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ABSTRACT
A great number of lifelong disabilities are due to congenital 
malformations. Evolution of prenatal ultrasound diagnosis and 
improvement of surgical technique have enabled us to detect 
most of these malformations in utero early and accurately with a 
possibility of early surgical management in selected cases even 
in utero. Advances in pre-/perinatal management have enabled 
us to interfere and change the origin of the disease in order to 
optimize the best postsurgical outcome. Only a multidisciplinary 
team of specialists could provide such appropriate treatment.
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INTRODUCTION

Congenital malformations are single or multiple defects  
of the morphogenesis of organs or body identifiable 
at birth or during intrauterine life. Their global birth 
prevalence is about 2 to 3%. The etiology is unknown in 
more than 50%, while the other half is caused by genetics 
and the environment, or their combination.1 According 
to the World Health Organization (WHO), congenital 
malformations result in approximately 3.2 million birth 
defect-related disabilities every year, and 270,000 new-
borns die during the first 28 days of life every year from 
congenital anomalies.2 Therefore, they continue to rep-
resent a significant and growing problem of perinatal/
neonatal morbidity and mortality.

Prevention of congenital anomalies is unfortunately 
mostly impossible. With the era of advanced ultrasound 
diagnostics, most of the major anomalies are detectable 
prenatally.3-5
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Prenatal diagnosis has significantly improved our 
understanding of surgically correctable congenital mal-
formations. It has enabled us to influence the delivery 
of the baby, offer prenatal surgical management, and 
discuss the option of termination of pregnancy for lethal 
conditions.6

Although the most prenatally diagnosed congenital 
malformations are best treated surgically after birth, 
the outcome of a small proportion of severe structural 
malformations with predicted fetal demise or devastat-
ing sequelae postnatally can be improved by correction 
before birth. Prenatal intervention is restricted to those 
anatomic malformations that interfere with normal organ 
development and which, if alleviated, may permit normal 
development. Advances in antenatal ultrasound detec-
tion and technical innovations in the surgical approach 
to the fetus have resulted in an increase in the successful 
clinical application of fetal intervention over the past 
three decades.7

The aim of the article is to present data on surgically 
correctable congenital malformations in the past 10 years 
in the tertiary medical institution of perinatal care in 
Zagreb at Clinical Hospital “Sveti Duh” and their man-
agement and outcome.

MATERIALS AND METHODS

In the 10-year period from 2005 to 2014, there were 32,556 
live-born neonates, of whom 408 (1.25%) were prenatally 
diagnosed with surgically correctable congenital malfor-
mation (Table 1). Case records of these children and of 

Table 1: Number of live-born neonates from 2005 to 2014 
and number of neonates with surgical correctable congenital 
malformations in Clinical Hospital “Sveti Duh,” Zagreb

Years
No. live-born 
neonates

No. with surgically 
correctable congenital 
malformation

2005 3,075 30
2006 3,103 30
2007 3,237 31
2008 3,370 36
2009 3,548 34
2010 3,543 37
2011 3,226 43
2012 3,197 65
2013 3,182 39
2014 3,075 63

32,556 408
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other children with the same condition diagnosed post-
natally have been studied in order to assess the accuracy 
of the prenatal diagnosis and its potential influence on 
the neonatal management and outcome.

RESULTS

Total number of live-borns was 32,556, of whom 408 
(prevalence rate 1.25%) had surgically correctable gross 
congenital malformations. Distribution of surgically 
correctable congenital anomalies in the 10 yeas period 
in Clinical Hospital “Sveti Duh,” Zagreb is presented in 
Graph 1.

We will analyze them separately in more detail.

Urinary Tract

Urinary tract malformations were detected prenatally in 
175 neonates (43% out of 408 live born neonates).

Development of genitourinary system is a complex 
process.8,9 In our cases, congenital anomalies of the 
genitourinary tract were the most common ultrasound 
identified anomalies in the prenatal period. Obstructive 
uropathies account for the majority of cases.9

Accurate and early prenatal diagnosis of anomalies 
enabled us to influence the outcome of the affected fetus. 
Early recognition and treatment of critical obstruction and 
urinary tract infection provide further prevention of renal 
damage and loss of its function.10

Most of the correctable lesions are best treated after 
normal term delivery, while some have bad prognosis 
from the very beginning. Only few could be treated 
before birth.11

From a practical point of view, it is crucial to make 
a distinction between unilateral and bilateral malfor-
mations of the urinary tract. For most of the unilateral 
urinary pathology where the other kidney is healthy, 
prenatal intervention is usually not necessarily. Regular 
weekly follow-ups until delivery are sufficient. At birth, 

the newborn will undergo all necessary check-ups 
including clinical examination, laboratory work-up, and 
imaging and if needed surgical correction will be done at 
the most appropriate time when the accurate diagnosis 
would be achieved.12,13

With the introduction of fetal therapy, termination of 
pregnancy becomes an option when dealing with condi-
tions that are not compatible with extrauterine life (bilat-
eral renal agenesis, bilateral multicystic kidneys, bilateral 
infantile polycystic kidneys). Therefore, obstetricians and 
parents may choose to terminate the pregnancy when the 
prognosis is lethal.14,15

Most urinary pathologies do not interfere with the 
mode of delivery, although elective cesarean delivery 
should be considered in cases of massive enlargement 
of fetal abdomen in order to prevent possible dystocia 
that might occur with vaginal delivery and to prevent 
damage to the vital organs.

