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We retrospectively evaluated autopsies performed on 151 non-immune hydrops
fetalis (NIHF) cases to determine the etiology and pathological findings.
Further, cases identified between 1980 and 2004 were compared with those
identified between 2005 and 2015 to investigate the improvement of diagnostic
performance of our institution. The mean gestational age during the fetal
autopsy was 25 weeks. There were 30 live-born infants in the study group.
The etiology of NIHF could be determined in 91 cases (60.3%), while it
remained undefined in remaining 60 cases. The most commonly associated
pathological conditions were cardiovascular malformations (11.3%), followed
by chromosomal abnormalities (9.3%). Prior to 20th gestation week, genetic
anomalies and cystic hygromas were the most common etiological factors,
and after 30 weeks of gestation, cardiac abnormalities were found to be
the most common causes. With time, the rate of undefined cases decreased
from 48.4% to 33.75%. NIHF is a complex medical condition necessitating a
multidisciplinary management approach. Progress in molecular genetics and
imaging techniques is expected to improve diagnostic performance for rapid
and better identification.
Key words: congenital malformations, etiology, fetal autopsy, perinatal autopsy,
nonimmune hydrops fetalis.

Hydrops fetalis (HF) is defined as excessive
accumulation of fluid in two or more fetal
compartments including the skin, pleura,
pericardium, placenta, and/or peritoneum.1,2
HF is associated with a wide spectrum of
pathological conditions and is clinically classified
into immune and non-immune HF.3,4 Recently, it
has been shown that approximately 90% of HF
cases can be categorized into the non-immune
group, especially after anti-D prophylaxis has
started being routinely administered to rhesusnegative pregnant women, which has led to
prevention of immune HF.5
The incidence of non-immune hydrops fetalis
(NIHF) is 1 in 2000-3500 live births. 6,7
NIHF is caused by a heterogeneous group
of conditions that present as various signs

and symptoms, such as liver failure, heart
failure, and reduced lymph flow.3,8 In most
cases, prenatal ultrasonography can detect
the features associated particularly with this
condition. 9,10 Identifying NIHF etiology is
important, especially in cases that require
intrauterine interventions.11,12 Fetal autopsy
is critical in definitively diagnosing and/
or confirming the etiopathogenesis of NIHF
cases.8,13
We aimed to demonstrate the importance of
performing a fetal autopsy for the evaluation
of NIHF cases. Additionally, we compared
the data of the fetuses identified with NIHF
between 1980-2004 and between 2005-2015 to
indicate the diagnostic progress that has been
achieved in this field.
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Material and Methods
We studied fetal autopsy results of 179 HF
cases and found that 84.4% (151/179) of them
were NIHF cases. Hacettepe University Hospital
Registry was used to obtain the necessary
data (fetal autopsy results, laboratory test
results, and demographic features, among other
information) during two periods (1980-2004

and 2005-2015). We found 62 and 89 NIHF
cases during the 1980-2004 and 2005-2015
periods, respectively.
Gestational/birth and demographic data
include maternal age, gestational age at birth/
termination, birth weight, gender, examination
of placenta, results of chromosomal analysis,
serological test results, survival time, associated

Table I. Live Born Cases with Non-Immune Hydrops Fetalis.
Case
number

Gestational age
at birth
(weeks)

Weight
(g)

Gender

Survival
time

1

27

2065

M

10 min

Thoracic

2

33

1700

F

1 hour

Idiopathic

3

34

960

M

1 hour

Idiopathic

4

38

3000

M

4 hours

Renal (polycystic kidney)

5

35

3000

F

1 day

Idiopathic

6

35

2050

M

1 day

Idiopathic

7

32

2170

F

1 day

Idiopathic

8

39

3750

M

1 day

Idiopathic

9

36

2585

F

1 day

Idiopathic

10

33

2040

F

1 day

Idiopathic

11

35

1700

M

1 day

Idiopathic

12

32

1398

M

1 day

Cardiac

13

37

3000

M

1 day

Inborn error of metabolism
(Zellweger syndrome)

14

36

2585

M

1 day

15

30

2050

M

1 day

Renal (congenital nephrotic
syndrome)
Renal

16

26

825

F

1 day

Chorioangioma

17

33

2440

M

2 days

Idiopathic

18

35

2240

F

2 days

Cardiac

19

38

3250

F

2 days

Anemia

20

34

3250

F

2 days

Anemia

21

31

1600

F

2 days

Chromosomal (Down syndrome)

