
Preterm birth is one of the most important fac-
tors that cause perinatal morbidity and mortality, 
which is still up to date in obstetrics despite techno-
logical advances. Preterm birth is defined as a birth 
before 37 gestational weeks that is irrelevant to the 
baby’s birth weight.1 Nowadays, the incidence of 
preterm birth varies between 10 and 12%.2,3 There is 
also a familial predisposition. Furthermore, women 
with a history of premature birth have an elevated risk 
of premature birth.4 Almost 75% of preterm births 
occur spontaneously after preterm labor and preterm 
membrane rupture; the remaining 25% are caused by 

medical or obstetric problems that put the fetus and 
mother at risk, such as maternal hypertension, dia-
betes, placenta previa, and intrauterine growth retar-
dation. Prevention of preterm birth is based on the 
prevention and treatment of the underlying disease.5 

One of the significant issues encountered in pre-
mature infants is respiratory distress syndrome 
(RDS), which results mainly from insufficient sur-
factant in the lungs. This deficiency results in an in-
adequate airflow in the lungs, thereby hindering the 
transition from intrauterine to neonatal life. Surfac-
tant is a combination of phospholipids that reduces 
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ABS TRACT Objective: This study aimed to investigate the predictive value of pulmonary pressure parameters detected by Doppler ultra-
sonography for respiratory distress syndrome (RDS). Material and Methods: This study was conducted between January 2017 and Decem-
ber 2018. Twenty five newborns who were born before 37th gestational week without anomalies and had no pregnancy complications were 
included in the study. All pregnants were examined with Doppler ultrasonography in the last 3 days before birth. Pulmonary artery accelera-
tion time (AT) and pulmonary artery ejection time (ET) were evaluated. Newborns were evaluated for RDS and divided into two groups as 
positive and negative. SPSS 25.0 program was used for statistical analysis. p<0.05 values were considered statistically significant. Results: 
Six newborns were diagnosed with RDS and 19 were not. The difference between the mean age of the mothers of the RDS (+) and RDS (-) 
groups was significant (p<0.05). However, there was no significant relationship between the groups in terms of height, weight, body mass index, 
gravida, and parity (p>0.05). For AT, ET, and AT/ET, statistical differences were observed between the groups (p=0.003, p=0.012, p=0.001). 
Conclusion: It showed an inverse correlation between fetal AT/ET and premature neonatal RDS. Fetal AT/ET ratio measurement may be a 
useful and reliable non-invasive method for predicting RDS. 
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alveolar surface tension and maintains alveolar sta-
bility. The synthesis of surfactant starts in the fetus 
at around 26 weeks of pregnancy. The occurrence of 
RDS is more frequent in infants with lower birth 
weight and gestational age, with the highest inci-
dence in babies born before 28 weeks. Race, gender, 
maternal diseases, and antenatal glucocorticoid treat-
ment affect incidence.6 Diagnosis requires tachyp-
nea, retraction, cyanosis in the room air, and a 
characteristic chest radiograph. Clinical progression 
varies depending on the baby size, disease severity, 
surfactant treatment, the presence of infection, the 
degree of shunt formed by patent ductus arteriosus, 
and the initiation of ventilator therapy.7,8 RDS is 
characterized by pulmonary edema caused by respi-
ratory distress, impaired blood gas exchange, re-
duced static compliance, and impaired integrity of 
the alveolocapillary membrane due to surfactant de-
ficiency.9-11  

It is crucial to accurately determine fetal lung 
maturity during the prenatal period to prevent RDS. 
Several prenatal methods are used to evaluate fetal 
lung maturity. However, some of these methods are 
not sufficient for diagnosis, and some are inva-
sive.12,13 Therefore, the present study aimed to exam-
ine the predictive value of pulmonary pressure 
parameters detected by Doppler ultrasonography for 
RDS. 

 MATERIAL AND METHODS 
The present study was carried out at Kartal City Hos-
pital between January 2017 and December 2018. This 
is a case series comprised twenty-five newborns who 
were born before the 37th gestational week, had no 
congenital anomalies, and had no pregnancy compli-
cations. The study participants were classified into 
two groups: RDS (+) and RDS (-). This study was 
granted approval from the ethics committee of Kartal 
City Hospital (date: September 27, 2023, no: 
2023/514/258/4) and the Declaration of Helsinki was 
followed. 

