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Abstract

Introduction: Prenatal suprarenal lesions represent diverse
pathologies. This study investigated prenatal imaging fea-
tures and regression patterns associated with specific lesion
diagnoses. Methods: This is a multicenter retrospective re-
view of fetuses with prenatally diagnosed suprarenal lesions
between 2001 and 2019. Prenatal ultrasound and MRI char-
acteristics, postnatal imaging, and clinical course were re-
viewed. Prenatal imaging findings were compared by the
most common diagnoses and regression patterns. Results:
Forty-four fetuses were prenatally diagnosed with suprare-
nal lesions. Diagnoses included pulmonary sequestration
(n =12; 27.3%), adrenal hemorrhage (n = 12; 27.3%), upper
quadrant cyst (including 2 duplication cysts, 1 splenic cyst,
and 3 indeterminate cysts), neuroblastoma (n = 4), adrenal
hyperplasia (n = 3), bilateral adrenal calcifications (n=1), and
indeterminate lesions (n = 6). Sequestrations were uniformly
left-sided (100 vs. 50%; p = 0.014) and diagnosed earlier in
gestation than adrenal hemorrhages (p = 0.025). Sequestra-
tions were also significantly more likely to have a prenatal
feeding vessel (p = 0.005), low T1 MRI signal (p =0.015), and
no MRI blood products (p = 0.018) compared to adrenal

hemorrhages. When comparing all 44 patients, a prenatal
feeding vessel and low T1 signal on prenatal MRI were sig-
nificantly associated with lesion persistence (p = 0.003; p =
0.044). Discussion/Conclusion: Imaging findings on prena-
tal ultrasound and MRI aid in the diagnosis of suprarenal le-
sions, including differentiating pulmonary sequestrations
and adrenal hemorrhages. ©2021 S. Karger AG, Basel

Introduction

With improved prenatal imaging techniques, fetal ab-
dominal lesions, including in the suprarenal region, are
detected prenatally with increasing frequency [1, 2]. The
differential diagnosis for a suprarenal lesion is broad,
ranging from benign to malignant pathologies. Possible
diagnoses include adrenal hemorrhage [3, 4], infradia-
phragmatic extralobar pulmonary sequestration [5-7],
gastrointestinal duplication cyst [8], and neuroblastoma
[8, 9]. The expected clinical trajectory of these lesions is
diverse, ranging from undergoing complete regression to
requiring postnatal resection [6, 8, 10]. Despite improve-
ments in prenatal ultrasound and increased utilization of
prenatal MRI, the use of radiological findings to reliably
distinguish between these different diagnoses remains
challenging [10-12].
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Fig. 1. Infradiaphragmatic sequestration. a Transverse gray scale image of a 3.9 cm echogenic mass (calipers) in
the left upper quadrant displacing the stomach anteriorly (arrow). b Sagittal power gray-scale Doppler image of
the left upper quadrant mass (labeled mass) with a feeding vessel (arrow) arising from the aorta (arrowhead).

Therefore, the primary goal of this study was to in-
vestigate if any prenatal imaging findings are associated
with specific suprarenal lesion diagnoses and to assess
lesion regression patterns. This would potentially enable
improved prenatal counseling regarding the expected
clinical course of the prenatally diagnosed suprarenal le-
sion.

Materials and Methods

This study is an IRB-approved 2-center retrospective review of
fetuses diagnosed on prenatal ultrasound with a suprarenal lesion
from 2001 to 2019. Prenatal imaging was performed at one or both
of the 2 centers (the Maternal Fetal Care Center at Boston Chil-
dren’s Hospital or Brigham and Women’s Hospital). For fetuses
with lesions that did not regress prenatally, postnatal imaging fol-
low-up at Boston Children’s Hospital was required to be included
in this study. For lesions that regressed prenatally, postnatal fol-
low-up was not required for inclusion.

