Bol Med Hosp Infant Mex. 2015;72(3):159-167

Boletin Médico del

Hospital Infantil de México (English Edition)

www.elsevier.es/bmhim

REVIEW ARTICLE

Complex of amniotic deformities, adhesions,
mutilations: endless debate*

Zulema lvén Rodriguez Gonzalez**, Fernando Soriano Padilla®

2 Universidad Auténoma de Ciudad Judrez, Instituto de Ciencias Biomédicas, Ciudad Judrez, Chihuahua, Mexico
b Cirugia Maxilofacial Pedidtrica, Unidad de Medicina de Alta Especial, Hospital de Pediatria, Centro Médico Nacional Siglo
XXl, Instituto Mexicano del Seguro Social, Mexico City, Mexico

Received 23 May 2015; accepted 23 June 2015

KEYWORDS Abstract Amniotic deformities, adhesions, mutilations (ADAM) complex is a broad heterogene-
Amniotic Band ous spectrum of congenital anomalies. ADAM complex is characterized by constriction rings,
Syndrome; amputation of fingers or limbs and the presence of the amniotic band. However, it may also in-
Streeter Syndrome; volve craniofacial disruptions, body wall defects and internal organ abnormalities. The aim of
Amniotic Bands this review is to present the results found in regard to ADAM complex from its historical back-

ground, clinical manifestations, epidemiology, etc. In particular, our attention was focused on
demonstrating the varying etiopathogenesis theories of ADAM complex and their contradictions.
The study was conducted using the databases of PubMed, EBSCO host, Ovid, SpringerLink, Sco-
pus, nature.com, JAMA and ScienceDirect with the following keywords for the search: ‘“‘amni-
otic band syndrome”’, ‘““amniotic band sequence’’, ‘‘Streeter dysplasia’’, ‘“ADAM complex’’. In
this study we used 22 full-text articles.

Patients with ADAM complex require a complete pre- and postnatal evaluation to integrate the
diagnosis and to decide on timely treatment. It is important for clinicians and surgeons to pos-
sess knowledge of this entity. Further research is necessary to establish a nosological basis.
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PALABRAS CLAVE Complejo de deformidades amniéticas, adhesiones, mutilacion: interminable debate
Sindrome de bandas
amnioticas; Resumen El complejo de deformidades amnidticas, adhesiones, mutilaciones (CADAM) es un

Sindrome de Streeter;
Bandas amnidticas

amplio espectro heterogéneo de anomalias congénitas. Se caracteriza por la presencia de ani-
llos de constriccion o amputacion de dedos o extremidades y la presencia de bridas amnidticas;
no obstante, puede involucrar disrupciones craneofaciales, en 6rganos internos y defectos de
pared. El objetivo de esta revision fue presentar los datos que se encontraron del cADAM,
desde los antecedentes historicos, hasta las manifestaciones clinicas, estudios epidemioldgicos
y demas; se dirigié especial interés en mostrar las distintas teorias de la etiopatogenia, las
contradicciones entre ellas y otros argumentos y conceptos difusos que envuelven a esta enti-
dad. La busqueda se realizé en las bases de datos de Pubmed, EBSCO host, Ovid, SpringerLink,
Scopus, nature.com, JAMA y ScienceDirect con las siguientes palabras clave: ‘‘amniotic band
syndrome”’, ‘‘sequence amniotic band’’, ‘“‘Streeter syndrome”’, ‘“‘ADAM complex’’. Se tomaron
en cuenta 22 articulos.

Los pacientes con cADAM requieren de una evaluacion prenatal y postnatal completa para la
integracion del diagnostico, la toma de decisiones y un tratamiento oportuno. De ahi la impor-
tancia del conocimiento de esta entidad por parte de clinicos y cirujanos, y la necesidad de
replantear interrogantes para nuevas investigaciones y lograr establecer bases nosoldgicas

© 2015 Hospital Infantil de México Federico Gomez. Publicado por Masson Doyma México S.A.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Amniotic deformities, adhesions, mutilations (ADAM) com-
plex is a set of abnormalities that can be manifested from
constriction bands in the fingers or limbs up to their ampu-
tations. It is also associated with other manifestations of the
face, chest and abdomen. Diagnostic criteria are purely
clinical and pathogenesis is based on two main theories: in-
trinsic and extrinsic. From these theories, other comple-
mentary theories arise. Despite the variety, none justifies
the abnormalities as a whole; therefore, prenatal diagnosis
still remains difficult. The prognosis depends on the severity
of anomalies present, affecting aesthetics, function or dem-
onstrating incompatibility with life. The objective of this
review was to present data found in the different databases
on ADAM complex: historical background, clinical manifesta-
tions, epidemiological studies, diagnostic criteria, and pre-
natal diagnosis. Special attention was given to show the
different theories and hypotheses of the pathogenesis as
well as their contradictions, arguments and vague concepts
involving this entity.

