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Abstract
Background A nutmeg lung pattern on magnetic resonance imaging (MRI) is an imaging finding associated with pulmonary
lymphangiectasia. However, the prognostic value of the nutmeg lung pattern is unknown.
Objective To evaluate the clinical associations of nutmeg lung indicating lymphangiectasia on fetal lungMRI and its relationship
with early mortality in fetuses with primary and secondary lymphangiectasia.
Materials and methods We retrospectively identified all pregnant patients with a fetal MRI performed for indication of evalu-
ating for pulmonary lymphangiectasia from 2006 to 2019. Two readers evaluated the fetal MRIs and interobserver agreement
was calculated. Multivariable logistic regression models were performed to estimate the association of the echocardiographic
findings and the presence of nutmeg lung. Kaplan-Meier and Cox regression analyses were performed to evaluate association
with mortality in the first 30 days of life. Survival analysis was defined as mortality or orthotopic heart transplant at 30 days of
age. P<0.05 was considered significant.
Results Our sample included 53 fetuses. Forty-seven (89%) had congenital heart disease (CHD) and 6 (11%) were diagnosed
postnatally with primary lymphangiectasia. Interobserver agreement was 0.83. Pulmonary vein congestion on echocardiography
was the strongest predictor of nutmeg lung (odds ratio [OR]=12.0, P=0.002). Ten fetuses reached the outcome of heart trans-
plantation (n=1) or death (n=9) within the first 30 days of life. In fetuses with CHD, survival of those with nutmeg lung was
significantly lower than in those without (P<0.001). Nutmeg lung was an independent risk factor for 30-day mortality (hazard
ratio [HR]: 6.1, P=0.01).
Conclusion Nutmeg lung pattern on fetal MRI is an independent risk factor associated with 30-day mortality in fetuses with
CHD.
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Introduction

Pulmonary lymphangiectasia is an abnormal dilation of the
lymphatic channels of the lungs [1] . Pulmonary
lymphangiectasia can be primary — an inherited lymphatic
abnormality — or secondary to congenital heart disease
(CHD) [2]. Cardiac malformations that generate elevated left
atrial pressure with congestion of the pulmonary veins can
cause lymphangiectasia [3]. In particular, fetuses with hypo-
plastic left heart syndrome (HLHS) with an intact or restrictive
atrial septum have a high risk of developing pulmonary
lymphangiectasia [3]. In a fetus with HLHS, the lack of ade-
quate communication between the left and right atria restricts
left atrial decompression, creates pulmonary venous
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hypertension and promotes abnormal pulmonary vascular de-
velopment, including dilation of the lymphatic channels [4–7].

Fetal magnetic resonance imaging (MRI) allows evaluation
of the fetal anatomy with a high degree of resolution.
Pulmonary lymphangiectasia has previously been character-
ized on fetal MRI as a T2-hyperintense heterogeneous lung
parenchyma that resembles the mottling pattern of the liver
seen in patients with venous congestion— a pattern described
as nutmeg lung [8, 9]. MRI has been shown to be superior to
ultrasound (US) in evaluating this abnormal pulmonary ap-
pearance. Furthermore, MRI has allowed the diagnosis of pri-
mary lymphangiectasia, something that could not be done by
US [10].

The clinical significance of nutmeg lung on fetal MRI and
its usefulness for predicting complications and survival are
still poorly understood. The finding of nutmeg lung may
prove valuable in prenatal counseling of families, overall man-
agement strategies and the development of prenatal therapies
for at-risk fetuses. Previous studies suggest nutmeg lung may
indicate a poor prognosis in fetuses with HLHS, but survival
analyses in fetuses with nutmeg lung are based on relatively
small cohorts [3, 11, 12]. The primary goal of this study is to
evaluate the clinical associations of the nutmeg lung pattern
indicating lymphangiectasia on fetal lung MRI and its rela-
tionship with early mortality in fetuses with primary and sec-
ondary lymphangiectasia.

