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Abstract: Objectives: The purpose of this study is to determine the association between umbilical venous blood 

flow (UVBF) to placental pulsatility index (PPI) ratio and adverse pregnancy outcome (APO) screening, and 

gestational age (GA) in women undergoing prenatal assessments. Methods: Between January and December 

2022, sonographic examinations were conducted to assess the fetal umbilical cord insertion site in singleton 

fetuses, and hemodynamic indices of the umbilical artery, umbilical vein, and uterine artery were computed. 

Through regression analysis, we derived the optimal regression equation to elucidate the UVBF/PPI ratio 

parameters based on GA. Results: Among 492 singleton fetuses between 21+0 and 40+6 weeks of gestation in the 

final study. The average fetal UVBF/PPI ratio was 180.45±119.32. Correlation analysis revealed a positive 

relationship between the UVBF/PPI ratio and GA(p = .000). Using regression analysis, the best-fit regression 

equation was the linear function model, which explains the value of UVBF/PPI ratio parameters based on GA. 

Lower UVBF/PPI ratio revealed a positive relationship in the low birth weight fetuses (p=0.021) and higher 

preterm delivery rate (p=0.034). Cerebroplacental ratio (CPR) showed a high correlation with the UVBF/PPI 

ratio (r=0.471, p=0.000). Conclusions: The findings of our analyses revealed that contribute to our 

understanding of fetal hemodynamics and highlight the potential of UVBF/PPI ratio as a predictive marker for 

adverse pregnancy outcomes, such as preterm birth, low birth weight, or potential fetal hypoxemia. It might 

be useful for prenatal counseling and clinical purposes. 

Keywords: placental insufficiency; umbilical venous blood flow; placental pulsatility index; 

Doppler ultrasound; prenatal care 

 

Introduction 

The placenta represents a specialized intermediary structure facilitating the transfer of oxygen 

and essential nutrients from the maternal circulation to the developing fetus via the umbilical vein1-

2. Its circulatory dynamics assume critical significance in various pathological contexts affecting either 

the fetus or the pregnant woman. Failure in placental vascular remodeling during the initial trimester 

precipitates placental insufficiency, significantly amplifying the likelihood of perinatal morbidity and 

mortality. Manifestations include diminished fetal growth velocity or restriction, premature delivery, 

fetal neurodevelopmental impairments, hypoxia, and instances of stillbirth. Moreover, such 

deficiencies also lead to the obstetric complications associated with pre-eclampsia3-7.  

Consequently, ultrasound assessment of placental insufficiency has gained significance in 

prenatal care. Previous studies commonly utilized uterine artery Doppler and umbilical artery 

Doppler to evaluate placental impedance. Umbilical artery flow serves as an indicator of fetal side 

placental resistance, while uterine artery flow reflects maternal upstream blood flow resistance8-13. 

Doppler ultrasound has emerged as a valuable tool for assessing placental function and 

perfusion. While traditional Doppler indices, such as umbilical artery (Um A) and uterine artery (Ut 

A) Doppler, provide valuable information, recent studies have highlighted the potential of a novel 
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index: the placental pulsatility index (PPI). Gudmundsson et al. (year) introduced the PPI, a novel 

metric designed to concurrently assess the impedance on both the maternal and fetal sides of the 

placenta. This index offers a comprehensive evaluation compared to traditional Doppler techniques 

focused solely on umbilical artery (UA) and uterine artery (Ut A) impedance. Gudmundsson et al.'s 

findings suggest that the inclusion of PPI enhances the predictive sensitivity for adverse pregnancy 

outcomes14. In a study by Todumrong et al., they investigated the association between PPI and 

adverse pregnancy outcomes in high-risk pregnancies during the second trimester. Their results 

indicate a significant correlation between elevated PPI values and adverse outcomes such as small 

for gestational age (SGA), fetal growth restriction (FGR), and adverse perinatal events15. 

Fetal growth and development in utero are contingent upon two primary determinants: genetic 

predisposition and vascular perfusion. Among the prevailing causes of intrauterine growth 

restriction in perinatology is placental insufficiency, characterized by compromised blood flow. 