2. Methods

The search was conducted in PubMed databases, EBSCO
Host, Ovid, SpringerLink, Scopus, nature.com, JAMA and
ScienceDirect using the following search keywords: “amni-
otic band syndrome”, “amniotic band sequence”, “Streeter
syndrome”, “ADAM complex”. For this study, those articles
with complete text from 2009 through 2014 were used. A
total of 22 articles were taken into consideration.

3. Results

It is known that this complex has a broad and heterogeneous
spectrum that involves three types of anomalies: deforma-
tions, malformations and disruptions. It occurs sporadically
although cases have been reported with a hereditary ten-
dency." In 1992, Moerman et al. proposed the ADAM complex
as a collection of three manifestations: constricting bands of
tissue, amniotic adhesions and in a higher complex, the
limb-body wall complex.?

The syndrome is known by multiple synonyms: amniot-
ic band syndrome (by Chemke et al., 1973; Kino, 1975;
Ossipoff and Hal, 1977; Seeds et al., 1982; Fiedler and
Phelan, 1983),37 amnion rupture sequences, amniotic
band sequence (by Hunter and Carpenter, 1986; Kalousek
et al., 1988),%° ADAM complex (by Herrmann and Opitz,
1974)° from the acronym Amniotic Deformities, Adhe-
sions, Mutilation. It is also known as amniotic disruption
complex (Higginbottom et al., 1979)," amniotic band le-
sions, annular grooves, congenital amputation, congenital
constriction bands, transversal defects of the extremi-
ties, body wall defects with deformities of the extremi-
ties (Pagon et al., 1979),"? body wall complex of the
extremities (Van Allen et al., 1987)," aberrant tissue
bands, Streeter syndrome, Streeter bands or bridles, am-
niotic band spectrum, Streeter dysplasia, genetic con-
striction band syndrome and amniochorionic mesoblastic
fibrous chains. It is classified as number 217100 from the
OMIM and Q79.80 from the International Classification of
Diseases (ICD-10). The different theories of its pathogen-
esis explain why there are >30 synonyms for this named
disease.'*"
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3.1. Historical background

There are many contributions and investigations about
ADAM complex throughout history. Therefore, only a few
will be mentioned. The first reports of this pattern of mal-
formations were probably those of Portal,’® The practice of
deliveries supported by a large number of observations, in
1685. The first theory of pathogenesis was proposed by
Montgomery™ in 1832, which attributed the annular con-
strictions and other fetal alterations to an inflammatory
process as its origin.' The first theory proposed of “failure
in development” was made by Sir James Simpson? in 1836.
Later, in 1930, the works by Streeter were published with his
intrinsic theory.?' In 1965, Torpin associated defects of the
extremities or their amputations with amnion rupture and
bridle compression to the extremities.?? Hermann and Opitz
used the acronym of the ADAM complex to describe it."® Kino
carried out experimental studies in animal models and be-
gan to mention vascular disruption.* Keller et al. discussed
the association of cleft palate and lip and other facial dis-
ruptions with constriction bands generally supporting the
non-hereditary nature.? Poland et al. linked the vascular
compression mechanism with these anomalies.?* The theo-
ries proposed by Van Allen et al. about vascular disruption?
should not be omitted or the contributions by Bamforth on
the alterations in the morphogenesis of the primary stage of
gastrulation.?

3.2. Epidemiology

Froster and Baird,? in a study carried out from 1952-1984 in
British Columbia, found a minimum incidence of 1:50,579
with a hereditary tendency, whereas Garza et al.?® pub-
lished an epidemiological study in which they used as a
minimum criteria the amputation or constriction bands in a
sample of 388,325 live newborns (LB) between 1968 and
1982 in Atlanta. The prevalence was 1.17/10,000 LB. Subse-
quently, Orioli et al.,? in the Latin American Collaborative
Study of Congenital Malformations (ECLAMC) in Rio de Ja-
neiro, Brazil, from a database of 3,020,896 LB and newborns
who died from 1982-1988, found a prevalence of 1:11,200.
Finally, mention should be made of the work by Guzman-
Huerta et al.’° from the Medicina Materno Fetal, Instituto
Nacional de Perinatologia Isidro Espinosa de los Reyes, Mé-
xico, D.F. (Department of Maternal Fetal Medicine, National
Institute of Perinatology “Isidro Espinosa de los Reyes”,
Mexico, D.F.) who, using a database of 90,000 LB during a
17-year period (January 1993-July 2010) reported a sample
of 50 cases diagnosed with amniotic band sequence, obtain-
ing an incidence of 1:2,000 LB.