Baseline clinical variables collected via chart review included
fetus sex, maternal age, and any associated anomalies. Prenatal im-
aging features were collected from all prenatal ultrasounds as well
as prenatal MRI if available. Gestational age at first abnormal pre-
natal ultrasound and the number of subsequent prenatal ultra-
sounds were recorded. Ultrasound findings included lesion later-
ality, composition, echogenicity, and maximum dimension on the
first abnormal prenatal ultrasound. If bilateral lesions were pres-
ent, the maximum dimension of the largest lesion was used in anal-
ysis. Prenatal MRI findings included high or low T1 and T2 signal
as well as the presence of blood products. The presence of a prena-
tal feeding vessel was based upon identification on either ultra-
sound with Doppler or MRI.

If tissue pathology was available from lesion biopsy or surgical
resection, then the pathology report was used to assign a diagnosis.
If tissue pathology was not available, lesions were assigned a diag-
nosis based upon the clinically assigned diagnosis, which was de-
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termined from prenatal and postnatal imaging reports as well as
clinical notes. Cysts located in the upper quadrant without a de-
finitive diagnosis were classified as “upper quadrant cysts.” Lesions
without a specific imaging appearance were classified as “indeter-
minate.”

The size of the lesion was followed on prenatal and postnatal
imaging. Specifically, the prenatal evolution of lesion size was cat-
egorized based upon changes in lesion maximum dimension be-
tween the first and last prenatal ultrasound. Similarly, the postna-
tal evolution of lesion size was evaluated based upon changes in
lesion maximum dimension between the first and last postnatal
ultrasound. An increase in size was defined as 220% increase in
maximum dimension, a decrease in size was defined as >20% de-
cline, and stable was defined as <20% change. Complete prenatal
lesion regression was defined as regression during the prenatal pe-
riod based on prenatal follow-up ultrasound. Lesions that were
present on the last prenatal imaging but had undergone regression
by the first postnatal imaging were categorized as undergoing post-
natal regression. Lesions that were present at the first postnatal
imaging were followed up until they regressed (categorized as
postnatal regression), underwent therapy or surgical resection, or
were lost to follow-up. Tissue pathology was recorded when avail-
able after lesion biopsy or surgical resection. Survival at the last
follow-up was recorded.

Statistical Analysis

The nonparametric Wilcoxon rank-sum test and Fisher’s exact
test were used, as appropriate, to compare prenatal imaging fea-
tures between lesions by assigned diagnoses, prenatal size evolu-
tion, and regression patterns. Kaplan-Meier curves demonstrated
the probability of experiencing lesion regression (either prenatal
or postnatal). Log-rank testing was then performed to compare the
probability of regression (either prenatal or postnatal) in lesions
with and without a prenatal feeding vessel. Statistical analyses were
performed using Stata version 15.0 (StataCorp, College Station,
TX, USA). A 2-sided p value <0.05 was considered statistically sig-
nificant.
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Fig. 2. Adrenal hemorrhage. a Sagittal gray-scale ultrasound image of a heterogeneous mass in the left upper
quadrant (calipers). b T1-weighted MRI of the fetus demonstrating a hyperintense left suprarenal lesion (arrows).

Results

The study included 44 fetuses diagnosed with suprare-
nal lesions on prenatal ultrasound. Twenty-four (54.5%)
fetuses were male. Median maternal age was 31 years
(IQR: 26, 35). Associated abnormalities (which were not
mutually exclusive) were present in 10 (22.7%) fetuses in-
cluding renal vein or inferior vena cava thrombosis (1 =
4;9.1%), musculoskeletal anomalies (n = 2; 4.5%), neuro-
logical anomalies (n = 2; 4.5%), genitourinary anomalies
(n=1;2.3%), liver lesions (n = 1; 2.3%), and splenomeg-
aly (1; n = 2.3%). All cases of venous thrombosis were as-
sociated with adrenal hemorrhage diagnoses.

