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Purpose: To analyze the correlation and agreement between three dimensional (3D) US
and MRI in the assessment of pulmonary volumes of fetuses with different types of urinary
tract malformations (UTM) and high-risk of pulmonary hypoplasia (PH).
Patients and methods: Thirty-nine fetuses with various UTM, at risk for PH were involved in
this cross-sectional study. 3D volume US data sets of the fetal lungs were acquired. The
right, left and total lung volumes were calculated separately using the virtual organ
computer-aided analysis (VOCAL) method with a 30� rotation. MRI of fetal lung was
obtained with assessment of signal intensity and lung volumetry. Comparison between
mean lung volumes was performed using unpaired t test. Agreement between the 3D-US
and MRI methods was done using Cohen kappa test.
Results: Good agreement was detected between the two methods (Kappa = 0.629,
p = 0.001). The measured lung volumes by 3D-US were smaller than those measured by
MRI (p > 0.05, non-significant). MRI showed greater specificity, PPV and diagnostic accu-
racy (100% each) than 3D-US (50%, 88.9% and 90% respectively).
Conclusion: There is a good concordance between 3D-US and MRI in the evaluation of PH in
fetuses with UTM. MRI could be reserved for borderline cases of pulmonary hypoplasia and
the difficult diagnostic situations.
� 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by
Elsevier. This is an open access article under the CC BY-NC-ND license (http://creativecom-

mons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Pulmonary hypoplasia (PH) is defined as a reduction in
the number of cells, airways, and alveoli in the lung that
results in a decrease in the size and weight of the lung
and characteristically causes severe respiratory failure that
leads to neonatal death [1].

One of the main causes of PH is oligohydramnios due to
prolonged rupture of membranes and urinary tract malfor-
mations (UTMs) [2]. A fatal outcome is commonest with
bilateral renal agenesis and bladder outlet obstruction,
but also occurs with bilateral renal dysplasia/hypoplasia
and multicystic kidney [3].

The data suggest that the kidneys are important in early
lung growth, while the presence of amniotic fluid con-
tributes to growth later in gestation. Many studies have
shown poor outcome and low survival in fetuses with
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oligohydramnios, especially when prolonged, developing
before 26–28 weeks of gestation [4].

Accurate antenatal and neonatal diagnosis of PH pro-
vides an option for parents counseling and probability of
pregnancy termination [5].

However prenatal diagnosis of PH is a major clinical
challenge [6,7]. Since it is due to reduction in size and
weight of the lungs, the volumetric lung evaluation seems
to be an accurate form of predicting this condition [8].
Three-dimensional 3D-US provides a simple and inexpen-
sive tool for lung volume calculation, in addition to rota-
tional measurements of volume which is possible
through the introduction of a software tool called Virtual
Organ Computer-aided Analysis (VOCAL) [9].

While this technique allows access to all possible views
and accurate determination of organ volume, it may be
affected by fluid volume or maternal obesity and fetal posi-
tion [10].

Several studies in the last years have demonstrated that
it is possible to estimate the fetal lung volume in utero
through magnetic resonance imaging (MRI) [11–13]. Fetal
MRI offers operator-independent imaging in a number of
different planes, with excellent soft tissue contrast and a
large field of view. Furthermore, it is less affected by
maternal habitus, fetal position, or low levels of amniotic
fluid [14,15].

The aim of this work was to evaluate the concordance
between 3D-US and MRI in the assessment of lung volume
in fetuses with urinary tract malformations. Furthermore
we wanted to investigate whether the two methods can
be used interchangeably in fetuses at high risk of PH. Con-
ditions in which it would be useful to use MRI as an
adjunct or complementary method to US were highlighted.
2. Patients and methods

2.1. Patients

Various fetal urinary tract anomalies were evaluated in
39 singleton pregnancies between January 2013 and Jan-
uary 2015. The institutional review board approved this
cross-sectional study.

Patients were recruited during their regular antenatal
care referred from the Gynecology and Obstetrics depart-
ment after performing their routine antenatal 2D-US. Ges-
tational age was established by menstrual dates and
confirmed by routine fetal biometry (biparietal diameter,
head circumference, abdominal circumference, femoral
diaphysis length), as well as transverse cerebellar
diameter.