Although several authors have reported that there is no
gender prevalence, in studies by Garza et al.?® a prevalence
of 1.44 for females and 0.91 for males was observed. Moreo-
ver, Guzman-Huerta et al. found that 44% were female, 38%
male and gender was not able to be determined for the re-
mainder.3°

3.3. Diagnostic criteria and clinical manifestations

Diagnostic criteria are unclear and are not well established.
Martinez Frias believes, based on epidemiological studies,
that those manifestations of ADAM complex with the pres-

ence of wall defects should be considered to be different
entities.?' This has been the subject of many discussions as
there are authors who still consider it to be the same entity
but with variable expression.3"

Van Allen et al. concluded that, for the diagnosis of ADAM
complex, at least two of three manifestations are needed:
excencephaly/encephalocele with facial clefts, thoracoschi-
sis/abdominoschisis and defects of any kind in the extremi-
ties.®?535 The clinical features of this sequence are not
identical in any of the cases reported, as the variability and
severity of ADAM complex will be defined according to the
time of gestation in which the damage occurred; hence,
phenotype diversity. According to Orioli et al., the extremi-
ties are affected in 71.9% and occupy first place as manifes-
tation of amniotic bridles in their study. Defects of the
extremities can present as reduction (mutation) of extremi-
ties, bridles or their amputation, constriction bands in the
extremities (deformities),? lymphedema distal to the con-
striction band, distal syndactyly, acrosyndactyly or clubfoot.
There have been less common anomalies such as oligodac-
tyly, preaxial polydactyly,® arthrogryposis, single bone in
the forearm, hypoplasia of the radius and/or ulna and ectro-
dactyly.¥

Craniofacial anomalies occur in a smaller percentage ac-
cording to the study by Orioli et al.?® In contrast to this,
Guzman-Huerta et al. obtained a rate of 78%.3° Craniofacial
disruptions are also highly variable. There have been cases
of microcephaly, encephalocele, defects in the anterior por-
tion of the shell, typical and atypical craniofacial fissures
with aberrant bands of tissue around the face,* cleft lip and
palate, colobomas of the eyelids and ectropion. Ophthalmo-
logical conditions have been described ranging from dys-
function or absence of the nasolacrimal duct to ptosis,
although there have been cases of anomalies reported
where the ocular globe is involved such as defects of the iris
and of the optic nerve.*® Ocular deformities of corneal opac-
ity can be acquired or secondary to exposure. Deformations
of eye corneal opacity may be acquired or secondary to ex-
posure. Bilateral epibulbar choristomas have also been de-
scribed as well as corneal leukoma, all associated with
ADAM complex.36-38

Various malformations have been associated. For example,
holoprosencephaly,® Dandy-Walker malformation, septo-opti-
cal dysplasia, clover-leaf-shaped skull (Kleeblattschddel), hy-
drocephalus, hypertelorism, uveal coloboma, choanal
atresia, unilateral proboscis, low set ears, Robin sequence,
Potter deformities and other deformities.*” Various wall de-
fects have been described: thoracoschisis, abdominoschi-
sis, thoracoabdominoschisis, ectopia cordis, gastroschisis,
omphalocele, multiple cardiovascular malformations, te-
tralogy of Fallot,** abnormal pulmonary lobulation, abnor-
mal or absent diaphragm, abnormal intestinal rotation, anal
atresia, absence of gonads, abnormal external genitalia and
scoliosis.>”

3.4. Etiology

The pathogenesis of ADAM complex has been widely dis-
cussed and has been divided into two main groups or classi-
cal theories: the intrinsic model by Streeter?' and the
extrinsic model by Torpin.22 However, there are other con-
tributions that for decades have been relevant."
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The intrinsic model proposed in 1930 and also known as
endogenous theory, theory of germinal disk dysplasia® or
embrionary dysplasia® explains that the anomalies and fi-
brous bands have a common origin and are caused by his-
togenesis imperfection and damage in the germinal disc
during early embryogenesis. The author also adds that it has
been confused with amniotic bands that, in reality, repre-
sent residual tissue of the localized area of defect. The the-
ory was based on macroscopic and microscopic observation
of 16 constrictions.?"3

On the other hand, in the observational study by Torpin,?
the author supported that the anomalies of ADAM complex
are caused by fibrous bands of amniotic tissue as a result of
amnion rupture followed by the loss of amniotic fluid, i.e.,
of an oligohydramnios and, at the same time, extrusion or
expulsion of the entire fetus or parts of the fetus towards
the chorionic cavity. Fetal extremities are trapped by these
fibrous bands causing compression and necrosis or amputa-
tion of fingers or extremities?? and referred to by some au-
thors as mechanical disruption,® theory of amniotic
disruption or exogenous theory.?

Van Allen et al.” in 1987 contributed the theory of vascu-
lar disruption, with a background by Kino in 1975 with ani-
mal model experiments. Van Allen et al. report that
vascular damage or alterations in the morphology of blood
flow during embryogenesis leads to disruption in morpholo-
gy or necrosis or destruction of existing structures.” Later,
in another article, these authors mentioned that vascular
disruption may also give rise to cleft lip and palate.?