Materials and methods

Patient sample

This retrospective study was approved by the institutional
review board at the Children’s Hospital of Philadelphia.
The requirements for written informed consent were
waived. A computer search of our institution’s radiology
department database between January 2006 and December
2019 was performed and included pregnant women older
than 18 years who had undergone fetal MRI to rule out
pulmonary lymphangiectasia in the fetus. At our institu-
tion, a fetal MRI is performed in patients in whom pul-
monary lymphangiectasia is suspected based on imaging
findings in fetal echocardiography, such as pulmonary
venous congestion, pleura effusion or intact atrial septum.
Patients without CHD were mainly referred for a fetal
MRI due to US findings suggestive of a pleural effusion
and a suspicion of a primary lymphatic disorder such as
chylothorax. In total, 62 fetal MRIs were identified. Nine
were excluded given the lack of pre- or postnatal follow-
up (Fig. 1). One patient from the Saul et al. [3] and four
from the Biko et al. [10] cohorts were included in this
sample.

Fetal magnetic resonance imaging protocol

Fetal MRI was performed with either a 1.5-tesla (T) scanner
(Magnetom Avanto; Siemens Healthineers, Erlangen,
Germany [n=51]) or two different 3-T scanners (Skyra [n=1]
or Verio [n=1], Siemens Healthineers). The fetal lungs were
evaluated using a T2-weighted HASTE (half-Fourier single-
shot turbo spin echo) with the following parameters: repetition
time (TR)/echo time (TE)=1,100/75, flip angle 180°, field of
view=280×280, matrix=256×256, slice thickness=3 mm and
acquisition time 20–40 s.

Prenatal evaluation

All fetal MRIs were reviewed independently by two pedi-
atric radiologists (T.V., with 13 years of experience, and
A.M.J., with 16 years of experience). Disagreements were
resolved through consensus. The lungs were evaluated
using a T2-weighted single-shot turbo spin echo sequence
in the axial and sagittal planes. Nutmeg lung pattern was
defined as a heterogeneous appearance of the pulmonary
parenchyma with T2-hyperintense linear structures radiat-
ing peripherally from the hilum to the pleural surface [9].
The prenatal diagnosis of primary lymphangiectasia was
suggested if the lungs were collapsed and demonstrated
predominantly T2-hyperintense signal, usually accompa-
nied by frank effusions, in the absence of CHD, and then
confirmed postnatally (Fig. 2). Of note, the corresponding
prenatal US exams were not evaluated because this study
was a dedicated MR study.

Pleural effusions were reviewed and grouped as trace (de-
fined as linear T2 hyperintensity along the lung surface) and
frank pleural effusion. Cardiac anatomy was determined by a
fetal echocardiogram performed on the same day as fetal MRI
or earlier during the pregnancy. Pulmonary vein congestion
was recorded based on the fetal echocardiogram. Pulmonary
vein congestion was defined as either an abnormal pulmonary
vein Doppler pattern and significant reversal of flow with
atrial contraction, or the anatomical identification of
obstructed pulmonary venous return. In fetuses with HLHS,
an intact or highly restrictive atrial septumwas recorded based
on the fetal echocardiogram.

Statistical analysis

Data analysis was performed with SPSS Statistics (v.23.0;
IBM, Armonk, NY). Continuous variables were presented as
mean±standard deviation (SD) as well as median and range.
Categorical variables were presented as percentages and
counts. The Mann-Whitney U test was used to compare con-
tinuous parameters between fetuses with and without nutmeg
lung. Chi-square and Fisher exact tests were used for categor-
ical variables. Interobserver agreement was evaluated using
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kappa statistics. Agreement was categorized as follows: less
than or equal to 0.20, slight agreement; 0.21–0.40, fair agree-
ment; 0.41–0.60, moderate agreement; 0.61–0.80, substantial
agreement; and equal to or greater than 0.81, almost perfect
agreement [13]. Univariate and multivariable logistic regres-
sion models were performed to estimate the association of the
echocardiographic findings and nutmeg lung. Survival analy-
sis was performed as above, with the end point defined as
mortality at 30 days of age or the requirement of orthotopic
heart transplant at 30 days of age. Survival without transplant
was estimated using the Kaplan-Meier method between fe-
tuses with and without nutmeg lung. Kaplan-Meier curves
were made to provide a visual representation of the probability
of survival. Univariate and multivariable Cox proportional
hazard regressionwas used to assess the association of nutmeg
lung and clinical factors with survival. Cox regression allows
the performance of a survival analysis by accounting for other
risk factors associated with early mortality, such as intact atrial
septum and pulmonary vein congestion. A P-value of <0.05
was considered significant.

