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Abstract

In this chapter we review antenatal diagnosis and obstetric management of

fetal conditions that are relevant to paediatric surgeons. We restrict our
discussion to fetal conditions that have been shown to, or have the poten-
tial to, benefit from in utero surgical therapy.
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4.1 Introducing the Fetal Patient

The ascendancy of antenatal imaging and genetic
biotechnology has transformed fetal medicine
in the modern era. In current clinical practice,
women are offered a raft of early pregnancy
screening options for aneuploidy, placental dis-
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orders and increasingly earlier diagnosis of fetal
abnormalities. The introduction of first trimes-
ter ultrasound for nuchal translucency measure-
ment as part of Down syndrome screening also
potentiates early diagnosis of several major
structural malformations [1-6]. For pregnancies
categorized as higher risk based on this early
screening or on past or familial history, invasive
genetic diagnostic testing can be pursued and
further highly specialized diagnostic fetal ultra-
sound and echocardiography can be offered from
16 weeks gestation [7-9]. Furthermore, fetal
magnetic resonance offers additional imaging
capabilities to further define anatomical defects
detected on ultrasound screening. Most recently,
the stage is now set for non-invasive prenatal
diagnosis, whereby free fetal DNA is extracted
from maternal plasma during pregnancy, to radi-
cally change our approach to antenatal diagno-
sis as high resolution genome wide evaluation
becomes available [10]. Multidisciplinary coun-
selling, therefore, must assume even greater
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clinical importance if we are to effectively assist
pregnant women to navigate through the increas-
ingly complex information and myriad of choices
that come with improved antenatal diagnosis.

In this regard, for some very selected abnor-
malities, fetal surgical intervention may prove
beneficial. It is indeed possible that early antenatal
diagnosis will allow timely in utero surgical cor-
rection of an anatomic defect or reverse a patho-
physiologic process, which may then permanently
alter the trajectory of growth and development in
a positive way. For this to be successful, however,
strict criteria have been proposed as a means of
justifying the implicit risks to the mother and
fetus by surgically invading the amniotic cavity
during pregnancy (Table 4.1, [11]). Of paramount
importance in this selection is accurate antenatal
diagnosis with a clearly defined antenatal and post-
natal course. In recent years, we have made some
headway in defining these parameters for certain
pathologies. Furthermore, detailed sonographic
diagnostic criteria, often complemented by fetal
MRI, have developed novel predictive indices to
better delineate the likely in utero progression of
disease, health at birth and even in the neonatal
period. This has allowed patient selection for fetal
intervention to be refined [12]. In addition, the
literature has transcended from heterogeneous,
small observational studies of fetal surgical inter-
ventions to successful multicentre randomised
trials for instance on twin-twin transfusion syn-
drome [13], myelomeningocoele [14], congenital
diaphragmatic hernia [15, 16] and lower uri-

Table 4.1 Criteria for fetal patient selection

1. Accurate diagnosis, staging where relevant, with
exclusion of associated anomalies

2. Well documented natural history and prognosis of
the disease

3. No effective postnatal therapy

4. In utero surgery shown to be feasible and effective
in animal models

5. All interventions performed in dedicated
multidisciplinary fetal treatment centres with strict
protocols, local Ethics Committee approval and
informed consent of mother or parents.

Adapted from Harrison, M.R. and N.S. Adzick, The fetus
as a patient. Surgical considerations. Ann Surg, 1991.
213(4):279-91; discussion 277-8; used with permission

nary tract obstruction [17]. Notwithstanding the
maternal burden, we are now in a better position
to provide counselling to parents to determine
whether fetal surgery is likely to rescue abnormal
fetal development or not. There remains more to
be done. It should be remembered the inspiration
and translation of fetal surgery has all come from
the careful antenatal examination and meticulous
description of the fetal patient.

Herein lies the focus of this chapter, where we
review antenatal diagnosis and obstetric manage-
ment of fetal conditions that are relevant to paedi-
atric surgeons. We restrict our discussion to fetal
conditions that have been shown to, or have the
potential to, benefit from in utero surgical
therapy.

4.2 Lower Urinary Tract
Obstruction
4.2.1 Definition and Epidemiology

Lower urinary tract obstruction (LUTO) refers to
a heterogeneous, pathological group of disorders
that directly affect the urethra. The presence of
posterior urethral valves (PUV) is most common,
whereby a Mullerian or cloacal embryological
membranous remnant is responsible for the
obstruction. Obstruction can also be caused by
urethral atresia, urethral stenosis, ectopic inser-
tion of a ureter, perivesical tumours and prune
belly syndrome [18]. The incidence of LUTO is
reported at 2.2 cases in 10,000 births, with PUV
occurring in 1 in 7031 births [19]. Most cases are
in males (PUV are exclusively male), whereby in
females urethral atresia is more common and
consideration should be given to rarer cloacal
plate pathologies such as megacystis-microcolon-
hypoperistalsis-syndrome (MMHS).

4.2.2 Genetics

Most cases are sporadic; in some, cases have
been associated with polymorphisms of genes
expressed during development of the urinary
tract [20]. Recurrence risk is low. MHHS syn-
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drome is an exception, which has an autosomal
recessive inheritance pattern. Chromosomal
abnormalities, in particular trisomies 13, 18 and
21 have been reported in 12% of cases [21].
Genetic testing is therefore mandatory.

4.2.3 Pathophysiology and Natural
History

LUTO results in bladder distension with compen-
satory smooth muscle hypertrophy of the bladder
wall. With increasing pressure and distension, the
bladder wall eventually loses its natural elasticity
and poor tone and function develops. Increasing
backpressure from vesico-ureteric reflux drives
bilateral hydronephrosis above, with enlarging
pyelectasis and calyectasis then responsible for
progressive compression of the vulnerable devel-
oping renal parenchyma. This pressure-induced
mechanism of injury may act in concert with pre-
mature activation of the renin-angiotensin system
causing vasoconstriction and further hypoxic
injury [22]. Fibrosis to the renal medulla and renal
cortex results in renal dysplasia and eventually
renal insufficiency. Some have suggested dyspla-
sia may even result from other abnormal embryo-
logical communication unrelated to the obstruction
[23]. Regardless, urine production fails and oligo-
hydramnios ensues. This results in the develop-
ment of  pulmonary  hypoplasia  [24].
Oligohydramnios inhibits lung expansion up to
20%, primarily a result of altered fetal posture and
narrowing of the fetal thorax, with reduced fetal
respiration [24]. Respiration is considered an
important factor in stimulating lung growth.
Decreased airway branching may occur and alve-
oli numbers are reduced and may be structurally
immature with reduced collagen and elastin [25].
Depending on gestational age and severity, respi-
ratory embarrassment at birth is the norm, yet the
condition can also be lethal.

Prognosis is dependent on the degree of renal
insufficiency and the presence and degree of pul-
monary hypoplasia. Mortality for antenatally diag-
nosed cases is 45%, but rises to 95% for those with
persistent oligohydramnios [26]. For survivors at
birth, one third will develop renal failure necessi-

tating dialysis and is the leading cause of child-
hood renal transplantation [27]. Voiding problems
happen as well.

4.2.4 Antenatal Diagnosis

The sensitivity of ultrasound for detecting LUTO
is 95% with 80% specificity [27]. The diagnosis
is usually made at the 18-20 week ultrasound,
although in some may be evident at the
11-13 week ultrasound and confirmed, if persis-
tent, at 16 weeks [28]. The classical sonographic
feature is the “key hole” sign (Fig. 4.1), whereby
the dilated proximal urethra above the obstruc-
tion extends into the dilated and thick walled
bladder (greater than 2 mm is considered patho-
logic) [22]. The dilated bladder, or megacystis,
may occupy much of the abdomen, and even
spontaneously rupture and produce urinary asci-
tes. Ureterectasis, caliectasis and hydronephrosis
are all evident sonographically (Fig. 4.2).
Bilateral renal dysplasia appears as increased
echogenicity of the renal parenchyma and sub-
cortical cysts are indicative of particularly poor
prognosis [26]. Similarly, the presence of oligo-
hydramnios signifies major obstruction, and if
present prior to 24 weeks is associated with a

Fig. 4.1 Lower urinary tract obstruction: key hole sign.
The fetal abdomen is distended by an anechogenic cystic
structure, extending into the proximal urethra. Image:
courtesy and copyright UZ Leuven
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Fig. 4.2 Lower urinary tract obstruction later in gestation
with bilateral ureterectasis and hydronephrosis and caliecta-
sis, clearly displayed by 3Dinverted rendering. This modality
extracts the fluid filled higher urinary tract, dilated into its
intrarenal portions. Image: courtesy and copyright UZ Leuven

higher prevalence of renal dysplasia and pulmo-
nary hypoplasia [21]. Oligohydramnios with an
absence of caliectasis may suggest such severely
damaged dysplastic kidneys that they are no lon-
ger capable of producing demonstrable urine
[22]. Where possible, the bladder should be
observed during voiding for the presence of vesi-
coureteric reflux. Fetal sex should also be deter-
mined. Of note, Potter’s facies and club feet can
be seen in chronic cases. A thorough search for
features of trisomy 13, 18 and 21 must also be
undertaken and a detailed examination for the
presence of other abnormalities.

The limitation of ultrasound is in accurately
defining the specific aetiology of the LUTO as
well as to predict renal function. Amnioinfusion
may be required to explore structural integrity.
Fetal MRI may offer additional information, par-
ticularly when oligohydramnios prevents adequate
resolution. Fetal MRI has been shown to modify
the diagnosis of LUTO in 5 of 16 cases in the third
trimester [29] and to better define subcortical
cysts, potentially aiding prenatal counselling.

R.Hodges et al.

4.2.,5 Antenatal Prediction
of Prognosis

Much effort has been expended to define antena-
tal determinants of fetal and postnatal renal (and
therefore respiratory) function, with a view to
identify candidates for in utero intervention.
Unfortunately, in the present day, the waters
remain somewhat muddied. Momentum devel-
oped in the late 1980s following experimental
animal studies that demonstrated rescuing renal
function by decompressing the obstructed bladder
in utero [30, 31]. The rationale for this approach is
that renal development is complete at birth, ren-
dering postnatal surgical strategies largely inef-
fective. This raised the possibility that relieving
the obstruction in utero, particularly during the
peak of nephrogenesis (20-30 weeks gestation),
may be beneficial [22]. Several observational
series have since highlighted the importance of
appropriate patient selection, whereby the risks of
surgical invasion (most commonly preterm prela-
bour rupture of membranes, premature birth and
chorioamnionitis) are applied only to a fetus that
has potentially salvageable renal function. To pre-
dict this, there is now a large body of work exam-
ining the performance of urinary and serum
electrolytes to quantify fetal renal function
(Table 4.2) [18]. It has become apparent that serial
measurements of urinary electrolytes (via vesico-
centesis) are more representative of fetal renal
function, as urinary stasis may confound the ini-
tial measurement [32]. However, in a 2007 sys-
tematic review, Morris and colleagues [33] argued
that no particular fetal urinary analyte could accu-
rately predict poor postnatal renal function.
Profiling fetal serum obtained by cordocentesis
for beta 2 microglobulin may improve this

Table 4.2 Fetal urine prognostic tresholds based on dif-
ferent series

Electrolytes Good prognosis | Poor prognosis
Sodium <90 mmol/L >100 mmol/L
Chloride <90 mmol/L >100 mmol/L
Osmolality <180 mOsm/L >200 mOsm/L
Total protein <20 mg/dL >40 mg/dL
Beta 2 <6 mg/L >10 mg/L
microglobulin
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Fig.4.3 Schematic
drawing of vesico-
amniotic shunt in place.
Insert: double pigtail
shunt connects the
bladder to the amniotic
cavity (reproduced with
permission from the UZ
Leuven, Belgium)

assessment. It is not possible to measure directly
fetal urea and creatinine due to their small molec-
ular size and placental filtration between fetal and
maternal circulations, however beta 2 microglob-
ulin has a larger molecular size and appears to
reflect fetal glomerular filtration rate more reli-
ably [34, 35]. Furthermore, repeated measure-
ments are possible even after the placement of a
shunt, which is not possible for urinary electro-
lytes [36]. Some groups have even suggested
renal biopsy [37]. Our group uses a combined
algorithm of sonographic features (kidney echo-
genicity and presence of cortical cysts, amniotic
fluid volume), urinary electrolytes and serum beta
2 microglobulin. We simultaneously perform
amniocentesis for karyotype, vesicocentesis for
urinary electrolytes and cordocentesis for beta 2
microglobulin to help select potential candidates
for a vesicoamniotic shunt (Fig. 4.3) and inform
our prenatal counselling. In some cases of severe
oligohydramnios, an amnioinfusion is required to
complete this diagnostic work up. Candidates for
prenatal intervention are generally considered if
they are male fetuses with “good” prognostic
features and worsening oligohydramnios.
Regrettably, there are probably some fetuses with