Decreased placental perfusion stemming from maternal factors can result in fetal hypoxia and 

inadequate nutrient delivery. Assessment of placental perfusion and function may be facilitated 

through evaluation of umbilical vein (UV) blood volume, indicative of oxygenation and nourishment 

reaching the fetus. Consequently, monitoring blood flow within the umbilical vein assumes pivotal 

significance in gauging placental-fetal circulatory dynamics1, 16-18. 

In recent years, advancements in Doppler ultrasound technology and software have facilitated 

the measurement of umbilical venous blood flow (UVBF), enabling a more comprehensive 

assessment during prenatal Doppler ultrasound examinations17, 19-23. Despite these advancements, no 

prior investigation has explored the correlation between UVBF and the PPI in human fetuses. This 

study endeavors to elucidate the relationship between UVBF and PPI, aiming to establish a novel 

reference chart for UVBF based on PPI values. Given that PPI reflects combined placental resistance 

across maternal and fetal circulations, our research aims to contribute theoretical insights into 

predicting fetal intrauterine growth and development. Consequently, our findings could inform 

clinical practice by facilitating the prognostication and intensified monitoring of fetuses at risk of 

adverse pregnancy outcomes. 

Materials and Methods 

Our study utilized data obtained from 792 women with singleton pregnancies, spanning 

gestational ages from 21+1 to 40+6 weeks, collected between January 2022 and December 2022, for 

cross-sectional analyses. Approval for our research was obtained from the Medical Research Ethics 

Review Committee of Fujian Medical University affiliated Mindong Hospital Ningde (Issued: 

2022083101K). All research procedures adhered to the guidelines established by our institutional 

medical research ethics committee. 

With the exception of pregnancies conceived through assisted reproductive technology (ART), 

gestational age was determined based on the estimated date of confinement derived from fetal 

crown-rump length (CRL) measurements obtained during ultrasound examinations conducted 

between 11 and 14 weeks of gestation. Exclusion criteria encompassed prior occurrences of 

chromosomal abnormalities, fetal structural anomalies or congenital heart defects (CHD), and 

maternal complications. Consistent with the guidelines set forth by the International Society of 

Ultrasound in Obstetrics and Gynecology (ISUOG) and the American Institute of Ultrasound in 

Medicine (AIUM), assessments included CRL, fetal biometry, umbilical artery Doppler pulsatility 

index (Um A PI), umbilical artery resistance index (Um A RI), uterine artery Doppler pulsatility index 

(Ut A PI), uterine artery resistance index (Ut A RI), time-averaged maximum velocity (TAMXV), and 

time-averaged intensity-weighted mean velocity (TAV) of the umbilical vein (UV)24-28. Employing the 

built-in computational capabilities of the ultrasound equipment, most Doppler index data were 

automatically calculated following waveform tracing, enhancing efficiency and accuracy in data 

processing. 

Fetal examinations were conducted using a Voluson E10 ultrasound platform (General Electric 

Medical Systems, Milwaukee, WI, USA) equipped with C2-9-D multifrequency transabdominal 

transducers (XD Clear Wide Band Convex Probe). Adherence to fetal safety protocols was ensured 
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by implementing procedures consistent with the principles of as low as reasonably achievable 

(ALARA). A single registered physician with over a decade of experience in obstetric ultrasound 

scanning performed all scans and fetal measurements. Intraobserver repeatability was assessed using 

reliability statistics to evaluate the consistency of repeated fetal biometry measurements conducted 

by the same examiner. 

The appropriate dimensions of the color box, as well as optimal pulse repetition frequency (PRF) 

and gain settings devoid of noise and artifacts, were meticulously adjusted to facilitate accurate color 

flow mapping and Doppler index acquisition. This was undertaken to mitigate the risk of erroneously 

identifying absent or abnormal Doppler velocities and waveforms. In order to minimize potential 

inaccuracies, efforts were made to maintain the angle of insonation as close to 0 degrees as practicable, 

or to ensure stability within a range of less than 20 degrees. Doppler spectra were recorded during 

periods of fetal rest states. Exposure to Doppler ultrasound was strictly limited to durations not 

exceeding 5 minutes whenever feasible. All Doppler indices obtained were automatically computed 

by the ultrasound system's software. 

In conducting umbilical artery (Um A) flow measurements, umbilical artery Doppler waveforms 

were acquired via transabdominal ultrasound with the umbilical cord in a free loop configuration. 