Results

Study population

Fifty-three pregnant patients were included in the sample. The
median maternal age and median gestational age at fetal im-
agingwere 29 years (interquartile ratio [IQR]=7) and 33weeks
(IQR=7), respectively. One (2%) patient was carrying a twin
pregnancy and only one of those fetuses was assessed for
nutmeg lung, leaving a total study population of 53. In total,
17 (32%) fetuses were diagnosed with nutmeg lung. Out of the
17 fetuses with nutmeg lung, 12 (71%, 12/17) were diagnosed
with CHD and 5 (29%, 5/17) with primary lymphangiectasia
postnatally. The most common CHD was HLHS (7/17, 41%).
Of 36 fetuses without nutmeg lung, 35 (97%, 35/36) were
diagnosed with CHD and 1 (3%, 1/36) with primary
lymphangiectasia postnatally. The most common CHD was
HLHS (83%, 30/36) (Fig. 1). The distribution of the different
CHD between fetuses with and without nutmeg lung is de-
scribed in Table 1. Six cases (11%) were prenatally diagnosed

Fig. 1 The flowchart shows the inclusion and exclusion criteria used to
reach the final sample. Patients were divided based on the etiology of the
pulmonary lymphangiectasia (primary or secondary). The number of

patients who died or received an orthotopic heart transplant during the
first 30 days of life is presented in each group

1811Pediatr Radiol (2021) 51:1809–1817



with hydrothorax or hydrops fetalis (Fig. 1). These six fetuses
were diagnosed with a primary lymphatic disorder in the neo-
natal period. After being diagnosed with nutmeg lung, three
fetuses (6%) with HLHS and an intact atrial septum had a US-

guided percutaneous placement of a cardiac interatrial stent or
a septostomy, of which only one was successful (Table 1). Of
the 53 fetuses, 30 (57%) were male and 23 (43%) were
female.

Fig. 2 Examples of nutmeg lung in three patients on coronal T2-weighted
HASTE (half-Fourier single-shot turbo spin echo) imaging. a A 34-year-old
woman at 27weeks of gestation carried a fetus diagnosedwith hypoplastic left

heart syndrome. b A 30-year-old woman at 30 weeks of gestation carried a
fetus diagnosed with Noonan syndrome. cA 32-year-old woman at 34 weeks
of gestation carried a fetus diagnosed with double-outlet right ventricle

Table 1 Demographics of
patients with and without nutmeg
lung on fetal MRI

Parameter (n=53) All

n (%)

Nutmeg lung P-
valuea

Yes (n=17) No (n=36)

Maternal age (years), median (IQR) 29 (22–36) 30 (23–37) 29 (22–36) 0.69

Gestational age (weeks), median (IQR) 33 (27–39) 28 (19–37) 34 (29–39) 0.002

Gestational age at delivery (weeks),
median (IQR)

38 (36.5–39.5) 38 (36.7–39.2) 38 (37–39) 0.01

Primary lymphangiectasia 6 (11%) 5 (29%) 1 (3%) 0.01b

Neonatal chylothorax 5 (9%) 4 (24%) 1 (3%)

Noonan syndrome 1 (2%) 1 (6%) -

Congenital heart disease 47 (89%) 12 (71%) 35 (97%)

Hypoplastic left heart syndrome 37 (70%) 7 (41%) 30 (83%)

Total anomalous pulmonary venous return 4 (8%) 2 (12%) 2 (6%)

Double-outlet right ventricle 3 (6%) 1 (6%) 2 (6%)