Inclusion criteria were single living fetus with a gesta-
tional age ranging from 20 to 36 weeks by conventional
menstrual dating (last menstrual period). Amniotic fluid
index (AFI), fetal position and detailed fetal anatomy were
assessed. On the basis of the patient’s medical history, clin-
ical status and the sonographic findings of unilateral or
bilateral urinary tract malformations that are commonly
detected (e.g. bilateral infantile polycystic kidney disease,
multicystic dysplastic kidney/s, renal agenesis and poste-
rior urethral valve), associated with an oligohydramnios,
included fetuses were those at high risk for pulmonary
hypoplasia.

We excluded twin pregnancies, fetuses with skeletal
anomalies associated with narrow chest or congenital
abnormalities affecting the lungs. We also excluded preg-
nant women non-eligible for MRI examination (due to
claustrophobia or presence of pace makers).

Patients ranged in age from 18 to 35 years with a mean
of 25.8 years ± 4.53 (mean ± SD).
2.2. Imaging protocol

⁄US examination was performed using Voluson 730D
3D-US system (kretztechnik AG, Zipf, Austria). A transab-
dominal convex array volume transducer with frequency
range 3.0–5.0 MHz was employed for 2D-US and to acquire
the 3D volume data set.

The following parameters were assessed in each fetus:

– Fetal biometry, position, viability and biophysical
profile.

– The amount of amniotic fluid was calculated using four
quadrants amniotic fluid index, the reference values
proposed by Moore and Cayle [16].

– Lung assessment by 2D-US including lung echogenicity.
– 3D-US volumetry using VOCAL technique. Harmonic
imaging was used to obtain a better contrast between
the lungs and abdominal organs. The slowest scan dura-
tion was adjusted to obtain the best resolution. Inter-
section of the 4 cardiac chambers was used as the
reference plane for volumetric lung assessment. A
sweep angle of 40–85� was used, depending on gesta-
tional age at the time of the test. A sequence of six sec-
tions of each lung around a fixed axis was obtained,
from the apex to the base, each after a 30� rotation from
the previous section. A transverse section of the fetal
thorax was chosen and each volume was measured
using the rotational technique, outlining the contour
of the lung 6 times. Right and left lung volumes were
obtained for each fetus. Total fetal lung volume was cal-
culated by adding the mean volume of both lungs. The
calculated lung volumes were compared to established
nomograms published by Ruano et al. [17].

– Color Doppler was selected to assess vascularity in
selected cases.
� MRI examination was done within one week from

the US examination. The patients were instructed
to fast 4 h prior to the examination to reduce bowel
peristalsis artifacts, to prevent postprandial fetal
motion and to empty their bladder immediately
before undergoing MRI. Sedation was not needed.

MR imaging was performed with 2 MRI machines: A
1.5-T magnet (Vision; Philips Gyroscan Intera and
Achieva); both equipped with a phased-array pelvic coil.
Patients lied in the supine position. After a scout acquisi-
tion, a series of fetal images in the axial, sagittal, and coro-
nal planes were obtained including the following:
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– T2 weighted images using a single-shot rapid acquisi-
tion and relaxation enhancement sequence, with a rep-
etition time of 100–140 ms, an effective echo time of
90 ms, and amatrix of 256 � 160–256. Section thickness
and intersection gap were 4–6 and 0 mm respectively
and 30–35 cm field of view (FOV).

– Fast gradient-echo sequence, (balanced FFE) with TR/TE
of 3.5/1.8, flip angle 60� and single shot turbo spin echo
sequences with TR/TE of 1000/80 and matrix of
200 � 240, slice thickness and intersection gap of 4–
6 mm and 0 respectively and 30–35 cm FOV.

MRI examination took from 10 to 20 min and was
well tolerated by all patients. Image quality was diagnos-
tically satisfactory in all patients, and fetal movements
did not alter image quality, although no maternal seda-
tion was used. Lung volume was calculated by selecting
the single-shot sequence that allowed complete imaging
of both lungs without motion or section misregistration
artifact. The cross-sectional area of each lung section
was measured on a workstation (Philips View Forum
7.2.0.1) by free form region of interest (ROI) tool. The
area was multiplied by section thickness and intersection
gap to determine the volume for that section (N.B: we
used 0 intersection gap so it was omitted from the calcu-
lation). The volumes for all sections were then added to
determine the volume of the entire lung. The calculation
was repeated for the contralateral lung, and the volumes
of both lungs were combined to determine the total lung
volume. The calculated lung volumes were compared to
established nomograms as published by Cannie et al.
[18].

