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CONTRIBUTION  
 

What are the novel findings of this work? 

 

Low maternal stroke volume and high vascular resistance are associated with intrapartum 

fetal compromise in women undergoing induction of labor. Cardiovascular assessment 

improved the detection of operative delivery in addition to maternal characteristics.  

 

What are the clinical implications of this work? 

 

In women undergoing labor induction, women’s cardiovascular function could be a useful 

candidate for predicting fetal compromise. Cardiovascular assessment may help with risk 

stratification of women undergoing labor induction.    
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ABSTRACT 

OBJECTIVE: Identification of the fetus at risk of intrapartum compromise has many benefits. 

Impaired maternal cardiovascular function is associated with placental hypoperfusion 

intrapartum fetal distress. The main aim of this study was to assess the predictive accuracy 

of maternal hemodynamics for the risk of operative delivery due to presumed fetal 

compromise in women undergoing induction of labour (IOL). 

METHODS: In this prospective cohort study patients were recruited between November 

2018 and January 2019. Women undergoing IOL were invited to participate in the study. A 

non-invasive ultrasonic cardiac output monitor (USCOM-1A) was used for the cardiovascular 

evaluation. The study outcome was operative delivery due to presumed fetal compromise, 

which included cesarean or instrumental delivery for abnormal fetal heart monitoring. 

Regression analysis was used to test the association between cardivascular markers, as well 

as the maternal characteristics and the risk of operative delivery for presumed fetal 

compromise. The ROC curve analysis was used to assess the predictive accuracy of the 

cardivascular markers for the risk of operative delivery for presumed fetal compromise. 

RESULTS: A total of 99 women were recruited and four women were later excluded from the 

analysis due to semi-elective cesarean section (n=2) and failed IOL (n=2). The rate of 

operative delivery due to presumed fetal compromise was 28.4% (27/95). Women who 

delivered without suspected fetal compromise were more likely to be multiparous (52.9% vs 

18.5%, p=0.002). Women who underwent operative delivery due to presumed fetal 

compromise had significantly lower cardiac index (CI) (median: 2.50 L/min/m2 vs. 2.60 

L/min/m2, p=0.039) and higher systemic vascular resistance (SVR) (median: 1480.0 

mmHg.min.mL-1/m2 vs. 1325.0 mmHg.min.mL-1/m2, p=0.044) compared to controls. The 

baseline model (multiparity only) showed poor predictive accuracy with an area under the 

curve (AUC) value of 0.67 (95% CI: 0.58-0.77). The addition of stroke volume index (SVI) 

<36 ml/m2, systemic vascular resistance (SVR) >7.2 logs or SVR index (SVRI) >7.7 logs 

significantly improved the baseline model (p=0.012, p=0.026 and p=0.012, respectively). 

CONCLUSION: In this pilot study, we demonstrated that pre-labour maternal cardiovascular 

assessment in women undergoing IOL could be useful for assessing the risk of intrapartum 

fetal compromise necessitating operative delivery. The addition of SV, SVR and SVRI 

significantly improved the predictive accuracy of the baseline antenatal model. 
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INTRODUCTION 

Induction of labor (IOL) is a common practice with approximately 20% of all pregnancies 

requiring IOL prior to the onset of spontaneous labor1. IOL is unlikely to decline in the near 

future due to the recent evidence demonstrating benefits in both low-risk and high-risk 

populations2-4. Emergency cesarean section (CS) occurs in up to 30% of all women 

undergoing IOL. Furthermore, it is associated with increased maternal morbidity5-7. Pre-labor 

prediction of the need for operative delivery is desirable for both the pregnant women and 

healthcare professionals. A number of antenatal and intrapartum variables are associated 

with the risk of operative delivery for presumed fetal compromise8. We have previously 

proposed a model incorporating both intrapartum variables and the cerebroplacental ratio 

(CPR) to assess the risk of operative delivery in suspected small-for-gestational age (SGA) 

fetuses8. When tested in an external validation study, the model showed good predictive 

accuracy in suspected SGA fetuses9. Although several studies suggest that a low CPR is 

associated with the risk of operative delivery, the value of CPR is yet to be established in 

low-risk pregnancies10-13.  

Maternal hemodynamic assessment is becoming more popular in view of the recent 

evidence of a maladaptive cardiovascular response in the pregnancies complicated by 

placental syndromes such as hypertensive disorders and fetal growth restriction-16. In a 

recent study, Valensise et al. demonstrated that women with low cardiac output (CO) and 

increased systemic vascular resistance (SVR) had an 8-10 fold increased risk of developing 

intrapartum complications 17. Uterine hypoperfusion was suggested as a causative factor17. 