Tetralogy of Fallot 1 (2%) 1 (6%) -

Mitral valve dysplasia 1 (2%) 1 (6%) -

Tricuspid valve dysplasia 1 (2%) - 1 (6%)

Pulmonary vein congestion 16 (30%) 9 (53%) 7 (19%) 0.001c

Hypoplastic left heart syndrome (n=37)d 37 7 30

Intact atrial septum 7 (19%) 4 (57%) 3 (10%) 0.01

a Fisher exact test or Mann-Whitney U test. Bold values indicate statistical significance
b Fisher exact test between primary and secondary lymphangiectasia compared to the presence of nutmeg lung
c Chi-square analysis performed only in the subgroup of patients with congenital heart disease
d Percentages calculated using only the patients with hypoplastic left heart syndrome as the denominator (n=37)

IQR interquartile range
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On postnatal follow-up, the death of 16 neonates occurred
at a median of 8 days of life (mode=0 days, range: 0–5 years).
Most patients died shortly after birth regardless of getting
standard care. Of the 16 neonates who died, 10 carried a di-
agnosis of HLHS and 6 had other forms of CHD. One (2%) of
the neonates, who was diagnosed with HLHS, had an
orthotopic heart transplant at 22 days of life and is alive at
the time of this writing. None of the fetuses with a primary
lymphatic disorder died by the selected end point of 30 days of
life.

Evaluation of nutmeg lung by magnetic resonance
imaging

The interobserver agreement for the presence of nutmeg lung
between both readers was excellent (κ=0.83, P<0.001).
Seventeen fetuses (32%) were deemed to have a nutmeg lung
pattern on MRI in consensus: 88% of these (15/17) were bi-
lateral, 12% (2/17) were exclusively in the right lung, and
none presented with unilateral left nutmeg lung.

Ten fetuses (19%) had pleural effusions on fetal MRI de-
scribed as trace (n=4) and frank pleural effusions (n=6).
Fetuses with nutmeg lung (9/17, 53%) were more likely to
have a pleural effusion compared to those without nutmeg
lung (1/36, 1%; P<0.001). Similarly, fetuses diagnosed with
primary lymphangiectasia had a higher prevalence of pleural
effusion (n=6, trace=1, frank=4) compared to fetuses with
CHD (n=47, trace=3, frank=2; P<0.001).

Predictors of nutmeg lung/lymphangiectasia

In fetuses with CHD, 33% (16/47) of fetuses were found to
have pulmonary vein congestion on echocardiography.
Fetuses with imaging findings of pulmonary vein congestion
had a higher proportion of nutmeg lung (75%, 9/12) compared
to those without this finding (25%, 3/12; P=0.001). Univariate
logistic regression showed that pulmonary vein congestion
was a predictor of nutmeg lung (odds ratio [OR]=12.0, 95%
confidence interval [CI]: 2.5–56.3; P=0.002) (Table 2).

In fetuses with HLHS, 35% (13/37) showed pulmonary
vein congestion on fetal echocardiography and were found
to have a higher prevalence of nutmeg lung (P=0.004). Of
the 37 fetuses, those with intact atrial septum showed a higher
prevalence of nutmeg lung (57%, 4/7) compared to those
without an intact atrial septum (43%, 3/7; P=0.01).
Univariate logistic regressions for each of these parameters
are displayed in Table 2. Multivariate logistic regression
shows that pulmonary vein congestion is the only independent
predictor of nutmeg lung (OR=13.3, 95% CI: 1.2–143.6;
P=0.03) (Table 2).

Survival analysis

One fetus with HLHS with intact atrial septum and nutmeg
lung was excluded from the survival analysis as the mother
had an intrauterine fetal demise at 28 weeks of gestation.
Fifty-two neonates (52/53, 98%) were included in the sur-
vival analysis, 10 of whom (19%) reached the combined
outcome of heart transplantation (n=1) or death (n=9) with-
in the first 30 days of life. A Kaplan-Meier analysis
showed that fetuses with nutmeg lung had a lower survival
rate compared to those without nutmeg lung (P=0.002)
(Fig. 3). A Cox regression analysis showed that fetuses
with nutmeg lung had a higher risk of 30-day mortality
or heart transplant than those without nutmeg lung (hazard
ratio [HR]: 6.4, 95% CI: 1.6–24.9; P=0.007) (Table 3).