All pregnants were examined with Doppler US 
in the last 3 days before birth. Verbal informed con-
sent was taken from the patients prior to examina-
tions. Ultrasonographic evaluation was performed by 

a gynecologist using VOLUSON E8 ultrasono-
graphic (General Electric Healthcare, Little Chalfont, 
UK) device considering fetal movements and respi-
ratory periods. To evaluate blood flow in the fetal 
pulmonary artery, measurements of several parame-
ters were taken through three consecutive examina-
tions, including the pulsatility index, systolic and 
diastolic ratio, peak systolic velocity, acceleration 
time (AT), ejection time (ET), and AT to ET of the 
main pulmonary artery. Care was taken to ensure pre-
cise measurements by magnifying the image and 
keeping the angle of insonation less than 20 degrees. 

To diagnose RDS, in the absence of other causes 
of dyspnoea, fine granule densities, decreasing lung 
volume (inspired oxygen>0.4 fractional concentra-
tion) with increased oxygen demand were used. In 
addition, patient characteristics such as APGAR 
scores, and neonatal intensive care unit requirement 
were recorded. 

STATISTICAL ANALYSIS 
The SPSS 25.0 program (IBM, USA) was utilized to 
perform statistical analysis. Mean±standard deviation, 
median, range, and percentage (%) were used to pre-
sent numerical and categorical data. The normality of 
variable distribution was assessed using the Shapiro-
Wilk test. Comparisons between groups were made 
by using independent tests and the Mann-Whitney 
test. The Rho correlation coefficient of Spearman was 
used to determine any correlation between AT/ET 
value and RDS development. The defined variables 
were calculated to obtain the area under the curve 
(AUC) and the 95% confidence interval. Statistical 
significance was established as p≤0.05. 

 RESULTS 
The study examined the medical records of six new-
borns with RDS, and 19 newborns who were not di-
agnosed with RDS. The mothers of RDS-positive 
newborns had a mean age of 28.35 years, while the 
mothers of RDS-negative newborns had a mean age 
of 33.68 years (p<0.05). No significant difference was 
found in height and weight between groups (Table 1). 
The groups did not differ significantly regarding par-
ity and gravidity (p=0.634, p=0.525, respectively) or 
intensive care needs (p=0.449) (Table 2).  
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AT was 77.81±11.88 sec in the RDS (+) group  
and 69.04±19.83 sec in the RDS (-) group. ET was 
244.17±122.53 sec in the RDS (+) group and 
258.41±42.28 sec in the RDS (-) group. AT/ET was 
found to be 0.36±0.17 in the RDS (+) group and 
0.28±0.11 in the RDS (-) group (p=0.003, p=0.012,  
and p=0.001, respectively) (Table 3). 

There was a significant difference between the 
1st and 5th minute APGAR scores of RDS (+) and RDS 

(-) groups (p=0.001, p=0.004, respectively) (Table 4). 

A negative correlation was found between the 
mean AT/ET value and RDS diagnosis (r=-0.666, 
p=0.001) (Figure 1). The study found that the opti-
mal cut-off value for predicting RDS in newborns 
was 0.824 (AUC) and a cut-off (AT/ET) of 0.478. 
Sensitivity, specificity, and negative and positive pre-
dictive values were calculated as 94%, 72.2%, 95.9%, 
and 64.8%, respectively. 
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RDS (+) (n=6) RDS (-) (n=19) 
X±SD Minimum-Maximum X±SD Minimum-Maximum t-test p value 

Age (year) 28.35±7.22 22-39 33.68±3.71 23-41 1.038 0.004 
Height (cm) 163.22±8.27 153-178 159.22±6.39 151-171 3.647 0.228 
Weight (kg) 71.47±6.41 61-78 75.98±8.39 57-97 4.120 0.497 
Body mass index 26.75±3.54 22.1-28.3 29.44±4.17 21.5-41.4 1.087 0.551 
Gravidity 2.15±1.63 1-5 2.37±1.58 1-7 -1.641 0.738 
Parity 0.82±0.91 0-2 0.91±1.01 0-3 -0.937 0.772 

TABLE 1:  Baseline characteristics of the study groups.