Lung signal intensity on T2WIs was also used to assess
lung maturity through comparing it to the amniotic fluid,
and surrounding muscles. It was considered normal if sim-
ilar to or slightly less than the amniotic fluid signal
(according to gestational age) and abnormal when
approaching surrounding muscle signal.

For pregnancies completed to term, diagnosis of pul-
monary hypoplasia was ascertained by clinical and radio-
logical criteria that were our reference standard.

Clinical criteria were categorized as follows: good post-
natal respiratory outcome with no respiratory distress that
did not require endotracheal intubation and mechanical
ventilation, or poor respiratory outcome, with the immedi-
ate onset of severe respiratory insufficiency after birth,
small lung capacity, resulting in neonatal death or a
requirement for high ventilatory pressure in the absence
of an obstruction or atelectasis.

Radiological criteria were defined via post-natal imag-
ing using US for diagnosis of renal anomalies. In case asso-
ciated CNS anomalies (e.g. Meckel–Gruber syndrome) were
suspected MRI was done and chest X-ray was done for con-
firmation of pulmonary hypoplasia in surviving fetuses.
Imaging features of perinatal lethal pulmonary hypoplasia
included small lung fields with diaphragmatic domes
raised up to the 7th rib, downward-sloping, a bell-shaped
chest, and/or pneumothorax or pneumomediastinum.

There were 9 terminated pregnancies (beyond
24 weeks) due to lethal anomalies.
2.3. Statistical analysis

Statistical Package for the Social Science (SPSS Inc., Chi-
cago, IL, USA) version 15 for Microsoft Windows computer
program was used for data analysis. Maternal age and ges-
tational ages were presented as means, standard deviation
(SD), minimum and maximum values. Comparison
between lung volume variables in the two groups was per-
formed using unpaired t test. Agreement between the US
and MRI techniques was done using kappa test. Z score
was then calculated to test statistical significance. P values
less or equal to 0.05 were considered significant and less
than 0.01 highly significant. Standard diagnostic indices
including sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and diagnostic accu-
racy were calculated for 3D-US and for MRI.

3. Results

Fetuses included in the study presented with a gesta-
tional age ranging from 20 to 36 weeks by conventional
menstrual dating (last menstrual period) (mean
28.8 weeks ± 4.24) and from 21 to 34 by average US date
(mean 28.5 ± 3.99).

The studied group presented with various UTM ranging
from cases with good prognosis to lethal ones, such as
bilateral renal agenesis (Fig. 1).

3.1. Neonatal outcome

Pregnancy was terminated (beyond 24 weeks) in 9
(23.1%) cases due to lethal anomalies, 15 (38.5%) died
shortly after birth due to severe respiratory distress, 9
(23.1%) cases required mechanical ventilation and 6
(15.3%) had good respiratory outcome.

3.2. Lung volume

The total lung volume as measured by 3D-US and MRI
in different gestational ages of the studied population is
shown in Fig. 2.

Hypoplastic lungs were hypoechoic on 3D-US and eli-
cited low T2 signal intensity on MRI approaching the sur-
rounding muscles signal (Fig. 3).

The measured lung volumes by 3D-US were smaller
than those measured by MRI however with non-
significant p value (p > 0.05).

Table 1 and Fig. 4 demonstrate the different mean val-
ues of right, left and total lung volumes as measured by
3D-US and MRI in the studied population.

