(5.9) 0.781
Tobacco use 9 (15.8%) 3(13.6%) 0.812 9(15.5%) 3(14.3%) 0.894
High-risk pregnancy 11 (19.3%) 2(9.1%) 0.276 10 (17.2%) 3(14.3%) 0.756
GA, weeks 22.2(1.3) 22.7(1.5) 0.204 22.6(1.3) 21.8(1.4) 0.035
CL,mm 33.0(31.4-34.7) | 21.1(17.0-22.4) <0.001 29.9(26.8-31.9) | 33.0(27.0-36.5) 0.220
CL<25mm = = = 16 (27.6%) 6 (28.6%) 0.931
Absence of cervical gland area 0 (0.0%) 1(4.5%) 0.279 1(1.7%) 0 (0.0%) 1.0
Funneling presence 0 (0.0%) 8(36.4%) <0.001 5(8.6%) 3(14.3%) 0.432
Amniotic fluid sludge 1(1.8%) 6(27.3%) 0.932 - - -

Mean (SD), median (95%Cl), n

body mass index; GA: gestational age; CL: cervical length.

(%). NC: normal cervix; SC: short cervix; AAFS: absence of amniotic fluid sludge; PAFS: presence of amniotic fluid sludge; BMI:

Table 2. Fetal thymus measurements according to groups short cervix versus normal cervix and absence of amniotic fluid sludge versus presence

of amniotic fluid sludge.

] Nees) Sc(n-22) ARFS (n-56) PAFS (n=21)

Perimeter
P (Z-score) -0.090 (-0.351t0-0.004) | 0.056(-0.119t00.248) | 0.199 |-0.071(-0.268t0-0.058) |-0.039 (-0.371t00.254)| 0.890
p/CC 0.235(0.226t00.244) | 0.244(0.238t00.255) | 0.238 | 0.239(0.2271t00.245) | 0.235(0.226t00.255) | 0.965
P/FL 1.251(1.178t0 1.314) | 1.286(1.180t0 1.334) | 0.956 1.267(1.183t0 1.313) | 1.261(1.136t0 1.386) | 0.773
P/HL 1.322(1.229t0 1.371) | 1.371(1.271t0 1.410) | 0.638 1.334(1.253t01.377) | 1.325(1.185t0 1.416) | 0.641
Transverse diameter
TD (Z-score) | -0.043(-0.194t00.194) | 2.708 (0.024t03.481) | 0.003 |-0.004(-0.114t00.255) | 1.297(-0.135t0 3.060) | 0.091
TD/CC 0.087 (0.084t00.092) | 0.136(0.089t00.155) | 0.005 | 0.089(0.084t00.094) | 0.114(0.085t00.155) | 0.042
TD/FL 0.472(0.444t00.501) | 0.691(0.459t00.795) | 0.021 | 0.474(0.446t00.507) | 0.660(0.443t00.834) | 0.042
TD/HL 0.485(0.469t00.539) | 0.762(0.505t00.862) | 0.024 | 0.500(0.475t00.543) | 0.666(0.464t00.865) | 0.126

Median (95%Cl). NC: normal cervix; SC: short cervix; AAFS: absence of amniotic fluid sludge; PAFS: presence of amniotic fluid sludge; P: perimeter; CC: cephalic
circumference; FL: femur length; HL: humerus length.
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the hypothalamus-pituitary-adrenal axis led to thymus involu-
tion, possibly due to lymphocyte depletion in the thymic cortex
and medulla by apoptosis of the lymphoid tissue’.

Based on these findings, and after reference ranges of
fetal thymus size were established®'®!!, many researchers have
applied thymus involution as a marker in histological chorio-
amnionitis>'*", in cases of preterm birth and PROM, since
its sensitivity and specificity are higher than the classic mark-
ers, such as erythrocyte sedimentation rate and C-reactive pro-
tein levels'. However, in the present study, contrary to expec-
tations, in patients with short cervixes, the fetal thymus was
larger. In the short cervix group, the TD of the thymus was
increased compared to that in women with normal cervical
length. Women with AFS also had a tendency to have a larger
thymus, and the TD/HC and TD/FL ratios were significantly
greater in this group.