a favourable renal function profile but with normal
amniotic fluid that, although currently not consid-
ered for shunting, do deteriorate later, sometimes
even in infancy. Predicting this group remains
problematic. Furthermore, shunting in utero inter-
vention in female fetuses is usually not successful
owing to the complexity of LUTO in this group
[18]. Overall, several observational studies in
males with LUTO have now suggested shunting
seems to prevent neonatal death from lethal pul-
monary hypoplasia, but the effect on improving
renal function in survivors is less clear [21, 32,
38]. The most recent systematic review was in
2010 by Morris and colleagues [39], who exam-
ined 20 studies including 369 fetuses with
LUTO. At that time there were no randomised tri-
als and several studies were of poor methodologi-
cal quality in accounting for bias and in reporting
the techniques used. In their meta-analysis of 12
studies, they found that antenatal bladder drain-
age improved perinatal survival compared with no
treatment (OR 3.86, 95% CI 2.00-7.45) and
appeared most beneficial in a subgroup of fetuses
with a poor predicted prognosis (OR 12.85, 95%
CI 1.25-153.03). However, when examining sur-
vival with normal renal function in seven studies,
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a key component in prenatal counselling with par-
ents, the analysis favoured no intervention. This
may suggest that the reduced number of survivors
with normal renal function following antenatal
intervention compared to those without fetal treat-
ment, may represent a group of fetuses with
severe renal disease who would have died in utero
from pulmonary hypoplasia if they had not
received intervention. This may also suggest, as
discussed above, that additional mechanisms are
responsible for renal parenchymal damage other
than an entirely pressure-mediated process from
obstruction. When the authors examined a sub-
group of fetuses with LUTO and good predicted
renal function from urinalysis, there was a trend
to favour intervention but this did not reach statis-
tical significance. No fetuses with poor predicted
prognosis survived. Caution must be applied in
interpreting this data however, particularly sub-
group analysis, given the observational nature of
this research. With regard to longer term follow
up, Biard and colleagues [40] recently reported
long-term follow up of 20 male fetuses with
LUTO and oligohydramnios who were shunted
antenatally. Renal function was acceptable in
45% of cases, with 22% having renal impairment
and 33% with end-stage renal disease necessitat-
ing transplantation. Of note is that the self-per-
ceived qualtiy of life of survivors fell in the
normal range. Hence, despite several decades of
research, a robust prospective randomised trial
was still in the making.

The Birmingham group in 2007 designed the
PLUTO trial [17], whereby fetuses with LUTO
were randomized to either vesicoamniotic shunt
placement or observation when the treating clini-
cian was uncertain of the need for a shunt. Key to
this study design was the demonstration of clini-
cal equipoise, which was attempted by surveying
paediatric nephrologists, paediatric urologists and
maternal fetal medicine subspecialists [41]. After
demonstrating clinical equipoise, the PLUTO trial
study design did not stipulate an algorithm to for-
mally evaluate fetal renal function prior to ran-
domisation and instead relied on the clinician’s
uncertainty as to whether the fetus would benefit
from a vesicoamniotic shunt placement or not.
Disappointingly, the trial was stopped early in
2012 due to poor recruitment and many questions

remain unresolved [42]. They concluded that sur-
vival seemed to be higher after shunting, but the
size and direction of the effect remain uncertain,
such that benefit could not be conclusively proven.
Also, the chance of newborn babies surviving
with normal renal function seems very low irre-
spective of whether or not vesicoamniotic shunt-
ing is done. A further advance may yet come from
fetal cystoscopy (Fig. 4.4). Cystoscopy poten-
tially offers an attractive combination of improved
diagnosis, and thereby improved patient selection,
and potentially even definitive treatment.
Fetoscopic antegrade catheterization and hydro-
or laser ablation of urethral valves has now been
described, but technical challenges of instrument
size and manoeuvrability limits percutaneous
access to the bladder neck. Nevertheless, Ruano
and colleagues have recently reported the largest
prospective series of 23 fetuses with LUTO man-
aged with the option of fetal cystoscopy [43]. The
procedure, which can be done as early as 16 weeks
of gestation, allows a more robust diagnosis, and
in case of urethral valves, definitive treatment by
laser fulguration may be attempted. A recent sys-
tematic review of four fetal cystoscopy studies
[44] demonstrated that the initial diagnosis of
posterior urethral valves changed in 32% (6/19)
typically towards urethral atresia. In terms of
postnatal survival, cystoscopic ablation of the
valves was superior to expectant management yet
comparable to shunting. The latter procedure is
neither without any risk for collateral damage to
pelvic floor structures.

4.2.6 Obstetric Management

Patients should be referred to a fetal medicine
referral centre for diagnosis and multidisciplinary
counselling with maternal fetal medicine special-
ists, paediatric urologists, paediatric nephrologists
and neonatologists all considered essential. In
most cases, delivery at a tertiary centre is appro-
priate. A detailed sonographic assessment should
be undertaken as described above, and given the
presence of chromosomal abnormalities in 12%
of cases [21], fetal karyotype should be offered.
As described earlier, for mild cases where fetuses
have normal amniotic fluid and no evidence of
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Fig.4.4 Schematic
drawing of fetal
cystoscopy. Insert:
Through a 7 Fr cannula
a semi-flexible
endoscope has been
inserted into the bladder
to visualize the bladder
outlet (reproduced with
permission from the UZ
Leuven, Belgium)

renal dysplasia on ultrasound, they should be
observed closely for evidence of reducing amni-
otic fluid or signs of renal dysplasia. If renal func-
tion remains stable, there should be no respiratory
problems at birth, and thus timing and mode of
birth should be guided by usual obstetric consid-
erations. Post-natal surgical evaluation and cor-
rection is then undertaken. Should there be
sonographic signs of failing renal function, then
management is guided by gestational age. If the
pregnancy is more than 32 weeks, elective deliv-
ery (covered by glucocorticoids for fetal lung
maturity when appropriate) is advised to pursue
postnatal repair [22]. When less than 32 weeks
gestation, we would offer investigational fetal
MRI to aid in the examination for signs of renal
dysplasia and recommend formal evaluation of
fetal renal function by both urinary electrolytes
and serum beta 2 microglobulin. In the good prog-
nosis group, we will offer parents the option of

> UZ Leuven

vesicoamniotic shunting and/or fetal cystoscopy
after through counselling of the limitations dis-
cussed earlier and close ongoing surveillance. In
the poor prognosis group, or in those who present
early with severe chronic obstruction, oligo- or
anhydramnios and renal dysplasia evident on
ultrasound, we would counsel the parents regard-
ing termination of pregnancy or expectant care.
Expectant care should be clearly defined by
obstetric and neonatal physicians, including
advising no intervention for fetal heart rate abnor-
malities in labour, providing intermittent auscul-
tation of the fetal heart rate at maternal request
only, no indication for cardiotocograph monitor-
ing in labour and no active resuscitation at birth.
Parents should be well counselled regarding com-
fort care of the neonate after birth, post mortem
and diagnostic investigations and support services
for the family should be initiated. The place of
active management is as described above.
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4.3 Sacrococcygeal Teratoma
4.3.1 Definition and Epidemiology

Sacrococcygeal teratomas (SCT) are tumours
derived from the totipotent Hensen node of the
primitive streak, thereby retaining a full differen-
tiation repertoire down ectodermal, endodermal or
mesodermal cell pathways [45]. It is the most
common tumour in the fetus with an incidence of
one in 40,000 births with more females than males
affected (4:1) [46], although malignant change is
more common in males. The American Academy
of Pediatrics Surgical Section classification sys-
tem is shown in Table 4.3, [47] which describes
SCTs according to their relationship with the
sacral region. Note that this classification is a sur-
gical description and does not reflect prognosis.

4.3.2 Genetics

Considered sporadic. Rare autosomal dominant
inheritance in some families has been reported
[26]. Rarely associated with aneuploidy.

4.3.3 Pathophysiology and Natural
History

Given SCT’s are of totipotent origin, cells can
differentiate into embryonic (mature and imma-

Table 4.3 Type of tumour as per the American Academy
of Pediatrics, Surgical Section (AAPS)

Tumour

type Description

Type 1 Predominantly external, with minimal
intra-pelvic extension

Type 2 Mainly external, with significant
intra-pelvic extension

Type 3 Visible external, but predominantly
internal

Type 4 Internal, although external parts may be
visible

From Altman, R.P, J.G. Randolph, and J.R. Lilly,
Sacrococcygeal teratoma: American Academy of
Pediatrics Surgical Section Survey-1973. Journal of pedi-
atric surgery, 1974. 9(3):389-98; used with permission

ture teratomas) or extraembryonic (choriocarci-
noma and yolk sac teratoma) tumours. Most
commonly, gastrointestinal, respiratory and ner-
vous tissue material is present [26]. SCT’s show
a paraxial or midline distribution usually from
the brain to the sacral region, thereby reflecting
aberrant migration of the primordial germ cells.
Other less common sites are the anterior medias-
tinum, pineal area, retroperitoneal area, neck,
stomach, and vagina [18]. SCT’s are the most
common presentation at birth. They represent an
extragonadal form that arise in the presacral area,
which, as demonstrated by the classification pre-
sented in Table 4.3, can extend into the pelvic and
abdominal cavity or develop more exteriorly.
They are heralded for imposing vascularity and
the propensity for rapid growth in utero, which
can risk fetal survival through the development of
high output cardiac failure and/or fetal anaemia,
non-immune hydrops, destructive processes to
adjacent viscera or obstetric complications. The
condition can also cause maternal problems
(Ballentyne Syndrome). Most SCT’s are benign,
however can recur following surgical resection
and do have malignant potential in around 10%
of neonates born with SCT, particularly in more
immature and in type IV tumours [22].

4.3.4 Antenatal Diagnosis

SCT is usually diagnosed at the 18-20 week
ultrasound, although occasionally reported at the
12-week ultrasound [6]. Alternatively, patients
may present later with the clinical sequelae of
polyhydramnios, such as large for dates, uterine
irritability, preterm labour or preterm prelabour
rupture of membranes. Sonography reveals a
mixed solid and cystic mass, often with calcifica-
tion, arising from the distal spine and sacral
region (Fig. 4.5). A SCT is considered destructive
to the spine, whereas as a myelomeningocoele
will widen the spine and is likely to have addi-
tional cerebral signs [26]. A thorough description
of the external and internal pelvic components of
the tumour is necessary. The latter may benefit
from fetal MRI to more accurately delineate the
degree of pelvic extension and distortion of local
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Fig.4.5 Sacrococcygeal teratoma. Sagittal section on the
midline with the lumbosacral vertebrae visible. A tumor
orginates at its distal end, and with Doppler ultrasound the
feeding vessels from the presacral area. The echogenicity
of the tumor varies, with cysts as well as within the solid
parts. Image: courtesy of and copyright UZ Leuven

anatomy, where acoustic shadowing from pelvic
bones on 2D ultrasound may be bothersome [48].
Bladder elevation, ureteral dilatation and hydro-
nephrosis with the potential for renal dysplasia
from compression forces may occur. Similarly,
gastrointestinal dilatation may result from
obstruction. Rectovaginal fistula and imperforate
anus may also develop from direct tumour spread.
Danzer and colleagues (2006) [48] evaluated
their experience with additional fetal MRI com-
pared with sonography alone. In their series of 24
patients, MRI was superior to sonography for
assessing colon displacement (n = 11), urinary
tract dilatation (n = 9), hip dislocation (n = 4),
intraspinal extension (n = 2), and vaginal dilation
(n = 1). In fetuses with sacrococcygeal teratoma
types Il and III, MRI was again superior to sonog-
raphy in demonstrating the cephalic extent of the
tumor. In two referred cases, MRI led to a
changed diagnosis (healthy, n = 1; myelomenin-
gocele, n = 1). They concluded additional ana-
tomic resolution from MRI resulted in more
accurate antenatal counselling and preoperative
planning for surgical resection.

SCT’s are renowned for their impressive vas-
cularity, often jeopardising fetal cardiac integrity.
This can be simply visualised with 2D colour
Doppler or more recently has been evaluated
with 3D power Doppler, allowing calculation of
the vascular volume of the tumour relative to the
heart [49]. Cardiac failure and non-immune

hydrops may develop, usually from high output
cardiac failure following rapid growth of the
tumour with extensive arteriovenous shunting.
Furthermore, if the tumour outgrows its blood
supply and becomes necrotic it can rupture,
resulting in haemorrhage and fetal anaemia [22].
Fetal anaemia can be observed by an increase in
the middle cerebral artery Doppler peak systolic
velocity [50]. High output failure can be diag-
nosed sonographically and with fetal echocar-
diography, demonstrating increased inferior vena
cava diameter (reflecting increased venous
return), dilated ventricles, increased cardiac out-
put and descending aortic flow velocity, and
absent or reversed end diastolic flow of the
umbilical artery from vascular “steal” from the
umbilical artery to the placenta [22, 26, 51].
Olutoye and colleagues (2004) [52] suggested
reversal of end diastolic flow may indicate “back-
wash” of flow into the low resistance vascular
bed of the tumor. Polyhydramnios, placentomeg-
aly, hepatomegaly, increased skin thickness and
fluid within fetal compartments may then be rec-
ognised consistent with hydrops. Fetal hydrops is
considered a pre-terminal sign. Fetal growth
restriction may also be apparent. A thorough
examination for additional abnormalities should
be undertaken, although most are usually the
direct result of tumour extension.