3.3. Agreement between 3D-US and MRI

US suggested PH in 36 (93.3%) out of the 39 studied
fetuses, while MRI suggested 33 (84.6%) cases with PH.
US and MRI disagreed on 3 cases: in those 3 (7.7%) cases,
MRI provided accurate estimation of normal lung volume
(true negative) while US diagnosed bilateral PH (false pos-
itive) (Fig. 5). The agreement between 3D-US and MRI, as
regards a diagnosis of PH was obtained in 33 out of the



Fig. 1. Twenty-six-week fetus with bilateral renal agenesis, situs inversus total and pulmonary hypoplasia. (a) Color Doppler 2D-US shows absent kidneys.
(b) 3D-US measuring right and left lung volumes using VOCAL technique, displays hypoplastic lungs with total volume = 6.98 ml (normal for age = 23–
37 ml). (c) Coronal MRI single shot FSE T2 images of fetal chest and upper abdomen show reduced signal intensity of both lungs approaching that of
surrounding muscles. The total lung volume is 15 ml (normal for age = 23.6–37.5 ml). (d) Axial MRI T2 images of the fetal abdomen show absent kidneys.
The newborn died shortly after birth.
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Fig. 1 (continued)

Fig. 2. Diagram presenting the correlation between total lung volume and gestational age measured by MRI and 3D-US in the studied population.
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39 studied fetuses. Finally 3 (7.7%) cases with unilateral
multicystic dysplastic kidney showed normal lung volume
on both US and MRI.

The strength of agreement between the two methods in
establishing a diagnosis of PH was considered to be good
(substantial) (Kappa = 0.629, 95% Confidence Interval ran-
ged from 0.254 to 1.000). The standard error of Kappa
was SE = 0.191. Z score to test the statistical significance
of kappa was 3.293. P value was 0.0010 which is therefore
extremely statistically significant.

3.4. Neonatal outcome agreement with 3D-US and MRI
respectively regarding PH

� 3D-US, MRI and post-natal outcome (clinical
examination/post-natal US) agreed on 24 (61.5%) cases
to have PH.
� There were 3 (7.7%) cases of disagreement between
neonatal outcome and 3D-US, two cases of bilateral
infantile polycystic kidneys and one case that presented
with bilateral hydronephrosis and hydroureter aswell as
distended urinary bladder (diagnosed with posterior
urethral valve (PUV)). All showed bilateral lung hypopla-
sia by US and normal post-natal respiratory outcome
with no clinical evidence of PH. They also had normal
lung volume by MRI.

� There was agreement between 3D-US, MRI and post-
natal outcome in another 3 (7.7%) cases of unilateral
multicystic dysplastic kidney that presented with nor-
mal lung volumes.

� In nine (23.1%) cases, agreement between prenatal radi-
ologyandpost-natal outcomecouldnotbe evaluateddue
to termination of pregnancy. Final evaluation was based
on radiological and clinical criteria of lung maturity.



Fig. 3. Thirty-week fetus with bilateral multicystic dysplastic kidneys and pulmonary hypoplasia. (a) 3D-US measuring right lung volume (6.9 ml) and (b)
3D-US measuring left lung volume (5.6 ml) using VOCAL technique, display hypoplastic lungs with total volume = 12.5 ml (normal for age = 40–64 ml). (c)
Coronal MRI single shot FSE T2 images of fetal chest and upper abdomen show reduced signal intensity of both lungs approaching that of surrounding
muscles. The total lung volume is 16.9 ml (normal for age = 45 ml). Bilateral enlarged kidneys with bright signal and multiple variable sized cysts are seen.
Severe respiratory distress led to death shortly after birth.

Table 1
Comparison between mean values of right, left and total lung volumes
measured by 3D-US and MRI. Data are expressed as mean ± SD.
NS = p > 0.05 = non-significant.

Right lung
volume

Left lung
volume

Total lung
volume

3D-US 11.3 ± 9.5 9.38 ± 7.5 20.68 ± 17
MRI 12.95 ± 10.7 11.89 ± 9.1 24.99 ± 19.6
Mean

difference
1.65 2.51 4.31

p Value 0.47 (NS) 0.19 (NS) 0.30 (NS)

Fig. 4. Bar chart showing comparison between mean value of ri
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Based on our reference standards, MRI predicted the
correct diagnosis and showed normal lung volumes in 3
cases that were wrongly diagnosed as PH by 3D-US (3 false
positive).

Relying on the previous findings, the diagnostic indices
of 3D-US and MRI regarding the diagnosis of PH are calcu-
lated (we used only the 30 cases that completed preg-
nancy, to assess fetal respiratory outcome). MRI showed
greater specificity, PPV and diagnostic accuracy (100%
each) than 3D-US (50%, 88.9% and 90% respectively) in
ght, left and total lung volume measured by US and MRI.