It is important to note that the majority of previous studies
analyzed the fetal thymus in the third trimester of pregnancy
and in cases of preterm PROM or preterm labor>!>141617,
However, the present study was performed in the second tri-
mester of pregnancy, before the occurrence of clinical mani-
festations, except for shrinkage of the cervix.

There are few studies on sonographic measurement of the
fetal thymus in the first and second trimesters, and some studies
have similar results as ours. Borgelt et al.’®* measured the antero-
posterior diameter of the fetal thymus in the first trimester of
pregnancy and found a positive relationship between fetal thy-
mus and preterm birth (p<0.001). Brandt et al.”” investigated
the fetal thymus in pregnant women during the second trimes-
ter to predict prematurity. They did not observe a statistically
significant association between small thymus and preterm birth.
Nevertheless, the patients presenting with a smaller fetal thy-
mus were more likely to have a greater cervical length. Their
study focused on the involuted thymus, and they may not have
observed an association with increased fetal thymus size in the
cases of short cervix and preterm birth.

The thymus may be affected by various changes in the intra-
uterine environment. As an important organ in the human
immune system, chronic inflammation associated with certain
diseases and conditions may influence the size of this organ.
One study analyzed HIV-exposed fetuses in the second trimes-
ter and observed fetal thymus enlargement®. Interestingly, the
mean gestational age at examination was 21 weeks, similar to
the present study. The authors also observed that HIV-exposed
uninfected infants, when older, had reduced thymus sizes and
lower CD4+ and CD8+ cell counts.

A large thymus could be caused by true hyperplasia (fol-
lowing recent stress, such as irradiation, corticosteroid therapy,
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chemotherapy, and infection) and lymphoid hyperplasia (usually
related to immunologically mediated diseases, such as myas-
thenia gravis, Graves disease, and systemic lupus erythemato-
sus?!). In true hyperplasia, the thymus becomes atrophic but
can grow even larger after such stress — rebound hyperplasia®'.
However, rebound hyperplasia does not explain our findings
because the evaluation of the fetuses occurred in the second
trimester of pregnancy, during the initial phase of intraamni-
otic infection/inflammation.

In experimental studies, chorioamnionitis was induced
by intraamniotic injection of lipopolysaccharide, and some
authors described an increase in the size of the posterior medi-
astinal lymph nodes in sheep?. CD3, CD4, and CD8 T-cell
counts increased 2—3 days after exposure. In Rhesus macaques
infected with Ureaplasma parvum and Mycoplasma hominis, the
fetal spleen had diffused hyperplasia, with an increase in T-cells
after 15 days of exposure, the opposite of the splenic depletion
reported in humans?®.

This splenic hyperplasia is a possible hypothesis to explain
the thymus enlargement observed in the present study, as both
the thymus and spleen are lymphoid organs. In this early period
of fetal development, the regulatory mechanisms of the lym-
phoid response are poorly understood and may differ from the
findings during the third trimester of pregnancy. The hypoth-
esis of initial thymus edema is a more reasonable explanation
for our findings than rebound hyperplasia*.

Limitations of our study include the small sample size as
well as interventions that could have influenced the outcomes.
Furthermore, during the second trimester, the echogenicity
of the thymus and lungs is very similar, impairing adequate
measures in all cases. As suggested previously'®, we consid-
ered the TD of the thymus as the best parameter to evaluate
this organ. The strength of this study was the performance of
all fetal measurements by a single examiner, removing inter-

rater variability.

CONCLUSION

A short cervix is associated with an increased TD diameter
of the fetal thymus during the second trimester of gestation
and can be the first signal of intra-amniotic inflammation and
infection. Not all patients with short cervixes will experience
spontaneous preterm birth; however, the association of short
cervical length and an enlarged thymus could more accurately
predict prematurity. Nevertheless, more studies are needed to
elucidate the relationship between these sonographic prema-
turity markers and fetal thymus size during the second trimes-

ter of pregnancy.

Rev Assoc Med Bras. 2023:69(5):20221678



Hamamoto, T. E.N. K. et al.

AUTHORS’ CONTRIBUTIONS

TENKH: Data curation, Visualization, Writing — original

draft. ARH: Investigation, Visualization. EAJ: Visualization,

Writing — review & editing. MSF: Formal Analysis,

REFERENCES

1

10.