Renal tract anomalies are mostly caused by single gene 
disorder and are isolated, but sometimes they can also be 
associated with other congenital anomalies. Therefore, a 
thorough examination of the other systems is mandatory 
to exclude possible genetic disorders.10

Obstructive Uropathies

Obstructive uropathies are the most frequently diagnosed 
pathologies of the urinary system. Many of them are 
transient or physiological and will resolve spontaneously 
after birth, while a few of them have serious underlying 
urinary pathologies. If left untreated, these will increase 
child mortality and morbidity. Antenatal ultrasonography 
provides us to detect those anomalies and evaluate its 
progression and to plan its treatment early and electively. 
The main aim of treatment is prevention of urinary tract 
infections and its long-term complications like renal scar-
ring, hypertension, and impaired renal function. With the 
introduction of antenatal ultrasonography of the urinary 
system, about 60% of children had surgery for renal or 
urinary tract problems in their first 5 years. Once pathol-
ogy of the urinary system is suspected and diagnosis 
established, regular weekly ultrasound examinations 
are warranted. Evaluation of renal damage is based on 
dilatation of the collecting system, renal parenchymal 
appearance and thickness, changes in renal pelvis size and 
fetal urine flow, and appearance of ureter and bladder. 
These parameters affect prenatal management, as well as 
the gestational age and maturity of fetal lungs.13-16

Urinary tract obstruction results in renal dysplasia 
and renal failure, and pulmonary development might 
be influenced by the decreased amount of amniotic fluid.

Prenatal management is considered when the 
obstructing lesions are prograding and lead to renal 
failure when premature delivery cannot be reasonably 

Graph 1: Distribution of surgically correctable congenital anomalies 
in the 10-year period (2005–2014) in Clinical Hospital “Sveti Duh,” 
Zagreb
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undertaken. Early interventions are necessary because 
unless otherwise they may interfere with fetal devel-
opment and cause serious disability depending on the 
degree and duration of obstruction. These interventions 
are reserved for fetuses with posterior urethral valves 
and oligohydramnios, or fetuses with solitary kidney and  
severe hydronephrosis and oligohydramnios. They are 
only recommended in the second and the third trimester 
and are associated with significant morbidity and mortal-
ity. Nevertheless, at the time we do not know whether 
such interventions would be justified in terms of the addi-
tional time to be gained in utero. Parents should be warned 
that irreversible changes may already have occurred 
and the operation which could appear to be technically 
successful may be of no benefit. These cases should be 
managed under the guidance of a multidisciplinary team 
of experts including the obstetrician, neonatologist, and 
pediatric urologist.10-17

Prune belly syndrome has an estimated incidence of 1 
in 30,000 to 50,000 newborn babies. At an early stage in the 
first trimester, there is the typical presentation of keyhole 
sign of dilated proximal urethra and oligohydramnios.

Today, there are several alternatives for decompress-
ing an obstructed fetal urinary tract. The fetal bladder 
or renal pelvis can be aspirated percutaneously under 
ultrasound guidance. Another possibility is early delivery 
and decompression of the urinary tract ex utero. This will 
maximize the opportunity for further renal development 
and minimize adverse effects of oligohydramnios. The 
ideal management is early decompression of the urinary 
tract and continued gestation. The first successful urinary 
tract bypass in utero was performed by Golbus and others 
in 1982. They developed techniques for ultrasonographic-
guided percutaneous placement of fetal shunt catheters 
and for the surgical exteriorization of fetal urinary tract.18 
Unfortunately, we still do not know which fetus will 
markedly benefit from the procedure.

Dilatation of the urinary system is the main charac-
teristic of obstructive uropathies, with hydronephrosis 
as a following diagnosis. Upper urinary tract dilatation 
is caused by obstruction at the level of the pelviureteric 
junction and vesicoureteric junction. Obstruction may 
be anatomical or more frequently functional. The typical 
ultrasound presentation of ureteropelvic junction stenosis 
is severe hydronephrosis without hydroureter and with 
normal aspect of the bladder. A severely dilated pelvis 
can rupture and evolve to perinephric urinoma and 
urinary ascites. Hydronephrosis and hydroureter without 
dilated bladder are suggestive of vesicoureteric junction 
stenosis. Fetal lower urinary tract obstruction is mainly 
caused by posterior urethral valves and urethral atresia. 
Thick bladder walls, dilated posterior urethra (keyhole 
sign), and bilateral hydroureter are suggestive of posterior 

urethral valves. Bilateral obstructive renal dysplasia will 
result in oligohydramnios or anhydramnios, causing 
secondary pulmonary hypoplasia and limb deformities. 
Untreated, it has high mortality rate (45%) and about 25 
to 30% of neonatal survivors will develop chronic renal 
disease. Vesicoamniotic shunting and fetal cystoscopy 
are at present possible methods of prenatal treatment. 
Cystoscopy allows a more accurate diagnosis of under-
lying etiology with the possibility to treat posterior ure-
thral valves by hydro- or laser ablation. However, when 
compared with vesicoamniotic shunting, no significant 
improvement in perinatal survival was found.9,10