The assessment of the maternal and fetal haemodynamic profile, in combination with the 

maternal risk factors, could be a strong predictor of fetal distress. This would allow targeted 

monitoring, advanced preparation and optimisation of timing of intervention with CS or 

instrumental delivery to prevent serious maternal or fetal complications and reduce 

healthcare costs. The aim of current study was to assess the predictive accuracy of maternal 

hemodynamics for the risk of operative delivery due to presumed fetal compromise in women 

undergoing IOL.        
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METHODS 

This was a prospective cohort study conducted at St. George’s University Hospital in 

London. The recruitment took place between November 2018 and January 2019. Women 

planned for IOL were invited to participate in the study. Indications for IOL were post-term 

gestation (above 41 weeks’ gestation), suspected SGA fetus, hypertensive disorders of 

pregnancy, maternal diabetes and other maternal systemic diseases. The exclusion criteria 

consisted of multiple pregnancy, elective cesarean section due to maternal request or breech 

presentation and pregnancies complicated by genetic or structural abnormalities. Women 

included in the study were followed-up at St. George’s University hospital in accordance with 

routine antenatal management protocols.  

A non-invasive ultrasonic cardiac output monitor (USCOM-1A®) that has been validated 

against echocardiography in pregnancy was used for the cardiovascular evaluation of eligible 

women18. All haemodynamic assessments were performed in the same room, under 

standardized conditions for the entire cohort within 24 hours of planned IOL. Maternal height, 

weight and brachial blood pressure were obtained prior to hemodynamic assessment. Blood 

pressure was obtained using an upper arm automatic blood pressure (BP) monitor 

(Microlife®, Microlife AG Swiss Corporation, Switzerland), in a semi-recumbent position and 

using an appropriate sized cuff. Mean arterial pressure (MAP) was calculated as (2xdiastolic 

blood pressure + systolic blood pressure)/3. USCOM-1A® utilizes continuous wave Doppler, 

with a non-imaging probe in the suprasternal notch to obtain velocity time integrals (VTI) of 

transaortic blood flow at the left ventricular outflow tract. Using an anthropometric algorithm, 

which correlates the outflow tract diameter with the patient’s given height, USCOM-1A® uses 

the VTIs to compute the stroke volume (SV) and produce a complete hemodynamic profile, 

including heart rate (HR), cardiac output (CO) and systemic vascular resistance (SVR). Each 

Doppler acquisition used for analysis had a minimum of 2 consecutive Doppler profiles 

(cardiac cycles). Acquisitions with the least amount of interference and the best quality VTIs, 

deemed by the study investigators to best represent transaortic blood flow, were obtained in 

the device’s flowtracer mode. CO, SV and SVR were measured using the USCOM-A1® 

device and the corresponding weight adjusted indices were calculated. All the maternal 

hemodynamic parameters were concealed from the clinicians who are in charge of the 

antenatal and the intrapartum management in order to minimise the risk of bias.  
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A dinoprostone vaginal insert (10mg) was used for induction of labour in all the pregnancies. 

The pessary was removed after the commencement of labor which was diagnosed when 

cervical change associated with regular painful contractions is present. If labor failed to 

commence after 24 hours, vaginal insert was removed. Oxytocin infusion was commenced at 

least 30 minutes after the removal of vaginal pessary, if further labor augmentation was 

deemed necessary by the attending physician. Cardiotocography tracings were evaluted 

according to the National Institute for Health and Care Excellence guidelines19. Epidural 

analgesia was commenced for women in active labor who were unable to cope with the pain. 

The study outcome was operative delivery due to presumed fetal compromise, which 

included cesarean or instrumental delivery for abnormal fetal heart monitoring. The 

remaining women who had any type of delivery without an abnormal fetal heart tracings were 

included in the control group. The diagnosis of fetal compromise was based on CTG 

abnormalities 19, ST analysis abnormalities, abnormal fetal scalp blood sample pH, or a 

combination of these. Intrapartum characteristics and neonatal outcome were routinely 

recorded in the maternity electronic records by the clinical team. Antepartum data and 

ultrasound parameters were obtained from the maternity and ultrasound electronic records.  

Statistical analysis  

All continuous variables were tested for normality assumptions using Shapiro-Wilk test. 

Continuous variables were presented as median and interquartile range regardless of 

distribution assumptions. Categorical data were presented as number and percentage. 

Wilcoxon rank-sum test, t-test, chi-square test and Fisher’s exact tests were used for group 

comparisons where appropriate.  

Firstly, the association of operative delivery due to presumed fetal compromise with 

cardiovascular and other antenatal or intrapartum variables was examined using univariate 

regression. Secondly, the adjusted effects of cardiovascular variables were tested with 

multivariate regression after adjusting for antenatal variables which were significantly 

associated with the outcome. A baseline model was developed using significant antepartum 

variables and then cardiovascular assessment variables were added to the baseline model. 

The Receiver operating characteristics (ROC) curves for the baseline model and combined 

models were obtained. The area under the curve (AUC) values of each combined model was 
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compared to the baseline model for statistically significant improvement in model accuracy 

using De Long’s test. 