11.

12.

Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, Petzold M,
Hogan D, et al. Global, regional, and national estimates of levels of
pretermbirthin 2014: a systematic review and modelling analysis.
Lancet Glob Health. 2019;7(1):e37-46.https://doi.org/10.1016/
$2214-109X(18)30451-0

Romero R, Espinoza J, Kusanovic JP, Gotsch F, Hassan S, Erez O,
etal. The preterm parturition syndrome. BJOG. 2006;113(Suppl.
3):17-42. https://doi.org/10.1111/j.1471-0528.2006.01120.x

Hatanaka AR, Mattar R, Kawanami TE, Franca MS, Rolo LC, Nomura
RM, et al. Amniotic fluid “sludge” is an independent risk factor for
pretermdelivery. J Matern Fetal Neonatal Med. 2016;29(1):120-5.
https://doi.org/10.3109/14767058.2014.989202

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. https://doi.org/10.1097/
GRF.0b013e31811ebefé

Naro E, Cromi A, Ghezzi F, Raio L, Uccella S, D’Addario V, et al. Fetal
thymicinvolution: a sonographic marker of the fetal inflammatory
response syndrome. Am J Obstet Gynecol. 2006;194(1):153-9.
https://doi.org/10.1016/j.ajog.2005.05.036

Hassan S, Romero R, Hendler |, Gomez R, Khalek N, Espinoza J,
etal. Asonographic short cervix as the only clinical manifestation of
intra-amnioticinfection. J Perinat Med. 2006;34(1):13-9. https://
doi.org/10.1515/JPM.2006.002

Hadlock FP, Harrist RB, Martinez-Poyer J. In utero analysis of fetal
growth:asonographicweight standard. Radiology. 1991;181(1):129-
33. https://doi.org/10.1148/radiology.181.1.1887021

Gamez F, Leon-Luis J, Pintado P, Perez R, Robinson JN, Antolin
E, et al. Fetal thymus size in uncomplicated twin and singleton
pregnancies. Ultrasound Obstet Gynecol. 2010;36(3):302-7.
https://doi.org/10.1002/uog.7578

Haeryfar SM, Berczil. The thymus and the acute phase response. Cell
Mol Biol (Noisy-le-grand). 2001;47(1):145-56. PMID: 11292249

ZalelY, Gamzu R, Mashiach S, Achiron R. The development of the
fetal thymus: an in utero sonographic evaluation. Prenat Diagn.
2002;22(2):114-7. https://doi.org/10.1002/pd.257

Cho JY, Min JY, Lee YH, McCrindle B, Hornberger LK, Yoo SJ.
Diameter of the normal fetal thymus on ultrasound. Ultrasound
Obstet Gynecol. 2007;29(6):634-8. https://doi.org/10.1002/
uog.3979

Yinon'Y, Zalel Y, Weisz B, Mazaki-Tovi S, Sivan E, Schiff E, et al.
Fetal thymus size as a predictor of chorioamnionitis inwomen with

preterm premature rupture of membranes. Ultrasound Obstet
Gynecol. 2007;29(6):639-43. https://doi.org/10.1002/uog.4022

5

Visualization. SGPS: Methodology, Visualization. TMH:
Investigation, Visualization. RMYN: Conceptualization,

Validation, Visualization. AFM: Project administration,

Supervision, Visualization.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

El-Haieg DO, Zidan AA, EI-Nemr MM. The relationship between
sonographic fetal thymus size and the components of the systemic
fetal inflammatory response syndrome in women with preterm
prelabour rupture of membranes. BJOG. 2008;115(7):836-41.
https://doi.org/10.1111/j.1471-0528.2008.01715.x

Aksakal SE, Kandemir O, Altinbas S, Esin S, Muftuoglu KH. Fetal tyhmus
sizeasa predictor of histological chorioamnionitisin preterm premature
ruptureof membranes. J Matern Fetal NeonatalMed.2014:;27(11):1118-
22. https://doi.org/10.3109/14767058.2013.850666