When evaluating all fetuses with CHD, survival of those
with nutmeg lung was significantly lower than those without
nutmeg lung (P<0.001) (Fig. 3). A multivariate Cox regres-
sion analysis showed that nutmeg lung was an independent
risk factor for 30-day mortality (HR: 6.1, 95% CI: 1.4–26.3;
P=0.01) (Table 3).

When evaluating fetuses with HLHS, survival was signif-
icantly lower in fetuses with nutmeg lung (P<0.001) (Fig. 3).
A multivariate Cox regression analysis showed that nutmeg
lung (HR: 14.7, 95% CI: 1.2–181.1; P=0.03) and an intact
atrial septum (HR: 20.0, 95% CI: 1.8–220.4; P=0.01) were
independent risk factors associated with 30-day mortality
(Table 3).

Table 2 Univariate and
multivariate logistic regression of
risk factors associated with
nutmeg lung

Parameters Univariate analysis Multivariate analysis

OR (95% CI) P-valuea OR (95% CI) P-valuea

Congenital heart disease (n=48)

Pulmonary vein congestion 12.0 (2.5–56.3) 0.002 – –

Hypoplastic left heart syndrome (n=37)

Pulmonary vein congestion 19.7 (2.0–192.7) 0.01 13.3 (1.2–143.6) 0.03

Intact atrial septum 12.0 (1.7–81.3) 0.01 6.6 (0.8–58.2) 0.10

a Bold values indicate statistical significance

CI confidence interval, OR odds ratio
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Discussion

Previous studies have shown that the fetal MRI pulmonary
pattern described as nutmeg lung negatively influences neo-
natal outcomes [3, 12, 14]. However, their study groups were
relatively small. The current study includes the largest group
of neonates with prenatal findings of lymphangiectasia. We
found that in fetuses with CHD, those with nutmeg lung had a
lower survival rate and a higher risk of mortality during the
first 30 days of life compared to those without nutmeg lung.
Similarly, among fetuses with HLHS, those who had MRI
findings of nutmeg lung had a lower survival rate compared
to those without nutmeg lung, leading to a higher risk of death
in the first 30 days of life for those with HLHS and nutmeg
lung.

Primary lymphangiectasia is a rare condition consisting of
abnormally dilated lymphatic channels without proliferation;
its exact etiology is not entirely understood [15]. Usually in-
fants with primary lymphangiectasia die shortly after birth
after presenting with respiratory distress syndrome and pleural
effusions. However, the outcome of this disease has evolved.
We can now prenatally diagnose nutmeg lung using fetal
MRI, as suggested in fetuses with partially collapsed lungs
that appear T2 hyperintense and heterogeneous, usually with
pleural effusions [3, 9]. Further, diagnosis of lymphatic flow
anomalies has been made possible by the recent development
of the postnatal imaging modality referred to as dynamic
contrast-enhanced MR lymphangiography [10]. This modali-
ty allows superior visualization of the neonatal anatomy of
lymphatic channels, as well as the dynamic distribution of
lymphatic flow to the mediastinum and lung tissues. These
conditions have been successfully treated with postnatal per-
cutaneous embolization of the abnormal lymphatic channels
[16]. Some of these lymphatic channels may become apparent
in neonates with HLHS after surgical palliation with the
Fontan operation, a procedure that results in systemic venous

and lymphatic congestion [10]. Mapping and embolization of
abnormal lymphatic channels have also proven successful in
treating plastic bronchitis and protein-losing enteropathy, clin-
ical conditions seen in long-term survivors of HLHS [17, 18].