Of the 44 fetuses, 30 (68.2%) had left-sided lesions, 9
(20.5%) had right-sided lesions, and 5 (11.4%) had bilat-
eral lesions. Median gestational age at first abnormal pre-
natal ultrasound was 24.0 weeks (IQR: 19.0, 31.3). Fetus-
es underwent a median 1.5 (IQR: 1.0, 3.0) prenatal ultra-
sounds after the first abnormal ultrasound. Median
maximum lesion dimension on first abnormal prenatal
ultrasound was 16 mm (IQR: 11, 28). Thirty-two (72.7%)
fetuses underwent prenatal MRI imaging.

Prenatal Imaging Features by Diagnosis

The most common assigned prenatal diagnoses were
pulmonary sequestration (n = 12; 27.3%; shown in Fig. 1)
and adrenal hemorrhage (n = 12; 27.3%; shown in Fig. 2).
Other diagnoses included upper quadrant cyst (n = 6, in-
cluding 2 duplication cysts, 1 splenic cyst, and 3 indetermi-
nate cysts, all left-sided) (shown in Fig. 3), neuroblastoma
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Fig. 3. Left upper quadrant cyst. Transverse gray-scale image with
an anechoic cyst in the left upper quadrant (calipers).

(n = 4), adrenal hyperplasia (n = 3), bilateral adrenal calci-
fications (n = 1), and indeterminate lesion (n = 6). Tissue
pathology was confirmed in 6 lesions after surgical resec-
tion, including 2 gastrointestinal duplication cysts, 1 neu-
roblastoma, and 3 pulmonary sequestrations. An addition-
al lesion was diagnosed as neuroblastoma on biopsy and
treated with chemotherapy. Prenatal imaging features for
all diagnosis categories in all 44 lesions are detailed in on-
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Table 1. Prenatal imaging findings by most common diagnoses

Adrenal Pulmonary p value
hemorrhage sequestration
(n=12) (n=12)
Lesion laterality, n (%)
Right 4(33.3) 0 (0)
Left 6 (50.0) 12 (100.0) 0.014*
Bilateral 2(16.7) 0(0)
Gestational age at first abnormal prenatal ultrasound, weeks 27 (21, 34) 20 (18,23) 0.025%*
First prenatal ultrasound maximum dimension, mm 18 (11, 30) 17 (16, 24) 0.868
Feeding vessel, n (%)
Yes 0/11 (0) 7 (58.3) .
No 11/11 (100.0) 5 (41.7) 0-005
Composition on ultrasound, n (%)
Solid 0/11 (0) 7 (58.3)
Cystic 8/11(72.7) 2 (16.7) 0.005%*
Mixed 3/11 (27.3 3 (25.0)
Echogenicity on ultrasound, # (%)
Anechoic 3/11 (27.3) 0(0)
Hypoechoic 2/11(18.2) 1(8.3) 0.014*
Echogenic 1/11 (9.1) 8 (66.7) )
Mixed 5/11 (45.5) 3(25.0)
MRI T1 signal, n (%)
Low 1/5 (20.0) 6/6 (100.0) 0.015*
High 4/5 (80.0) 0/6 (0) :
MRI T2 signal, n (%)
Low 1/6 (16.7) 0/8 (0) 0.429
High 5/6 (83.3) 8/8 (100.0) ’
MRI blood products, n (%)
Yes 4/8 (50.0) 0/11 (0) 0.018*
No 4/8 (50.0) 11/11 (100.0) :

Data are presented as n (%) or median (interquartile range). Denominators are presented for variables with
missing data. p values were calculated using Fisher’s exact test or the Wilcoxon rank-sum test. * Statistically sig-

nificant at p < 0.05.

line suppl. Table 1 (for all online suppl. materials, see www.
karger.com/doi/10.1159/000512689). For the 7 lesions with
confirmed tissue pathology, prenatal imaging findings by
tissue diagnosis are detailed in online suppl. Table 2.