Multicystic Kidneys

This is a disorder characterized by the presence of mul-
tiple well-defined cysts within the kidney that do not 
communicate with each other or to the renal pelvis. The 
cysts are variable in number and size. A similar cystic 
appearance maybe sometimes produced by hydronephro-
sis. The main difference between these two conditions 
are noncommunicating cysts in multicystic kidney. They 
are more than 70% unilateral and therefore, prognosis is 
better. In some cases, postnatally, multicystic kidney can 
undergo spontaneous involution but if it is associated 
with hematuria, infection, or hypertension, nephrec-
tomy is indicated. However, postnatal evaluation and 
follow-up are warranted. If the lesion is bilateral, then 
the prognosis is fatal. Multicystic kidney is one of the 
most common diagnosed neonatal abdominal mass. 
They account for 20% of all masses. They are usually not 
treated for life in early neonatal period, and after birth 
accurate diagnosis with noninvasive techniques is easily 
established and therefore distinction is made from other 
abdominal masses. Unilateral nephrectomy is the most 
performed surgical procedure.19

Congenital Renal Tumors

Congenital renal tumors are rare. Their appearance is 
from 2.5 to 7% of all perinatal tumors. Around 90% are 
diagnosed during the first year of life, 50 to 70% are 
found in infants before they reach 3 years of age. They 
include congenital mesoblastic nephroma (CMN), Wilm’s 
tumor, rhabdoid tumor, clear cell sarcoma, hamartomas 
(e.g., angiomyolipoma), and ossifying tumor of infancy. 
Congenital mesoblastic nephroma also known as Boland 
tumor is the most common. It is usually a benign tumor 
and develops from renal mesenchyma. Less than 5% of 
all pediatric renal tumors turn out as CMN.20 With the 
advances in prenatal ultrasound diagnostics, the number 
of prenatally diagnosed tumors has increased. The most 
common presentation is as a unilateral solid mass with 
homogenous echogenicity near the renal hilus. The mass 
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is well-demarcated from the renal tissue, although there 
is no discernible capsule. Typical finding is “ring” sign, 
an anechoic ring surrounding the tumor. Doppler signals 
registered in the ring indicate intense peripheral vascular-
ity, which is confirmed with histopathological evaluation 
afterward. Polyhydramnios is seen in approximately 70% 
of cases and in 25% of them are delivered prematurely 
due to the development of uterine contraction. Prognosis 
is excellent after unilateral nephrectomy.21,22

Central Nervous System

Hydrocephalus

Hydrocephalus does not identify a specific disease, 
but includes a variety of clinicopathological conditions 
caused by excessive cerebrospinal fluid (CSF) based on 
the disturbed circulation. The prevalence rate in Europe 
is 5.84 per 10,000 births after 20 weeks of gestation. New 
classification of hydrocephalus and standards for clini-
copathological evaluation of hydrocephalus have been 
developed in Japan.23-25

Dilatation of the fetal cerebral ventricles is often 
described with terms “hydrocephalus” or “ventriculo-
megaly.” However, they are not synonyms and the dis-
tinction among them should be made. Ventriculomegaly 
refers to abnormal ultrasound finding independently 
from the etiology.26

Aqueductal stenosis, myelomeningocele (MMC), post 
intraventricular hemorrhage due to prematurity, congeni-
tal hydrocephalus, cyst, tumor, posthead injury, postinfec-
tious are the most important clinical conditions associated 
with hydrocephalus.27

If not treated, hydrocephalus with high intracranial 
pressure is one of the leading causes of severe brain 
damage in fetuses and newborns. High intracranial pres-
sure can cause marked separation of cranial sutures and 
the setting sun sign. The main goal of hydrocephalus 
treatment is achieving arrested hydrocephalus by shunt 
surgeries. It is essential to perform the derivation of CSF 
as early as possible in order to minimize intracranial pres-
sure and to avoid brain damage. In the future, to achieve 
arrested hydrocephalus, minimum quantity of CSF to be 
drained should be elucidated.23,28,29

In the trial of Stranjalis et al,30 12-year hospital 
outcome in patients with idiopathic hydrocephalus was 
presented. All babies postnatally had clinical neurological 
and ophthalmological assessment together with ultra-
sound examination, while multislice computed tomog-
raphy and magnetic resonance imaging were performed 
when needed. Based on these findings, neurosurgical 
treatment has been indicated whenever appropriate. A 
favorable outcome was reported for 66.8% of patients, 
no change in 31.5%, and overall inpatient mortality was 