Secondary pulmonary lymphangiectasia is relatively more
common than primary lymphangiectasia. It is attributed to chron-
ic pulmonary venous obstruction in fetuses with certain types of
CHD, including total anomalous pulmonary venous connection
and, more commonly, HLHS with restrictive or intact atrial sep-
tum [3, 12, 14, 19]. Chronic pulmonary venous obstruction, par-
ticularly in fetuses with an intact atrial septum, leads to increased
pulmonary venous pressure and subsequent changes of the pul-
monary vasculature, including muscularization of the pulmonary
veins and lymphatic channel dilation, with increased pulmonary
lymphatic drainage. At imaging, these findings display the de-
scribed nutmeg lung appearance of dilated lymphovascular chan-
nels manifested as linear and tubular T2-hyperintense structures
radiating from the hila to the pleural surface [9].

The value of fetal MRI in supplying prognostic information
for a fetus with suspicion of pulmonary lymphangiectasia can-
not be overstated. In cases of unexplained fetal pleural effu-
sions, an MRI may help determine if the effusions are due to
primary lymphangiectasia by demonstrating T2-hyperintense
collapsed lungs, rather than the expected hypointense lungs.
Less lung volume leads to less retained fetal fluid within the
lung parenchyma; whereas in the lymphangiectatic lung, the
collapsed lung is hyperintense, presumably secondary to the
dilated lymphatic channels and retained fluid. At this time,
fetal MRI seems to be more sensitive than US at diagnosing
pulmonary lymphangiectasia prenatally and is able to differ-
entiate it from other etiologies of pleural effusions [10].

In fetuses with primary pulmonary lymphangiectasia, nut-
meg lung could be used as a diagnostic finding rather than a
prognostic factor. None of the fetuses in our sample with
primary pulmonary lymphangiectasia died, and all underwent
successful neonatal intervention. Fetuses with nutmeg lung on

Table 3 Univariate and
multivariate Cox regression
hazard analysis of parameters
associated with mortality within
the first 30 days of life

Parameters Univariate analysis Multivariate analysis

HR (95% CI) P-valuea HR (95% CI) P-valuea

Nutmeg lung (n=52)b 6.4 (1.6–24.9) 0.007 – –

Congenital heart disease (n=47)

Nutmeg lung 9.2 (2.3–36.3) 0.001 6.1 (1.4–26.3) 0.01

Pulmonary vein congestion 6.0 (1.5–23.2) 0.01 3.2 (0.7–13.9) 0.10

Hypoplastic left heart syndrome (n=36)

Nutmeg lung 16.4 (2.9–92.0) 0.001 14.7 (1.2–181.1) 0.03

Pulmonary vein congestion 12.0 (1.4–103.3) 0.02 3.0 (0.2–34.3) 0.38

Intact atrial septum 17.8 (3.1–100.9) 0.001 20.0 (1.8–220.4) 0.01

CI confidence interval, HR hazard ratio
a Bold values indicate statistical significance
bOne patient was excluded from the original sample due to intrauterine fetal demise
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fetal MRI and no evidence of CHD still need to be evaluated
in the neonatal period to further characterize if there is an
underlying lymphatic disorder, whether a neonatal
chylothorax or a central lymphatic flow disorder. Additional

imaging findings on fetal MRI, of ascites or body wall edema,
may be more suggestive of a central lymphatic flow disorder
[10]. However, dynamic contrast-enhanced MR lymphangi-
ography is still helpful to reach a definitive diagnosis. More

Fig. 3 The prognostic differences in patients with and without nutmeg
lung. a–c Kaplan-Meier curves show the percentage of those free from
death or orthotopic heart transplant within the first 30 days of life in the
total sample including primary and secondary lymphangiectasias (n=52)
(a), patients with only secondary lymphangiectasia (n=47) (b) and
patients with only hypoplastic left heart syndrome (n=36) (c). A
Kaplan-Meier curve was not made in patients with primary
lymphangiectasia given that only six patients were diagnosed with
primary lymphangiectasia and none of them reached the end point
(death or heart transplant). The y-axis represents the percentage of
patients who reached the end point; the x-axis represents time in days
during the first 30 days of life. Kaplan-Meier curves are a visual
representation of the probability of death or heart transplant. Each line