Doppler indices assessed included the Systolic-to-Diastolic Ratio (S/D), Pulsatility Index (PI), and 

Resistance Index (RI) of the umbilical artery. For Uterine Artery (Ut A) flow measurements, uterine 

artery Doppler waveforms were obtained via transabdominal examination, positioning the probe 

medially in the parasagittal plane and longitudinally in the lower lateral quadrant of the abdomen. 

The site of the uterine artery, approximately 1 cm downstream from the crossing of the external iliac 

artery, was identified using color flow mapping, and the probe position was adjusted for optimal 

insonation angle based on the orientation of the uterine artery. Doppler indices assessed included the 

Systolic-to-Diastolic Ratio (S/D), Pulsatility Index (PI), and Resistance Index (RI) of the uterine artery. 

The equation of PPI [14]: PPI=(Um A PI + mean of the left and right Ut A PI)/214. For the measurement 

of Umbilical Venous Blood Flow (UV), the site of assessment was located at the same location as the 

free loop of the umbilical vein. The UVBF (mL/min) calculated according to the formula: 

UVBF=Cross-section area of UV (mm2) × mean velocity (mm/s) × 6029 

Statistical analysis was conducted utilizing the Statistical Package for the Social Sciences (SPSS, 

Ver. 25.0 for Windows; Chicago, IL, USA). Statistical significance was established with a threshold 

probability value of p<0.05. Descriptive statistics, including mean, standard deviation (SD), and 

percentiles, were computed for GA, fetal biometry parameters, estimated fetal body weight, as well 

as pulsatility indices (PIs) of the umbilical artery (Um A), uterine artery (Ut A), and umbilical vein 

(UV) flow. 

Results 

In our study, we enrolled a total of 492 pregnant women who met the inclusion criteria. The 

median maternal age was 30.0 years (range, 18–44 years), with a median gravidity of 2 (range, 1–9) 

and median parity of 1 (range, 0–4). Gestational age at ultrasound examination had a median of 26+2 

weeks (range, 20+0 – 40+1 weeks). Descriptive obstetric characteristics and fetal hemodynamic 

parameters are presented in Table 1. In our study, the incidence rates of preterm birth (PTB) and low 

birth weight (LBW) were 8.94% and 6.91%, respectively. Comparing the UVBF/PPI ratio between PTB 

and non-PTB groups, we found significant differences (146.20±89.11 vs. 187.79±123.70, p=0.034) via 

Mann-Whitney test, indicating lower ratios in the PTB group. Similarly, comparing UVBF/PPI ratio 

between LBW and non-LBW groups revealed significant differences (138.98±94.91 vs. 187.11±122.64, 

p=0.021), suggesting lower ratios in the LBW group. Notably, UVBF/PPI ratio was significantly higher 

in the group of healthy fetuses. These findings underscore the potential utility of UVBF/PPI ratio as 

a predictive marker for adverse pregnancy outcomes, particularly PTB and LBW. 
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Table 1. Descriptive obstetric characteristics and fetal hemodynamics of the study population 

(N=492). 

Variables Value 10th  90th  

Maternal age (years) 30.00 NA NA 

Gravidity 2.00 NA NA 

GA at measurement (weeks) 27.14 NA NA 

GA at delivery (weeks) 38.67±2.43 NA NA 

PTB 44(8.94%) NA NA 

Birth weight (g) 3118.75±596.18 2520.00 3738.00 

LBW at delivery 34(6.91%) NA NA 

UVBF (ml/min) 151.58±80.69 63.86 265.00 

UA PI 1.05±0.23 0.77 1.35 

UA RI 0.65±0.09 0.54 0.76 

mUt A PI 0.81±0.26 0.55 1.11 

mUt A RI 0.51±0.09 0.40 0.62 

MCA PI 1.93±0.43 1.42 2.50 

MCA RI 0.83±0.08 0.74 0.91 

PPI 0.93±0.20 0.71 1.17 

UVBF/PPI 180.45±119.32 59.28 336.06 

CPR 1.92±0.58 1.26 2.69 

Value data are given as mean ± SD, median, or n (%). GA: gestational age; PTB: preterm birth; LBW: low birth 

weight; UVBF: umbilical vein blood flow; UVd: umbilical vein diameter; UV TAmax: umbilical vein time-

averaged maximum velocity; UA PI: umbilical artery doppler pulsatility index; UA RI: umbilical artery 

resistance index; mUt A PI: mean uterine artery pulsatility index of bilateral; mUt A RI: mean uterine artery 

resistance index of bilateral; PPI: placental pulsatility index; CPR: cerebroplacental ratio. 