RDS: Respiratory distress syndrome; SD: Sandard deviation.

RDS (+) (n=6) RDS (-) (n=19) 
n % n % t-test p value 

Parity 0 3 12.00 9 36.00 -1.274 0.634 
1 2 8.00 6 24.00  
2 1 4.00 1 4.00  
3 0 0.00 3 12.00  

Gravidity 1 3 12.00 4 16.00 -1.058 0.525 
2 1 4.00 8 32.00  
3 1 4.00 3 12.00  
4 1 4.00 2 8.00  
5 0 0.00 1 4.00  
6 0 0.00 1 4.00  
7 0 0.00 0 0.00  

TABLE 2:  Gravidity and parity values of patient groups.

RDS: Respiratory distress syndrome.

RDS (+) (n=6) RDS (-) (n=19) 
X±SD Minimum-Maximum X±SD Minimum-Maximum p=value 

AT 77.81±11.88 66-92 69.04±19.83 39-105 0.003 
ET 244.17±122.53 151-222 258.41±42.28 179-325 0.012 
AT/ET 0.36±0.17 0.173-0.514 0.28±0.11 0.112-0.471 0.001 

TABLE 3:  Pulmonary artery AT, pulmonary artery ET and AT/ET values of the study groups.

AT: Acceleration time; ET: Ejection time; RDS: Respiratory distress syndrome; SD: Standard deviation.



 DISCUSSION 
Although there were significant improvements in 
the prognosis of low birth weight infants with the 
development of newborn care facilities, preterm de-
livery rates could not be decreased.14 A major cause 
of mortality and morbidity among newborns is 
RDS. 

A recent study reported that the most powerful 
risk factor associated with preterm labor was mater-
nal age. According to the same study, preterm labor 
has a moderate correlation with low weight gain dur-
ing pregnancy and poor correlation with low socioe-
conomic status.15 A study by Alvestad et al.reported 
that maternal folate deficiency increased the risk of 
preterm labor and birth in the third trimester.16 RDS 
is closely associated with the gestational age of the 
newborn, with a higher incidence in premature births 
before the 28th week of gestation. The risk of RDS in-

creases by 93% in such cases. The findings of the 
study showed that the average maternal age of new-
borns with RDS was 28.35±7.22 years, whereas the 
average maternal age of newborns without RDS was 
33.68±3.71 years, which is consistent with existing 
literature. Studies have reported that only maternal 
age (<20 years) is important among sociodemo-
graphic factors in the etiology of spontaneous preterm 
delivery.17,18 Perez et al. reported a significant in-
crease in preterm labor rates in pregnancies under 20 
years of age.19 

Prior research found that the fetal lung matu-
rity increases with an increase in the AT/ET ratio.20 
Similarly, Azpurua et al. indicated that despite an 
increased AT/ET ratio, the amniotic fluid lecithin/ 
sphingomyelin ratio showed an inverse relationship 
with fetal lung maturation.13 Kim et al. showed that 
as the AT/ET ratio increased, the fetal lung matu-
rity decreased.21 The result of the present study 
showed an inverse correlation between fetal AT/ET 
values and RDS. Eraslan Sahin et al. demonstrated 
that the risk of transient tachypnea of the newborn 
(TTN) increases in uncomplicated term small-for-
gestational-age (SGA) fetuses (A).22 In this study, a 
cut-off value of 0.298 was found to provide optimal 
specificity of 93.0% and sensitivity of 81.0% for the 
subsequent diagnosis of TTN in term SGA new-
borns in the neonatal period. The results of the study 
showed 72.2% specificity, 94.5% sensitivity, 95.9% 
negative predictive value, and 64.8% positive pre-
dictive value for neonatal RDS. Additionally, the 
current study indicates that fetal AT/ET measure-
ments are a highly effective diagnostic test in pre-
dicting RDS. In practical terms, this test can predict 

RDS (+) (n=6) RDS (-) (n=19) 
n % n % 2 test p=value 

APGAR score of 1-minute 7≥ 4 16.00 9 36.00 33.21 0.001 
7< 2 8.00 10 40.00  

APGAR score of 5-minute 7≥ 2 8.00 2 8.00 28.69 0.004 
7< 4 16.00 17 68.00  

Intensive care unit requirement + 6 24.00 2 8.00 7.89 0.449 
- 0 0.00 17 68.00  

TABLE 4:  APGAR scores and intensive care needs of groups.