4.3.5 Antenatal Prediction
of Prognosis

Overall, fetal SCT confers a reasonable progno-
sis, however a particular subset of fetuses is at
great risk. The mortality rate for those who pres-
ent for the first time as neonates is around 5%,
considerably better when compared to those who
present antenally who have 50% mortality [53].
Similarly, those who present earlier in gestation
have a higher mortality rate of up to 90% less
than 30 weeks, compared to 15% in later preg-
nancy [26, 54]. Accordingly, reliable antenatal
prediction of disease progression and survival is
imperative to counsel parents. A rapidly growing
tumour places enormous burden on the fetal heart
and the presence of hydrops should confer grave
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concerns for the survival of the fetus. Flake and
colleagues (1986) [53] described the presence of
hydrops and polyhydramnios being associated
with a mortality of seven out of seven fetuses and
in a series by Bond and colleagues (1990) [54],
they reported ten out of ten hydropic fetuses and
nine out of nine fetuses with placentomegaly
died. There have been some occasional cases of
survival with early delivery and post-natal resec-
tion reported since then [55, 56] (Robertson
1995, Nakayama 1991), however this appears
uncommon. Some fetal deaths may also occur in
fetuses without demonstrable hydrops [57],
although abnormalities of absent or reversed end
diastolic flow of umbilical artery Doppler may
herald impending fetal loss [52].

It would seem reasonable that tumour size
would be predictive of the risk of cardiac failure
and thus, mortality. Wilson and colleagues (2009)
[58] reported tumour growth rates approaching
150 cm?® per week as a predictor of increased
perinatal mortality. However, Westerburg and
colleagues (2000) [59] did not confirm that tumor
size to be predictive of demise, but instead found
the most vascular tumours, regardless of size, had
the worst prognosis. In 2006, Benachi and col-
leagues [60] devised a combined classification
system based on tumour diameter, vascularity
and rate of growth determined by ultrasound
(Table 4.4). This was from a series of 44 fetuses
with SCT mostly diagnosed on second trimester
ultrasound. The fetal and neonatal loss rates were

similar (12% and 13% respectively) and half
were born preterm. Group one and three did very
well, delivering at term with all fetuses surviving.
Group two had the worse prognosis, delivering at
31 weeks on average with a 52% perinatal mor-
tality rate; about half dying in utero and half
dying in the neonatal period. Surprisingly in this
series, most who died were not hydropic. It is
worth mentioning that in survivors, morbidities
included intraventricular hemorrhage, pulmonary
hypertension (and other steal syndromes), acute
renal failure and three infants had a rectal perfo-
ration or sepsis requiring colostomy. For smaller
tumours, a good prognosis is generally expected,
presumably due to less circulatory demand.
Makin and colleagues [61] reported in 2006 on
29 cases of SCT diagnosed antenatally. The long-
term outcome for fetuses not requiring interven-
tion (n = 17) was excellent, with constipation in
one child the only reported outcome at 39 months.
Of note in this series, six of the seven cases of
hydrops resulted in fetal or neonatal demise.
Most recently, Rodriquez and colleagues
(2011) [62] have proposed tumour volume to fetal
weight ratio (TFR) as an early prognostic classifi-
cation for fetal SCT. In a retrospective series of
ten cases, a TFR greater than 0.12 measured at
less than 24 weeks gestation either by ultrasound
or fetal MR, was predictive of poor outcomes with
a sensitivity of 100% and a sensitivity of 83%. A
TFR less than 0.12 predicted an uncomplicated
course with 100% survival. All hydropic fetuses

Table 4.4 Proposed classification based on prenatal tumor development, according to Benachi et al. [60]

Mean gestational | Prenatal interventions | Mean gestational age
Number age at diagnosis | in this case series at birth
Group 1: small tumors n=13 24.0+1.6 no fetal intervention. | 38.0 = 0.47
(<10 cm) with a poor
vascularity and slow growth
Group 2: large (>10 cm) and | N =21 23.2+0.9 One embolization and | 31.0 = 1.03
fast growth (>8 mm/week) one cyst puncture for
and high vascularity OR high obstetrical reason
output cardiac failure
(cardiomegaly and increased
diameter of inferior vena
cava)
Group 3: large (>10 cm) N=10 22+1.2 None apart from cyst |37 0.3
tumors, but predominantly puncture for
cystic, poorly vascularized or obstetrical reasons
slowly growing tumors
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and all fetuses that died had a TFR greater than
0.12, with just 20% of fetuses having an uncom-
plicated outcome above this threshold.

4.3.6 Obstetric Management

All patients with suspected SCT should be
referred to a tertiary fetal medicine centre for
evaluation and multidisciplinary counselling.
Maternal fetal medicine specialists, neonatolo-
gists and paediatric surgeons are essential mem-
bers of this team. A detailed sonogram,
echocardiogram and fetal MRI are recommended
to confirm the diagnosis and exclude additional
abnormalities. If SCT is confirmed, a detailed
evaluation of the extent of internal pelvic exten-
sion, additional visceral involvement and fetal
haemodynamic state is required. Classification
according to Benachi [60] and the TFR discussed
above [62] could be considered. Karyotype is
generally not required, unless additional abnor-
malities are present. Termination of pregnancy
should be discussed with parents, particular for a
large or rapidly growing SCT, the presence of
dysplastic renal involvement and if cardiovascular
compromise is evident on ultrasound. The pres-
ence of hydrops should be conveyed as a particu-
larly ominous prognostic feature. If termination
of pregnancy delivery is planned, it is important
that the delivery team consider possible labour
dystocia. An intact fetus is preferable for thor-
ough post mortem pathological examination.

For ongoing pregnancies, close surveillance is
mandatory. Serial sonography is recommended
every 1-2 weeks to identify progression of dis-
ease. It must be remembered that SCT’s can grow
very rapidly and the fetal cardiovascular system
may come quickly into jeopardy. Sonographic
and echocardiographic signs of hydrops should
be pursued, including measurements of a high
output circulation such as the inferior vena caval
diameter (>1 cm), descending aorta flow velocity
(>120 cm/s) and the umbilical artery Doppler
waveform [22]. The middle cerebral artery
Doppler peak systolic velocity should be exam-
ined for signs of anaemia [50]. The renal and gas-
trointestinal tract should be examined for signs of

obstruction. Amniotic fluid volume should be
measured for polyhydramnios, and if present, a
cervical length measurement to predict preterm
labour is advised. Obstetric complications may
evolve with advancing pregnancy. In a series by
Hedrick and colleagues in 2004 [57], in 26
women with fetal SCT who did not undertake ter-
mination of pregnancy, 81% experienced
obstetric complications. These included polyhy-
dramnios in seven women, oligohydramnios if
four women, preterm labour in 13 women, pre-
eclampsia in four women and gestational diabe-
tes, HELLP syndrome and hyperemesis each
occurring in one woman. Maternal mirror syn-
drome has also been reported in cases of SCT
with hydrops.

Antenatal fetal intervention for SCT may be an
option for selected cases. Dr. Flake and colleagues
discuss fetal surgical resection for SCT in detail in
Chap. 10. For our purposes in this Chapter, we will
briefly discuss additional interventions in the ante-
natal period, and how this is informed by antenatal
diagnosis. In general terms, antenatal intervention
is reserved for fetuses at high risk that are still
remote from term. Drainage of polyhydramnios is
a simple and safe procedure that may help resolve
uterine irritability and maternal discomfort.
Similarly, if fetal anaemia is detected by increased
peak systolic velocity of the middle cerebral artery
Doppler signal, intrauterine blood transfusion is a
feasible option [63]. In cases of renal tract obstruc-
tion from pelvic extension of the SCT, a vesicoam-
niotic shunt may protect the renal parenchyma
from injury in much the same way as fetuses with
LUTO [60, 61, 64]. Clinical experience, however,
is scarce to formally evaluate these strategies.
Open resection with cardiac monitoring, thermo-
coagulation and radiofrequency ablation of the
tumour is discussed elsewhere in this book.

Timing of birth is usually dictated by either
fetal or maternal complications. The presence of
fetal haemodynamic compromise mandates
immediate delivery. For small tumours in healthy
fetuses, vaginal delivery may be possible.
Delivery in a tertiary centre is essential. Cyst
aspiration and decompression does not seem
beneficial to aid vaginal delivery [26]. There
have, however, been reports of fetal death after
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tumour rupture, avulsion and asphyxia following
complications of vaginal birth [22]. Close sur-
veillance in labour with continuous cardiotocog-
raphy monitoring and the presence of senior
obstetric and neonatal staff are necessary. For
tumours more than 4.5 cm, or in cases of fetal
haemodynamic compromise, caesarean section is
advised to prevent labour dystocia and reduce the
chance of tumour rupture and fatal haemorrhage
[26]. This approach requires meticulous planning
with obstetric, anaesthetic, neonatal, haemato-
logic and paediatric surgical teams. The caesar-
ean should take place in an elective setting with
fetal lung maturity assisted by glucocorticoids
when less than 37 weeks gestation [65].
Depending on tumour size, consideration should
be given to maternal general anaesthesia to aid
uterine relaxation for careful manipulation and
delivery of the fetus. The uterine incision should
be generous to facilitate an atraumatic delivery of
the fetus, particularly in cases with a large mass.
A classical (vertical) uterine incision may be
advisable to increase the surgical field of expo-
sure, especially in more preterm gestations where
a lower uterine segment may not be sufficiently
formed and where delivery is anticipated to be
difficult. Intraoperative cyst aspiration of 2 L in
one case has also been reported to aid delivery
[66]. Uterine bleeding from extension of the inci-
sion during delivery of the fetus or from atony
must be anticipated in advance and oxytocics be
used readily, if not prophylactically. Neonatal
intensivists and haematologists should be pre-
pared for resuscitation of the neonate and extreme
care must be taken when handling the tumour,
especially if a “stalk” is present with a risk of tor-
sion [26]. Even superficial bleeding can result in
life threatening haemorrhage [26]. Tumour rup-
ture and neonatal death have been reported even
from handling during caesarean delivery [67]. In
the absence of haemorrhage at birth, surgical
excision can generally be delayed to allow stabi-
lisation of neonatal circulation and further imag-
ing to be undertaken in the neonatal intensive
care to inform definitive surgical plans. When
there is hemodynamic instability, immediate neo-
natal surgery, even restricted to debulking, may
be required to arrest the steal effect. In that case
an adjacent operation suite must be available.

4.4  Fetal Congenital Thoracic
Malformations
4.4.1 Definition and Epidemiology

Fetal congenital thoracic malformations (CTMs)
constitute a heterogeneous group of pathologies
involving the airways and/or lung parenchyma.
Fur our purposes in this chapter, we will focus our
attention on congenital cystic adenomatoid mal-
formation (CCAM), and the related pathology,
bronchopulmonary sequestration (BPS). CCAM’s
are defined as benign, multicystic, dysplastic lung
tumours with an overgrowth and proliferation of
terminal bronchioles that receive their blood sup-
ply from pulmonary vessels. BPS on the other
hand, refers to a distinct mass of non-functioning
lung tissue that is not in communication with the
normal lung architecture and receives its blood
supply from an anomalous systemic vessel. Both
lesions may also coexist together referred to as a
hybrid CCAM-BPS [22, 68].

The European Surveillance of Congenital
Anomalies (EUROCAT) population-based reg-
istry [69], in 2008 reported on 222 fetuses with
CTMs, with an incidence of 4.44/10,000 (i.e.
including live births, fetal deaths and termina-
tions of pregnancy). Of these 222 cases, 52 had
CCAM alone with an incidence of 1.04/10,000.
With regard to live births, the incidence was
3.52 and 0.94 per 10,000 live births in 2008 for
all CTMs and CCAMs respectively in
EUROCAT countries. The reported annual inci-
dence of BPS ranges between 0.15 and 6.45% of
all CTMs [68].

4.4.2 Genetics

Sporadic inheritance. When isolated, not associ-

ated with aneuploidy.

4.4.3 Pathophysiology and Natural
History

CCAM’s (Fig. 4.6) may be the result of failed

maturational processes during the psuedoglan-
dular stage of lung development [70], represent-
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Fig.4.6 Congenital Cystic Adenomatoid Malformation. Left: microcystic type, with uniform more echogenic lung tissue;
right: macrocystic type, next to remnant lung tissue measured with the calipers. Images courtesy and copyright UZ Leuven

ing focal dysplastic regions [71] or related to
airway obstruction [72]. Importantly, to help dif-
ferentiate them from BPS, they derive their vas-
culature directly from pulmonary vessels.
CCAM’s are almost always unilobular, with
bilateral tumours occurring in less than 2% of
cases. About one in four are associated with
additional fetal abnormalities, such as pectus
excavatum, renal agenesis, congenital diaphrag-
matic hernia, bowel atresia and non-immune
hydrops [26]. The natural history and progres-
sion is rather variable but overall prognosis is
good. Small lesions are largely asymptomatic,
while larger lesions can result in mediastinal
shift, compression of systemic venous return,
resulting in hydrops and risking fetal death.
Pulmonary hypoplasia may also be evident, but
difficult to predict. The haemodynamic state
may in turn be worsened by a leakage of proteins
into the amniotic fluid and thereby reducing sys-
temic oncotic pressure [73]. Polyhydramnios
may occur due to mechanical compression of the
fetal oesophagus inhibiting swallowing, and
occurs in 70% of cases [74]. The risk of preterm
prelabour rupture of membranes and/or preterm
birth naturally follows. However, in some
fetuses, the CCAM may reduce in size and reso-
lution of the lesion may occur. This has been
observed in between 5 and 10% of cases [74].
CCAM’s tend to plateau in their rate of growth
around 26 weeks gestation, and furthermore,
resolution via involution may eventually occur if
the tumour outgrows its vascular supply.