The mean UVBF was 151.58±80.69 ml/min. Mean values for middle cerebral artery pulsatility 

index (PI) and resistance index (RI) were 1.93±0.43 and 0.83±0.08, respectively. Umbilical artery PI 

and RI were 1.05±0.23 and 0.65±0.09, while mean values for mean uterine artery PI and RI were 

0.81±0.26 and 0.51±0.09, respectively. Additionally, the mean cerebroplacental ratio (CPR) and PPI 

were 1.92±0.58 and 0.93±0.20, respectively. The UVBF/PPI ratio averaged 180.45±1.19. 

Table 2 presents the 10th, 50th, and 90th centiles of the UVBF/PPI ratio across different 

gestational ages. Figure 1 illustrates the linear regression equation line, indicating a linear 

relationship between UVBF/PPI ratio and gestational age. Regression analysis across all 492 fetuses 

revealed a quantifiable linear relationship expressed as: UVBF/PPI ratio = 19.138 x GA – 361.677 (R2 

= 0.695). 

Table 2. Reference range of UVBF to PPI ratio with based on the GA. 

GA(week) n 
UVBF to PPI ratio 

Mean SD 

21+0 – 21+6 9 59.85 15.83 

22+0 – 22+6 64 68.84 21.16 

23+0 – 23+6 86 84.86 28.74 

24+0 – 24+6 40 100.38 29.67 

25+0 – 25+6 21 121.96 44.77 

26+0 – 26+6 18 127.73 48.79 

27+0 – 27+6 17 166.07 59.32 

28+0 – 28+6 19 164.22 51.51 

29+0 – 29+6 15 192.35 42.02 

30+0 – 30+6 33 248.26 74.35 

31+0 – 31+6 34 240.78 79.07 

32+0 – 32+6 24 265.06 50.03 
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33+0 – 33+6 13 273.73 109.41 

34+0 – 34+6 23 257.91 76.95 

35+0 – 35+6 20 338.56 124.11 

36+0 – 36+6 27 357.16 120.69 

37+0 – 37+6 19 360.73 103.74 

38+0 – 38+6 4 301.37 75.83 

39+0 – 39+6 5 340.31 93.74 

40+0 – 40+6 1 434.81 NA 

GA: gestational age; UVBF: umbilical venous blood flow; PPI: placental pulsatility index. 

 

Figure 1. Scatterplots of UVBF to PPI ratio based on GA in 492 singleton pregnancies. The best-fit 

regression equation was the linear function mode(red dashed line). 

Our results revealed a significant negative correlation between UVBF and PPI (r = -0.55, p < 

0.001), indicating that as PPI increased, UVBF decreased. Reference ranges for UVBF based on PPI 

values were established, with UVBF decreasing as PPI values increased. In addition, the correlation 

coefficients of UVBF/PPI ratio with GA as calculated by Pearson correlation were 0.833 (p=0.000). The 

correlation coefficients of UVBF/PPI ratio with CPR as calculated by Pearson correlation were 0.471 

(p=0.000). 

Discussion 

This study offers a reference range for the ratio of umbilical vein blood flow (UVBF) to placental 

perfusion index (PPI) across gestational weeks 21 to 40, focusing on typical Chinese fetal 

development. Each participant contributed a single set of measurements obtained during routine 

prenatal ultrasound evaluations. It was observed that the UVBF to PPI ratio demonstrated a 

statistically significant increase with advancing gestational age in our study population. In our 

investigation, we observed a notable reduction in UVBF concurrent with an elevation in PPI levels. 

Our analysis of cross-sectional data revealed a negative relationship between UVBF and PPI. 

Furthermore, we derived reference ranges for UVBF to PPI ratio in normal Chinese fetuses based on 

gestational age, and formulated equations to determine the mean values of these parameters, serving 
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as lower normal thresholds. A key advantage of our innovation lies in the construction of UVBF to 

PPI ratio charts incorporating gestational age due to as we found firmly the strong correlation 

between UVBF and PPI. 