RDS: Respiratory distress syndrome.

FIGURE 1: ROC curve for mean pulmonary artery acceleration time/pulmonary 
artery ejection time value and respiratory distress syndrome.
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RDS with high specificity and sensitivity compared 
to our study data when the cut-off value is 0.478. 
This test can be a good alternative in predicting 
RDS with its easy applicability and high diagnostic 
accuracy in all neonatal units where ultrasonogra-
phy is available. 

 CONCLUSION 
The study concluded that measuring the fetal AT/ET 
ratio with Doppler US is a reliable and non-invasive 
method for predicting neonatal RDS. 

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 members 
of the scientific and medical committee members or members of the 
potential conflicts of interest, counseling, expertise, working condi-
tions, share holding and similar situations in any firm. 

Authorship Contributions 
Idea/Concept: Uğur Kemal Öztürk, Gökmen Sukgen; Design: Uğur 
Kemal Öztürk, Gökmen Sukgen, Ömer Kaya; Control/Supervision: 
Uğur Kemal Öztürk, Gökmen Sukgen, Murat Api; Data Collection 
and/or Processing: Uğur Kemal Öztürk, Gökmen Sukgen, Ömer 
Kaya; Analysis and/or Interpretation: Uğur Kemal Öztürk, Gök-
men Sukgen, Ömer Kaya, Esra Keleş, Murat Api; Literature Re-
view: Uğur Kemal Öztürk, Gökmen Sukgen, Ömer Kaya, Esra 
Keleş, Murat Api; Writing the Article: Uğur Kemal Öztürk, Gök-
men Sukgen, Ömer Kaya, Esra Keleş, Murat Api; Critical Review: 
Uğur Kemal Öztürk, Gökmen Sukgen, Ömer Kaya, Esra Keleş, 
Murat Api; References and Fundings: Uğur Kemal Öztürk, Gök-
men Sukgen, Ömer Kaya, Esra Keleş, Murat Api.

Uğur Kemal ÖZTÜRK et al. JCOG. 2024;34(3):77-82

81

Quinn JA, Munoz FM, Gonik B, Frau L, Cutland C, Mallett-Moore T, et al; 1.
Brighton Collaboration Preterm Birth Working Group. Preterm birth: case 
definition & guidelines for data collection, analysis, and presentation of im-
munisation safety data. Vaccine. 2016;34(49):6047-56. [Crossref] [PubMed] 
[PMC]  
Ohuma EO, Moller AB, Bradley E, Chakwera S, Hussain-Alkhateeb L, Lewin 2.
A, et al. National, regional, and global estimates of preterm birth in 2020, with 
trends from 2010: a systematic analysis. Lancet. 2023;402(10409):1261-
71. Erratum in: Lancet. 2024;403(10427):618. [Crossref]  [PubMed]  
Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, Petzold M, Hogan 3.
D, et al. Global, regional, and national estimates of levels of preterm birth 
in 2014: a systematic review and modelling analysis. Lancet Glob Health. 
2019;7(1):e37-e46. [Crossref]  [PubMed]  [PMC]  
Tingleff T, Vikanes Å, Räisänen S, Sandvik L, Murzakanova G, Laine K. Risk 4.
of preterm birth in relation to history of preterm birth: a population-based re-
gistry study of 213 335 women in Norway. BJOG. 2022;129(6):900-7. [Cros-
sref]  [PubMed]  
Schleußner E. The prevention, diagnosis and treatment of premature labor. 5.
Dtsch Arztebl Int. 2013;110(13):227-35; quiz 236. [PubMed]  [PMC]  
Wen YH, Yang HI, Chou HC, Chen CY, Hsieh WS, Tsou KI, et al; Taiwan Pre-6.
mature Infant Developmental Collaborative Study Group. Association of ma-
ternal preeclampsia with neonatal respiratory distress syndrome in 
very-low-birth-weight infants. Sci Rep. 2019;9(1):13212. [Crossref] [Pub-
Med] [PMC]  
Yadav S, Lee B, Kamity R. Neonatal Respiratory Distress Syndrome. 2023 7.
Jul 25. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 
2024 Jan-. [PubMed]  
Özkan H, Erdeve Ö, Kutman HGK. Turkish Neonatal Society guideline on 8.
the management of respiratory distress syndrome and surfactant treatment. 