Fig. 4.7 Bronchopulmonary sequestration: hyperecho-
genic pathologic lugn tissue, feeding vessel being demon-
strated by Doppler ultrasound. Images courtesy and
copyright UZ Leuven

BPS is generally thought to represent ectopic
pulmonary buds, which can be either intralobular
or extralobular (Fig. 4.7). This difference is
explained embryologically. Intralobular seques-
tration develops early, before the development of
the pleura, and the ectopic buds become incorpo-
rated within the adjacent lung, almost exclusively
in the lower lobe (98%). Extralobular sequestra-
tion develops later and is less common (25%),
whereby the pulmonary bud is separated from the
adjacent lung and has its own pleural covering.
This is more likely to be associated with addi-
tional abnormalities than intralobular sequestra-
tion (50% versus 10%), particularly congenital
heart disease, and is most common on the left
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side of the thorax (90%) [26]. In both cases, the
ectopic bud is thought to develop caudal to the
lung and migrates in a caudal direction along
with the oesophagus [22]. Up to 10% of extralob-
ular sequestrations may lie inferior to the dia-
phragm [26]. Around 75% of antenatally
diagnosed BPS may resolve, most likely from
outgrowing their blood supply or infarction medi-
ated by vascular torsion of their pedicle. However,
in some fetuses, there exists a considerably
poorer outlook. Torsion of the extralobular pedi-
cle may then obstruct venous and lymphatic
drainage and result in ipsilateral hydrothorax,
which may then place the mediastinum under
tension. Without intervention, hydrops and fetal
death are likely. If there is an abdominal extralob-
ular BPS, hydrops is less likely, however polyhy-
dramnios may occur from impaired swallowing
due to gastro-oesophageal compression.
Similarly, for intralobular BPS, hydrops may be
the result of high output circulation from a “left
to left” ateriovenous shunting between the anom-
alous arterial supply and pulmonary veins [22].

4.4.4 Antenatal Diagnosis

In the antenatal period, there has been a shift in
recent years away from pathological diagnosis to
descriptive appearances based on imaging. The
original histological classification system for
CCAM was by Stocker and colleagues in 1977
[70], which they more recently updated in 2002
[75] (Fig. 4.6). In their most recent classification,
five types of lesions are suggested that attempt to
present a spectrum of abnormalities across con-
secutive airway types (Table 4.5). In other words,
lesions are described as moving down the bron-
chial tree from bronchial, bronchiolar, alveolar
and to peripheral. However, this system has not
been embraced universally. Applying a histo-
pathological classification system to a condition
that is increasingly recognized and diagnosed
antenatally, may not be useful in predicting prog-
nosis and guiding clinical management decisions.
Furthermore, it appears likely that types 0, 3 and
4 represent different pathogenetic processes.
More recently, the Children’s Hospital of
Philadelphia published a simplified classification

Table 4.5 Comparison of two proposed classifications of

CCAMs

Congenital pulmonary
airway malformation: a
new name for and an
expanded classification of
congenital cystic
adenomatoid
malformation of the lung.
[75] (Stocker
classification)

New concepts in the
pathology of congenital
lung malformations
(Langston 2003) [72]

Type 0 CCAM—Acinar
atresia

Bronchogenic cyst

Type 1 CCAM—Clysts
up to 10 cm. The cysts
are lined by
pseudostratified ciliated
cells that are often
interspersed with rows of
mucous cells

Bronchial atresia

* [solated

* With systemic arterial/
venous

connection (intralobar

sequestration)

* With connection to GI
tract

* Systemic arterial
connection to normal
lung

Type 2 CCAM—Sponge-
like multiple small cysts
(<2 c¢m) and solid pale
tumour-like tissue. The
cysts resemble dilated
bronchioles separated by
normal alveoli. Striated
muscle seen in 5%

CCAM, large cyst type

(Stocker type 1)

* Isolated

* With systemic arterial/
venous connection
(hybrid/intralobar
sequestration)

Type 3 CCAM—Solid.
Excess of bronchiolar
structures separated by
small air spaces with
cuboidal lining (foetal
lung)

CCAM, small cyst type

(Stocker Type 2)

« Isolated

* With systemic arterial/
venous
connection (hybrid/
intralobar sequestration

Type 4 CCAM—Clysts
up to 10 cm. The cysts
are lined by flattened
epithelium resting upon
loose mesenchymal tissue

Extralobar

sequestration

¢ Without connection to
GI tract

* With connection to GI
tract

Pulmonary hyperplasia

and related lesions

* Laryngeal atresia

* Solid or adenomatoid
CCAM (Stocker Type3)

* Polyalveolar lobe

Congenital lobar
over-inflation

Other cystic lesions
Lymphatic cysts, Enteric
cysts, Mesothelial Cysts,
Simple parenchymal cysts,
Regressed type 1
pleuropulmonary blastoma
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of microcystic (solid sonographic appearance)
and macrocystic (single or multiple cysts >5 mm)
types. It is likely this can be more useful clini-
cally [76]. Sonographic examples of this classifi-
cation of CCAM are shown in Fig. 4.6. It is
important to visualise the vascular supply by
colour Doppler to help differentiate with BPS,
whereby an anomalous systemic vessel com-
monly arising from the descending aorta will be
seen feeding a solid echogenic mass (Fig. 4.7). In
both cases of CTM, sonographic features of
hydrops, mediastinal shift and the presence of
additional fetal abnormalities should be sought.
Polyhydramnios is commonly encountered, in
which case a cervical length measurement may
be informative. Fetal MRI may have additional
value is cases where the diagnosis is uncertain, in
particular with CCAM versus congenital dia-
phragmatic hernia, or when they coexist [77].

4.4.5 Antenatal Prediction
of Prognosis

A significant proportion of lung lesions may
regress; nevertheless cautious frequent observa-
tion is required to identify a large or enlarging
CCAM that imposes pulmonary compression and
risks the development of hydrops. The presence
of fetal hydrops alerts a poor prognosis and its
detection is essential to guide counselling and
management. This is demonstrated by a large
series reported by Adzick and colleagues [74] in
1998 of 134 fetuses diagnosed antenatally with
CCAM. In 25 fetuses with a large CCAM caus-
ing hydrops, there was a 100% mortality rate.
This is in stark contrast to non-hydropic fetuses,
who experienced 100% postnatal survival. In
2002 Crombleholme and colleagues [78] devel-
oped a prognostic measure for the development
of hydrops. They defined the ratio of the mass
area to head circumference as the CCAM volume
ratio (CVR). This is sonographically measured
(in milliliters) by using the formula for an ellipse:
CCAM volume/Head Circumference = (length
x height x width x 0.52)/HC (Fig. 4.6). It is ges-
tational age independent. They found when the
CVR is higher than 1.6, there was an 80% risk for
fetal hydrops. Sonographic follow-up frequency

based on the CVR has been also proposed, with
weekly follow-up for CVR less than 1.2, twice a
week for CVR 1.2-1.6, or even more for CVR
greater than 1.6, but this protocol remains to be
validated in larger studies.

4.4.6 Obstetric Management

All cases of a suspected CTM should be referred
to a tertiary fetal medicine referral centre for diag-
nostic work up, counselling and management.
The multidisciplinary team should comprise
maternal fetal medicine specialists, paediatric sur-
geons and neonatologists. A detailed ultrasound
and echocardiographic examination should be
performed to define the CTM, its vascular supply,
the presence of mediastinal shift or signs of
hydrops. The potential for coexisting abnormali-
ties should be excluded, in particular cardiac
abnormalities such as truncus arteriosus and
Tetralogy of Fallot [22]. Amniocentesis for karyo-
type is not necessary when isolated. We suggest
performing a CVR for cases of CCAM and fol-
lowed serially as described above. Fetal MRI may
be required when the diagnosis is uncertain, in
hybrid CCAM-BPS cases or in the presence of
CDH. To our knowledge there are no series dem-
onstrating predictive value of lung size in terms of
pulmonary hypoplasia, which overall is uncom-
mon. Termination of pregnancy is an option when
there are additional severe abnormalities or in the
presence of hydrops.

Alternatively, for hydropic fetuses with mac-
rocystic CCAM (unilocular or multilocular),
fetal intervention should be discussed with par-
ents as an option to try to reverse hydrops, poten-
tially protect residual fetal lung parenchyma.
Expectant management offers a nearly hopeless
prognosis and risks maternal complications. The
rationale for intervention is to decompress a
dominant cyst or resect or involute a larger solid
mass to resolve mediastinal compression, restore
fetal haemodynamic equilibrium and thus
improve cardiac function. Minimally invasive
intrauterine puncture or shunting of macrocystic
masses (Fig. 4.8) is the treatment of choice when
possible, now that its efficacy has been
demonstrated.
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Fig. 4.8 Schematic drawing of thoracic shunt being deployed in the chest. First the pig tail loops in the effusion are
deployed, and thereafter the tail is deployed in the amniotic cavity. Drawing Myrthe Boymans; copyright UZ Leuven

Despite an evidence gap of randomised trials,
the systematic review by Knox and colleagues
[79] showed in utero therapy was associated with
significantly improved survival in hydropic
fetuses (OR 19.28, 95% CI 3.67-101.27), partic-
ularly at preterm gestations. With regard to thora-
coamniotic shunting in particular, Wilson and
colleagues (2006) [80] described 23 cases from
CHOP at a mean gestational age of 21-22 weeks.
The mean CVR in this group was 2.4, which
reduced considerably to 0.7 after shunting. The
survival was 74%, with one fetal and five neona-
tal deaths. In a review by Witlox and colleagues
[81] in 2011, summarizing 68 shunted cases
including 44 hydropic and 24 non-hydropic
fetuses, whereby a large cyst was causing major
mediastinal shift. For hydropic fetuses, 89%
(39/44) were live born, nine infants died in the
neonatal period, giving an overall perinatal sur-
vival of 68% (30/44). For non-hydropic fetuses
(n =24), all were live-born, three died in the neo-

natal period due to pulmonary hypoplasia, giving
an overall perinatal survival of 87.5%. Thoracic
deformation has been reported but seems rare
[82]. Shunting is typically performed until
32 weeks gestation, although more recently has
been reported for hydropic fetuses up until
37 weeks [81]. The risk of intervention at later
gestations, mostly preterm prelabour rupture of
membranes, is less troublesome when compared
to the considerable neonatal risks of delivering a
preterm hydropic infant. The potential to mitigate
hydrops in utero and thereby gain further lung
maturation before birth would seem likely to
translate into improved respiratory function dur-
ing transition to air breathing and even during
postnatal surgery. This approach requires
validation.

Not all hydropic fetuses will have a dominant
or large cyst(s) amenable to drainage, in particular
fetuses with microcystic CCAM. However, most
interestingly, several authors have now observed
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resolution of hydrops following glucocorticoid
therapy [83, 84]. This has occurred at standard
dosages given for fetal lung maturation. Curran
and colleagues (2010) [85] recently updated
Tsao’s initial series from 2003 and reported 13
fetuses with microcystic CCAM and hydrops or a
CVR>1.6 receiving glucocorticoids. Hydrops
resolved in 78% of cases and survival was 85%. It
is hypothesised that glucocorticoids may acceler-
ate maturation or involution of the tumour. The
same group has now embarked on a randomized
controlled trial (clinical-trials.gov NCT00670956)
to investigate this more specifically, however in
the meantime, glucocorticoids seem a reasonable
first-line therapy or medical adjunct for these
hydropic fetuses. Their role in non-hydropic
fetuses has not been examined. Other fetuses may
have solid lesions not suitable for drainage. These
are best treated by open fetal surgery and lobec-
tomy, as reviewed by Flake et al. in this book. In
the largest fetal surgery series available today,
survival rate was 50% [76].

Hydropic fetuses with BPS theoretically may
benefit from minimally invasive techniques as
well, although this is less defined. In particular
occlusion to the anomalous systemic feeding ves-
sel using thermocoagulation by laser or electro-
surgery, or sclerosing agents have been reported
in a very small number of high-risk fetuses with
good outcomes [81, 86—89].

In non-hydropic fetuses, mode of delivery is
determined by usual obstetric factors, with spon-
taneous vaginal delivery at term in a tertiary cen-
tre generally favoured.

4.5 Fetal Hydrothorax/Pleural
Effusion
4.5.1 Definition and Epidemiology

Pleural effusion can be defined as primary or sec-
ondary. Primary pleural effusion is more cor-
rectly termed hydrothorax antenatally and is due
to lymphatic or “chylous” leak with resultant
fluid accumulation in the thorax. This may be
unilateral or bilateral. After birth, chylothorax
becomes the more common terminology. In the

more common secondary pleural effusion, the
effusion harbingers underlying pathology often
part of widespread fluid accumulation from
immune or non-immune hydrops. The overall
incidence is around 1 in 15,000 pregnancies [26].