Prenatal imaging findings for the most common as-
signed prenatal diagnoses, pulmonary sequestration and
adrenal hemorrhage, were then compared with univari-
ate analysis (Table 1). Compared to adrenal hemorrhages,
pulmonary sequestrations were uniformly left-sided (100
vs. 50%; p = 0.014) and diagnosed significantly earlier in
gestation (median 20 vs. 27 weeks; p = 0.025). Pulmonary
sequestrations were also significantly more likely to have
a prenatal feeding vessel (p = 0.005), solid composition
(p = 0.005), echogenic appearance (p = 0.014), low T1
MRI signal (p = 0.015), and no MRI blood products (p =
0.018) compared to adrenal hemorrhages.
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Lesion Evolution

The prenatal evolution of lesion size was analyzed in
39 fetuses with multiple prenatal sonograms with avail-
able measurements. Of these, 17 (43.6%) increased in size,
14 (35.9%) were stable, 2 (5.1%) decreased in size, and 6
(13.6%) fully regressed in utero. Median time to prenatal
regression after initial diagnosis was 9 weeks (IQR: 2.5,
21.3). In utero evolution was not associated with likeli-
hood of postnatal regression pattern in the 33 fetuses
without prenatal regression (p = 0.999).

Postnatal follow-up was not available in 4 children
with prenatal regression. In the 40 children with postnatal
follow-up imaging, median duration of postnatal follow-
up was 30.5 months (IQR: 5.8, 62.0) with a median 3.0
postnatal ultrasounds (IQR 1.3, 5.0). Of the 40 children,
39 (97.5%) were alive at last follow-up and 1 had died sec-
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Fig. 4. This Kaplan-Meier curve demon-
strates the probability of experiencing le-
sion regression over time after the prenatal
diagnosis with 95% confidence intervals
depicted.

Fig. 5. These Kaplan-Meier curves com-
pare the probability of experiencing lesion
regression over time after the prenatal di-
agnosis between lesions with (black line)
and without (dashed line) a PFV on ultra-
sound or MRI imaging. Log-rank testing
demonstrates significantly increased prob-
ability of regression in lesions without a
PFV (p =0.006). PFV, prenatal feeding ves-
sel.
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Table 2. Prenatal imaging findings by lesion regression pattern

Variable Regression No regression p value
(n=28) (n=16)
Lesion laterality, n (%)
Right 7 (25.0) 2(12.5)
Left 16 (57.1) 14 (87.5) 0.077
Bilateral 5(17.9) 0(0)
Gestational age at first abnormal prenatal ultrasound, weeks 26 (20, 31) 22 (18, 30) 0.486
First prenatal ultrasound maximum dimension, mm 25 (16, 30) 17 (13,29) 0.213
Feeding vessel, n (%)
Yes 1/24 (4.2) 7/15 (46.7) 0.003*
No 23/24 (95.8) 8/15 (53.3) :
Composition on ultrasound, n (%)
Solid 4/23 (17.4) 7 (43.8)
Cystic 14/23 (60.9) 6 (37.5) 0.242
Mixed 5/23 (21.7) 3(18.8)
Echogenicity on ultrasound, 7 (%)
Anechoic 7/23 (30.4) 3/15 (20.0)
Hypoechoic 5/23 (21.7) 1/15 (6.7) 0.380
Echogenic 5/23 (21.7) 7/15 (46.7) ’
Mixed 6/23 (26.1) 4/15 (26.7)
MRI T1 signal, n (%)
Low 4/9 (44.4) 6/6 (100.0) 0.044*
High 5/9 (55.6) 0/6 (0) ’
MRI T2 signal, n (%)
Low 1/12 (8.3) 0/8 (0) 0.999
High 11/12 (91.7) 8/8 (100.0) ’
MRI blood products, 1 (%)
Yes 5/19 (26.3) 0/13 (0) 0.064
No 14/19 (73.7) 13/13 (100.0) ’

Data are presented as n (%) or median (interquartile range). Denominators are presented for variables with
missing data. p values were calculated using Fisher’s exact test or the Wilcoxon rank-sum test. * Statistically sig-

nificant at p < 0.05.