In a previous investigation, Wang et al. meticulously documented longitudinal data on 907 

fetuses, providing valuable insights into the trajectory of umbilical vein (UV) blood flow across 

gestational ages. Their study unveiled a progressive increase in mean UV blood flow from 32.66 

ml/min to 381.88 ml/min between the 22nd and 39th weeks of gestation. This longitudinal perspective 

offered a comprehensive understanding of UV blood flow dynamics throughout the latter stages of 

pregnancy22. Additionally, DeVore and Epstein conducted a noteworthy study involving 240 fetuses, 

spanning from the 20th to the 42nd week of gestation. Their observation of elevated UV blood flow 

across this extended gestational period further underscored the dynamic nature of fetal 

hemodynamics and the intricate interplay between placental function and fetal circulatory 

adaptations30. Furthermore, Barbieri et al. undertook a systematic review to synthesize existing data 

on UVBF in human fetuses. Their comprehensive review revealed a consistent augmentation in mean 

fetal UV blood flow with advancing gestational age, providing crucial context for interpreting UVBF 

measurements in clinical practice19. Building upon this foundation of knowledge, our current 

investigation delves into UVBF dynamics in a cohort of 492 healthy fetuses, spanning gestational ages 

from 21 to 40 weeks. Our findings not only confirm the trend of increasing UVBF with advancing 

gestation but also offer additional granularity by quantifying UVBF values within this specific index: 

PPI.  

The present investigation examines the distribution of placental perfusion index (PPI) across 

trimesters. Our dataset is juxtaposed with the reference values established by Gudmundsson et al., 

derived from 53 low-risk pregnancies (comprising 248 observations) spanning from 20 to 40 weeks 

of gestation. Both studies demonstrate a decline in PPI with GA14. Assessment of the reliability of PPI 

across studies indicates substantial consistency, as evidenced by a Cronbach’s alpha coefficient of 

0.861. Notably, our findings offer valuable insights into the normative UVBF patterns in healthy 

fetuses, contributing to the existing body of knowledge on prenatal hemodynamics. Comparing our 

results with the 50th percentile UVBF values reported in the comprehensive systematic review 

conducted by Barbieri et al.,19 we observed a remarkable concordance. Utilizing the Cronbach's alpha 

coefficient as a measure of agreement, we obtained a high coefficient of 0.991. This robust level of 

agreement underscores the accuracy and consistency of our UVBF assessments, further reinforcing 

the reliability of our findings. This alignment not only corroborates the validity of our findings but 

also highlights the consistency of UVBF trends across diverse study populations. 

Abnormal development of the vascular supply to the placenta is a known contributor to slow 

fetal growth. Throughout gestation, the umbilical vein plays a critical role in efficiently delivering 

essential nutrients and oxygen from the mother to the fetus, ensuring proper fetal development. 

However, fluctuations in the placental vascular situation can lead to changes in the flow volume of 

the umbilical vein, potentially serving as an indicator of fetal growth issues17. Specifically, the 

UVBF/PPI ratio serves as a valuable metric for assessing placental resistance and umbilical vein blood 

flow. A mild increase in placental resistance, accompanied by mild reductions in umbilical vein blood 

flow, is reflected in an elevated UVBF/PPI ratio. An abnormal UVBF/PPI ratio can manifest in various 

scenarios, including low normal range UVBF and upper normal range PPI, abnormal low UVBF with 

normal PPI, and abnormal low UVBF with high PPI. 

Hamidi et al. reported the presence of abnormal absolute umbilical vein blood flow volume in 

fetuses exhibiting growth restriction17. Similarly, Stampalija et al. suggested that umbilical vein blood 

flow could serve as a marker for identifying fetuses with growth restriction16. Additionally, 

Gudmundsson et al. found that PPI enhances the detection of fetal growth restriction, particularly in 

normal pregnancies characterized by increased placental vascular impedance14. Similarly, our study 

observed a lower UVBF/PPI ratio in the low birth weight group (p=0.021). In our study, we observed 

a remarkable association between a lower UVBF/PPI ratio and a significantly higher preterm delivery 

rate (p=0.034). This finding underscores the potential role of placental vascular dynamics in the 

timing of delivery. Building upon this, Jaiman et al. elucidated the correlation between defects in 
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placental villi and spontaneous preterm labor and delivery, independent of acute inflammatory 

lesions within the placenta31. Furthermore, Preston et al.'s literature review adds depth to our 

understanding by highlighting placental insufficiency as a growing contributor to spontaneous 

preterm birth32. These findings collectively emphasize the intricate relationship between placental 

function, vascular dynamics, and preterm delivery. These findings underscore the potential utility of 

UVBF/PPI ratio as a predictive marker for adverse pregnancy outcomes, particularly PTB and LBW. 