4.,5.2 Genetics

Chromosomal abnormalities can be present. In the
most recent series, Ruano and colleagues (2011)
[90] reported 23 of 56 (41%) fetuses with pleural
effusion had underlying chromosomal abnormali-
ties. Turner’s syndrome (45 XO) was the most
common in 15 of 56 fetuses (65%) followed by
Down syndrome in five fetuses (22%). However,
Yinon and colleagues (2010) reported a much
smaller association with anuploidy, with four from
88 fetuses being abnormal [91]. A number of
genetic syndromes have also been reported, such
as Caffey’s cortical hyperostosis (autosomal domi-
nant) and Opitz-Frias hypertelorism hypospadius
syndrome (autosomal recessive) [26]. Males
appear twice as likely to be affected than females.

4.5.3 Pathophysiology and Natural
History

Small effusions may remain stable or even
regress. Aubard and colleagues [92] observed
spontaneous resolution in 22% of 204 cases of
primary fetal hydrothorax (Fig. 4.9). However,
large (or enlarging) effusions have the potential
to cause mediastinal shift, compromised venous
return and lung compression, risking pulmonary
hypoplasia, hydrops fetalis and intrauterine death
(Fig. 4.9). Bigras and colleagues [93] demon-
strated by echocardiography a cardiac tamponade
effect from rising intrathoracic pressure, whereby
ventricular dimensions decreased and the inferior
vena cava dimensions consequently increased,
reflecting impaired ability of the heart to accom-
modate venous drainage. Oesophageal compres-
sion and impaired fetal swallowing will result in
polyhydramnios, which in turn increases the like-
lihood of preterm prelabour rupture of membranes
and preterm birth. When bilateral, pulmonary
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Fig.4.9 Bilateral hydrothorax. Image: courtesy UZ Leuven

lymphangiectasia should be expected and the
prognosis is poor even despite fetal treatment,
because abnormal lymphatics preclude normal
gas exchange in the lung [18]. Furthermore, lung
development appears most sensitive to compres-
sion effects during the cannalicular phase of lung
development; this corresponds to an increased
risk of pulmonary hypoplasia between 16 and
24 weeks gestation [94].

Ruano (2011) [90] attempted to define the natu-
ral history of fetal pleural effusions without ante-
natal intervention. In their observational study on
56 fetuses, they divided their cohort into three
groups: Group 1 included 14 (25%) fetuses with
isolated pleural effusion without other structural
abnormalities; Group 2 included 19 fetuses (34%)
with a pleural effusion and additional anomalies
but normal karyotype; Group 3 included 23 fetuses
(41%) with a pleural effusion and an abnormal
karyotype. The overall perinatal mortality was
42/56 (75.0%), with fetal death observed in 38
(68%) and neonatal death in 6 (10.7%) cases.
Group I demonstrated a significantly higher rate of
neonatal survival (64%), less fetal death (29%)
and less neonatal death (7.1%) when compared to
Group II (0, 78.9 and 21.1%, respectively) and
Group III (13.0, 82.6 and 4.3%, respectively).

4.5.4 Antenatal Diagnosis

Pleural effusions may be evident on ultrasound
from as early as the first trimester, however
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these are more commonly associated with aneu-
ploidy. Most cases are diagnosed in the third
trimester. Effusions are seen as anechoic regions
surrounding and usually compressing the lung,
which can be unilateral or bilateral. A classic
“bat wing” appearance may become evident.
The diaphragm may appear flattened or everted.
The mediastinum can come under tension with
shifting to the contralateral hemithorax. In this
case, ventricular diameters decrease, inferior
vena cava diameters widen and pulmonary
artery Doppler peak velocities increase [93]. An
effusion ratio has been reported, which is a ratio
of the cross-sectional area of the effusion to that
of the thorax [94]. Furthermore, the severity of
left ventricular compression correlates with the
effusion ratio [93].

Once an effusion is identified, differentiat-
ing between primary and secondary causes is
important. Primary pleural effusion is a diag-
nosis of exclusion. Additional structural abnor-
malities are found in over a third of cases [90]
and a detailed fetal echocardiography is man-
datory. A large effusion with mediastinal shift
may make visualisation of cardiac anatomy
difficult, however this may improve after drain-
age. Concomitant pulmonary pathologies such
as CDH, CCAM and BPS are secondary causes
that should be especially sought. Signs of
hydrops should be looked for in other fetal
compartments and the amniotic fluid index
measured for polyhydramnios. Sonographic
features of congenital infection, aneuploidy
and anaemia should be examined. In practice
however, a fetal thoracocentesis (pleural aspi-
ration) is required to confirm the diagnosis.
This can be performed in a single pass follow-
ing amniocentesis for karyotype. A pleural
fluid that is predominantly lymphocytic
(>80%) is considered pathognomic for chylo-
thorax or primary pleural effusion [22, 94].

4.5.5 Antenatal Prediction
of Prognosis

The presence of hydrops has consistently
shown to predict poor prognosis [90, 92, 94].
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In the presence of fetal hydrops, the estimated
survival rate falls steeply from 80% to 30%.
Fetuses with a secondary pleural effusion fare
considerably worse than those with a primary
hydrothorax. In Ruano and colleagues’ recent
series [90], mortality for hydropic fetuses in
Group 1 was 50% versus 100% mortality for
hydropic fetuses in Group 2. Other predictors
have been suggested, but do not appear consis-
tently across studies: bilateral effusions [90],
effusion ratio [95] and gestation at diagnosis
[96]. Furthermore, prognosis after thoracoam-
niotic shunting is often related to the resolution
of hydrops [97].

Most recently, fetal total lung volumes as
assessed by three-dimensional ultrasonography
were used to predict perinatal outcomes in cases
of primary pleural effusion. In a cohort of 19
fetuses, the observed to expected total lung vol-
umes were significantly correlated with perinatal
outcomes such as respiratory morbidity and peri-
natal death, and to bilateral effusions and hydrops
[98]. The place for this measurement in clinical
management will need to be examined in larger
studies.

4,5.6 Obstetric Management

A referral to a dedicated fetal medicine tertiary
centre is required. The diagnostic work up is sim-
ilar to that of hydrops. A detailed sonogram and
echocardiogram for structural abnormalities and
signs of aneuploidy and infection is performed.
The middle cerebral artery peak systolic velocity
is examined for anaemia. Maternal blood is anal-
ysed for serological evidence of infection (toxo-
plasmosis, rubella, cytomegalovirus, herpes,
parvovirus B19, varicella, syphilis), red cell
group and antibodies for immune hydrops, hae-
moglobin electrophoresis, and Kleihauer—Betke
test of fetomaternal haemorrhage. Parents should
be counselled for amniocentesis for genetic test-
ing and congenital infectious screen (culture and
PCR) [94]. Thoracocentesis should be consid-
ered at the same time, especially in cases of pre-
sumed primary hydrothorax. If a large effusion is
evident, then delivery should occur at a tertiary

centre. Multidisciplinary counseling with mater-
nal fetal medicine specialists, neonatologists,
paediatric  surgeons and  geneticists are
appropriate.

Small effusions nevertheless require close
follow up every 1-2 weeks to watch for volume
expansion, mediastinal  shift,  hydrops,
polyhydramnios and cervical shortening. A
small stable effusion can be managed conser-
vatively with good outcome (survival between
75-100%) [92, 99]. The same cannot be said,
however, for fetuses that become hydropic.
Survival rates are universally poor without
intervention. Hydrops therefore represents the
principal indication for fetal intervention. The
systematic review of Knox [79] mentioned ear-
lier concluded that in the presence of hydrops
therapy seems warranted. Survival rates
improve to 45-66% [79, 94, 97]. One may start
with thoracocentesis however the effusion may
be expected to reaccumulate over several days.
Thoracoamniotic shunting can be performed
using a double-pigtail catheter (Fig. 4.10).
Alternatively, serial thoracenteses can be per-
formed [100]. There is no evidence of a differ-
ence in outcome between the two approaches
[101]. The complication rate of shunting is
about 15% for iatrogenic rupture of membranes
[102] and 5-10% for direct fetal loss. Shunt
dislodgment has been reported, however poste-
rior insertion may prevent the fetus from dis-
lodging it. Preterm birth is common, with a
mean gestational age at birth of 34-35 weeks.
At birth the shunt is usually left, however needs
obviously to be clamped.

Larger effusions risk pulmonary hypoplasia
and respiratory distress at birth and ventilatory
support may be needed. There is some discussion
in the literature about thoracocentesis immedi-
ately prior to delivery to improve the transition to
air breathing and facilitate resuscitation measures
at birth. Others advocate thoracocentesis after
birth, as they believe fluid reaccumulation can be
rapid and render the fetus hypovolaemic and
compromise resuscitation efforts at birth.
Thoracocentesis can instead be performed once
circulatory access has been established and fluid
therapy initiated [22, 103].
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Fig.4.10 ultrasound images after thoraco-amniotic shunt placement. (a) On the left the free part in the amniotic cavity
is seen, and (b) on the right the intra-thoracic part. Image: courtesy UZ Leuven

4.6 Congenital Diaphragmatic
Hernia
4.6.1 Definition and Epidemiology

The prevalence of congenital diaphragmatic hernia
(CDH) ranges between 1 and 4 per 10,000 births,
qualifying it as a rare disease. The exact etiology of
the condition remains unknown. The vast majority
of cases are left sided (LCDH), 13% are right sided
(RCDH), and bilateral lesions, complete agenesis
and other rarities comprise less than 2%. CDH can
occur in association with other anomalies (in which
case the mortality is over 85%) (Table 4.6), or as an
isolated condition [104, 105].

4.6.2 Genetics

CDH most likely is caused by disruption of com-
mon developmental pathways, by several genes
spread across the genome [106]. We recently
reviewed the genetic factors underlying CDH,
including evidence from genetic & teratogenic
animal models of CDH and differential expression
analysis [107]. Though all these fetuses with iso-
lated CDH are routinely karyotyped, identification
of (novel) submicroscopic imbalances and novel
genes and/or therapeutic targets, requires the use
of high resolution diagnostic methods. Several
large centers do so, both from a clinical perspec-
tive as well as for research. We custom designed a

Table 4.6 Non-limitative list of anomalies often associ-
ated to CDH, in descending order [104, 105]

Identified genetic defects and syndromes

Trisomy 13, 18, 21, XO, Partial Trisomy 5, 20,
Tetraploidy 21, Tetrasomy 12p

Syndromes: Fryns, Fraser, Stickler, Pierre Robin,
Goldenhar, Beckwidth Wiedeman, Apert, Klippel-Fiel,
Rubenstein Taybi, Brachman de Lange, Coffin-Siris,
Pentalogy of Cantrell

VACTERL or CHARGE association

Structural defects (descending order of occurrence)

Cardiovascular, Gastrointestinal, Urogenital,
Musculoskeletal, Respiratory, Central Nervous
System, Craniofacial

high resolution array for comparative genomic
hybdrization (CGH) [108]. The next step will be to
use exome sequencing techniques in selected
familial cases. Given the high probability of a
mutation(s) segregating with the CDH phenotype,
this approach will likely reveal the underlying
gene(s) involved in the pathogenesis of CDH for
each family studied. Advanced genetic testing in
large populations with (apparently) isolated CDH,
will lead to a better understanding of the genetics
of this condition [109].

4.6.3 Pathophysiology and Natural
History

Isolated CDH refers to the surgically correctable
defect in the diaphragm, but the key problem is its
consequence for lung development. Already from
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the first trimester the abdominal content herniates
into the thorax, interfering with lung development.
This causes hypoplasia of both lungs, i.e. fewer air-
way branches and abnormal pulmonary vessels, as
well as a lesser lung compliance. At birth this causes
ventilatory insufficiency and pulmonary hyperten-
sion, which can be lethal before the defect can be
surgically repaired. The condition remains lethal in
up to 30%, despite prenatal referral to a high vol-
ume center offering standardized neonatal care
[110-112]. Survivors may have several morbidities,
such as bronchopulmonary dysplasia and persistent
pulmonary hypertension, gastro-esophageal reflux
and other feeding problems, less frequently they
have thoracic deformations after successful repair
or other issues. Eventually most lead a life very
close to normal provided when managed in a multi-
disciplinary follow up program [113, 114].