22

31

2180

M

3 days

Anemia

23

34

3620

M

3 days

Idiopathic

24

35

4180

M

4 days

Cardiac

25

37

-

M

4 days

Cardiac

26

33

2950

F

6 days

Cardiac

27

31

1925

M

6 days

Anemia

28

36

2850

M

11 days

Idiopathic

29

34

2600

M

17 days

Cardiac

30

34

3070

F

53 days

Inborn error of metabolism (Niemann
Pick type C)

F: Female, M: Male, min: minute

Etiology
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Table II. Etiology of Non-Immune Hydrops Fetalis (NIHF) with Comparison of Findings Between Two
Periods (1980-2004 and 2005-2015).
1980-2004
(n = 62)
n (%*)

2005-2015
(n = 89)
n (%*)

P value

1980-2015
(n = 151)
n (%*)

Cardiac

4 (6.5)

13 (14.6)

0.119

17 (11.3%)

Chromosomal

1 (1.6)

13 (14.6)

0.007

14 (9.3%)

Cystic hygroma

2 (3.2)

9 (10.1)

0.201

11 (7.3%)

Urinary tract disorders

6 (9.6)

4 (4.5)

0.488

10 (6.6%)

Twin-twin transfusion

3 (4.8)

4 (4.5)

1.000

7 (4.6%)

Thoracic

5 (8.1)

1 (1.1)

0.043

6 (4%)

Infectious

3 (4.8)

2 (2.2)

0.402

5 (3.3%)

Skeletal system

1 (1.6)

4 (4.5)

0.649

5 (3.3%)

Syndromic

3 (4.8)

2 (2.2)

0.402

5 (3.3)

Hematological

3 (4.8)

2 (2.2)

0.229

5 (3.3%)

Etiology

Inborn errors of metabolism
Idiopathic
Other**

0

3 (3.4)

0.269

3 (2%)

30 (48.4)

30 (33.7)

0.070

60 (39.7%)

1 (1.6)

2 (2.2)

1.000

3 (2%)

*Percentage of column
**Central nervous system anomalies, chorioangioma, maternal Sjögren syndrome

abnormalities, maternal risk factors, and fetal
autopsy results.

g) in all NIHF cases. We found that 47% of
the cases were female infants.

This study was approved by the ethical
committee of Hacettepe University with number
of GO-918. All parents were informed about
the autopsy and written consent was obtained.

Etiology of NIHF could be identified in 91
cases (60.3%), while it remained undetermined
in the remaining 60 cases, which were defined
as idiopathic (Table II). The most common
etiological factor identified was cardiovascular
diseases (11.3%), followed by chromosomal
disorders (9.3%), cystic hygroma (7.3%),
renal abnormalities (6.6%), and twin-to-twin
transfusion syndrome (4.6%).

All statistical analyses were performed using
SPSS version 22.0 software (SPSS Inc., Chicago,
IL, USA). Descriptive statistics were presented
as frequencies and percentages. Categorical
variables were analyzed using the Pearson
chi-square test and the Fisher exact test. A
P value of < 0.05 was considered statistically
significant.
Results
We retrospectively evaluated autopsy results
(n=4377) of the fetuses operated on between
1980 and 2015. We found 179 cases with HF
and 151 (84.4%) among them were NIHF cases.
Mean gestational age at the time of autopsy
was 25 weeks (range 11-39 gestational weeks).
Mean maternal age was 26.9 years (range 1744). There were 30 live-born infants (30/151,
19.8%) in the study group (Table I). Survival
time varied between 10 minutes and 53 days.
Mean birth weight was 1149 g (range 3.7-4180

We divided our study cases into two groups:
cases between 1980-2005 and those identified
between 2005-2015. A comparison between
the groups (Table II) showed that the
number of cases classified as demonstrating
undefined etiology decreased from 48.4%
to 33.7% (p=0.007). Although urinar y
system disorders were the most common
cause identified in the period between 1980
and 2005, cardiovascular diseases (14.6%)
and chromosomal abnormalities (14.6%)
were identified as the two most common
etiological factors in the period between 2006
and 2015. Fetal karyotyping was performed
in 58 cases (38.4%). Tables III and IV show
NIHF-associated cardiovascular disorders and
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Table III. Cardiovascular Causes.
Number of cases