P values below 0.05 were considered statistically significant and all tests were two-tailed. R 

for statistical computing software (version 3.5.2, R Foundation For Statistical Computing, 

Vienna, Austria) was used for all analyses20.  
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RESULTS 

Study population 

A total of 99 women were recruited and four women were later excluded from the analysis 

due to elective cesarean (n=2) and failed IOL (n=2). The baseline and intrapartum 

characteristics of the participants along with their cardiovascular assessment variables are 

presented in Table 1. The rate of operative delivery due to presumed fetal compromise was 

28.4% (27/95). Women who delivered without suspected fetal compromise were more likely 

to be multiparous (52.9% vs 18.5%, p=0.002) and Caucasian (73.5% vs 51.9%, p=0.023). 

There were no other significant differences between the group who had operative delivery for 

fetal distress and the group who experienced vaginal birth.  

Antenatal ultrasound scan within a month of planned IOL did not reveal any significant 

differences between the operative delivery and control groups, including the estimated fetal 

weight percentile (median: 61.9 vs. 53.2, p=0.693) or suspected SGA fetus (11.1% vs. 5.9%, 

p=0.378).    

Maternal hemodynamic parameters 

Women who underwent operative delivery due to presumed fetal compromise had 

significantly lower cardiac index (CI) (median: 2.50 L/min/m2 vs. 2.60 L/min/m2, p=0.039) and 

higher SVR (median: 1480.0 mmHg.min.mL-1/m2 vs. 1325.0 mmHg.min.mL-1/m2, p=0.044) 

compared to controls. No significant differences were observed between the operative 

delivery and control groups regarding maternal CO (median: 4.7 L/min vs 5.0 L/min, 

p=0.189), SV (median: 32.0 ml vs. 34.0 ml, p=0.099) and systemic vascular resistance index 

(SVRI) (median: 2769.0 mmHg.min.mL-1 vs. 2578.0 mmHg.min.mL-1, p=0.059). The 

operative delivery group had a higher rate of epidural analgesia (81.5% vs. 42.6%, p<0.001), 

intrapartum pyrexia (22.2% vs. 5.9%, p=0.019) and neonatal intensive care unit admission 

(25.9% vs. 0.0%, p<0.001). 

Risk factors associated with operative delivery for intrapartum fetal distress 

Multiparity was the only antenatal variable that showed a significant association with the risk 

of operative delivery in univariate regression model (OR 0.20; 95% CI 0.06-0.56, p=0.003) 

(Table 2). In the univariate analysis, a CI <2.9 L/minute (p=0.043), SV <65 mL (p=0.027), 
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stroke volume index (SVI) <36 ml/m2 (p=0.014), SVR >7.2 logs (p=0.020) and SVRI >7.7 logs 

(p=0.023) were significantly associated with the risk of operative delivery.  

The baseline model was developed using multiparity as the sole antenatal variable with 

statistical significance. The baseline model showed poor predicted accuracy with an area 

under the curve (AUC) value of 0.67 (95% CI: 0.58-0.77) (Table 3). The addition of SVI <36 

ml/m2, SVR>7.2 logs and SVRI>7.7 logs significantly improved the baseline model (p=0.012, 

p=0.026 and p=0.012, respectively) (Table 3 & Figure 1a-1c). However, the predictive 

capabilities of these models remained modest with AUC values of 0.73 (95% CI: 0.64-0.82), 

0.73 (95% CI: 0.63-0.84) and 0.73 (95% CI: 0.64-0.82) for the combined models with SV, 

SVR and SVRI, respectively (Table 3). Conditional probability plots revealed a linear 

relationship of risk change with SV, SVR and SVRI (Supplementary Figure 1a-1c).   
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DISCUSSION 

In this cohort study, we demonstrated that pre-labour maternal cardiovascular assessment 

could be useful for assessing the risk of intrapartum fetal compromise necessitating 

operative delivery. The addition of SV, SVR and SVRI significantly improved the predictive 

capability of the baseline antenatal model in women undergoing IOL.  

Our study has several strengths. Firstly, the cardiovascular assessment results were 

concealed from the antenatal and labor management team eliminating the risk of intervention 

bias. Secondly, women were evaluated prior to IOL in standardized conditions that minimizes 

the risk of environmental conditions (heat, labour pain etc.) affecting the cardiovascular 

parameters. Thirdly, the prospective study design ensures that all the relevant parameters 

were consistently recorded with no missing data within the study cohort.   

Our study also has several limitations. The Doppler variables are associated with the risk of 

intrapartum compromise in SGA fetuses and some studies suggest a similar relationship in 

low-risk fetuses as well 8,10-13. We did not adjust the cardiovascular assessment variables for 

Doppler measurements that could have changed the impact of cardiovascular assessment. 

