King’s Research Portal
DOI:
10.1038/s41390-019-0717-9
Document Version
Peer reviewed version
Link to publication record in King's Research Portal

Citation for published version (APA):
Story, L., Zhang, T., Steinweg, J. K., Hutter, J., Matthew, J., Dassios, T., Seed, P. T., Pasupathy, D., Allsop, J.,
Hajnal, J. V., Greenough, A., Shennan, A. H., & Rutherford, M. (2020). Foetal lung volumes in pregnant women
who deliver very preterm: a pilot study. Pediatric Research, 87, 1066–1071. https://doi.org/10.1038/s41390-0190717-9

Citing this paper
Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volume/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.
General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.
•Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
•You may not further distribute the material or use it for any profit-making activity or commercial gain
•You may freely distribute the URL identifying the publication in the Research Portal
Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.

Download date: 08. Jan. 2023

Fetal Lung Volumes in Pregnancies that Deliver Very Preterm: a
Pilot Study
Cite this article as: Lisa Story, Tong Zhang, Johannes K Steinweg, Jana Hutter, Jacqueline Matthew,
Dassios Theodore, Paul T Seed, Dharmintra Pasupathy, Joanna Allsop, Joseph V Hajnal, Anne
Greenough, Andrew H Shennan and Mary Rutherford, Fetal Lung Volumes in Pregnancies that Deliver
Very Preterm: a Pilot Study, Pediatric Research doi:10.1038/s41390-019-0717-9
This Author Accepted Manuscript is a PDF file of an unedited peer-reviewed manuscript that has been
accepted for publication but has not been copyedited or corrected. The official version of record that is
published in the journal is kept up to date and so may therefore differ from this version.
Terms of use and reuse: academic research for non-commercial purposes, see here for full terms.
https://www.nature.com/authors/policies/license.html#AAMtermsV1

©

2019 Macmillan Publishers Limited, part of Springer Nature.

Fetal Lung Volumes in Pregnancies that Deliver Very Preterm: a Pilot
Study

Lisa Story1*, Tong Zhang2, Johannes K Steinweg2, Jana Hutter2, Jacqueline
Matthew 2, Dassios Theodore1, Mr Paul T Seed1, Dharmintra Pasupathy1,
Joanna Allsop2, Joseph V Hajnal2, Anne Greenough1, Andrew H Shennan1,
Mary Rutherford2.

1 Department of Women and Children’s Health, King’s College London, UK
2 Department of Perinatal Health and Imaging, King’s College London, UK

Corresponding Author:
Dr Lisa Story
Department of Women and Children’s Health
St Thomas’ Hospital
London
SE1 7EH
E-mail: lisa.story@kcl.ac.uk
Telephone: +44 (0) 20 7188 7118 x53618

Statement of Financial Support:
This work was supported by: the Wellcome Trust IEH Award (102431), the
iFIND project, Engineering and Physical Sciences Research Council, the
National Institute for Health Research, Medical Research Council, Tommy’s

1
©

2019 Macmillan Publishers Limited, part of Springer Nature.

and the Biomedical Research Centre at Guy’s and St Thomas’ NHS
Foundation Trust.

Disclosures Statement:
AS is chief investigator on a number of trials funded by NIHR and charity
sources related to preterm birth prediction and prevention.

Hologic,

Biomedical and Qiagen have provided samples for these studies. Hologic
have provided funding (paid to the institution) to evaluate technical
performance of their samples.

No other disclosures.

Category of Study:
Clinical Research Article.

Contributions
Dr LS and MR devised the study. LS recruited patients, analysed the data
with the assistance PS, and wrote the manuscript.

JA was the research

radiographer who acquired the MRI images of the preterm cohort.

TZ

developed the techniques used for lung segmentation and images and
protocols were optimised by Dr JH and Prof JH.
calculation of body volumes.

JM assisted with the

DP, TD, AG and AS assisted with data

interpretation and writing of the manuscript. JS assisted in the collection of
neonatal outcome data.

2
©

2019 Macmillan Publishers Limited, part of Springer Nature.

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.

4
©

2019 Macmillan Publishers Limited, part of Springer Nature.

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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Methods
Mothers of fetuses at high-risk of PTB were prospectively recruited from the
antenatal ward and the Preterm Surveillance Clinic at St Thomas’ Hospital
London between December 2015 and October 2017.

Inclusion criteria were: GA 20-32 weeks, high-risk of PTB encompassing
either asymptomatic women with either a history of previous PTB, late
miscarriage>16 weeks or cervical surgery with a >50% risk of PTB in the next
two weeks (based on an algorithm derived from quantitative cervico-vaginal
fibronectin and cervical length(7)) or PPROM. Exclusion criteria were: fetuses
known to have structural or chromosomal abnormalities, multiple pregnancies,
active labour, inability to give informed consent, pregnancy complications
such as pre-eclampsia or gestational diabetes, contraindications to MRI such
as claustrophobia or a recently sited metallic implant.