© UZ Leuven

Fig.4.11 Fetus with left CDH before and after fetal ther-
apy. (a) lung measurement at the four chamber view with
the so-called “longest axis method” as well as “tracing
method”. These dimensions will be used to calculate the
Lung to Head Ratio. (b) measurement of the lung 1 day
after balloon insertion, with changed echogenicity and

4.6.4 Antenatal Diagnosis

As ultrasound screening programmes have
become widely implemented, one would expect
the diagnosis is made before birth. In reality
around two out of three cases are picked up
before birth [115, 116]. The most striking signs
become obvious on a cross section of the thorax,
with compression and in left sided cases obvious
displacement of the heart, by abdominal organs.
In left CDH the stomach is often more posterior,
viscera as well as spleen may be herniated
(Fig. 4.11). An important feature is the presence
of liver into the thorax. Right CDH is more diffi-
cult to recognize, because only the liver may be
herniated, and echogenicity of the liver may be
confused with that of the lung. Assessment of
liver position is done by Doppler interrogation of

© UZ Leuven

dimensions. (¢) Herniation of the liver. (d) visualization of
the major vessels help in its identification. Copyright UZ
Leuven; (From Deprest et al., Treatment of Congenital
Diaphragmatic Hernia. In: Fetal MRI. Prayer D (Ed).
Springer Verlag, Heidelberg 2011, 528 pp.)
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the umbilical vein and liver vessels, as well as the
position of the gall bladder (Fig. 4.11). Indirect
signs of CDH are polyhydramnios and a smaller
abdominal circumference. Differential diagnosis
includes essentially other pulmonary pathology
with cystic features, such as cystic adenomatoid
malformation, bronchogenic cysts, rarely enteric
or neuroenteric cysts, mediastianal teratoma and
thymic cysts, or bronchopulmonary sequestration
or bronchial atresia.

Prenatal diagnosis of CDH should prompt
referral to a tertiary centre experienced in assess-
ing this anomaly and managing CDH in the peri-
natal period. A comprehensive diagnostic and
prognostic work up comprises advanced imag-
ing, genetic testing and multidisciplinary coun-
selling, so that parents can take a well informed
decision. In view of the options, an individual-
ized prediction of outcome is crucial.

4.6.5 Antenatal Prediction
of Prognosis

Most frequent quoted predictors of outcome are
the presence of associated anomalies, and for iso-
lated cases, lung size, position of the liver and the
stomach, and to a lesser extent assessment of
lung vasculature. Herein we will focus on the
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best validated predictors; however research on
improved prediction is actively ongoing.

The Lung-to-Head Ratio (LHR) consists of
measurement of the lung contralateral to the
defect, at the level of the four chamber view. It is
divided by the head circumference as measured
in the standard biparietal view [117] (Fig. 4.11).
The most accurate method for measuring is by
tracing the lung contours [118, 119]. The LHR is
a function of gestational age, because the lung
grows four times more than the head over the
entire gestation. To overcome this problem, we
proposed to express the LHR of the index case as
a function of what is expected in a gestational
aged control (observed [O]/expected [E] LHR).
The expected value can be calculated using for-
mulas specific for the side of the lesion [120],
which are also available on line (www.totaltrial.
eu). The prognostic value of the O/E LHR was
validated in 354 fetuses with unilateral isolated
CDH, that were evaluated between 18 and
38 weeks gestation; later meta-analyses have
confirmed this [121]. The O/E LHR is predicting
mortality as well as early neonatal morbidity
(Fig. 4.12) [122, 123].

Lung size can also be estimated by volumetric
techniques, either using 3D ultrasound or fetal
Magnetic Resonance Imaging (MRI). Because
the ipsilateral lung is not always visible on 3D
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Fig. 4.12 Survival rates of fetuses with isolated left-
sided congenital diaphragmatic hernia, depending on
measurement of the observed/expected lung:head ratio
(O/E LHR) and position of the liver position as in the
antenatal congenital diaphragmatic hernia registry. From:
Jan A. Deprest et al., Antenatal prediction of lung volume

p”)

Il /iver in abdomen (“down”)

and in-utero treatment by fetal endoscopic tracheal occlu-
sion in severe isolated congenital diaphragmatic hernia,
Seminars in Fetal & Neonatal Medicine (2009), doi:https://
doi.org/10.1016/j.siny.2008.08.010 (Deprest, Flemmer
et al. 2009); with permission of authors and publisher
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US, we do prefer MRI [124] (Fig. 4.13). Again
measured fetal lung volume must be expressed as
a function of what one expects for a gestational
age- or weight-matched control [125, 126]. A
recent meta-analysis has shown its predictive
value [127]. Though we feel fetal MRI will

become the method of choice, there is currently
no proof for superiority over ultrasound yet [128].

The presence of liver herniation is also predic-
tive, but whether it can be used as a sole feature
remains a matter of debate [127, 129]. Liver her-
niation is easily visualized by ultrasound, using

Fig. 4.13 T2 weighted images of fetus with left sided
CDH at 26 weeks without liver herniation. Top left, sagit-
tal section with tracing of the body contours. Top right:
coronal view of the fetus demonstrating the level at which
the two axial images are made (bottom). Lung tracing

(dotted line) on the two axial views. Scale: white bar in
right lower corner is 1 cm (From Deprest et al., Treatment
of Congenital Diaphragmatic Hernia. In: Fetal
MRI. Prayer D (Ed). Springer Verlag, Heidelberg 2011,
528 pp.)
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the umbilical vein as a landmark. We and others
have proposed to use MRI to quantify the degree
of liver herniation more accurately, but we refer to
the literature for further details [130] (Fig. 4.14).
Position of the stomach is in Japan accepted as a
predictor of outcome, based on its position as up
or down [131, 132] or more specifically on its
location in the thoracic cavity [133]. Several clas-
sification systems have been devised for standard-
ized determinations of the stomach position such
as by Kitano et al. [133], and more recently by
Cordier et al., yet the latter on ultrasound [134].
Another less studied factor is pulmonary vascular
assessment, for which again we refer to the litera-
ture (reviewed in [130]). Eventually more accu-
rate prediction can be expected by combining
techniques [135, 136], especially when they
assess different aspects of the disease, such as
parenchymal lung measurement and evaluation of
the pulmonary vascularization.

4.6.6 Antenatal Management

CDH has been the sentinel condition proposed for
fetal surgery. We refer to a recent review for the his-
tory of fetal surgery for this condition [137, 138].
Initially in utero anatomical two step repair was pro-
posed. Since this includes reduction of the liver
which causes umbilical vein kinking, the majority of
cases are not amenable for fetal surgery. Now prena-
tal intervention consists of percutaneous Fetoscopic
Endoluminal Tracheal Occlusion (FETO) (Fig. 4.15).
Tracheal occlusion prevents egress of lung fluid,
increasing airway pressure, causing proliferation,
increased alveolar airspace and maturation of pulmo-
nary vasculature (reviewed in [139]). The current
timing of insertion and removal of the balloon is
based on observations in sheep experiments, with a
recent trend for later insertion to reduce the impact of
preterm delivery, mainly due to ruptured membranes.
Sustained TO, though inducing lung growth, reduces

Fig. 4.14 T2 weighted images of fetus with left sided
CDH at 26 weeks with liver herniation, as best shown on
coronal view (left image). Sagittal view (middle) demon-
strating the reference line (full line) at the level of the
xyphoid process (white arrow) and above (dashed line),
which correspond to the axial images on the right. Liver

tracing (dotted line) and contours of the thoracic cavity
(full and dashed lines) shown on both axial views. Scale:
white bar in right lower corner is 1 cm (From Deprest
et al., Treatment of Congenital Diaphragmatic Hernia. In:
Fetal MRI. Prayer D (Ed). Springer Verlag, Heidelberg
2011, 528 pp.)
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©® UZ Leuven

Fig.4.15 Schematic drawing of percutaneous fetoscopic endoluminal tracheal occlusion. Drawing Myrthe Boymans;

copyright UZ Leuven.

the number of type II pneumocytes hence surfactant
expression. This can be improved by in utero release
(“plug-unplug sequence”) [140]. Perinatal steroid
administration has also been shown to beneficial
[141]. Ideal balanced lung growth and maturation is
however obtained experimentally by 47 resp. 1 h
cycles of occlusion and release, but this is yet clini-
cally impossible [142].

Several occlusion methods have been described,
but an endovascular balloon is what currently is
used [143]. This technique is amenable for a per-
cutaneous approach under local anesthesia [144].
Also purpose designed instruments were devel-
oped with support of the European Commission
(reviewed in [145]). Over time, invasiveness was
reduced by moving away from general over loco-
regional to local anesthesia, with fetal analgesia
and immobilization [146]. The FETO task force
proposes for severe cases insertion of the balloon
at around 28 weeks, and reversal of occlusion at
34 weeks. In utero reversal is achieved either by
fetoscopy (50%) or ultrasound guided puncture
(19%). Prenatal (>24 h) removal of the balloon has

been shown to increase survival and decrease mor-
bidity [147]. Removal at birth can be done on pla-
cental circulation or less ideally after birth. Peri- or
postnatal retrieval should not be underestimated
and problems with this have been the cause of neo-
natal death [146, 148, 149].

We have reported outcomes of 210 interven-
tions, in fetuses with liver herniation and an O/E
LHR <27-28%. Compared to historical controls
from the antenatal CDH registry, FETO increased
survival in severe cases with left-sidled CDH
from 24.1 to 49.1%, and in right-sided from 0O to
35.3% (p <0.001) [122]. The strongest predictors
of survival were observed/expected LHR prior to
the procedure (OR, 1.490; P = 0.019) and gesta-
tional age at delivery (OR 1.024; P = 0.007).
Early delivery typically is the consequence of
Preterm Premature Rupture Of the Membranes
(PPROM), occurring within 3 weeks occurred in
16.7% cases. Mean gestation at delivery was
35.3 weeks; only one in three delivers prior to
34 weeks. Interestingly, survival for those deliv-
ering at 32-33 weeks is equal to that at 34 weeks
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Fig.4.16 Graphical display of number of patients deliv-
ering (light blue bars) and number of fetuses surviving
(dark blue bars) as a function of gestational age. Modified
from Deprest J, Nicolaides K, Done E, et al.: Technical
aspects of fetal endoscopic tracheal occlusion for congen-
ital diaphragmatic hernia. J Pediatr Surg 46:22-32, 2011
(Deprest, Nicolaides et al. 2011), with permission from
the authors and the publisher

or later (60%; left sided cases only) (Fig. 4.16).
Short term morbidity in survivors is better than
expected: it is close to that of cases with moder-
ate pulmonary hypoplasia, that were managed
expectantly during pregnancy [147].

The early clinical experience has shown few
demonstrable clinical side effects of the balloon on
the developing trachea, except in very early occlu-
sions and complications arising at the time of
removal [48]. However, the neonates and infants do
have obvious tracheomegaly, that does not seem to
have a clinical impact, except for a barking cough
on effort [48, 49]. Over time, the widening seems
to become less important [49]. Most newborns
require surgical patching of the diaphragm, indicat-
ing the rather large size of the defect in this selected
group. The use of patch has previously been shown
to be a predictor of outcome. High patch rates will
increase the number of patch related complica-
tions, so that we felt research on engineering a dia-
phragmatic patch is now really required [150].

4.6.7 Trials on FETO Versus
Expectant Management

Our initial experience has meanwhile been con-
firmed in other hands [151-153]. There is even
one Brazilian randomized trial that showed an

increased survival following FETO, though the
survival rate in expectantly managed cases was
very low (5%), which is not representative for
most institutions [154]. Also right and left sided
cases were pooled, which does not seem appro-
priate. In Europe there are now two trials ongoing
(www.totaltrial.eu) (Table 4.7). One is in severe
hypoplasia, with insertion of the balloon at
27-30 weeks and its removal at 34 weeks
(NCTO01240057). This protocol is based on our
existing experience. A few items are worth men-
tioning. (1) We have slightly moved the time
point of insertion from 26-28 to 27-30 weeks.
This will lessen the risk for delivery prior to
32 weeks, the latter having a negative impact on
survival (Fig. 4.16). The reason why we do not
insert the balloon later, is that we have evidence
for a less vigorous lung response with insertion
beyond 30 weeks [155]. (2) We chose for in utero
balloon removal (3) at 34 weeks. Prenatal
removal was associated with a higher survival

Table 4.7 Criteria for fetal intervention for left sided
CDH, as used in the TOTAL trial (www.totaltrial.eu). In
that trial, FETO needs to be done within a certain window
of gestation, as specified. Right CDH has been treated as
well based on poor survival rates observed in the CDH
antenatal registry [122]

Isolated left sided congenital diaphragmatic hernia

Severe hypoplasia Moderate hypoplasia
Severity: Severity:
O/E LHR <25%, O/E LHR 25-34.9%
irrespective of liver (included) irrespective of
position the liver position, or
O/E LHR 35-44.9%
(included) with
intrathoracic herniation of
the liver

Gestational age at
randomization®:

At the latest 29 weeks + 5
days — FETO between
27 weeks + 0 day and 29
weeks + 6 days

Gestational age at
randomization®:

At the latest 31 weeks + 5
days — FETO between
30 weeks + 0 day and 31
weeks + 6 days

Isolated right sided congenital diaphragmatic hernia

Severe pulmonary hypoplasia
O/E LHR < 45% and liver into the thorax®

Fetal evaluation ideally at 26 weeks or beyond. For con-
sistency a posthoc determination of severity will be done
on archived images, that need to be submitted to the prin-
cipal investigator

®Based on observations in the antenatal CDH registry
[122]
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[145, 147]. Moreover survival does not increase
with gestation at delivery, once beyond 34 weeks.
Timely and elective balloon removal avoids
unexpected emergency balloon retrieval.
However, in the two Brazilian series there was no
apparent difference in survival with balloon
removal at the time or prior to birth. The trial in
foetuses with moderate hypoplasia has started
earlier (NCT00763737)(Table 4.7). In this group
occlusion is done at 30-32 weeks. For both trials,
our neonatal colleagues from all over Europe
designed a standardised consensus postnatal
management protocol [156] (Table 4.8). In right
sided cases, the cut off is at O/E LHR <45%.