drop represents one or more patients reaching the end point. The tables
below display the number of patients at risk, patients who have not
reached the end point, per group (no nutmeg lung versus nutmeg lung)
compared to the time that has passed from birth until the first 30 days of
life. The days selected in the first row represent the time points at which
patients with and without nutmeg lung reached the end point. The sample
size of each group shows the number of patients diagnosed prenatally
with and without nutmeg lung. Day zero represent the time at birth. If the
number of patients at time zero is lower than the sample size, it represents
a number of patients who reached the end point soon after birth. The
number of patients at risk decreased over time given that some patients
reached the end point in both groups
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studies of larger populations are needed to evaluate whether a
nutmeg lung pattern or the severity of nutmeg lung appear-
ance is also a prognostic factor in fetuses with primary lym-
phatic disorders.

In cases of secondary lymphangiectasia, nutmeg lung in
fetuses with HLHS has been shown to be an independent risk
factor associated with 30-day mortality, regardless of the sta-
tus of the atrial septum. Some of the previously known risk
factors associated with early mortality in fetuses with HLHS
include an intact or restrictive atrial septum, severe tricuspid
regurgitation and low birth weight [20, 21]. Our results
showed that a higher 30-day mortality in fetuses with HLHS
could be predicted independently by an intact atrial septum or
MRI findings of nutmeg lung. Although an abnormal pulmo-
nary vein Doppler pattern predicts a nutmeg lung pattern and
30-day mortality, pulmonary lymphangiectasia was a stronger
predictor of early mortality once we accounted for pulmonary
vein congestion [11]. In these cases of secondary
lymphangiectasia, a fetal MRI evaluating for nutmeg lung
can help the clinical team stratify outcomes and counsel the
parents, since this is a strong indicator of poor prognosis.
More invasive therapies can then be evaluated, such as enlarg-
ing the atrial communication in utero. It would be interesting
to evaluate if these interventions release the obstruction and
venous backflow, improving lymphatic drainage. Such an as-
sessment could ascertain if the lymphatic alterations are per-
manent and unalterable at that late point of development.
Finally, the advent of 3-T scanners in fetal imaging may im-
prove the diagnostic performance of fetal MRI to detect pul-
monary lymphangiectasias. Previous studies have shown that
3-T MRI delivers better image quality in fetal MRI with
equivalent specific absorption rate and specific energy dose
— surrogates of energy deposition and heating — compared
to 1.5-T fetal MRIs [22, 23]. Unfortunately, only two studies
were performed using a 3-T scanner, which does not allow
sufficient data to statistically evaluate which magnet strength
may better identify nutmeg lung.

Our study has several limitations, the first of which is its
retrospective nature. Second, the proportion of fetuses with
primary lymphangiectasia was relatively low and prevented
a proper analysis of this group. Our sample size is also rela-
tively small given the low prevalence of pulmonary
lymphangiectasias and that patients with pulmonary
lymphangiectasias often die before birth. This limits the accu-
racy of our analysis and explains the large confidence intervals
observed with the hazard ratios. Third, there was a selection
bias: at our institution, a fetal MRI is performed in those cases
of HLHSwith suspected pulmonary venous congestion due to
intact or restricted septum as confirmed by echocardiography.
Thus, this is a select population and the true incidence of
lymphangiectasia in HLHS overall is uncertain. Similarly,
very few fetuses with other CHDs receive a fetal MRI to
evaluate for nutmeg lung; typically, this occurs only if there

is a question of venous obstruction by echocardiography or if
there is a suggestion of mild pulmonary heterogeneity seen on
US — again, findings that skew evaluation of the true inci-
dence in this population.

Conclusion

A nutmeg lung pattern on fetal MRI may be an independent
risk factor associated with 30-day mortality in fetuses with
CHD. Fetal MRI should be considered in fetuses with echo-
cardiography findings suggestive of pulmonary vein conges-
tion to rule out a pulmonary lymphangiectasia in order to
provide expectant parents with more informed counseling.
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