1.7%. Concerning the long-term outcome, in one study 132 
patients underwent 179 shunt surgeries. Forty-four (33%), 
79 (60%), and 99 (75%) patients demonstrated objective 
improvement at 3, 6, and 24 months respectively, after 
shunt surgery. Giant improvement was achieved in 93% of 
patients. Radiological evidence of corpus callosum disten-
sion, gaint impairment as the primary symptom predicted 
improvement. Urinary incontinence and dementia were 
twofold less likely to improve.31

Posthemorrhagic hydrocephalus and hydrocephalus 
connected with craniospinal dysraphism had significantly 
earlier revisions than congenital and other etiologies.32

Neural Tube Defects

According to EUROCAT, the prevalence rate of all neural 
tube defects in Europe from 2008 to 2012 was 9.69 per 
10,000 births. Prevalence rate of specific malforma-
tions per 10,000 births after 20 weeks of gestation were 
encephalocele, 1.13; spina bifida, 4.88.24

Encephalocele

Encephalocele is a neural tube defect characterized by 
protrusion of the brain and meninges through opening 
in the cranium (Fig. 1). Occipital region represent its 
most common localization (67%) and it is in almost 50% 
of cases associated with hydrocephalus. After careful 
preoperative planning, surgery should be done at the 
earliest opportunity, especially if dealing with anterior 
encephalocele.33,34

Spina Bifida and Meningomyelocele

Spina bifida malformations are often prenatally detected 
in the second and third trimester although early detec-
tion in the first trimester is possible.35 The most common 
localization of these malformations is the lumbar and 
sacral areas of spinal cord. Spina bifida malformations 

Fig. 1: Encephalocele – 3D ultrasound presentation
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are divided into three categories: Spina bifida occulta, 
spina bifida cystica with meningocele, and spina bifida 
cystica with MMC.36 Open spina bifida or MMC is the 
most common congenital anomaly of the central nervous 
system compatible with long-term survival and is associ-
ated with significant lifelong disabilities in affected indi-
viduals. The incidence of spina bifida can be decreased 
by up to 70% when daily folic acid supplements are taken 
prior to conception.37,38

Spina bifida malformations have indication for 
immediate surgical correction after birth although today 
selected individuals can be treated in utero.35,36

Postnatal surgery is aimed at covering the exposed 
spinal cord, preventing infection, and treating hydroceph-
alus with a ventricular shunt. In the past few decades, 
little progress has been made in the postnatal surgical 
management of the child with spina bifida. The aim of 
postnatal MMC surgery is not to reverse or prevent the 
neurologic injury seen, but to palliate. According to the 
two-hit hypothesis, the neurologic defects result from 
primary incomplete neurulation and secondary chronic 
in utero damage of spinal cord and nerves caused by long-
term exposure to amniotic fluid. With the introduction of 
accurate prenatal ultrasound diagnosis and acknowledg-
ment of two-hit theory in utero repair was conceived. First, 
it was performed in experimental and animal models.37 In 
2011, a prospective, randomized study (the MOMS trial) 
has shown that fetal surgery for MMC before 26 weeks  
gestation may preserve neurologic function, reverse 
the hindbrain herniation of the Chiari II malformation, 
and obviate the need for postnatal placement of a ven-
triculoperitoneal shunt. However, this study also dem-
onstrates that fetal surgery is associated with significant 
risks related to the uterine scar and premature birth. 
Consequently, additional research is necessary to further 
elucidate the pathophysiology of MMC, to define the ideal 
timing and technique of fetal closure, and to evaluate the 
long-term implications of prenatal intervention.

In utero repair of open spina bifida is now performed in 
selected patients and provides an additional therapeutic 
alternative.39

Vein Galen Aneurysm Malformation

Vein Galen aneurysm malformation is a rare intracra-
nial vascular anomaly. The malformation is due to an 
arteriovenous fistula of the median prosencephalic vein, 
a precursor of the vein of Galen, which fails to regress. 
It represents complex malformation consisting of one or 
more arteriovenous shunts from arterial feeders from 
the carotid and vertebrobasilar systems in the midbrain, 
to the vein of Galen. High flow of blood into the vein 
causes it to dilate so it is not a true aneurysm. The high 
rate of blood flow may result in cardiac failure due to 

increasingly pronounced venous return via jugular veins 
and vena cava superior. About 80% of the cardiac output 
may shunt through the fistula.40,41

