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Abstract 
Background 

Infants born preterm are at increased risk of pulmonary morbidity.  The 

contribution of antenatal factors to impairments in lung structure/function has 

not been fully elucidated.  This study aimed to compare standardized lung 

volumes from fetuses that delivered<32 weeks gestation with fetuses that 

delivered >37 weeks. 

 

Methods 

Fourteen women who delivered <32 weeks gestation and 56 women who 

delivered >37 underwent a fetal MRI.  Slice-volume reconstruction was then 

used and the fetal lungs were then segmented using multi-atlas approaches.   

Body volumes were calculated by manual segmentation and lung:body 

volume ratios generated.  

 

Results 

Mean gestation at MRI of the preterm group was 27+2  weeks (SD 2.9, range 

20+6-31+3) and control group 25+3 weeks (SD 4.7 range 20+5-31+6). Mean 

gestation at delivery of the preterm group was 29+2 (SD 2.6, range 22+0-32+0). 

Lung:body volume ratios and fetal lung volumes were smaller in fetuses that 

delivered preterm both with and without preterm premature rupture of 

membranes compared to those born at term (p<0.001 in all cases). 

 

Conclusion 

Fetuses that deliver very preterm had reduced lung volumes when 

standardized for fetal size, irrespective of ruptured membranes.  These are 
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novel findings and suggest an antenatal aetiology of insult and possible focus 

for future preventative therapies.   
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Introduction 

 

Preterm birth (PTB) is the most important single determinant of adverse infant 

outcome with regards to survival and quality of life.(1)  Morbidity is inversely 

correlated to gestational age (GA), and the most significant adverse outcomes 

are associated with delivery before 32 weeks. 

 

Although the advent of antenatal steroids has significantly improved 

respiratory morbidity of infants born preterm, specifically respiratory distress 

syndrome (RDS), it remains a significant complication associated with PTB.(2)    

RDS results from failure of adequate lung expansion post delivery due to 

surfactant deficiency.  Many of these infants progress to prolonged 

supplementary oxygen requirement with additional effects from ventilator and 

hyperoxic induced acute lung injury.(3) This chronic evolving condition is 

referred to as bronchopulmonary dysplasia (BPD) and complications can 

persist into adulthood.(4) The aetiology is complex and multifactorial: genetic 

predisposition and infection have been implicated in its development.(2) 

Various factors are thought to culminate in inflammatory cytokine and 

chemokine release, ultimately disrupting alveolar and microvascular 

development of the peripheral lung.(5) The understanding of BPD associated 

with PTB, is hampered by a lack of antenatally derived assessments that can 

be utilized to predict long-term outcomes and mechanisms underlying the 

disease pathogenesis.(2) 
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Infection/inflammation has been implicated in the aetiology of PTB and 

approximately 80% of cases of PTB prior to 28 weeks, have evidence of 

significant microbial colonization within placental parenchyma.(6) It is 

therefore hypothesized that infection/inflammation associated with events 

triggering PTB may additionally affect antenatal lung development.   No 

studies have explored lung volumes standardized for fetal weight that deliver 

very preterm or standardized the lung volume for the overall size of the fetus.  

This study therefore has two aims: 1) to establish MRI derived normative 

ranges for fetal lung volumes standardising for fetal size and 2) to compare 

standardised lung volumes in fetuses that subsequently delivered <32 weeks 

gestation with a group of control fetuses that delivered at term.  
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Data were assessed for normality using distributional plots of standardized 

residuals.  Demographic and neonatal outcome data were analysed using a 

student t-test where data were continuous and Chi-squared when categorical.  

For the low risk control cases delivering at term, obtained from the iFIND 

study, the normal growth trajectory of lung volume and lung:body volume 

ratios between 20 and 32 weeks gestation was estimated by maximum 

likelihood regression, using the Stata command xriml.(11)  Gestation-adjusted 

centiles were then calculated for all lung volumes and lung:body volume 

ratios.  ROC curves were generated for low lung:body volume ratio and low 

gestation adjusted lung volume centiles as predictors of PTB. Adjusting for the 

effects of gestation, multiple regression analysis was used to produce 

estimates between fetuses that delivered preterm and those that delivered at 

term for lung and body volumes and lung:body volume ratios. Multiple 

regression analysis was also used to compare amniotic fluid volumes 

between fetuses that delivered preterm with and without ruptured membranes 

and the control group, accounting for the effects of gestation. 

 

For neonatal outcome data (not normally distributed) the Spearman Rank 

Correlation was used. Statistical analysis was performed using the SPSS 

software package (version 25, SPSS IBM) and Stata version 14.0 (StataCorp, 

College Station, Texas, USA).   