Furthermore, intrapartum variables had a strong relationship with intrapartum compromise in 

our study that was not incorporated into the multivariable model. We intentionally excluded 

variables that cannot be known prior to IOL from the model, as these variables are unlikely to 

be useful for antenatal risk assessment. Moreover, the statistical analysis is not adequately 

powered for a multivariate regression analysis. Finally, the operative delivery decision 

involves human factor that cannot be accounted for in a statistical analysis. However, 

adherence to the published management guidelines in our institution would minimize this 

confounding factor19.  

In  this  study,  women  of  Caucasian  ethnicity  were  found  to  be  less  likely  to  undergo 

operative delivery due to presumed fetal distress. Conversely, Asian and Afro-Caribbean 

women were more likely to experience fetal distress and Asian ethnicity was found to be a 

significant predictor of fetal distress. These findings are consistent with that of Khalil et al, 

who, in a study consisting of 76,158 pregnancies, found women of Afro-Caribbean and Asian 

ethnicity to be at significantly greater risk of a range of adverse labour outcomes, including 

emergency CS 21. Furthermore, Familiari et al found non-Caucasian ethnicity to be 

significantly associated with the risk of stillbirth 22. A number of mechanisms by which 
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ethnicity may influence pregnancy include genetics, socioeconomic status, access to 

healthcare, maternal age, parity, obesity and smoking 23. Future studies should aim to 

confirm the cause of this disparity and investigate methods of improving labour outcomes in 

Asian and Afro-Caribbean women.   

 

A number of studies have identified SVR as a key predictor of intrapartum complications, 

including fetal distress. Valensise et al. demonstrated a raised SVR to be significantly 

associated with fetal distress and Vasapollo et al. determined an elevated SVR to  be  the  

best  predictor  of  intrapartum  complications17,24. Tiralongo et al. demonstrated a 

significantly greater occurrence of complications and poorer outcomes in the group with SVR 

greater than 1200mmHg.min.mL -125.  In terms of SVR, our findings are  in  agreement  with  

that  of  previous  studies,  with  the  operative  delivery  due  to presumed fetal compromise 

group having a significantly higher median SVR than the delivery  without  fetal  compromise  

group17.  It has  been  suggested  that,  under  normal circumstances, vascular remodelling 

of the spiral arteries allows for a decrease in SVR and thus improved blood flow, which 

reduces the chances of the fetus suffering from hypoxia17. The absence of this adaptation, 

which leads to an increased risk of fetal distress, is manifested as an elevated SVR, which 

provides an explanation of the etiology of the aforementioned SVR findings.  

Evidence  suggests  that  CO  is  a  significant  predictor  of  fetal  distress.  For example, 

Valensise et al found an 8-10 fold increase in intrapartum complications in patients with a 

lower CO and Tiralongo et al found a higher CO to predict better maternal and neonatal 

outcome17,25. CO, the volume of blood being ejected from the heart per minute, reflects 

cardiovascular performance. A lower CO, and thus a lower CI, indicates suboptimal 

cardiovascular  performance  and  reduced  placental  perfusion,  thus increasing  the  risk  

of  fetal  distress.  Although  our  findings  did  not  demonstrate  a significant difference in 

CO between the two groups as expected, the median CI was found  to  be  significantly  

lower  in  the  operative  delivery  due  to  presumed  fetal compromise  group.  This 

suggests that, in our cohort, CO values were affected by the participants’ height and weight, 

which is corroborated by the findings of Vinayagam et al, who found CO to be significantly 

influenced by maternal age, height and weight26. Another possible reason for the lack of 

significant CO findings is inferior vena cava (IVC) compression due to the fact that the 
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assessment was carried out in the semi-recumbent position27. Future studies should assess 

the effect of carrying out hemodynamic assessment with USCOM® in the left lateral position, 

which has been suggested to relieve IVC compression . Moreover, with obesity being an 

obstetric risk factor28, a number of our recruited patients were undergoing IOL due to having 

a high BMI and this is manifested as the average BMI of both groups in our study being 

higher than that obtained in other relevant studies, such as that of Valensise et al17. A high 

BMI may have affected  the  USCOM®  operator’s  ability  to  obtain  accurate  CO  

measurements. Future  studies  should continue to explore the relationship between SVR 

and  CO,  and  fetal  distress  and  the  effect  of  maternal  body surface area (BSA)  on  

these parameters.   

Many studies now show a close relationship between cardiovascular function and placental 

syndromes29-31. It is also possible that cardiovascular function will affect uteroplacental 

perfusion without an overt systemic derangement such as preeclampsia17. Our findings are in 

line with Valensise et al. demonstrating that poorer maternal cardiovascular function is more 

likely to require operative delivery due to presumed fetal compromise17. Our study includes 

women undergoing IOL as opposed to Valensise et al. that included low-risk women. Despite 

this difference, our findings were quite similar. Both studies were not large enough to test 

and adjust for all possible confounders and future studies should aim for larger cohorts.. 