Ultrasound represents the main diagnostic tool for 
prenatal detection of vein Galen aneurysm malforma-
tion with the identification of blood flow in the cyst 
using spectral or color Doppler. Power Doppler has 
the capacity to obtain signal in vessels with low-flow 
velocity, and the three-dimensional (3D) power Doppler 
can reconstruct the architecture of the vessel.42 In color 
Doppler imaging, the focal lesions fill with blue-orange 
(aliasing) color signals due to turbulence of venous flow. 
The sonographic appearance of the dilated vein of Galen 
in the midsagittal plane is large, well-defined, irregular, 
supratentorial, and sometimes pulsatile structure along 
the corpus callosum above the cerebellum to the cal-
varia. In the coronal plane, the dilated vein appears as a 
round, cystic, centrally located structure. Signs of high-
output heart failure as cardiomegaly, fetal hydrops, and 
polyhydramnios may be presented. Dilated vena cava 
superior and jugular veins can be additional ultrasound 
findings. The enlarged vein of Galen may cause obstruc-
tion of the Sylvian aqueduct, eventually resulting in 
hydrocephaly.40 The high incidence of cardiomegaly in 
neonates with arteriovenous malformations suggests that 
high-output cardiac failure is already present in a signifi-
cant number of cases during the 3rd trimester. Prognosis 
of malformation depends on the severity of heart failure 
and the extent of cerebral ischemia caused by increased 
venous pressure and so-called cerebral steal. Treatment 
of choice involves performing transarterial embolization 
in the postnatal period.43,44

Fetal Intracranial Hemorrhage

Intracranial hemorrhage (ICH) has high incidence in pre-
mature infants. It has been estimated in 40% of infants of 
less than 32 weeks gestation. It may occur spontaneously 
or it can be associated with different fetal and maternal 
condition. Fetal conditions predisposing to ICH include 
congenital factor X and factor V deficiencies, hemorrhage 
into various congenital tumors, twin-twin transfusion, 
and demise of a cotwin of fetomaternal hemorrhage. 
Predisposing maternal conditions include alloimmune 
and idiopathic thrombocytopenia, von Willebrand’s 
disease, specific medication (warfarin) or illicit drug 
(cocaine) abuse, seizures, severe abdominal trauma inflict-
ing subsequent fetal injury, amniocentesis, cholestasis of 
pregnancy, and febrile disease.45-48

Hemorrhage may occur within the cerebral ventricles, 
subdural space, or infratentorial fossa.

The classification of ICH includes five major types: 
Intraventricular hemorrhage (IVH), cerebellar, subdural, 
primary subarachnoidal hemorrhages, and miscellaneous 
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intraparenchymal hemorrhages. Intraventricular hemor-
rhages are characteristic hemorrhage of the immature 
brain; they represent the most common pattern of neona-
tal ICH. They are subdivided into four grades according 
to their severity. The first three grades are limited to the 
ventricles, while the fourth grade includes parenchymal 
involvement occurring in the most severe cases.48

Intacranial hemorrhage does not have uniform sono-
graphic presentation. The most common ultrasound 
findings include hyperechoic lesions in the lateral ven-
tricle and ventriculomegaly, irregular echogenic brain 
mass, intraventricular echogenic foci or periventricular 
echodensities, and posthemorrhagic hydrocephalus 
(PHH). Unfortunately, outcome is usually poor, espe-
cially in fetuses dealing with high grade of IVH. 
Ventriculoperitoneal shunting postpartum in cases of 
PHH constitutes an option to enable neurological devel-
opment as best as possible.46,48

Intracranial hemorrhage is associated with significant 
neonatal neurological impairment. Fetal neurological 
impairment can be prenatally assessed with the new 
Kurjak antenatal neurodevelopmental test where intra-
uterine fetal behavior is visualized with four-dimensional 
ultrasound and evaluated. Antepartum fetal ICH has 
potential medicolegal implications, so obstetricians and 
sonographers should be familiar with predisposing factors 
and typical diagnostic imaging findings of these events.49

Fetal Face

Cleft Lip and Palate

Prevalence of orofacial clefts is 15.96 per 10,000 births 
(cleft lip with or without cleft palate 9.41 and cleft palate 
5.45 per 10,000). These malformations are usually isolated 
and in less than 10% are associated with abnormal karyo-
type. Cleft lip may be unilateral or bilateral anomaly.50

Prenatal diagnosis of these malformation is helpful in 
psychological preparation of parents because of cosmetic 
implications of the neonate and adequate postnatal man-
agement of affected child. Despite advances in ultrasound 
technology, the sensitivity for detection of facial clefts at 
the routine midtrimester detail scan remains relatively 
poor. Routine use of 3D ultrasound screening protocol 
could improve its diagnosis. Recent 3D tomographic 
ultrasound can demonstrate the anterior maxillary struc-
ture, showing evidence of alveolar cleft. When anomaly is 
suspected, further ultrasound exploration is required to 
evaluate the extent of the cleft and presence or absence of 
any other abnormalities. Involvement of the fetal palate is 
an important finding that will determine the requirement 
for surgery, audiology, and orthodontic services well into 
teenage years. Functional and cosmetic repair are usually 
completed before the age of 10.51-53

Congenital Pulmonary Anomalies

Congenital pulmonary anomalies are uncommon but 
potentially life-threatening and warrant an urgent diag-
nostic work-up. Congenital cystic adenomatoid mal-
formation (CCAM), bronchopulmonary sequestration  
(BPS), bronchogenic cyst, and congenital lobar emphy-
sema (CLE) are four major congenital cystic lesions. 
Congenital cystic adenomatoid malformation and BPS 
have often similar ultrasound presentation as homog-
enous hyperechogenic lesions.54-56