Percentage (%)

Atrial septal defect

4

23.5

Cardiomegaly

2

12.7

Atrioventricular septal defect

1

5.8

Ebstein’s anomaly

1

5.8

Single ventricle defect

1

5.8

Single atrium

1

5.8

Cor biloculare

1

5.8

Endocardial fibroelastosis

1

5.8

Hypoplasia of the aorta

1

5.8

Tricuspid stenosis

1

5.8

Double outlet right ventricle

1

5.8

Pulmonary stenosis

1

5.8

Noncompaction cardiomyopathy

1

5.8

Total

17

100

chromosomal abnormalities, respectively.
Table V shows “gestational-age related”
distribution of chromosomal and structural
abnormalities in addition to other etiological
findings. We found that in 48 cases gestational
age was ≤20 weeks, in 53 cases gestational age
was 20-30 weeks, and in 50 cases gestational
age was ≥30 weeks. Genetic abnormalities were
noted to be more common before 20 weeks
(p=0.001). Chromosomal abnormalities and
cystic hygroma were found to be more frequent
before the 20th gestational week, while cardiac
problems were more frequent during the later
stages of pregnancy (Table V), especially after
the 30th gestational week (p=0.007).
Placental examination was available in 41 of 89
cases in the last ten years. Hydropic changes
in the placenta were present in 85% of them,
and dystrophic calcifications were present in
31%. Three placenta examinations showed the
findings that strengthened the diagnosis of twin

to twin transfusions. Also, single umbilical
artery in two placenta examinations and a giant
chorioangioma in one were detected.
Discussion
NIHF is caused by several etiological factors,
which could be related to maternal, fetal and/or
placental causes. Impaired vascular permeability,
and alterations in osmotic/oncotic pressure,
lymphatic drainage, and venous pressure
are described as the biological rationales to
explain the occurrence of NIHF.2,14 Clinically, a
prenatal ultrasonographic examination helps to
detect NIHF. The most common abnormalities
detected through ultrasonography are fetal
ascites, pleural effusion, pericardial fluid
accumulation, skin edema, placentomegaly, and
polyhydramnios.13,15
In cases showing a high index of suspicion
for NIHF, the obstetrician or perinatologist
should consider further investigations to

Table IV. Chromosomal Abnormalities.
Number of cases
Down syndrome

4

Turner syndrome

4

Translocation

2

Triploidy

2

Trisomy 18

2

Total

14
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Table V. Etiology of Non-Immune Hydrops Fetalis Based on Gestational Age.
Gestational age (weeks)

P value

<20 (n=42)

20-30 (n=59)

>30 (n=49)

n (%*)

n (%*)

n (%*)

Etiology
Cardiac

1 (2.4)

5 (8.5)

11 (22.4)

0.007

Chromosomal

11 (26.2)

2 (3.4)

1 (2.0)

<0.001

Cystic hygroma

11 (26.2)

0

0

Urinary tract disorders

3 (7.1)

4 (6.8)

3 (6.1)

0.786

Twin-to-twin transfusion

2 (4.8)

5 (8.5)

0

0.115

Thoracic

1 (2.4)

3 (5.1)

2 (4.1)

0.791

Infectious

0

3 (5.1)

1 (2.0)

0.279

Skeletal system

0

5

0

2 (4.8)

3 (5.1)

0

Syndromic

0.284

Hematological

0

0

5 (10.2)

Inborn errors of
metabolism
Idiopathic

0

1 (1.7)

2 (4.1)

0.374

11 (26.2)

25 (42.4)

24 (49.0)

0.077

0

3 (5.1)

0

0.094

Other**

identify potential causes for the disease.
Meticulous and comprehensive ultrasonography
is necessary to assess fetal morphology in
addition to examination of the placenta,
amniotic fluid, and vascular structures. 5,11
Fetal echocardiography must be performed to
assess cardiac anatomy and to evaluate for
possible heart failure1. Doppler examination
is an important test in all cases to evaluate
fetal wellbeing and to predict fetal anemia
16 . Invasive procedures (amniocentesis or
cordocentesis) are additional methods to
detect fetal chromosomal abnormalities. 9,17
Moreover, it is important to perform serological
examination on maternal blood samples for
evaluation of immunoglobulins or infectious
agents.10,18 Furthermore, hereditary metabolic
disorders and obstetrical complications (twinto-twin transfusion and placental masses)
should be considered among potential etiologies
of NIHF.13,19 Improved prenatal interventions
secondary to technological advances have
helped in better detection rates for this
condition. Additionally, underlying etiologies
can be identified through an autopsy in some
cases.
In a recent study, we reported that overall
mortality rate of NIHF cases is 78.2% (147