 

Conclusions 

Women with lower cardiac index and increased peripheral vascular resistance before onset 

of labour are more likely to require operative delivery due to presumed fetal compromise. In 

this pilot study, the addition of cardiovascular assessment to the antenatal characteristics 

improved the detection of operative delivery in women undergoing IOL.   

This article is protected by copyright. All rights reserved.



REFERENCES 

1. Osterman MJK, Martin JA. Recent declines in induction of labor by gestational age. 

NCHS data brief, no 155. Hyattsville, MD: National Center for Health Statistics. 2014. 

http://www.cdc.gov/nchs/data/databriefs/db155.htm. [Accessed February 2019] 
2. Sotiriadis A, Petousis S, Thilaganathan B, Figueras F, Martins WP, Odibo AO, Dinas 

K, Hyett J. Maternal and perinatal outcomes after elective induction of labor at 39 

weeks in uncomplicated singleton pregnancy: A meta-analysis. Ultrasound Obstet 

Gynecol. 2019;53:26-35.  doi:10.1002/uog.20140 
3. Bernardes TP, Zwertbroek EF, Broekhuijsen K, Koopmans C, Boers K, Owens M, 

Thornton J, van Pampus M, Scherjon S, Wallace K, Langenveld J, van den Berg PP, 

Franssen M, Mol BW, Groen H. Delivery or expectant management for prevention of 

adverse maternal and neonatal outcomes in hypertensive disorders of pregnancy: An 

individual participant data meta-analysis. Ultrasound Obstet Gynecol. 2019 

doi:10.1002/uog.20224 
4. Magro-Malosso ER, Saccone G, Chen M, Navathe R, Di Tommaso M, Berghella V. 

Induction of labour for suspected macrosomia at term in non-diabetic women: A 

systematic review and meta-analysis of randomized controlled trials. BJOG. 

2017;124:414-421.  doi:10.1111/1471-0528.14435 
5. Levine LD, Downes KL, Parry S, Elovitz MA, Sammel MD, Srinivas SK. A validated 

calculator to estimate risk of cesarean after an induction of labor with an unfavorable 

cervix. Am J Obstet Gynecol. 2018;218:254 e251-254 e257.  

doi:10.1016/j.ajog.2017.11.603 
6. Witteveen T, Kallianidis A, Zwart JJ, Bloemenkamp KW, van Roosmalen J, van den 

Akker T. Laparotomy in women with severe acute maternal morbidity: Secondary 

analysis of a nationwide cohort study. BMC Pregnancy Childbirth. 2018;18:61.  

doi:10.1186/s12884-018-1688-2 
7. Abdillahi HA, Hassan KA, Kiruja J, Osman F, Egal JA, Klingberg-Allvin M, Erlandsson 

K. A mixed-methods study of maternal near miss and death after emergency 

cesarean delivery at a referral hospital in somaliland. Int J Gynaecol Obstet. 

2017;138:119-124.  doi:10.1002/ijgo.12176 
8. Kalafat E, Morales-Rosello J, Thilaganathan B, Tahera F, Khalil A. Risk of operative 

delivery for intrapartum fetal compromise in small-for-gestational-age fetuses at term: 

This article is protected by copyright. All rights reserved.

http://www.cdc.gov/nchs/data/databriefs/db155.htm


An internally validated prediction model. Am J Obstet Gynecol. 2018;218:134 e131-

134 e138.  doi:10.1016/j.ajog.2017.10.022 
9. Kalafat E, Morales-Rosello J, Scarinci E, Thilaganathan B, Khalil A. Risk of operative 

delivery for intrapartum fetal compromise in small-for-gestational-age fetuses at term: 

External validation of the iris algorithm. J Matern Fetal Neonatal Med. 2018:1-261.  

doi:10.1080/14767058.2018.1560412 
10. Sovio U, Smith GCS. Blinded ultrasound fetal biometry at 36 weeks and risk of 

emergency cesarean delivery in a prospective cohort study of low-risk nulliparous 

women. Ultrasound Obstet Gynecol. 2018;52:78-86.  doi:10.1002/uog.17513 
11. Bligh LN, Alsolai AA, Greer RM, Kumar S. Cerebroplacental ratio thresholds 

measured within 2 weeks before birth and risk of cesarean section for intrapartum 

fetal compromise and adverse neonatal outcome. Ultrasound Obstet Gynecol. 

2018;52:340-346.  doi:10.1002/uog.17542 
12. Fiolna M, Kostiv V, Anthoulakis C, Akolekar R, Nicolaides KH. Prediction of adverse 

perinatal outcomes by the cerebroplacental ratio in women undergoing induction of 

labour. Ultrasound Obstet Gynecol. 2018 doi:10.1002/uog.20173 
13. Kalafat E, Khalil A. Clinical significance of cerebroplacental ratio. Curr Opin Obstet 

Gynecol. 2018;30:344-354.  doi:10.1097/GCO.0000000000000490 
14. Buddeberg BS, Sharma R, O'Driscoll JM, Kaelin Agten A, Khalil A, Thilaganathan B. 