Fig. 5. Thirty-two-week fetus with bilateral infantile polycystic kidneys. (a) 2D-US shows bilateral large echogenic kidneys (arrows). (b) 3D-US that shows
measurements of the right lung volume and (c) 3D-US measuring left lung volume using VOCAL technique, displays hypoplastic lungs with total
volume = 38.94 ml (normal for age = 49–76 ml). (c) Coronal MRI single shot FSE T2 images of fetal chest and upper abdomen show large hyperintense
kidneys. Lungs show total volume = 73.5 ml (normal for age = 60–75 ml) and normal T2 signal intensity as well. Normal respiratory outcome at birth, no
pulmonary hypoplasia but the infant died at 6 months due to renal failure.
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Fig. 5 (continued)
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the diagnosis of pulmonary hypoplasia in the studied
group. They had similar sensitivity and NPV (100% each).

3.5. Agreement between 3D-US and MRI in diagnosing urinary
tract anomalies

Both 3D-US and MRI diagnosed similar urinary tract
anomalies in 35 (89.7%) out of 39 patients. MRI added
extra-urinary finding of occipital encephalocele in one case
(Fig. 6) and changed the diagnosis in 3 cases (Table 2).

There was an appreciable association between urinary
tract abnormalities and PH, as among 39 cases suffering
from UTM, 33 (84.6%) had associated PH and 6 (15.4%)
had normal lung volumes on MRI volumetry (Fig. 5). The
studied group presented with various UTM ranging from
cases with good prognosis to lethal ones, such as bilateral
renal agenesis.

Table 3 shows the association between urinary tract
anomalies and PH by MRI in the studied group.
4. Discussion

Antenatal prediction of the severity of lung hypoplasia
remains a challenging issue in maternal-fetal medicine.
Infants with pulmonary hypoplasia (PH) require intensive
monitoring and care immediately after birth. Accurate pre-
natal quantification of PH can help in the choice of man-
agement options, including termination of pregnancy,
planned delivery with intensive monitoring, post-natal
therapy, and fetal surgery [19].

This study included 39 fetuses with various types of
UTM, ranging from cases with good prognosis to lethal
ones, such as bilateral renal agenesis. All cases presented
with either anhydramnios or oligohydramnios. Thirty-
three (84.6%) cases had associated PH and only six cases
(15.4%) had normal lung volumes. This is comparable with
the literature findings. In the study conducted by Junior
et al., five fetuses with urinary malformations had devel-
oped pulmonary hypoplasia, four of them had severe oligo-
hydramnios (AFI = 0) and one case had normal AFI [2]. On
the other hand seven fetuses, also with urinary anomalies
had normal lung volumes as well as normal amniotic fluid
volume. In a study conducted by Rezende et al., most of the
fetuses with lethal pulmonary hypoplasia (18/47) were
affected by renal and UTM [7].

3D-US has been described as the screening imaging
modality of choice that can provide accurate visualization
of the anatomy of the fetus and uterus. Yet, optimal 3D-



Fig. 6. Twenty-eight-week fetus with Meckel–Gruber syndrome and pulmonary hypoplasia. (a) 2D-US shows bilateral large echogenic kidneys diagnostic of
bilateral infantile polycystic kidneys. (b) 2D-US shows a large posterior fossa cyst (Dandy-Walker malformation). (c) 3D-US measuring right lung volume
and (c) 3D-US measuring left lung volume using VOCAL technique, display hypoplastic lungs with total volume = 21.64 ml (normal for age = 31–50 ml). (c)
Coronal single shot MRI FSE T2 images of fetal brain, chest and upper abdomen show large posterior fossa cyst communicating with the 4th ventricle, large
hyperintense kidneys. The lungs depict a lower than normal signal close to that of surrounding muscles. Total lung volume is 24.5 ml (normal for age 36.5–
56.1 ml) diagnostic of pulmonary hypoplasia. (f) Sagittal MRI single shot FSE T2 image of the fetus shows an occipital encephalocele. Termination was done
at 29 weeks.
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US resolution may not always be possible owing to fetal
position, oligohydramnios, maternal obesity, fetal cardiac
activity and fetal breathing movements. The accurate
delineation of the contour of the lung may be hampered
because of reduced differentiation between fetal lung and
liver [20].