 

This study was conducting under the ethics:  07/H0707/105 and 14/LO/1806  
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Results 

Thirty-eight women were identified as eligible to participate in the study group: 

35 agreed to undergo MRI imaging: 17 delivered prior to MRI (median two 

days from agreeing to participate, range 0-11 days).  Eighteen patients had an 

MRI:  three delivered >32 weeks. Lung reconstruction was not possible in one 

case leaving 14 suitable for analysis.  Six women had ruptured and eight 

intact membranes at the time of imaging.  Twelve were performed on a 1.5T 

and two on a 3T scanner.  Eleven of the 14 cases had antenatal steroids prior 

to imaging.  Fifty-six controls were identified from the iFIND study (all healthy 

volunteers) as a control group.   

 

Clinical characteristics of the cohorts can be seen in Table 1 and lung volume, 

body volume and lung:body volume ratios in Table 2.  Distribution plots for 

lung volumes and lung:body volume ratios from 20-32 weeks gestation 

derived from the control group of fetuses are shown in Figure 1.  In fetuses 

that delivered at term, the lung volume comprised 4.2% of the total body 

volume (standard deviation 0.6%) compared to 3.4% in the preterm group 

(standard deviation 0.6%). 

 

The gestation adjusted lung volume centiles and the lung:body volume ratio 

were tested as predictors of PTB (Figure 2).  Fetuses that delivered preterm 

had significantly lower lung volumes, body volumes and lung:body volume 

ratios at the time of scan than those that delivered at term, allowing for 

gestational change (Table 2 and Figure 3).  Excluding the two fetuses 

scanned at 3T did not affect this finding (accounting for different magnetic 
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field strengths potentially causing contrast differences and measurement 

discrepancies).  These results were observed in both groups: fetuses with 

ruptured (mean 33900 mm3 SD 13500) and intact membranes (mean 

27200mm3 SD 13200 p<0.001 in both cases).  Body volumes were also 

significantly smaller in fetuses that subsequently delivered preterm (both with 

(mean 981000 mm3 SD 397000, p=0.007) and without (mean 861000mm3 SD 

421000 p=0.009) ruptured membranes) when adjusted for GA at MRI. When 

standardised for fetal size, fetuses that delivered preterm had significantly 

lower lung:body volume  ratios.  These effects were again observed in both 

fetuses that had intact membranes (mean 0.035 SD 0.006) and those with 

ruptured membranes (mean 0.032 SD 0.007) at the time of MRI (p<0.001 in 

both cases). 

 

Low values of both lung volume and lung:body volume ratio appeared 

predictive of preterm delivery with the gestation adjusted centile being 

superior. 

 

There was no significant difference in the amniotic fluid volume between the 

control group and fetuses that delivered <32 weeks with intact membranes.  

 

There was one intrapartum death at 22+0 weeks gestation.  The mean number 

of days from MRI to delivery in the preterm group was 10.5 (range 0-48).  The 

median number of days of rupture of membranes to MRI in the group that had 

PPROM was 4 (range 3-18).  Two fetuses that delivered >37 weeks were 

©    2019 Macmillan Publishers Limited, part of Springer Nature.
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admitted to the neonatal unit, one for a few hours with suspected RDS and 

the second for two days with hypoglycaemia not requiring respiratory support.  

 

There was no correlation between respiratory outcomes (length of ventilation 

and supplemental oxygen use) and antenatal lung:body volume ratios 

(supplementary table S1). Placental histology was available for 12 of the 

cases: ten had confirmed chorioamnionitis.  

 

Discussion 

We have reported normal ranges for MRI derived fetal lung volumes and 

lung:body volume ratios of fetuses 20-32 weeks gestation. We found a 

significant reduction in lung volumes in both fetuses with and without ruptured 

membranes that delivered <32 weeks when standardized for body volume 

compared to fetuses that delivered >37 weeks.  Fetuses that delivered 

preterm were globally smaller, when antenatal MRI derived body volumes 

were compared with a control population that delivered at term.   

 

Absolute Lung Volumes 

Previous studies have reported a reduction in absolute MRI derived lung 

volumes in fetuses with PPROM in comparison with control cohorts(12, 13).  

This finding may partly be explained by the fact that lung volume in utero also 

comprises of some amniotic fluid.  However,  our finding that a reduction in 

lung volume also occurs in fetuses with intact membranes is a novel one.  