Cardiac maladaptation in obese pregnancy at term. Ultrasound Obstet Gynecol. 2018 

doi:10.1002/uog.20170 
15. Vinayagam D, Gutierrez J, Binder J, Mantovani E, Thilaganathan B, Khalil A. 

Impaired maternal hemodynamics in morbidly obese women: A case-control study. 

Ultrasound Obstet Gynecol. 2017;50:761-765.  doi:10.1002/uog.17428 
16. Thilaganathan B, Kalafat E. Cardiovascular system in preeclampsia and beyond. 

Hypertension. 2019;73:522-531.  doi:10.1161/HYPERTENSIONAHA.118.11191 

17. Valensise H, Tiralongo GM, Pisani I, Farsetti D, Lo Presti D, Gagliardi G, Basile MR, 

Novelli GP, Vasapollo B. Maternal hemodynamics early in labor: A possible link with 

obstetric risk? Ultrasound Obstet Gynecol. 2018;51:509-513.  doi:10.1002/uog.17447 

18. Vinayagam D, Patey O, Thilaganathan B, Khalil A. Cardiac output assessment in  

pregnancy: comparison of two automated monitors with echocardiography.Ultrasound 

Obstet Gynecol. 2017; 49: 32-38. doi:10.1002/uog.15915. 

This article is protected by copyright. All rights reserved.



19. National Institute for Health and Care Excellence. Intrapartum care for healthy women 

and babies (Clinical Guideline CG190). 2014  Available 

at: https://www.nice.org.uk/guidance/cg190  

20. R Core Team. R: A language and environment for statistical computing. R Foundation 

for Statistical Computing, Vienna, Austria. 2018. https://www.R-project.org/. 

21. Khalil A, Syngelaki A, Maiz N, Zinevich Y, Nicolaides KH. Maternal age and adverse 

pregnancy outcome: A cohort study. Ultrasound Obstet Gynecol. 2013;42:634-643.   

22. Familiari A, Scala C, Morlando M, Bhide A, Khalil A, Thilaganathan B. Mid-pregnancy 

fetal growth, uteroplacental doppler indices and maternal demographic 

characteristics: Role in prediction of stillbirth. Acta Obstet Gynecol Scand. 

2016;95:1313-1318. 

23. Rowland Hogue CJ, Silver RM. Racial and ethnic disparities in united states: Stillbirth 

rates: Trends, risk factors, and research needs. Semin Perinatol. 2011;35:221-233.   

24. Vasapollo B, Novelli GP, Gagliardi G, Tiralongo GM, Pisani I, Manfellotto D, Giannini 

L, Valensise H. Medical treatment of early-onset mild gestational hypertension 

reduces total peripheral vascular resistance and influences maternal and fetal 

complications. Ultrasound Obstet Gynecol. 2012;40:325-331.  doi:10.1002/uog.11103 

25. Tiralongo GM, Lo Presti D, Pisani I, Gagliardi G, Scala RL, Novelli GP, Vasapollo B, 

Andreoli A, Valensise H. Assessment of total vascular resistance and total body water 

in normotensive women during the first trimester of pregnancy. A key for the 

prevention of preeclampsia. Pregnancy Hypertens. 2015;5:193-197.  

doi:10.1016/j.preghy.2015.02.001 

26. Vinayagam D, Thilaganathan B, Stirrup O, Mantovani E, Khalil A. Maternal 

hemodynamics in normal pregnancy: Reference ranges and role of maternal 

characteristics. Ultrasound Obstet Gynecol. 2018;51:665-671.  

doi:10.1002/uog.17504 

27. Humphries A, Mirjalili SA, Tarr GP, Thompson JMD, Stone P. The effect of supine 

positioning on maternal hemodynamics during late pregnancy. J Matern Fetal 

Neonatal Med. 2018:1-8.  doi:10.1080/14767058.2018.1478958 

28. Chodankar R, Middleton G, Lim C, Mahmood T. Obesity in pregnancy. Obstetrics, 

Gynaecology & Reproductive Medicine. 2018;28:53-56.  

doi:https://doi.org/10.1016/j.ogrm.2017.11.003 

This article is protected by copyright. All rights reserved.

https://www.nice.org.uk/guidance/cg190
https://www.r-project.org/
https://doi.org/10.1016/j.ogrm.2017.11.003


29. Borges VTM, Zanati SG, Peraçoli MTS, Poiati JR, Romão-Veiga M, Peraçoli JC, 

Thilaganathan B. Maternal left ventricular hypertrophy and diastolic dysfunction and 

brain natriuretic peptide concentration in early- and late-onset pre-

eclampsia.Ultrasound Obstet Gynecol. 2018; 51:519–523. 