4.7 Fetal Cardiac Interventions
Antenatal interventions for congenital heart disease
remain experimental, despite a well-defined ratio-
nale, with only a few expert centres worldwide
developing expertise. The Children’s Hospital of
Boston has led this research. In this Chapter, we
will review critical valvular aortic stenosis with
evolving hypoplastic left heart syndrome (HLHS)
in the fetus, which is considered the sentinel pathol-
ogy for potential intervention. For readers inter-
ested in the experimental intervention for
pulmonary atresia and hypoplastic right ventricle,
we refer to the Boston group’s two recent publica-
tions as well as one from Linz [157-160].

4.7.1 Definition and Epidemiology

Critical aortic stenosis is a congenital obstruc-
tion to the left ventricular outflow tract. It
occurs most commonly as a result of fusion or
one or both aortic commissures, thereby reduc-
ing leaflet mobility [26]. The incidence is
3.5 in 10,000 births, and represents 5% of
childhood cardiac disease. HLHS is a lethal
congenital heart abnormality, whereby the left
ventricle is unable to support the systemic cir-
culation. It usually occurs due to obstruction
to left ventricular outflow, with aortic atresia
the most common (Fig. 4.17). The degree of the
ventricular hypoplasia is proportional to the

Table 4.8 Summary of the most important items in the
postnatal treatment of patient with CDH according, based
on the consensus statement of the CDH-EURO consor-
tium [156]

Treatment in the
delivery room

* No bag masking

* Immediate intubation

* Peak pressure below
25 cmH,O

» Nasogastric tube

Treatment on the
NICU/PICU

» Adapt ventilation to obtain
preductal saturation
between 85-95%

* pH > 7.20, lactate
3-5 mmol/L

 Conventional ventilation
(CMV) or high frequency
oscillation (HFOV)
maximum peak-pressure
25-28 cmH,0 in CMV and
mean airway pressure
17 cmH,0 in HFOV

* Targeting blood pressure:
normal value for gestational
age

« Consider inotropic support

Treatment of  Perform echocardiograhy

pulmonary ¢ Inhaled nitric oxide (iNO)
hypertension first choice in case of non
response stop iNO
* In the chronic phase:
phosphodiesterase—
inhibitors, endothelin
antagonist, tyrosine kinase
inhibitors
ECMO e Only starting if the patient
(extracorporeal is able to achieve a
membrane preductal saturation > 85%
oxygenation) ¢ Inability to maintain

preductal saturation above
85%

 Respiratory acidosis

* Inadequate oxygen delivery
(lactate>5 mmol/L)

* Therapy resistant
hypotension

Surgical repair « Fraction of inspired oxygen
(FiO,) below 0.5

* Mean blood pressure
normal of gestational age

e Urine output >2 mL/kg/h

* No signs of persistent

pulmonary hypertension

From Deprest, J.A., et al., Antenatal prediction of lung
volume and in-utero treatment by fetal endoscopic tra-
cheal occlusion in severe isolated congenital diaphrag-
matic hernia. Semin Fetal Neonatal Med, 20009.
14(1):8-13
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Fig.4.17 Hypoplastic left heart syndrome

degree of outlet obstruction, unless an escape
mechanism exists such as a ventricular septal
defect [161].

4.7.2 Genetics

Aortic stenosis is associated with Turner, Noonan
and William’s syndrome. Aneuploidy is present
in 5% of cases of congenital heart disease [22]. It
is more common in males, 4:1. Recurrence is 2%
with one affected sibling and 6% with two
affected siblings. HLHS occurs in 10,000 births,
with males twice as likely as females to be
affected [22]. It is most commonly sporadic.

4.7.3 Pathophysiology and Natural
History

Most fetuses with aortic valve stenosis will not
sustain fetal compromise during pregnancy.
However, a subset with critical stenosis (ductus
dependent) may result in decreased right to left
shunting between atria and thereby retard normal
left ventricular development and result in
HLHS. A pressure effect from the obstructed out-
flow tract first enlarges the left ventricle, coro-
nary perfusion falls and cardiac function is
impaired. Chronically raised ventricular pres-
sures cause endocardial fibroelastosis and left

sided structures such as the aortic root, mitral
valve and left ventricle then fail to develop with
advancing gestation [22, 162, 163]. Indeed, a
preferential return of oxygenated blood towards
the right ventricle and lower body rather than
towards the left ventricle and the brain may also
lead to suboptimal brain oxygenation in utero,
which may be in part responsible for poorer neu-
rodevelopmental outcomes [164, 165]. Significant
restriction of the foramen ovale is present in 22%
of patients with HLHS [166] and in 6% the
atrial septum is completely closed. This drives
increased pulmonary vein pressure and left atrial
hypertension, as well as to pulmonary venous
arterialization (abnormal vascular musculature)
and hydrops. After birth, pulmonary venous
return to the left atrium is increased, and obstruc-
tion to pulmonary venous drainage results in a
further rise in pulmonary pressure, with severe
hypoxemia, pulmonary oedema and haemor-
rhage. Emergency atrial septostomy is required.
About 5% of HLHS develop in the second tri-
mester and are progressive [167]. Intrauterine
growth restriction and hydrops may similarly
develop. In Sharland and coauthors’ series of 30
fetuses with left ventricular dysfunction, five fetuses
with aortic stenosis developed into HLHS. There
appears to be an overlap of diseases of primary left
ventricular endocardial fibroelastosis, critical steno-
sis of the aortic valve and the HLHS [163].
Despite improvements in neonatal surgical
and intensive care, the outcome of fetuses with
hypoplastic left heart syndrome (HLHS) remains
poor. Postnatal surgery, which for many results in
a far from perfect single ventricle Fontan-type
circulation [168], has a significant mortality rate,
leading to a total survival of less than 65% [167].
Without it survival is not possible. The surgical
choice is Norwood’s three staged procedure or
neonatal transplantation. For some fetuses with
critical aortic stenosis, biventricular repair
remains a possibility, with the therapeutic options
including open and balloon valvulotomy [169].

4.7.4 Antenatal Diagnosis

Critical aortic valvular stenosis may be diag-
nosed antenatally, however sonographic features
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for milder forms may be unreliable [22]. An early
clue may include dilatation of the ascending aorta
[26]. With critical obstruction, the left ventricle
becomes hypokinetic and may appear dilated and
hypoplastic on a standard 2D four chamber view.
With advancing gestation however, ventricular
size will become relatively smaller. Endocardial
fibroelastosis may become evident. In cases of
aortic and mitral atresia, the ventricle has a “slit”
like appearance or may even appear absent,
whereas aortic stenosis with mitral stenosis there
is a small and very round or “tense” left ventricle,
with the apex of the heart formed by the right
ventricle [170]. Colour Doppler will reveal poor
or absent filling of the diminutive ventricle. The
aortic valve leaflets may be thickened with
reduced motion and reveal turbulent and
increased antegrade velocity on Doppler imag-
ing. An absence of antegrade flow across the
aortic valve confirms atresia. With severe steno-
sis, there may be hypoplasia of the mitral valve
and aortic arch, or mitral stenosis and coarctation
[26]. Mitral regurgitation can be determined by
colour Doppler. The right ventricle and tricuspid
valve should be inspected for regurgitation. The
patency of the foramen ovale should be demon-
strated by colour Doppler. Flow may become
reversed across the atria, from left to right, with
consequences for the pulmonary vasculature
[26]. Doppler examination of the pulmonary
veins then complements this assessment. In
fetuses with a restrictive foramen ovale, the
venous a wave is increased and peaked, with
reversal of flow in the pulmonary veins during
atrial systole [170]. Moving the transducer to the
sagittal view will demonstrate retrograde flow in
the ascending aorta and transverse aortic arch.
Here, a coarctation may be visualised. At the
three-vessel view, colour Doppler will show flow
in the opposite direction of the adjacent pulmo-
nary artery and arterial duct, confirming retro-
grade flow in the transverse aorta from the arterial
duct. The Doppler profile in the arterial duct will
similarly be altered. It is important to note here
that the brain receives oxygenated blood via ret-
rograde filling of the head and neck vessels from
the arterial duct. Accordingly, the middle cere-
bral artery Doppler pulsatility index should be
examined for central redistribution, or a fall in

resistance, in an attempt to maintain fetal cere-
bral perfusion and guard against cerebral hypoxia.
Fetal growth and amniotic fluid index may indi-
cate IUGR. Sonographic evidence of additional
abnormalities, aneuploidy and hydrops should all
be meticulously sought.

4.7.5 Antenatal Prediction
of Prognosis

For fetuses with critical valvular aortic stenosis,
accurate prediction of evolving HLHS is impera-
tive for parental counselling regarding continua-
tion of the pregnancy, antenatal care, timing and
patient selection for potential fetal intervention,
to plan resuscitation and postnatal surgery.
Mikikallio and co-authors [171] from the
Children’s Hospital in Philadelphia, recently
published anatomic and physiological variables
in the mid gestation fetus with aortic stenosis and
normal left ventricle size that are predictive of
progression to HLHS. In their study on 43 fetuses
diagnosed with aortic stenosis and normal left
ventricular length at less than 30 weeks gestation,
there were 23 live-born patients of which 17
developed HLHS and six having a postnatal
biventricular circulation. All fetuses that pro-
gressed to HLHS had retrograde flow in the
transverse aortic arch, 88% had left-to-right flow
across the foramen ovale, 91% had monophasic
mitral inflow, and 94% had significant LV dys-
function. With regard to all six fetuses who suc-
cessfully achieved a biventricular circulation
postnatally, they had antegrade flow in the trans-
verse aortic arch, biphasic mitral inflow and nor-
mal LV function. These echocardiographic
indices may help refine patient selection and
assist prenatal counselling for progression of aor-
tic stenosis to HLHS.

As with other fetal pathologies, the presence
of hydrops suggests a bleak outlook. Similarly,
the presence of tricuspid regurgitation conveys a
poor prognosis for both survival and postnatal
surgical success [170]. An added layer of com-
plexity comes with a restrictive foramen ovale.
Fetuses with a restrictive or intact foramen have a
worse prognosis and may not respond to medical
therapy in the postnatal period. This is a result of
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abnormal pulmonary vasculature that develops
from high atrial pressures. Hypoxaemia can
develop quickly at birth and cardiovascular col-
lapse is likely without immediate balloon atrial
septostomy or surgery. Antenatal prediction of
emergency atrial septostomy (or fetal interven-
tion described below) is therefore essential to
plan resuscitation and cardiac intervention at
birth. The Cincinnati group have developed a pul-
monary venous Doppler forward/reverse velocity
time integral (FR VTI) ratio, that when less than
three, optimizes specificity for predicting emer-
gency atrial septostomy [158]. Others have per-
formed a maternal hyperoxygenation challenge
to study the response of the fetal pulmonary vas-
culature. Less than al0% decrease in the branch
pulmonary artery pulsatility index after 10 min of
60% inspired oxygen administered to the mother
is a non-reactive test and is predictive of emer-
gency intervention at birth [172].

Furthermore, as introduced earlier, half of the
long-term survivors have poor neurodevelop-
mental outcome [173], which may in part have an
antenatal origin. Reduced middle cerebral artery
pulsatility index may be a marker of such cere-
bral hypoxia, however this has not been specifi-
cally correlated with neurodevelopmental follow
up in infants with HLHS.

©® UZ Leuven

4.7.6 Obstetric Management

Referral of suspected cases to an expert tertiary
centre is required. Multidisciplinary counselling
with maternal fetal medicine specialists, neona-
tologists, paediatric cardiologists and cardiotho-
racic surgeons are necessary. The diagnosis
should be confirmed by fetal echocardiography
as discussed above, including predictive indices.
Additional abnormalities should be excluded and
an amniocentesis performed to evaluate chromo-
somes. After counselling, termination of preg-
nancy should be offered to parents due to the
poor prognosis and significant surgical morbidity
that is necessary to sustain life. Expectant man-
agement may also be offered, whereby the preg-
nancy is conservatively cared for without
intervention to spontaneous labour. At birth,
comfort care to the neonate is offered. A clear
plan from neonatology colleagues and parental
support is clearly necessary. This may become
more of an option as the pregnancy continues and
repeat echocardiograms from 28 weeks gestation
reveal progressive HLHS.

In some cases of evolving HLHS due to outlet
valve obstruction, timely fetal balloon valvulo-
plasties offer the attractive rationale of ventricular
recovery in utero and further growth (Fig. 4.18).

Fig.4.18 Schematic drawing of in utero percutaneous aortic valve dilatation. Drawing: Myrthe Boymans. Reproduced,

with permission from the UZ Leuven
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Antenatal intervention theoretically reduces intra-
ventricular pressure, improves coronary perfusion,
reduces pulmonary pressures, promotes ventricu-
lar growth, and avoids development of myocardial
fibroelastosis, thus all enabling improved cardiac
function and potential biventricular postnatal
repair [18].