in the period 2001-2013) and autopsy results
were accepted by the concerned families in
34% (50/115) of cases. 13 We identified at
least one etiological factor of NIHF in 80%
of the fetal autopsies that were performed.
In that study, we could additionally show
that cardiovascular disorders were the most
common (21.7%) etiological factor, while
chromosomal abnormalities were the second
most (12.8%) common etiological factor of
NIHF. 13 Another study we performed has
reported etiological and prognostic factors
in live-born infants with HF at our tertiary
intensive neonatal center between 2002 and
2011.19 We found that an etiological factor
could be identified in 70.5% of the infants
diagnosed with NIHF, and that lymphatic
dysplasia and cardiovascular disorders were
the most common etiological factors (23.5%
and 11.7%, respectively). Mortality rate of
live-born infants diagnosed with NIHF was
found to be 44.1% while this rate was 12.5%
for lymphatic dysplasia associated with NIHF
cases.19 Similar results have been reported by
various other authors.3,8,20,21
In this study, which evaluated the role and
significance of a fetal autopsy in NIHF cases,
we found that the most common etiological
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factor associated with this condition was
cardiovascular disorders (11.3%) followed
by chromosomal abnormalities (9.3%). Prior
to 20 weeks of gestation, genetic anomalies
and cystic hygroma were found to be the
most commonly associated etiological factors
while after 30 weeks of gestation, cardiac
causes were identified as the most commonly
associated etiological factors. Our case
series also demonstrated various associated
pathological conditions of NIHF, such as
cystic hygroma, urinary system malformations,
twin-to-twin transfusion, thoracic anomalies,
skeletal dysplasia, infection, various genetic
syndromes, fetal anemia, inborn errors of
metabolism, central nervous system anomalies,
chorioangioma, and maternal Sjögren syndrome.
Unfortunately, the etiology-undefined group
showed an incidence of 48.4% and 33.7%
in the 1984-2004 and 2005-2015 periods,
respectively. We reckon that a fetal autopsy is
very important for the diagnosis, confirmation,
and reporting of NIHF cases associated with
structural abnormalities. Changes in medical
practice secondary to social and technological
advancement have facilitated better physicianpatient interaction. This has allowed patients
and their families to discuss and obtain a
better explanation of pathological conditions in
relevant effective cooperation and collaboration
between perinatologists, neonatologists, and
pathologists is required in this regard.

abnormalities were the predominant etiological
factor leading to NIHF.

Metabolic diseases can cause NIHF. This may be
due to visceromegaly which can affect venous
circulation in storage diseases. Hypersplenism
which causes anemia, cardiac involvement and/
or hypoalbuminemia can also be the other
reasons of NIHF in metabolic diseases.21 There
were 3 metabolic diseases related with NIHF
(Niemann Pick disease type C in 1, lysosomal
storage disease type 7 in 1 and Zellweger
disease in 1) in our study which shows the
importance of further investigation by fetal
autopsy.

6. Anandakumar C, Biswas A, Wong YC, et al. Management
of non‐immune hydrops: 8 years' experience. Ultrasound
Obstet Gynecol 1996; 8: 196-200.

A wide spectrum of pathologies may cause
impaired fetal hemodynamic status resulting in
HF at different time points during gestation.20
Chromosomal abnormalities have been reported
to be the most common etiological factor
associated with NIHF during the second
trimester of pregnancy. 22 In our study as
well, we demonstrated that chromosomal

10. Beksac MS, Saygan-Karamürsel B, Ustacelebi Ş, et
al. Prenatal diagnosis of intrauterine cytomegalovirus
infection in a fetus with non-immune hydrops fetalis.
Acta Obstet Gynecol Scand 2001; 80: 762-765.

We propose that a fetal autopsy should not be
restricted to only a histopathological evaluation
but should also include genetic studies.
Molecular and genetic studies associated
with a fetal autopsy could prove to be a
promising approach in the future with respect
to management of such cases.
In conclusion, better genetic tests/genomic
studies are required to improve the management
of prenatally diagnosed NIHF cases.
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