30. Breetveld NM, Ghossein-Doha C, van Neer J, Sengers MJJM, Geerts L, van Kuijk 

SMJ, van Dijk AP, van der Vlugt MJ, Heidema WM, Brunner-La Rocca HP, Scholten 

RR, Spaanderman MEA. Decreased endothelial function and increased subclinical 

heart failure in women several years after pre-eclampsia.Ultrasound Obstet Gynecol. 

2018; 52:196–204. 

31. Orabona R, Sciatti E, Prefumo F, Vizzardi E, Bonadei I, Valcamonico A, Metra M, 

Frusca T. Pre-eclampsia and heart failure: a close relationship. Ultrasound Obstet 

Gynecol. 2018; 52:297–301. 

This article is protected by copyright. All rights reserved.



Figure legends 

Figure 1a. The receiver operating characteristics curves of baseline model (solid line) and 

combined models with cardiac index (dashed line). The addition of cardiac index did not 

significantly improve the accuracy of baseline model (p=0.070) 

Figure 1b. The receiver operating characteristics curves of baseline model (solid line) and 

combined models with stroke volume (dashed line) and stroke volume index (dotted line). 

The addition of stroke volume did not significantly improve the accuracy of baseline model, 

whereas the addition of stroke volume index did (p=0.071 and p=0.012, respectively) 

Figure 1c. The receiver operating characteristics curves of baseline model (solid line) and 

combined models with systemic vascular resistance (dashed line) and systemic vascular 

resistance index (dotted line). The addition of systemic vascular resistance and systemic 

vascular resistance index did improve the model accuracy (p=0.026 and p=0.012, 

respectively) 

Supplementary Figure 1a. Conditional probability plot of stroke volume index. The 

probability of delivery without fetal compromise increased with increasing stroke volume 

index. 

Supplementary Figure 1b. Conditional probability plot of systemic vascular resistance. The 

probability of delivery without fetal compromise decreased with increasing systemic vascular 

resistance. 

Supplementary Figure 1c. Conditional probability plot of systemic vascular resistance 

index. The probability of delivery without fetal compromise decreased with increasing 

systemic vascular resistance index. 
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Table 1. Baseline characteristics of the two study groups according to whether they had 

operative delivery due to presumed fetal compromise  

Variables Operative delivery 
due to presumed 
fetal compromise  
(n=27) 

Delivery without fetal 
compromise  
(n=68) 

P 
value 
* 

Maternal characteristics    
Maternal age, years 33.0 (29.5-37.5) 33.0 (30.8-36.3) 0.832 

Self-reported ethnicity   0.023 

  Caucasian 14 (51.9) 50 (73.5)  

  Afro-Caribbean 5 (18.5) 5 (7.4)  

  Asian 8 (29.6) 8 (11.7)  

  Mixed/Other 0 (0.0) 5 (7.4)  

Comorbidities   .999 

 Hypertensive disorders of 

pregnancy 

1 (3.7) 4 (5.9)  

 Valvular heart disease 0 (0.0) 1 (1.5)  

 Chronic kidney disease 0 (0.0)  0 (0.0)  

Body-mass index, kg/m2 29.3 (26.9-32.5) 28.7 (24.3-33.1) 0.435 

Multiparity 5 (18.5) 36 (52.9) 0.002 

Assisted reproductive methods 1 (3.7) 4 (5.9) 0.668 

Previous cesarean section 1 (3.7) 2 (2.9) 0.848 

Smoker 0 (0.0) 3 (4.4) 0.646 

Ultrasound characteristics    

Gestational age at ultrasound, 

weeks  

36.6 (36.0-38.4) 37.0 (36.1-39.7) 0.362 

Estimated fetal weight, grams 2906.0 (2677.0-

3204.0) 

2920.0 (2707.0-3272.0) 0.402 

Estimated fetal weight, centile 61.9 (17.6-79.1) 53.2 (29.4-76.5) 0.693 

Estimated fetal weight <10th 

centile 

3 (11.1) 4 (5.9) 0.378 
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Cardiovascular assessment    

Cardiac output, L/min 4.70 (4.20-5.20) 5.00 (4.50-5.70) 0.189 

Cardiac index, L/min/m2 2.50 (2.30-2.70) 2.60 (2.28-3.00) 0.039 

Stroke volume, mL 60.0 (55.5-64.5) 65.0 (55.8-73.0) 0.117 

Stroke volume index, mL/m2 32.0 (28.5-35.0) 34.0 (29.0-39.0) 0.099 

Systemic vascular resistance, 

dynes.sec/cm5 

1480.0 (1348.0-

1648.0) 

1325.0 (1150.0-1535.0) 0.044 

Systemic vascular resistance 

index, dynes.sec/cm5 .m2 

2769.0 (2524.0-

3156.0) 

2578.0 (2140.0-2932.0) 0.059 

Intrapartum characteristics    

Gestational age at birth, weeks 39.3 (38.1-40.1) 39.9 (38.8-41.0) 0.144 

Birth weight, grams 3140.0 (2919.0-

3750.0) 