Standardised needle-based procedures to
access the fetal heart have been developed from
groups in Boston (Massachusetts, US) [174] and
Linz (Austria) [159]. A cardiocentesis is per-
formed using a Seldinger technique to advance
the working sheath into the target area under
ultrasound guidance. Most cases can safely be
performed under maternal local or locoregional
anesthesia with fetal analgesia and immobiliza-
tion. Maternal laparotomy rates are now there-
fore uncommon, falling from 27 to 10% in the
Boston experience [160]. For the procedure, an
18 or 19 gauge needle is inserted into the fetal left
ventricle at the level of the apex and in alignment
with the left ventricular outflow tract (Fig. 4.18).
A guide wire and a catheter with a coronary dila-
tation balloon are advanced through the aortic
valve, which is dilated to 120% of the valve
annulus. Fetal valves differ to children’s valves,
in that they are less complex structures, difficult
to dilate and likely to re-stenose. Fetal resuscita-
tion with inotropic medication, other vasoactive
agents, or blood must be anticipated early to cor-
rect fetal acidosis or anaemia. Fetal complica-
tions include bradycardia requiring fetal
resuscitation  (17-38%),  hemopericardium
(13%), ventricular thrombosis (15-20%) and
fetal death (8—13%) [159]. Maternal morbidity is
rare, except when uterine exposure is needed for
the procedure or emergency delivery. Rupture of
membranes occurs in 2-7% of cases [175, 176].

In their largest series published in 2009 [174],
the Boston group examined prenatal aortic valvu-
loplasty in 70 fetuses with aortic stenosis and
evolving HLHS. The intervention was techni-
cally successful in 52 (74%) of treated fetuses, of
whom 17 (33%) achieved biventricular circula-
tion postnatally. However, prenatal aortic valvu-
loplasty altered the growth and function of some
left heart structures (aortic valve, ascending
aorta, mitral valve), but surprisingly did not

change the growth velocity of the left ventricle.
This may alter the approach to fetuses with evolv-
ing HLHS. Nevertheless, in fetuses with a larger
left ventricle at enrolment, aortic valvuloplasty
did increase the likelihood of a biventricular cir-
culation. The authors developed a multivariate
threshold scoring system of valvular and ventric-
ular size and pressure to predict fetuses able to
survive postnatally with a biventricular circula-
tion. This may improve patient selection for fetal
intervention. Of note, in utero atrial septoplasty
for a highly restrictive foramen ovale has also
been described, however the numbers remain
small at this stage [177].

For otherwise continuing pregnancies, the
fetal heart should be examined at 28 weeks gesta-
tion and then fortnightly thereafter for progres-
sion and the development of hydrops. The
pregnancy should otherwise be allowed to con-
tinue to term. Delivery should occur in an experi-
enced tertiary centre with immediate neonatal,
cardiology and cardiothoracic surgery teams
present. There appears to be no significant advan-
tage of caesarean delivery when compared to
vaginal birth. The Children’s Hospital of
Philadelphia compared 79 cases of HLHS deliv-
ered either vaginally or by caesarean section
[178]. They found those delivered by elective
caesarean had lower pH and higher partial pres-
sure of CO, on arterial cord blood gas analysis,
however no other differences in 1- and 5-min
Apgar scores, markers of end organ function,
echocardiographic parameters, length of hospi-
talization, and survival to discharge. It is even
possible that vaginal delivery may prove advanta-
geous, given that the fetus has a relatively fixed
stroke volume and relies on heart rate to drive
cardiac output. The physiological demands from
vaginal delivery may protect the fetus by aug-
menting cardiac output from the single function-
ing ventricle [178]. Some centres plan induction
of labour close to term to ensure a neonatal inten-
sive care bed and appropriate staff are available
and prepared to care for the neonate.

Others however, have advocated planned caesar-
ean section for cases with restricted foramen ovale. It
is argued a scheduled delivery facilitates immediate
transfer of the neonate to an already well-prepared
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team for emergency atrial septoplasty [158, 179]. An
ex-utero intrapartum treatment (EXIT) procedure has
also been reported to initiate extracorporeal mem-
brane oxygenation before placental separation. Once
stabilized, the neonate then underwent radiofre-
quency perforation of the atrial septum with a good
outcome [180].

Prostaglandin E, therapy, often in conjunction
with inotropes and correction of acidosis, is
required for severe stenosis and HLHS [26]. If
the stenosis is less severe and left ventricular
function appears adequate and the condition is
not duct dependent, the ductus arteriosus is
allowed to close under close supervision.

4.8 Amniotic Band Syndrome

4.8.1 Definition and Epidemiology
Amniotic band syndrome (ABS) is a group of
disruptive abnormalities and limb amputations;
the likely consequence of early rupture of the
amnion [26]. The reported incidence is 1 in 1300
live births.

4.8.2 Genetics

Considered sporadic. Associations with Ehlers-
Danlos syndrome and osteogenesis imperfecta
have been reported [22, 26]. There is no known
risk of recurrence in future pregnancies.

4.8.3 Pathophysiology and Natural
History

At first glance of our simple definition of early
amnion rupture, one might expect the pathophys-
iology to be rather simple. However, there is a
wide range of clinical manifestations and several
theories have been developed to try and under-
stand the observed complexity. Indeed there is a
spectrum of many anomalies involving limbs,
craniofacial structures, trunk, constrictive bands,
and visceral and body wall abnormalities [22]. It
is fair to say the exact cause remains unclear.

Of the proposed theories, Streeter in 1930
[181] suggested an intrinsic defect in the embry-

onic germinal disk and amniotic cavity, which
resulted in later amniotic bands. This explains
central anomalies of viscera, limb body wall
complex and craniofacial structures, but is less
satisfactory for extremities [182]. Torpin in
1965 [183] described an extrinsic theory,
whereby early rupture of the amnion partially
dislodges the fetus to the extra-amniotic space,
with secondary amniochorionic mesodermal
bands developing. A vascular disruption theory
has also been proposed [184]. Most recently
Moerman and colleagues [185] in Leuven, syn-
thesised this work by proposing three distinct
lesions: constrictive amniotic bands, amniotic
adhesions and limb-body wall complex. This
was based on their pathological study of 18
cases of ABS. In this series, four cases had con-
strictive bands presumed to be from amnion
rupture that resulted in limb entanglement in
shrivelled amniotic strands. This type may also
be associated with cord entanglement and fetal
death. In other cases, adhesive bands were
observed to be the result of a broad fusion
between disrupted fetal parts (mostly cephalic)
and an intact amniotic membrane, while the
limb-body wall complex is likely the result of
vascular disruption. The authors suggest that the
observed craniofacial defects (encephalocoeles
and/or facial clefts) in these fetuses were not
caused by constrictive amniotic bands, but were
the result of a vascular disruption with or with-
out cephalo-amniotic adhesion. Accordingly,
the theories of Streeter and Torpin are not mutu-
ally exclusive and in fact may overlap. Timing
of amnion rupture may also help to explain the
variation in clinical manifestations. Huang and
colleagues [186], suggested more severe vis-
ceral and skull abnormalities are likely to occur
if rupture occurs before 45 days gestation.

Chorioamniotic separation, although consid-
ered normal until 16 weeks gestation, may occur
either spontaneously, or following extrachorionic
haemorrhage or invasive procedures such as
amniocentesis, amnioreduction or fetal surgery
[22, 187]. This may also increase the likelihood
of ABS [188].

The natural history is difficult to predict. The
degree of developmental disruption will deter-
mine the clinical outcome. Not unexpected with a
definition of ruptured membranes is preterm
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birth, with an average gestational age of 32 weeks
in cases of ABS [22]. Low birth weight is also
more common [189].

4.8.4 Antenatal Diagnosis

Sonographic features may be either isolated or
appear in combination, reflecting the numerous
forms of ABS. The bands themselves may be evi-
dent sonographically (Fig. 4.19), or more com-
monly, their effect on the fetal tissue can be seen.
For example, bands may be inferred by absent or

Fig.4.19 Amniotic band syndrome, evidenced by ultra-
sound. Image: courtesy UZ Leuven

Fig. 4.20 Limb in Amniotic band syndrome. (a) Right
forearm at 23 weeks: significant edema at the distal part
and visualization of two notches created by the amniotic
band (arrows). (b) Ultrasound image of the right arm and
hand 1 month after fetoscopic release of the band. There

amputated digits or portions of limbs and con-
strictive bands from swollen distal limbs
(Fig. 4.20). Similarly Doppler ultrasound may
reveal compromised flow. Clubfeet or hands may
occur. Craniofacial abnormalities may include
cleft lip and palate, microphthalmia, encepholo-
coele and anencephaly. Encephalocoele can be
attributed to ABS when they occur off the mid-
line and anencephaly when some portion of the
calvarium is present [22]. Gastroschisis, ompha-
locoele (less commonly) and limb body wall
complex can all be associated with ABS [26].
Severe spinal defects, particularly when associ-
ated with abdominal wall defects, are consistent
with ABS. Umbilical cord Doppler flow is essen-
tial to exclude cord involvement.

The sonographic presence of amniotic bands
is not necessary to complete a diagnosis of ABS
however, provided characteristic features are
present. Fetal MRI has also been shown to be
complementary to routine ultrasound [190].

4.8.5 Antenatal Prediction
of Prognosis

Prediction of prognosis is not well established,
however is likely to be proportionate to the

is a decrease of the edema, with still two notches visible
due to the amniotic band (arrows). c. At birth, there is still
amniotic band tissue present around the arm, infiltrating
into the subcutis. Images: courtesy UZ Leuven
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Fig.4.20 (continued)

complexity of the ABS. Tadmor and colleagues
(1997) [191] serially observed lower limb amputa-
tion from 21 weeks gestation, with evolving sono-
graphic signs of a constriction ring, oedema, patent
then absent limb arterial Doppler, bending, break-
ing and finally resorption of both tibia and fibula.
However, other reports have shown resolution
[192]. Serial Doppler ultrasound forms an impor-
tant part of clinical assessment, particularly with
regard to cord involvement. Reversed end diastolic
flow of the umbilical artery Doppler may become
evident with worsening constriction [193]. Hiisler
and colleagues (2009) [194] proposed a prenatal
classification to reflect stages of ABS involving
extremities, which is based on Weinzweig’s post-
natal classification [195] (Table 4.9).

4.8.6 Obstetric Management

Referral to a dedicated fetal medicine centre is
appropriate. A detailed sonographic survey and
fetal echocardiogram is essential. Amniocentesis
for karyotype is recommended for cases of diag-
nostic uncertainty. Obstetric management is
dependent on whether the ABS is isolated or
more complex. For isolated cases, expectant
management is the norm. Weekly Doppler sur-
veillance in comparison to the contralateral side

Table 4.9 prenatal classification of Amniotic Band
Syndrome by Hiisler (2009)

1. Amniotic bands without signs of constriction

2. Constriction without vascular compromise (normal
vascular Doppler studies compared to opposite site)

(a) Without or only mild lymphoedema

(b) With severe lymph oedema

3. Severe constriction with progressive arterial
compromise, flow measurements distal and
proximal of the constriction band

(a) Abnormal distal Doppler studies when compared
to contralateral extremity

(b) No vascular flow to extremity

4. Bowing or fracture of long bones at constriction site

5. Intrauterine amputation

for constrictive progression seems appropriate.
When progression is identified, fetoscopic inter-
vention may salvage the developing limb.
However, given the natural history is not well
established, patient selection is not established.
Compromised but present flow is probably the
appropriate time for intervention. Richter and
colleagues (2012) [182] recently reviewed all
published cases of intrauterine release of amni-
otic bands to rescue fetal limbs. The outcomes
were generally favourable, although it might not
always be possible to visualize and/or dissect and
cut the bands, without risk for collateral damage.
The bands may be covered within a constrictive
ring in an oedematous area. After the procedure
partial to full disappearance of the signs, flow
and/or functional recovery may be obtained, but
postnatal surgery remains often necessary. In
their series of ten cases, preterm prelabour rup-
ture of the membranes occurred in 78% prior to
34 weeks, with 67% of cases delivering preterm.
Ruptured membrane rates were higher following
fetoscopic band release when compared with
fetoscopy for other indications, which may be
related to the inherent pathology of ABS. In 90%
of cases (8/9), the band could be cut to some
extent, but only in three cases (33.3%) there was
complete release possible. Functional salvage of
the limb occurred in 6/9 cases (67%). In the other
three, secondary postnatal amputation was
required in one and in two cases there was persis-
tent reduced mobility.
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For more complex ABS with multiple abnor-
malities, multidisciplinary counselling with
geneticists, neonatologists and paediatric sur-
geons are essential. Options of expectant man-
agement and termination of pregnancy should be
discussed with parents.

4.9 InConclusion: From Tinkering
to Translation

For the field of fetal intervention and surgery to
continue to translate into improved and meaning-
ful outcomes for our fetal and neonatal patients,
training and research collaborations between
maternal-fetal medicine specialists, neonatolo-
gists and paediatric surgeons must become fluid
across multiple centres. Effective collaboration is
necessary to ensure cohorts of fetal patients with
rare diseases are identified and streamlined into
formalised trials in specialised centres to evaluate
our novel interventions. This chapter is but one
example of the necessary dialogue needed across
different medical specialties if we are to help
improve the lives of our unborn fetal patients.
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