Color Doppler helps to make differentiation between 
these two lesions because of their different origin of vascu-
larization. Congenital cystic adenomatoid malformation 
is vascularized by the branches of the pulmonary artery, 
while PC is vascularized directly from artery that arises 
directly from aorta. Most of the malformations have good 
outcome, with the possibility of spontaneous regression. 
Prognosis depends on the size of malformation, macro-
cystic or microcystic presentation of CCAM, presence 
of pleural effusion, and consequently development of 
hydrops.57,58

Definitive treatment is surgical removal of the lesion 
within the 1st year of life in order to prevent infection 
and rare possibility of neoplastic transformation of the 
lesion. Congenital cystic adenomatoid malformation 
(types I and II) and CLE should be treated promptly in 
newborns for respiratory distress and pneumothorax. 
Early surgical resection within 1 month of age is safe in 
symptomatic patients.54,55

In selected cases, effective antenatal intervention is 
possible. It involves placement of thoracoamniotic shunts 
and consequent resolution of effusions or occlusion of 
the feeding vessel or the tumor by ultrasound-guided 
laser coagulation or injection of sclerosing agent. This 
treatment merits further investigation.57

Congenital Diaphragmatic Hernia

Congenital diaphragmatic hernia (CDH) represents a 
congenital anomaly where abdominal organs are herni-
ated into the thoracic cavity due to a congenital defect 
of the diaphragm. Defective migration of muscle and 
nerve cell precursor to the diaphragm during its forma-
tion is considered the cause of CDH. The diaphragm 
develops anteriorly as a septum between the heart and 
liver, and then grows posteriorly. Final closure is at the 
left Bochdalek foramen between 8 and 10 weeks of ges-
tational age. Bowel migrates from yolk sac to abdominal 
cavity at 10 weeks. If bowel arrives before the foramen 
closes, hernia can occur.59

Visceral herniation into the thoracic cavity during the 
critical period of lung development when bronchi and 
pulmonary undergo branching at 5 to 16 weeks leads to 
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decreased bronchial branching, pulmonary hypoplasia, 
truncation of the pulmonary arterial tree, and dysfunc-
tional surfactant postpartum.60

Prevalence rate of CDH in Europe is 2.71 per 10,000 
births.24 With the implementation of ultrasound prenatal 
diagnostics, it is recognized in more than 50% of cases. 
It can be isolated malformation or associated with other 
structural anomalies, the latter with poor prognosis. 
Cariotypization is warranted in cases of CDH in order to 
exclude genetic disorders linked with this malformation.61

Prenatal assessment aims to rule out associated anom-
alies and to make an individual prognosis. Prediction 
of outcome is based on measurements of lung size and 
vasculature as well as on liver herniation.60-62 The head-
to-lung ratio <1 and liver herniation are associated with 
poor postnatal prognosis and more often require extra-
corporeal membrane oxygenation (ECMO) support.

The leading cause of CDH morbidity and mortality is 
respiratory failure resulting from pulmonary hypoplasia 
and pulmonary hypertension. In those selected fetuses 
with predicted poor postnatal prognosis, prenatal inter-
vention should be considered.61

Prenatal intervention aims at stimulating lung devel-
opment, clinically achieved by percutaneous fetal tracheal 
occlusion (FETO) under local anesthesia. Lack of lung 
expansion 2 to 7 days after tracheal occlusion is consid-
ered a poor prognostic sign. The tracheal Occlusion To 
Accelerate Lung growth trial (www.totaltrial.eu) is an 
international randomized trial investigating the role of 
fetal therapy for severe and moderate pulmonary hypo-
plasia. Despite an apparent increase in survival follow-
ing FETO, the search for laser-invasive and more potent 
prenatal interventions must continue.63

Recent improvements of newborn transportation, 
breathing assistance, and intensive care have significantly 
reduced high mortality rate (50–80%) of the newborns 
with CDH suffering severe respiratory insufficiency at 
birth. Introduction of ECMO enables buying time for 
further lung growth and maturation. Survival rate is 
improved if hernia repair is delayed to allow resolution 
of early pulmonary insufficiency and acute pulmonary 
hypertension. Postnatal treatment of neonate with 
suspected CDH is based on immediate endotracheal 
intubation together with orogastric tube insertion. Mask 
ventilation is abandoned because it can cause severe 
damage to hypoplastic lungs and acute shift of the medi-
astinum by inflating stomach, causing further reduction 
of survival rates.61

Advances in prenatal diagnosis and the institution 
of standardized delivery and postnatal care protocols 
have led to improved survival. Chronic respiratory tract 
disease, neurodevelopmental problems, neurosensorial 
hearing loss, and gastroesophageal reflux are common 

problems in survivors. Therefore, the increased survival 
and subsequent morbidity of CDH survivors have 
resulted in the need to provide resources for the long-term 
follow-up and support of the CDH population.64