Recently, MRI can be used to evaluate lung develop-
ment. Such evaluation includes assessment of signal inten-
sity, volumetric measurements, echoplanar imaging, and
MR spectroscopy [21].

In this study, we assessed the concordance between 3D-
US and MRI in the assessment of pulmonary volumes of
fetuses with different types of urinary tract anomalies with
associated oligohydramnios and are at risk for PH. We
chose to study this group since previous literatures consid-
ered brain pathology and only a small number of research-
ers studied the use of MRI in the assessment of
genitourinary abnormalities.

In our study we used the VOCAL3D-US method with a
30� rotation angle. Previous studies have demonstrated
that this method is more accurate than the multiplanar
method in the evaluation of irregularly shaped objects
[22].

Lung volume assessment in fetuses presented with
oligohydramnios is crucial, since there is associate consid-
erable degree of pulmonary architecture distortion. Right,
left and total lung volumes using 3D-US and MRI were
measured in all of our cases. Similarly, in a recent study,
Junior et al. were able to measure all lung volumes using
3D-US and MRI in 12 patients with UTM [2].

In a study performed by Cannie et al., the mean total
fetal lung volume measured by MRI in 36 fetuses with nor-
mal lungs was 58.29 ml. Total fetal lung volume ranged
from 10.16 ml at 18 weeks to 132.05 ml at 39 weeks [14].
In our study the mean total fetal lung volume measured
by MRI in 6 fetuses with no evidence of pulmonary hypo-
plasia was 64.53, with total lung volumes ranging from
49.3 ml at 23 weeks gestation to 67.4 ml at 35 weeks
gestation.



Fig. 6 (continued)

Table 2
Types of disagreement between US and MRI.

US findings MRI findings

Bilateral infantile polycystic
kidneys + Posterior fossa cyst
(Dandy-Walker
malformation)

MRI added finding of occipital
encephalocele

Right hydronephrosis and
hydroureter

Bilateral small multicystic
dysplastic kidneys with small
non communicating cysts

Non-visualized left kidney Cerebellar hypoplasia
diagnosing Meckel–Gruber
syndrome

Large pelvi-abdominal cyst Obstructive uropathy,
megacystis with multiple
diverticula likely due to
posterior urethral valve
Small dysplastic kidneys

Bilateral hydronephrosis and
hydroureter (vesico-ureteric
obstruction)

Bilateral hydronephrosis with
dilated extrarenal pelvis
No ureteric dilatation changing
diagnosis to pelviureteric
junction obstruction instead of
vesicoureteric obstruction

Table 3
Association between urinary tract abnormalities and lung hypoplasia by
MRI in the studied group.

Lung hypoplasia by
MRI

No Yes

Positive urinary tract anomalies (n = 39) 6 (15.4%) 33 (84.6%)
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Ruano et al. obtained a total of 146 normal lung vol-
umes by 3D-US where the right mean lung volume ranged
from 5.37 ml at 20 weeks to 46.06 ml at 37 weeks. The left
mean lung volume ranged from 4.66 ml at 20 weeks to
37.34 ml at 37 weeks. The total mean lung volume ranged
from 9.95 ml at 20 weeks to 84.35 ml at 37 weeks [17]. In
our study, US detected normal lung volumes in 3 cases
where the mean total lung volume was 62.5 ml at
35 weeks gestation.

Daltro et al. stated that lungs typically contain a signif-
icant amount of alveolar fluid, which is homogeneously
hyperintense relative to the chest wall muscle on T2-
weighted images. In cases of lung compression, the
amount of alveolar fluid is decreased, resulting in a more
hypointense signal [23]. We agreed with this as we found
all cases with pulmonary hypoplasia to show significantly
hypointense T2 signal approaching the muscles signal
while normal lungs elicited bright T2 signal like or slightly
less than the surrounding amniotic fluid. This is similarly
applied to the lung echogenicity in 3D-US, where
hypoplastic lungs were much more hypoechoic than nor-
mal lungs, conforming to findings of Schwach et al. [24].