ondary to cardiac dysfunction in the setting of a possible
genetic syndrome. Out of the 38 children who did not
regress prenatally, 22 (57.9%) regressed postnatally, 6
(15.8%) underwent surgical resection, 1 (2.6%) was treat-
ed with targeted chemotherapy, and 9 (23.7%) underwent
continued observation without symptom development.
Median time to postnatal regression from birth was 20.1
weeks (IQR: 3.4, 63.0). Median age at surgery was 11.7
weeks (IQR: 1.7, 26.6). Of the 9 children who did not re-
gress or undergo therapy, 6 (66.7%) had lesions that de-
creased in size over serial postnatal imaging, 1 (11.1%)
had a stable lesion over serial postnatal imaging, and 2
(22.2%) were lost to follow-up after the initial postnatal
imaging was obtained.

Regarding the most common diagnoses, 2 pulmonary
sequestrations regressed postnatally, 3 underwent resec-
tion, and 7 were followed up. Two adrenal hemorrhages
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regressed prenatally, 9 regressed postnatally, and 1 was
followed up.

A Kaplan-Meier curve depicting the probability of expe-
riencing lesion regression time after the prenatal diagnosis
for all lesions is shown in Figure 4. The Kaplan-Meier esti-
mate for the probability of regression was 47.5% (95% CI:
33.3, 64.2%) at 1 year, 71.7% (95% CI: 55.7, 85.9%) at 2
years, and 75.3% (95% CI: 59.3, 88.6%) at 3 years after pre-
natal diagnosis. Log-rank testing demonstrated significant-
ly increased probability of regression in lesions without a
prenatal feeding vessel (p = 0.006; shown in Fig. 5). All pre-
natal imaging findings were compared between lesions with
and without regression in Table 2. When comparing all 44
lesions on univariate analysis, the presence of a prenatal
feeding vessel and low T1 signal on prenatal MRI, charac-
teristics of pulmonary sequestrations, were significantly as-
sociated with lesion persistence (p = 0.003; p = 0.044).
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Discussion/Conclusion

Prenatally diagnosed suprarenal lesions represent di-
verse pathologies with varied prognoses, ranging from
benign to malignant [6, 8, 10]. Similarly, there is a wide
spectrum in the anticipated clinical trajectory of these le-
sions from spontaneous regression to requiring surgical
resection. For example, adrenal hemorrhage represents a
benign diagnosis that often resolves spontaneously with
conservative management [6]. In contrast, congenital
neuroblastoma represents a lesion with variable progno-
sis, ranging from requiring resection or chemotherapy to
undergoing spontaneous regression without intervention
[1, 13]. While infradiaphragmatic extralobar pulmonary
sequestration is a benign lesion that is asymptomatic, it
may require surgical resection in the setting of an unclear
diagnosis versus continued observation [6, 7, 14]. The
ability to differentiate between these specific diagnoses
based upon prenatal imaging features remains challeng-
ing, complicating prenatal counseling regarding the le-
sion’s anticipated clinical course. Therefore, this study
evaluated prenatal imaging findings associated with spe-
cific diagnoses and regression patterns with the goal of
refining prenatal counseling in this setting.

We report several prenatal ultrasound and MRI find-
ings that were significantly associated with the diagnosis of
a pulmonary sequestration in comparison to adrenal hem-
orrhage, which were the most common assigned diagnoses
in our suprarenal lesions. In contrast to adrenal hemor-
rhages, pulmonary sequestrations were uniformly left-sid-
ed in this series, which is consistent with prior studies re-
porting a high frequency of left-sidedness [5, 15]. More-
over, pulmonary sequestrations were more likely to be
diagnosed earlier in gestation and have specific imaging
features including a feeding vessel, solid composition with
an echogenic appearance on ultrasound, and low T1 MRI
signal. In contrast, adrenal hemorrhages were more likely
to have a cystic component on ultrasound and high T1 sig-
nal and blood products on MRI. In particular, the T1 MRI
characteristics help distinguish sequestration versus adre-
nal hemorrhage given that adrenal hemorrhages typically
have high T1 signal seen with blood products. However,
this finding alone does confirm adrenal hemorrhage. Inte-
gration of these prenatal findings from both imaging mo-
dalities may aid in differentiating these 2 lesions.