Congenital Heart Defects

Congenital heart defects (CHDs) have an overall inci-
dence of about 1% in live-born infants, and account for 
20% of all stillbirths and 30% of neonatal deaths due to 
congenital anomalies. Major CHDs have an estimated 
prevalence of 2 to 4 per 1,000 live births and are either 
lethal or require surgical repair or intervention within 
the first year of life.65,66

The etiology of CHD includes maternal diseases like 
diabetes mellitus and phenylketonuria, exposure to sub-
stances (anticonvulsants, lithium), infections (parvovirus, 
rubella), chromosomal anomalies (trisomies 21 and 18), and 
specific mutant gene defects. The aneuploidy of the fetus 
with CHD is 30%. The recurrence risk of cardiac anomalies 
in the absence of known genetic syndromes is 2 to 4% and 
with two previously affected siblings is 10%.67

Congenital heart defects can be diagnosed during 
fetal life using echocardiography. Prenatal screening 
programs typically recommend detailed assessment 
of fetuses judged to be at high-risk of congenital heart 
disease. However, most cases of congenital heart disease 
arise in the low-risk population. Prenatal diagnosis allows 
full investigation of affected fetuses for coexisting abnor-
malities and gives time for parents to be informed about 
the prognosis of the fetus and treatments that might be 
required. In a minority of cases, where the natural history 
suggests an unfavorable outcome, prenatal diagnosis 
provides an opportunity for fetal cardiac intervention. 
For some cardiac lesions, notably hypoplastic left heart 
syndrome, transposition of the great arteries, and coarc-
tation of the aorta, prenatal diagnosis has been shown to 
reduce postnatal morbidity and mortality.68

Gastrointestinal Tract

The fetal gastrointestinal tract is one of the most common 
sites of surgically correctable malformation detected by 
ultrasound. Antenatal detection of potentially correctable 
major gastrointestinal malformation may be life saving 
since appropriate prenatal preparation allows planning 
of delivery and subsequent postnatal corrective surgery 
in the best equipped available center and in the most 
suitable conditions.69

Importance of early antenatal detection of gastroin-
testinal malformation is evident, because in antenatally 
unrecognized cases, surgical management of neonatal 
intestine obstruction may be compromised by delayed 
diagnosis and consequently complicated by vomiting, 
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electrolyte imbalance, aspiration, sepsis, peritonitis due 
to intestinal perforation, or bowel gangrene in cases of 
intestinal volvulus. Therefore, if corrective surgery is not 
performed, gastrointestinal obstruction will ultimately 
lead to death of the neonate.70

Abdominal Wall Defects (Omphalocele  
and Gastroschisis)

Omphalocele and gastroschisis represent the most 
common congenital abdominal wall defects. In both mal-
formations, the abdominal content is placed outside the 
abdomen through abdominal wall defect with membrane 
in omphalocele and without membrane in gastroschisis.

Prenatal ultrasound has a high sensitivity for these 
abnormalities already at the time of the first-trimester 
nuchal scan. Differentiation of these anomalies can be 
successful using 3D color Doppler ultrasound.

Major unrelated defects are associated with gastros-
chisis in about 10% of cases, whereas omphalocele is 
associated with chromosomal or genetic abnormalities in 
a much higher proportion of cases. Challenges in manage-
ment of gastroschisis are related to the prevention of late 
intrauterine death, and the prediction and treatment of 
complex forms. With omphalocele, the main difficulty is 
the exclusion of associated conditions, not all diagnosed 
prenatally. Postnatal prognosis for omphalocele is related 
to the number and severity of associated anomalies and 
the karyotype, while in gastroschisis is primarily deter-
mined by the degree of bowel injury.

The definitive treatment of these anomalies is surgery 
with closure of the abdominal wall defects. Options 
include primary closure or a variety of staged approaches. 
Most of the infants that undergo surgical repair have a 
good long-term outcome.71-80

Management of gastroschisis has shifted from early 
primary closure to performed silo placement and delayed 
closure. This resulted in prolonged intensive care unit stay 
and time to full feeds but reduced postoperative hernias 
and wound infections. Therefore, most newborns need 
only one operation for definitive surgical treatment.75,76

Esophageal Atresia with or without Fistula

Ultrasound findings suggestive of esophageal atresia with 
or without fistula are polyhydramnios followed with very 
small stomach.81,82

Duodenal Atresia and Jejunoileal Atresia

Duodenal atresia is usually asymptomatic immediately 
after birth, but later persistent vomiting follows the men-
tioned diagnosis.83-85 A typical X-ray image is presented 
by “double-bubble” sign of total duodenal obstruction.86

Typical ultrasound presentation of jejunoileal atresia 
is the presence of polyhydramnios and visualization of 
several dilated loops of fluid-filled intestine in the fetal 
abdomen.86,87 When dealing with jejunal atresia, parents 
should be informed of the possibility of an associated 
apple peel with short bowel syndrome, which could 
be often followed by intestinal failure-associated liver 
disease.88,89