Turk Pediatri Ars. 2018;53(Suppl 1):S45-54. [Crossref]  
Guan Y, Li S, Luo G, Wang C, Norwitz ER, Fu Q, et al. The role of doppler 9.
waveforms in the fetal main pulmonary artery in the prediction of neonatal 
respiratory distress syndrome. J Clin Ultrasound. 2015;43(6):375-83. [Cros-
sref]  [PubMed]  
Bos LDJ, Ware LB. Acute respiratory distress syndrome: causes, pat-10.
hophysiology, and phenotypes. Lancet. 2022;400(10358):1145-56. [Cros-
sref] [PubMed]  
Ma CC, Ma S. The role of surfactant in respiratory distress syndrome. Open 11.
Respir Med J. 2012;6:44-53. [Crossref]  [PubMed]  [PMC]  
Ahmed B, Konje JC. Fetal lung maturity assessment: a historic perspective 12.
and Non - invasive assessment using an automatic quantitative ultrasound 
analysis (a potentially useful clinical tool). Eur J Obstet Gynecol Reprod 
Biol. 2021;258:343-7. [Crossref]  [PubMed]  
Azpurua H, Norwitz ER, Campbell KH, Funai EF, Pettker CM, Kleine M, et 13.
al. Acceleration/ejection time ratio in the fetal pulmonary artery predicts fetal 
lung maturity. Am J Obstet Gynecol. 2010;203(1):40.e1-8. [Crossref]  [Pub-
Med]  
Kalafat E, Morales-Rosello J, Thilaganathan B, Dhother J, Khalil A. Risk of 14.
neonatal care unit admission in small for gestational age fetuses at term: a 
prediction model and internal validation. J Matern Fetal Neonatal Med. 
2019;32(14):2361-8. [Crossref]  [PubMed]  
Fuchs F, Monet B, Ducruet T, Chaillet N, Audibert F. Effect of maternal age 15.
on the risk of preterm birth: a large cohort study. PLoS One. 2018;13(1): 
e0191002. [Crossref]  [PubMed]  [PMC]  
Alvestad S, Husebye ESN, Christensen J, Dreier JW, Sun Y, Igland J, et al. 16.
Folic acid and risk of preterm birth, preeclampsia, and fetal growth restric-
tion among women with epilepsy: a prospective cohort study. Neurology. 
2022;99(6):e605-e15. [Crossref]  [PubMed]  [PMC]  