Gerards et al. compared between the lung volume mea-
surements by MRI and 3D-US performed in uncomplicated
pregnancies. They showed high interclass correlations and
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small mean differences, where the mean difference
between right lung volumes as measured by 3D-US and
MRI was 2.13 and that of the left lung was 0.86 (non-
significant) [25].

In our study, the mean difference of the right lung vol-
ume as measured by 3D-US and MRI was 1.65 ml (p
value = 0.47, non-significant), that of the left lung was
2.51 ml (p value = 0.19, non-significant) and that of the
total lung volume was 4.31 ml (p value = 0.41, non-
significant).

Peralta et al. [9] observed that 3D-US underestimated
the fetal lung volumes when compared with MRI, and we
agreed with this observation where all measured lung vol-
umes were smaller by 3D-US than by MRI; however, this
did not alter the diagnosis except in 3 out of 39 cases rep-
resenting 7.7% (false positive cases). Junior et al. obtained
similar results, where on comparing the mean values, both
2D-US and 3D-US tended to underestimate the volumes
when compared to MRI [2].

Several reports in the literature have shown good agree-
ment between 3D-US and MRI in the estimation of fetal
lung volumes. Ruano et al. compared lung volume mea-
surements with 3D-US VOCAL technique and MRI in 11
cases of congenital diaphragmatic hernia and a good agree-
ment; intraclass correlation (ICC = 0.94) was achieved [26].
Junior et al. [2] showed a good concordance between 3D-
US and MRI in the evaluation of lung volume in fetuses
with urinary tract anomalies. There was a strong correla-
tion between lung volumes assessed through MRI, 2D-US
and 3D-US (done with VOCAL technique at different rota-
tion angles 30, 18 and 12), for both the right and left lungs.
For the right lung, the ICC was 0.909; 0.913; 0.883 for MRI
vs. VOL30; MRI vs. VOL18 and MRI vs. VOL12 respectively.
As for the left lung they were 0.924; 0.947; and 0.940
respectively. In our study we also showed good agreement
between the two techniques proved by Cohen Kappa,
which was 0.629 (p = 0.0010, extremely statistically
significant).

Cannie et al. stated that superior tissue contrast, a large
field of view and relative operator independence enable
fetal MRI to provide information that can supplement the
information obtained by prenatal US examination, and
concluded that MRI is more reliable than 2D or 3D-US for
assessing the degree of PH mainly in cases of CDH [18].
In our study, MRI added to the prenatal US diagnosis of
fetal anomalies in one case and changed the diagnosis in
three cases. Also it showed greater agreement with neona-
tal outcome: 3D-US, MRI and post-natal outcome (clinical
examination/post-natal X-ray/postnatal US) agreed on 24
(61.5%) cases to have pulmonary hypoplasia. There were
3 (7.7%) cases of disagreement between neonatal outcome
and 3D-US: two cases of bilateral infantile polycystic kid-
neys and one case with PUV. All showed bilateral lung
hypoplasia by US and normal post-natal respiratory out-
come. They also had normal lung volume by MRI. There-
fore, based on our reference standards, MRI managed to
correct the diagnosis and show normal lung volumes in
three cases that were wrongly diagnosed as PH by 3D-US
(3 false positive).

Junior et al. stated that 3D-US was 100% accurate in the
assessment of lung volumes of fetuses with various types
of UTM, with normal and reduced amniotic fluid [2]. In
our study MRI showed greater specificity, PPV and diag-
nostic accuracy (100% each) than 3D-US (50%, 88.9% and
90% respectively) in the diagnosis of PH in the studied
group. They had similar sensitivity and NPV (100% each).

Our study had some limitations: There was no clear cut-
off between lethal and non lethal PH which needs further
studies on larger samples. Also the VOCAL technique was
done only with a 30� rotation angle and did not make
use of other possible rotation angles.
5. Conclusion

There is good agreement between 3D-US and MRI in the
assessment of lung volume in fetuses with urinary tract
malformation. MRI proved to be more specific and accurate
in diagnosing PH and the associated fetal anomalies, thus
may be used complementary to US especially in (i) incon-
clusive cases and (ii) prior elective pregnancy termination
to confirm lung maturity.
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