Following assessment of eligibility, women were invited to participate and
written consent obtained.

Fetal MRI was performed using a 1.5T Philips

Ingenia MRI System (Philips Medical systems, Best, the Netherlands) with a
32-channel cardiac coil placed around the mother’s abdomen. Imaging of the
fetal trunk was performed using T2 weighted single shot turbo spin echo
(ssTSE), acquired in three orthogonal planes using the following scanning
parameters: TR=25991 ms, TE=80ms, slice thickness 2.5mm, slice overlap
1.25 mm and flip angle=90o. In addition T2 weighted ssTSE images were
acquired (using a larger slice thickness/lower resolution) to provide coverage
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of the whole uterus, again in three orthogonal planes. Two subjects were
imaged at 3T on a Philips Achieva system using otherwise similar procedures.

To obtain volumetric data of the lungs, for each subject, all available T2
weighted ssTSE stacks covering the fetal thorax, which were typically
corrupted by fetal movement between individual slices, were motion corrected
and combined to produce a single 3D volumetric image, using slice to volume
reconstruction (SVR).(8, 9).

Normal anatomical atlases were derived from the volumetric reconstructions
of 25 previously imaged normal subjects (20+1-31+6 weeks GA). A mask was
initially placed over the fetal thorax and then lung volumes were manually
segmented for each of these normal subjects from the SVR image using ITK
SNAP (version 2.2.0)(10).

Lung segmentation was then performed automatically on the study fetuses
using the age appropriate atlases as follows: eight age matched atlas subjects
were selected and each was first affine registered to the study fetus
segmented target image to achieve a global pose alignment(10). Free form
deformation (FFD) based non-linear registration with control points spaced at
3 mm intervals was used to estimate the local deformations. After registration
the atlas segments were transformed to the target subject using linear
interpolation and a final segmentation was determined by ‘majority vote’.(10).
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Segmentation of the fetal body and amniotic fluid was performed using the
uterine ssFSE images using ITK-SNAP (version 2.2.0) in a two-step process.
In each case a rough automatic segmentation of the body was obtained
based on image contrast while utilizing user-defined thresholds. Editing was
then performed manually. Intra and inter-observer variability had previously
been confirmed (intraclass correlation co-efficient

(ICC) intra-observer

variability 0.85 and inter-observer ICC 0.971). Lung: body volumes were then
calculated.

A control group was identified from the intelligent fetal imaging and diagnosis
project (www.iFINDproject.com). This is a study conducted at King’s College
London which aims to improve fetal ultrasound imaging through automated
image processing.

Part of this study combines conventional ultrasound

imaging with more detailed MRI scans to build a comprehensive map of fetal
anatomy to use for computer assisted diagnosis of fetal anomalies. Cases
were selected from low risk pregnancies where the MRI was performed
between 20+0 and 32+0 weeks gestation and delivery occurred >37 weeks. All
fetuses underwent the same imaging sequences and reconstruction as
described above.

Details of maternal demographics, timing of steroid administration, delivery
and neonatal parameters were collected including: gestation at delivery, sex
of infant, birthweight, birthweight centile, neonatal unit admission, number of
days of invasive ventilation, Continuous Positive Airway Pressure (CPAP),
and need for supplemental oxygen.
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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
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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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Body Volumes
Our study has demonstrated that fetuses that delivered preterm were globally
smaller, on antenatal MRI imaging, however there was no statistical difference
in the birthweight centile between fetuses that delivered preterm and those
that delivered at term.

There has been discussion as to whether reference centiles for preterm
babies should be based on ‘typical’ preterm infants, or on healthy growing
fetuses that will be delivered at term.

The World Health Organisation

birthweight centiles(14, 15) (used to evaluate birthweight centiles in this study)
and the INTERGROWTH centiles(16) both use information from ‘typical’
preterm deliveries. Gardosi’s customized birthweight centiles, as well as
adjusting for maternal and neonatal features, use healthy term deliveries for
their reference sample and then extrapolate backwards for earlier
gestations.(17)

This study, and other studies using MRI scanning for fetal volume, allows
direction measurement of body volume in fetuses who later delivered both
term and preterm. Using volume as a proxy for weight, our results contribute
to the discussion on fetal reference standards noted above. Unfortunately,
due to the limitations of data capture in this study it was not possible to
calculate customized birthweight centiles, however, if our results are
confirmed, in a larger more ethnically representative sample, they would imply
that the factors that drive spontaneous PTB may have a detrimental effect on
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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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prior to 32 weeks of gestation also have a reduction in lung:body volume
ratios. We hypothesize that this may be due to cytokines implicated in the
aetiology

of

PTB

also

affecting

pulmonary

development.

Infection/inflammation is reported to be associated in pathways mediating
PTB(20), common even with intact membranes. Fetal membranes express
immune sensors and mount a response to microbial products with
inflammatory activation(21), which can include cytokines that promote
neutrophil and monocyte infiltration.(22) Elevated levels of interleukin (IL)1-β
and IL-8 have been reported in umbilical cord blood of neonates delivered
with evidence of the fetal inflammatory response.(23) 83% percent of cases
that

delivered

preterm

in

this

study

had

histological

evidence

of

chorioamnionitis, where histology was available, post delivery.