 REFERENCES

https://doi.org/10.1016/j.vaccine.2016.03.045
https://www.ncbi.nlm.nih.gov/pubmed/27743648
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5139808
https://doi.org/10.1016/S0140-6736(23)00878-4
https://www.ncbi.nlm.nih.gov/pubmed/37805217
https://doi.org/10.1016/S2214-109X(18)30451-0
https://www.ncbi.nlm.nih.gov/pubmed/30389451
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6293055
https://doi.org/10.1111/1471-0528.17013
https://doi.org/10.1111/1471-0528.17013
https://www.ncbi.nlm.nih.gov/pubmed/34775676
https://www.ncbi.nlm.nih.gov/pubmed/23596503
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3627164
https://doi.org/10.1038/s41598-019-49561-8
https://www.ncbi.nlm.nih.gov/pubmed/31519996
https://www.ncbi.nlm.nih.gov/pubmed/31519996
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6744454
https://www.ncbi.nlm.nih.gov/pubmed/32809614
https://doi.org/10.5152/TurkPediatriArs.2018.01806
https://doi.org/10.1002/jcu.22219
https://doi.org/10.1002/jcu.22219
https://www.ncbi.nlm.nih.gov/pubmed/25110859
https://doi.org/10.1016/S0140-6736(22)01485-4
https://doi.org/10.1016/S0140-6736(22)01485-4
https://www.ncbi.nlm.nih.gov/pubmed/36070787
https://doi.org/10.2174/1874306401206010044
https://www.ncbi.nlm.nih.gov/pubmed/22859930
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3409350
https://doi.org/10.1016/j.ejogrb.2021.01.025
https://www.ncbi.nlm.nih.gov/pubmed/33529970
https://doi.org/10.1016/j.ajog.2010.01.075
https://www.ncbi.nlm.nih.gov/pubmed/20417479
https://www.ncbi.nlm.nih.gov/pubmed/20417479
https://doi.org/10.1080/14767058.2018.1437412
https://www.ncbi.nlm.nih.gov/pubmed/29400112
https://doi.org/10.1371/journal.pone.0191002
https://www.ncbi.nlm.nih.gov/pubmed/29385154
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5791955
https://doi.org/10.1212/WNL.0000000000200669
https://www.ncbi.nlm.nih.gov/pubmed/35577577
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9442624


Uğur Kemal ÖZTÜRK et al. JCOG. 2024;34(3):77-82

82

Büke B, Destegül E, Akkaya H, Şimşek D, Kazandi M. Prediction of neona-17.
tal respiratory distress syndrome via pulmonary artery Doppler examina-
tion. J Matern Fetal Neonatal Med. 2019;32(10):1640-5. [Crossref] 
[PubMed]  
Büke B, Akkaya H. A non-invasive method to rule out transient tachypnea 18.
of the newborn (TTN): fetal pulmonary artery acceleration to ejection time 
ratio. J Perinat Med. 2018;46(2):219-24. [Crossref]  [PubMed]  
Perez MJ, Chang JJ, Temming LA, Carter EB, López JD, Tuuli MG, et al. Dri-19.
ving factors of preterm birth risk in adolescents. AJP Rep. 2020;10(3):e247-
e52. [Crossref]  [PubMed]  [PMC]  
Schenone MH, Samson JE, Jenkins L, Suhag A, Mari G. Predicting fetal 20.
lung maturity using the fetal pulmonary artery Doppler wave accelera-

tion/ejection time ratio. Fetal Diagn Ther. 2014;36(3):208-14. [Crossref] 
[PubMed]  
Kim SM, Park JS, Norwitz ER, Hwang EJ, Kang HS, Park CW, et al. Ac-21.
celeration time-to-ejection time ratio in fetal pulmonary artery predicts 
the development of neonatal respiratory distress syndrome: a prospec-
tive cohort study. Am J Perinatol. 2013;30(10):805-12. [Crossref]  [Pub-
Med]  
Eraslan Sahin M, Col Madendag I, Sahin E, Madendag Y, Acmaz G, Bas-22.
tug O, et al. Fetal pulmonary artery acceleration/ejection ratio for transient 
tachypnea of the newborn in uncomplicated term small for gestational age 
fetuses. Eur J Obstet Gynecol Reprod Biol. 2020;247:116-20. [Cros-
sref]  [PubMed] 

https://doi.org/10.1080/14767058.2017.1413549
https://www.ncbi.nlm.nih.gov/pubmed/29212398
https://doi.org/10.1515/jpm-2016-0380
https://www.ncbi.nlm.nih.gov/pubmed/28343181
https://doi.org/10.1055/s-0040-1715164
https://www.ncbi.nlm.nih.gov/pubmed/33094012
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7571551
https://doi.org/10.1159/000358299
https://www.ncbi.nlm.nih.gov/pubmed/25139576
https://doi.org/10.1055/s-0032-1333132
https://www.ncbi.nlm.nih.gov/pubmed/23292917
https://www.ncbi.nlm.nih.gov/pubmed/23292917
https://doi.org/10.1016/j.ejogrb.2020.02.018
https://doi.org/10.1016/j.ejogrb.2020.02.018
https://www.ncbi.nlm.nih.gov/pubmed/32113059