Sometimes, intestinal obstruction may be due to the 
meconium ileus with cystic fibrosis as the underlying 
pathology.90,91 Diagnosis of anorectal malformations is 
usually done in late pregnancy or in the early neonatal 
period. Timing of diagnosis does not interfere with typical 
treatment of these malformations.92

Postnatal Counseling and Management

Congenital malformations are one of the leading cause of 
infant mortality and an important contributor to child-
hood and adult morbidity. They have significant impact 
on individuals, families, health care systems, and societ-
ies. Major congenital malformations are abnormalities 
that are severe enough to reduce life expectancy or com-
promise normal function. They cause neonatal death in 
more than 20% of cases. They are considered to be lethal 
if they cause stillbirth or infant death in 50% of cases. If 
newborn infant with major malformation cannot survive 
without medical intervention, then they are considered 
severe.8,93,94

Fetuses and neonates with congenital malformations 
can be divided into six groups94:
1.	 Those who have potential for total recovery.
2.	 Those with anomalies that would allow for a nearly 

normal life.
3.	 Those with malformations requiring permanent 

supervision and/or medical care.
4.	 These with somatic rest defect and subnormal 

development.
5.	 Those with serious somatic and mental damage.
6.	 Those with anomalies that are incompatible with life.

According to the American Academy of Pediatrics, 
there are three possibilities concerning the treatment 
with intensive care in decision-making process based on 
infant’s prognosis95:
1.	 Intensive care is indicated if survival is likely and the 

risk of severe morbidity is low.
2.	 Intensive care is not indicated if the survival is not 

likely and would be accompanied by severe unac-
ceptable morbidity and suffering.

3.	 In some cases the situation could be in between those 
two situations and prognosis is not certain, but likely 
to be very poor. In that situation, parental desires 
should determine the treatment approach.



Sanja Zaputović, Nina Medić

346

In the first situation, affected child with deformation 
is considered normal because deformation is curable 
and child can lead a normal life thereafter. This accounts 
for infants with single defects like cleft lip, some CHDs, 
pyloric stenosis, hexadactyly. Parents should be famil-
iar with the information that their child is normal and 
that defect is curable and can be adequately and easily 
solved. It is very important for the physician to establish 
reliable, trustful relationship with parents so they could 
face realistically with their child’s condition. In cases 
when physicians fail to make acceptance of infant’s con-
dition, then relations between parents and their child 
may develop into an undesirable condition: Rejection or 
overprotection.95

In the second situation, when dealing with a severely 
affected child, physician must give parents the option of 
no medical intervention. This accounts for cases of anen-
cephaly, severe neural tube defects, hydranencephaly, 
holoprosencephaly, trisomy 13 and 18 syndrome, the 
4p-syndrome, the Meckel-Gruber syndrome, or Potter 
syndrome. These disorders severely limit the infant’s 
capacity to survive and function in spite of full medical 
support including intensive care.95 Parents should be 
informed that even if the life will be preserved for some 
time, the infant will not be able to continue survival. In 
case of intervention, the functional capability of the infant 
will be very limited. When dealing with this kind of situ-
ation, physicians must inform parents that the kindest 
approach to the infant is to do no intervention, and ask 
parents for the permission for such approach. Parents 
should be aware that the baby will be provided with 
compassionate care and that suffering will be minimal. 
It is very hard and emotional for parents when they are 
faced with end-of-life decisions and some of them will 
need psychological or social worker help to overcome 
their problem.96 Parental complaints are more likely to 
occur due to misunderstanding, confusion, and tension 
among staff and parents as a result of a failure to have in 
place or to implement agreed protocols.97

Parental counseling is very complicated and indi-
vidualized when dealing with the intermediate situation. 
Further treatment depends on the nature and severity of 
the handicap. It is mandatory to explain to parents all 
the facts associated with the course of the problem, usual 
range of functional and other limitations, and what can be 
done in order to help the child to adapt to the problem. 
It is important to help parents to accept their child with 
the problem, informing them that there are other families 
with the same or similar problems.96-98

Counseling process is generally very hard working 
and time consuming. Adequate team of specialists should 
provide parents the most accurate information about their 
child’s condition with a spectrum of possibilities, survival 

rate, outcome, complications of underlying disease, and 
quality of life. Sometimes, more than one appointment 
is needed for parents to face their new situation. Some 
parents are almost incapable to accept that their child is 
handicapped, while others may develop deep parental 
love for their handicapped and malformed child.95-98

CONCLUSION

Despite advances in prenatal diagnosis, improvement of 
surgical management and postoperative care of newborns 
with severe surgically correctable congenital anomalies 
continues to be important cause of perinatal mortality 
rate in developed and in developing countries. Therefore, 
only a multidisciplinary team approach of a group of  
specialists including specialists in maternal-fetal medicine, 
neonatology, genetics, pediatric surgery, plastic surgery, 
pediatric cardiology, and neurosurgery could favorably 
influence the perinatal management of prenatally diag-
nosed anomalies. More attention should be paid to the 
primary, secondary, and tertiary prevention of surgically 
correctable congenital anomalies whenever possible.
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