Story L, Zhang T, Uus A, Hutter J, Egloff A, Gibbons D, et al. Antenatal
thymus volumes in fetuses that delivered <32 weeks gestation: an
MR pilot study. Acta Obstet Gynecol Scand. 2021;100(6):1040-
50. https://doi.org/10.1111/a0gs.13983

Musilova |, 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. https://doi.
org/10.1002/jcu.22027

Cetin O, Dokurel Cetin I, Uludag S, Sen C, Verit FF, Guralp O.
Serial ultrasonographic examination of the fetal thymus in the
prediction of early neonatal sepsis in preterm premature rupture
of membranes. Gynecol Obstet Invest. 2014;78(3):201-7. https://
doi.org/10.1159/000364871

Borgelt JIMA, Mollers M, Falkenberg MK, Amler S, Klockenbusch W,
Schmitz R. Assessment of first-trimester thymus size and correlation
with maternal diseases and fetal outcome. Acta Obstet Gynecol
Scand. 2016;95(2):210-6. https://doi.org/10.1111/a0gs.12790

Brandt JS,Bastek JA, WangE, Purisch S, Schwartz N. Second-trimester
sonographic thymus measurements are not associated with preterm
birth and other adverse obstetric outcomes. J Ultrasound Med.
2016;35(5):989-97. https://doi.org/10.7863/ultra.15.06095

Gasthaus CL, Schmitz R,Hammer K, Oelmeier MurciaK, Falkenberg MK,
Braun J, et al. Influence of maternal HIV infection on fetal thymus size. J
PerinatMed.2019;48(1):67-73.https://doiorg/10.1515/jpm-2019-0060

Nishino M, Ashiku S. Thethymus:acomprehensive review. RadioGraphics.
2006;26(2):335-48. https://doi.org/10.1148/rg. 262045213

Kramer BW, Kallapur SG, Moss TJ, Nitsos |, Polglase GP, Newnham
JP, et al. Modulation of fetal inflammatory response on exposure to
lipopolysaccharide by chorioamnion, lung, or gut in sheep. Am J Obstet
Gynecol.2010;202(1):77.e1-9.https:/doiorg/10.1016/}.5j08.2009.07.058

Novy MJ, Duffy L, Axthelm MK, Sadowsky DW, Witkin SS, Gravett
MG, et al. Ureaplasma parvum or Mycoplasma hominis as sole
pathogens cause chorioamnionitis, preterm delivery, and fetal
pneumonia in rhesus macaques. Reprod Sci. 2009;16(1):56-70.
https://doi.org/10.1177/1933719108325508

Selye H. Thymus and adrenals in the response of the organism to
injuries and intoxications. Br J Exp Pathol. 1936;17(3):234-48.
PMCID: PMC2065181

QL8

BY NC

Rev Assoc Med Bras. 2023;69(5):e20221678


https://doi.org/10.1016/S2214-109X(18)30451-0
https://doi.org/10.1016/S2214-109X(18)30451-0
https://doi.org/10.1111/j.1471-0528.2006.01120.x
https://doi.org/10.3109/14767058.2014.989202
https://doi.org/10.1097/GRF.0b013e31811ebef6
https://doi.org/10.1097/GRF.0b013e31811ebef6
https://doi.org/10.1016/j.ajog.2005.05.036
https://doi.org/10.1515/JPM.2006.002
https://doi.org/10.1515/JPM.2006.002
https://doi.org/10.1148/radiology.181.1.1887021
https://doi.org/10.1002/uog.7578
https://doi.org/10.1002/pd.257
https://doi.org/10.1002/uog.3979
https://doi.org/10.1002/uog.3979
https://doi.org/10.1002/uog.4022
https://doi.org/10.1111/j.1471-0528.2008.01715.x
https://doi.org/10.3109/14767058.2013.850666
https://doi.org/10.1111/aogs.13983
https://doi.org/10.1002/jcu.22027
https://doi.org/10.1002/jcu.22027
https://doi.org/10.1159/000364871
https://doi.org/10.1159/000364871
https://doi.org/10.1111/aogs.12790
https://doi.org/10.7863/ultra.15.06095
https://doi.org/10.1515/jpm-2019-0060
https://doi.org/10.1148/rg.262045213
https://doi.org/10.1016/j.ajog.2009.07.058
https://doi.org/10.1177/1933719108325508