The quantification of umbilical vein blood flow (UVBF) plays a pivotal role in assessing the vital 

exchange of nutrients and oxygen between the placenta and the developing fetus. Understanding 

UVBF dynamics offers valuable insights into the intricate interplay of maternal and fetal physiology, 

particularly in the context of fetal adaptation to varying environmental conditions. Despite its evident 

clinical significance, UVBF assessment has historically received less attention compared to traditional 

measurements focusing on umbilical artery and uterine artery resistance. 

Nevertheless, recent advancements have shed light on the pivotal role of UVBF in prenatal care. 

Contrary to the traditional emphasis on resistance measurements, attention is gradually shifting 

towards the qualitative evaluation of UV Doppler patterns. While the presence of pulsations in UV 

Doppler waveforms has often been associated with fetal hypoxia, this manifestation typically 

emerges as a late sign, limiting its utility as an early indicator of fetal distress. In contrast, diminished 

UVBF/PPI ratio may serve as an early marker of placental insufficiency, offering clinicians an 

opportunity for timely intervention and management. 

Our findings indicate that the resistance values of middle cerebral artery flow did not exhibit a 

statistically significant correlation with UVBF/PPI ratio. However, we observed that the CPR, a 

prenatal measurement assessing blood flow to the fetal brain and placenta, showed a high correlation 

with the UVBF/PPI ratio (r=0.471, p=0.000). The CPR plays a crucial role in providing insights into 

the fetal circulatory system, demonstrating higher sensitivity than individual Doppler indices of 

MCA alone33. It serves as a valuable tool in obstetrics for evaluating fetal well-being and assessing 

the risk of adverse outcomes. Anomalies in placental perfusion can lead to alterations in fetal blood 

flow distribution, resulting in decreased CPR34. This underscores the significance of UVBF/PPI ratio 

in predicting perinatal outcomes and highlights its potential as a sensitive indicator of fetal health 

and placental function. 

A refinement understanding of UVBF/PPI ratio patterns change in different GA is crucial for 

deciphering fetal hemodynamics and optimizing prenatal care strategies. By integrating UVBF 

combined PPI assessment into routine clinical practice, healthcare providers can enhance their ability 

to monitor fetal well-being and detect pathological deviations at earlier stages. Furthermore, ongoing 

research efforts aimed at elucidating the complex mechanisms underlying UVBF combined PPI 

regulation hold promise for further refining prenatal assessment techniques and improving 

pregnancy outcomes. 

Strengths and Limitations 

Our study's robustness lies in its exclusive examination of prenatal hemodynamic shifts in low-

risk pregnancies without complications. Previous literature predominantly emphasizes prenatal 

Doppler assessments during pregnancy. Our findings potentially contribute to a meticulous scrutiny 

of decision-making processes and the feasibility assessment of combined UVBF and PPI regulation 

throughout pregnancy. 

This study is subject to several limitations. Firstly, inherent biases may be present due to its 

retrospective nature and lack of randomization. Secondly, the analysis relied on obstetric sonographic 

reports and clinical data within a restricted sample size. Thirdly, the study's scope is confined to data 

obtained from a single local tertiary hospital, thus precluding generalization to other regional medical 

facilities. Lastly, the inclusion criteria encompass solely normal fetuses, thereby excluding cases of 

pregnancy complications, fetal anomalies, and genetic disorders. 
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Conclusion 

In this study, our investigation sheds light on the association between UVBF to PPI ratio and 

gestational age in a substantial cohort of unaffected fetuses, offering valuable insights into the 

complex interplay of placental perfusion and fetal hemodynamics. These findings augment 

comprehension of fetal development and carry substantial clinical implications, furnishing clinicians 

with a dependable benchmark for evaluating fetal health and recognizing deviations from typical 

UVBF to PPI ratios suggestive of underlying pathology. Furthermore, our results emphasize the 

potential of UVBF/PPI ratio as a prognostic indicator for adverse pregnancy outcomes, in particular 

preterm birth, low birth weight, or potential fetal hypoxemia. 
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