While prior studies have explored the utility of prenatal
imaging to differentiate the aforementioned diagnoses
from neuroblastoma [5, 9, 11], there were only 4 lesions
that were assigned a diagnosis of neuroblastoma in this
study, which limited comparative analysis. The neuroblas-

Prenatal Imaging of Suprarenal Lesions

toma lesions were diagnosed later in gestation than the oth-
er lesions, which is consistent with prior reports [5], though
small sample size precluded statistical comparison with ad-
renal hemorrhage or pulmonary sequestration. Notably, 1
neuroblastoma confirmed on tissue pathology did have a
prenatal feeding vessel, a finding that has been reported in
a prior study [2]. Of the 4 neuroblastomas, 1 underwent
surgery and 1 underwent chemotherapy. The other 2 le-
sions classified as neuroblastomas underwent prenatal re-
gression and postnatal regression, respectively, corroborat-
ing reports of spontaneous regression in some cases of con-
genital neuroblastoma [13]. In addition, we also report 2
cases of duplication cysts, which were left-sided, cystic, and
anechoic on prenatal ultrasound. Both of these children re-
mained asymptomatic but underwent resection in order to
prevent risk of future complications [16, 17].

The majority of all lesions in this study underwent
spontaneous regression either prenatally or postnatally.
The maximum dimension of lesions at first abnormal
prenatal ultrasound was not associated with likelihood of
regression. Similarly, the prenatal evolution of lesion size
was not associated with likelihood of postnatal regres-
sion. Postnatally, the probability of lesion regression was
approximately 48% at 1 year and 75% at 3 years after the
prenatal diagnosis. Lesion persistence was significantly
more likely to occur in the presence of a prenatal feeding
vessel and low T1 signal, which were features associated
with the diagnosis of a pulmonary sequestration. All chil-
dren with pulmonary sequestration in this study re-
mained asymptomatic and were either observed until the
last follow-up or underwent surgical resection due to un-
clear diagnosis. Two pulmonary sequestrations in this se-
ries were no longer visible on the last postnatal imaging
and were categorized as undergoing postnatal regression.
These findings are consistent with previous reports high-
lighting the current recommendation of conservative
management of these lesions [14, 18-20].

Limitations

This retrospective study is limited due to its depen-
dence upon chart review for data extraction. Given that
the majority of lesions did not undergo biopsy or surgery
to obtain a definitive tissue diagnosis, lesions were as-
signed a diagnosis based upon interpretation of prenatal
and postnatal imaging reports and clinical documenta-
tion. Since these diagnoses could not be confirmed with
tissue pathology, possible bias cannot be excluded. More-
over, small sample sizes within the assigned diagnosis
groups other than pulmonary sequestration and adrenal
hemorrhage precluded further statistical comparisons
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between diagnosis categories. Last, both centers in this
study have specialized fetal radiologists, such that these
findings may not be generalizable to all centers.

Conclusions

Several prenatal ultrasound and MRI findings may aid
in the specific diagnosis of suprarenal lesions, including
differentiating pulmonary sequestrations from adrenal
hemorrhages. In particular, pulmonary sequestrations
were significantly more likely to be left-sided, present ear-
lier in gestation, have a prenatal feeding vessel, and have
low T1 MRI signal compared to adrenal hemorrhages.
The majority of lesions underwent spontaneous regres-
sion, either prenatally or postnatally. A prenatal feeding
vessel and low T1 MRI signal, typically indicative of pul-
monary sequestrations, were associated with lack of le-
sion regression. These findings may refine prenatal coun-
seling strategies regarding the most likely diagnosis and
expected clinical trajectory of a prenatally identified su-
prarenal lesion.
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