Although a number of studies have demonstrated that exposure to intraamniotic infection is protective for the development of RDS,(24) the
relationship between BPD and antenatal infection/inflammation is less well
defined. In PTB normal pulmonary development is disrupted.(25) Pathology
specimens of infants with BPD demonstrate a decreased number of alveoli
which are larger and more simplified in structure and blunted pulmonary
microvascular growth.(26) Intrauterine infection has been shown to spread to
the lung causing injury and remodeling in a sheep model(27) resulting in
persistent changes in lung morphometry(28) and vascular development.(29,
30). It is therefore possible that these pathological processes are affecting
fetal lung development.
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Numbers in this study are currently small, however no strong correlations
were observed between antenatal lung:body volume ratios and short-term
neonatal respiratory outcomes. Further studies will therefore be warranted to
explore this association, increasing the sample size to confirm the findings
and taking into account the multiple confounding factors perinatally well as the
varying times between the antenatal MRI and delivery.

The association

between markers of infection/inflammation both in maternal samples,
umbilical cord blood and neonatal samples with imaging findings will also
need further exploration.

Conclusions
Although it should be noted that numbers in this study are small to date it
does appear that antenatal lung and body volumes are smaller in fetuses that
subsequently deliver preterm. In the future, more work is warranted to see if
these findings are reproducible in a larger group of fetuses. If this is the case
the findings are novel and may suggest an antenatal aetiology of insult. This
knowledge may facilitate individualization of postnatal treatment plans and
provide a possible focus for future preventive therapies.
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Figure 1: Normal ranges and 3, 10, 50, 90 and 97th centiles for MRI
derived (a) lung volumes and (b) lung:body volume ratios between 20
and 32 weeks gestation obtained from a 1.5T MRI scanner.
The expected mean lung volume (cm3), Z-score and gestation-adjusted
centile at a given gestational age (GA) were estimated:
m = -447.4 x ga +233.5 x log_e(ga) + 576
SD = 0.1821 x expected mean
Z score for any individual fetus = (measured lung volume – m)/SD
The expected lung: body volume ratio was estimated, with no detectable
variation of healthy lung:body volume ratios with gestational age:
m = 0.0419881, SD = 0.0062148
Z score for any individual fetus = (measured lung volume – m)/SD
The expected lung: body volume ratio was estimated, with no detectable
variation of healthy lung:body volume ratios with gestational age:
m = 0.0419881, SD = 0.0062148
Z score for any individual fetus = (measured lung volume – m)/SD

Figure 2: ROC curve of prediction of prematurity from antenatal MRI
scans: lung volume, gestation adjusted centile and lung:body volume
ratio.

Figure 3: Graphs illustrating the relationship between gestation at MRI
and (a) lung volume (b) body volume and (c) lung: body volume ratio in

22
©

2019 Macmillan Publishers Limited, part of Springer Nature.

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
Maternal age, y
Mean (SD)
Range
BMI, kg/m2
Mean ± SD
Range
Ethnicity n (%)
White
Black
South Asian
East Asian
Other
Parity n (%)
0
1
2
3
4
GA at MRI, wk
Mean (SD)
Range
GA at birth, wk
Mean (SD)
Range
Birthweight, g
Mean (SD)
Range
Birthweight
Centile
Livebirths

Preterm cohort (n=14)

Term cohort (n=56)

P

35 (5.7)
28-45

33 (4.7)
20-42

0.26

23.5 (2.9)
21-29

23.3 (4.7)
20-42

0.67

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

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

<0.001

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

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

0.01

27.2 (3.3)
20.6-31.4

25.4 (2.5)
20.7-31.9

0.09

29.2 (2.6)
22-31.9

40 (1.2)
37.3-42.1

<0.001

1353 (330)
770-1875

3429 (489)
2200-4560

<0.001

of

24
©

2019 Macmillan Publishers Limited, part of Springer Nature.

0-3
3-10
10-25
25-50
50-75
75-90
90-97
97-100
Sex of Infant n (%)
Female
Male
Undetermined
Outcome n (%)
Live to discharge
Neonatal/intrapartum
death

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

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

35 (63)
21 (38)
0

0.25

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

Lung Volume, mm

3

3

Body Volume, mm
Lung:Body
Volume
Ratio

Term Cohort
Mean (SD)
(n=56)
34700 (17000)

Preterm Cohort
Mean (SD)
(n=14)
31000 (13300)

Difference in Preterm Cohort
(95% CI)

P

-13300 (-18500 to -8100)

<0.001

8235300 (725000)
0.042 (0.006)

929500 (396300)
0.034 (0.006)

-136300 (-208300 to -64400)
-0.008 (-.0.12 to -0.004)

<0.001
<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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