3440.0 (3095.0-3735.0) 0.174 

Birth weight, centile  30.0 (17.2-74.2) 44.0 (23.8-75.1) 0.292 

Mode of birth   <0.001 

- Instrumental delivery 15 (55.6) 7 (10.3)  

- Cesarean delivery 12 (44.4) 2 (2.9)  

- Vaginal delivery 0 (0.0) 59 (86.8)  

Epidural analgesia 22 (81.5) 29 (42.6) <0.001 

Thick meconium 4 (14.8) 5 (7.4) 0.262 

Intrapartum pyrexia 6 (22.2) 4 (5.9) 0.019 

Neonatal unit admission 7 (25.9) 0 (0.0) <0.001 

Variables are presented as median (lower and upper quartiles) or as count (percentage). *p 

values are calculated with either t-test, Wilcoxon rank-sum test, chi-squared test or Fisher’s 

exact where appropriate 
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Table 2. Results of univariate logistic regression analysis for predicting the risk of operative 

delivery due to presumed fetal compromise 

Variables OR (95% CI) P * 
Maternal age, years 0.99 (0.91-1.08) 0.832 

Self-reported ethnicity   

- Caucasian Reference  

- Afro-Caribbean 3.57 (0.88-14.62) 0.069 

- Asian 3.57 (1.13-11.47) 0.029 

- Mixed/Other NE 0.992 

Body-mass index, kg/m2 1.02 (0.94-1.10) 0.624 

Obesity (Body-mass index >30kg/m2) 1.14 (0.46-2.81) 0.771 

Multiparity 0.20 (0.06-0.56) 0.003 

Assisted reproductive methods 0.62 (0.03-4.41) 0.670 

Previous cesarean section 1.27 (0.06-13.80) 0.848 

Smoker NE 0.991 

Drug use NE 0.991 

Estimated fetal weight, centile 1.00 (0.99-1.02) 0.794 

Suspected small for gestational age 1.82 (0.34-8.96) 0.457 

Cardiac output, L/min 0.59 (0.31-1.06) 0.090 

Cardiac output <5.5 L/min 2.4 (0.86-7.88) 0.115 

Cardiac index, L/min/m2 0.43 (0.15-1.12) 0.096 

Cardiac index <2.9 L/min/m2 3.34 (1.13-12.38) 0.043 

Stroke volume, mL 0.97 (0.93-1.00) 0.124 

Stroke volume <65 mL 3.03 (1.17-8.59) 0.027 

Stroke volume index, ml/m2 0.95 (0.89-1.02) 0.160 

Stroke volume index <36 ml/m2 4.28 (1.45-15.78) 0.014 

Systemic vascular resistance, dynes.sec/cm5 † 6.18 (0.76-57.23) 0.095 

Systemic vascular resistance >7.2 dynes.sec/cm5  † 3.21 (1.25-9.11) 0.020 

Systemic vascular resistance index, dynes.sec/cm5 .m2 † 4.34 (6.59-31.41) 0.132 

Systemic vascular resistance index >7.7, dynes.sec/cm5 .m2 

† 

10.83 (2.07-

199.87) 

0.023 
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Gestational age at delivery, weeks 0.76 (0.55-1.04) 0.093 

Epidural analgesia 5.92 (2.14-19.36) 0.001 

Thick meconium 2.19 (0.50-8.99) 0.272 

Intrapartum pyrexia 4.57 (1.19-19.39) 0.028 

NE: not estimable, OR: odds ratio, CI: confidence interval  

* Obtained with a generalized linear model using logit link function 

†natural log-transformed variable 
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 Table 3. The predictive accuracy as shown by the area under the curve (AUC) values of 

multivariable models. 

Model AUC (95% CI) P * AUC (95% CI)‡ P *‡ 
Baseline model (parity only) 0.67 (0.58-0.77) NA 0.69 (0.59-0.78) NA 

Baseline + Cardiac index <2.9 L/min/m2 0.72 (0.61-0.82) .070 0.73 (0.62-0.84) .107 

Baseline + Stroke volume <65 mL 0.72 (0.62-0.83) .071 0.74 (0.65-0.85) .051 

Baseline + Stroke volume index <36 ml/m2 0.73 (0.64-0.82) .012 0.75 (0.64-0.85) .019 

Baseline + Systemic vascular resistance >7.2 

dynes.sec/cm5  † 

0.73 (0.63-0.84) .026 0.75 (0.64-0.85) .042 

Baseline +  Systemic vascular resistance 

index >7.7 dynes.sec/cm5 .m2 † 

0.73 (0.64-0.82) .012 0.74 (0.65-0.83) .019 

CI: confidence interval, NA: not applicable 

*Comparison with the baseline model using De Long’s test  

† natural log-transformed variable 

‡Excluding fetuses with a cerebroplacental ratio below 0.6765 multiple of median (n=3). 
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