Unlike the previous studies in fetuses with PPROM, this study is also the first 

to standardize the lung volume for overall fetal size. 
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fetal growth antenatally. This is supported by the findings of Partap et al, who 

undertook a prospective cohort study of nulliparous women with a singleton 

pregnancy assessing 3892 women at 20 and 28 weeks gestation using 

ultrasound.  2.5% of women underwent a spontaneous PTB.  It was noted that 

slow growth velocity of the femur was associated with an increased risk of 

spontaneous PTB.(18) 

 

Lung:body volume ratios  

Lung:body volumes were created in order to standardize for fetal size.  The 

lung:body volume ratio was consistent across gestation in the control group.  

In fetuses that delivered <32 weeks, lung:body volume ratios were 

significantly lower than in fetuses that delivered >37 weeks gestation.  This 

finding was consistent in fetuses with both ruptured and intact membranes.  

Low values of both lung volume and lung:body volume ratio appeared 

predictive of preterm delivery with the gestation adjusted centile being 

superior. 

 

Lung:body volume ratios have also been derived using MRI to investigate 

fetuses with congenital diaphragmatic hernia,(19).  Although 44 normal 

fetuses were assessed the normative data was not explicitly reported in their 

paper.    No studies have previously used lung:body volume ratios to 

investigate fetuses that deliver preterm.  

 

Although a major determinant of lung volume will be amniotic fluid volume, we 

have also demonstrated that fetuses that have intact membranes that deliver 
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fetuses that delivered <32 weeks gestation and those who delivered >37 

weeks gestation.  The line of best fit and 95% confidence interval is 

given for the control group. 
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Characteristic Preterm cohort (n=14) Term cohort (n=56) P 
Maternal  age, y 
Mean (SD) 
Range 

 
35 (5.7) 
28-45 

 
33 (4.7) 
20-42 

 
0.26 

BMI, kg/m2 
Mean ± SD 
Range 

 
23.5 (2.9) 
21-29 

 
23.3 (4.7) 
20-42 

 
0.67 

Ethnicity n (%) 
White 
Black 
South Asian 
East Asian 
Other 

 
6 (43) 
3 (21) 
3 (21) 
1 (7) 
1 (7) 

 
48 (85) 
1 (2) 
1 (2)  
1 (2)  
5 (9) 

 
<0.001 

Parity n (%) 
0 
1 
2 
3 
4 

 
8 (57) 
3 (23) 
1 (8) 
1 (8) 
1 (8) 

 
37 (66) 
16 (29) 
3 (5) 
0 
0 

 
0.01 

GA at MRI, wk 
Mean (SD) 
Range 

 
27.2 (3.3) 
20.6-31.4 

 
25.4 (2.5) 
20.7-31.9 

 
0.09 

GA at birth, wk 
Mean (SD) 
Range 

 
29.2 (2.6) 
22-31.9 

 
40 (1.2) 
37.3-42.1 

 
<0.001 

Birthweight, g 
Mean (SD) 
Range 

 
1353 (330) 
770-1875 

 
3429 (489) 
2200-4560 

 
<0.001 

Birthweight Centile of 
Livebirths 
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0-3 
3-10 
10-25 
25-50 
50-75 
75-90 
90-97 
97-100 

0 
0 
2 (15) 
4 (31) 
5 (38) 
0 
2 (15) 
0 

3 (5) 
4 (7) 
8 (14) 
10 (18) 
19 (34) 
7 (13) 
4 (7) 
1 (2) 

0.49 

Sex of Infant n (%) 
Female  
Male 
Undetermined 

 
7 (50) 
6 (43) 
1 (7) 

 
35 (63) 
21 (38) 
0 

 
0.25 

Outcome n (%) 
Live to discharge 
Neonatal/intrapartum 
death 

 
13 (93) 
1 (7) 

 
56 (100) 

 
0.2 

 

Table 1: Clinical Characteristics of the Cohort (t-test used for analysis 

where data was continuous and Chi-squared where data categorical) 
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Variable Term Cohort  
Mean (SD)  
(n=56) 

Preterm Cohort  
Mean (SD)  
(n=14) 

Difference in Preterm Cohort 
(95% CI) 
 

P 

Lung Volume, mm3 34700 (17000)  
 

31000 (13300) -13300 (-18500 to -8100) <0.001 

Body Volume, mm3 8235300 (725000)  929500 (396300) -136300 (-208300 to -64400) <0.001 
Lung:Body Volume 
Ratio 

0.042 (0.006) 0.034 (0.006) -0.008 (-.0.12 to -0.004) <0.001 

 

Table 2: of MRI parameters of fetal MRIs controlling for the effect of 

gestational age at MRI scan by linear regression.  
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