Hunter et al.* proposed another theory, which is said to
have similarities to the theory proposed by Streeter. They
explained that it is an early primary defect/deficiency of
the ectoderm of the embryonic disc in embryogenesis. The
area affected along with the severity of the results vary ac-
cording to the location of the defect. The authors focused
primarily on craniofacial anomalies and separated them as
follows:

1. Excencephaly/encephalocele with amniotic connections
without facial clefts

2. Similar cranial lesions with facial clefts with or without
amniotic bands

3. Abdominoschisis and thoracoabdominoschisis

4. Anomalies of the extremities

For the first group, a deficiency in the response and
growth of the ectodermal cells would give rise to neural
tube defects commonly seen with ADAM complex. That is, a
minimal deficiency in the growth of the ectodermal cells,
whether from one side to the other and/or anterior to the
oropharyngeal membrane, could result in an amnion-ecto-
dermal margin that would be close or in direct contact with
these cells and would explain the cranial defects such as
excenphaly/encephalocele and the bands adhered to this re-
gion. For the second group, cranial lesions with facial clefts
with or without amniotic bands explain the following. Facial
clefts generally involve fusion plates of the frontonasal pro-
cesses and association with organs with the anterior brain.
The frontonasal processes derive from neural crest cells,
which surge from the fusion of the neuroectoderm in the
region of the forebrain. The same deficiency of the ecto-
derm could lead to a neural crest deficiency and affect the

frontonasal processes. In a similar manner, the ectodermal
deficiency could result in a connection of the neural-amnion
tubes. A deficiency of the anterior ectoderm of the oro-
pharyngeal membrane could bring the amnions abnormally
close or in direct contact with the oropharyngeal mem-
brane: the amnion would interfere in the margins of the
frontonasal/maxillary planes in their development and clo-
sure. This could explain why some clefts extend up to the
base of the skull and the aberrant amniotic tissue bands
over the facial clefts.?

Finally, Romero-Valdovinos et al. presented a hypothesis
centered on the epithelial-mesenchymal transition process-
es (EMTP), which act during organogenesis in the adequate
formation of the different organs in the three embryological
stages. If these EMTP are altered, they propel the immobile
epithelial cells into acquiring a polarity and migratory char-
acteristics similar to fibroblasts. The proposal mentions that
the ADAM complex could be considered as a variation of fi-
brosis due to a complication of fetal membrane rupture in a
pathological state of pregnancy. The reason for the mem-
brane rupture is unknown, but an intrauterine infection dur-
ing pregnancy could cause weakness of the fibrous
components of the chorioamniotic membrane and conse-
quently loss of integrity, initiating the activation, prolifera-
tion and migration towards the wound and the synthesis of
elevated levels of extracellular matrix proteins (profibrotic
and antifibrotic) including collagen and fibronectin. TGF-B
(transforming growth factor g) family is the main route for
the EMTP regulation. Excessive deposition of extracellular
matrix isolates the parenchyma from the oxygen supply.
Therefore, it leads to tissue hypoxia, damage of the paren-
chyma and also fibrinogen stimulation. EMTP are critical for
embryonic and fetal processes as well as for wound healing
and tissue repair. EMTP are involved in gastrulation, neural
crest migration, neural tube formation, formation of the
heart, and closure of the palate and may also explain the
formation of fibrosis, presence of bridles and alteration in
cell migration that cause anomalies in internal organs.“

3.5. Classifications

There are various classifications, e.g., those classified ac-
cording to the time of disruption and the result of the anom-
alies.*' Prenatal classifications of Weinzweig,*? Husler et al.*
and others focused on the affected extremities are the best
known. The prenatal classification of Hiisler and Weinzweig
et al. is divided into stages and done by ultrasound:

Stage 1. Amniotic band without signs of constriction
Stage 2. Constriction without vascular compromise (nor-
mal vascular Doppler studies), although there may be dis-
tal deformity

Stage 3. Severe constriction with progressive arterial com-
promise: arterial flow must be measured in the proximal
and distal portion of the constriction; this stage is subdi-
vided into two types:

Type 1: Distal anomalies when compared with the Doppler
study of the contralateral extremity

Type 2: Extremity without vascular flow

Stage 4. Tendency towards fracture in the long bones at
the site of constriction

Stage 5. Intrauterine amputation*>*
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The classification by Isacsohn et al.* is based on the
depth of the band. These authors divided it into five groups:

1. The band is only a groove in the skin.

2. The band involves the subcutaneous and muscle tissue.
3. The band extends to the bones.

4. There is a pseudoarthrosis.

5. Uterine amputation occurred.

The objective of the Paterson classification was to de-
scribe the severity of the distal deformities of the extremi-
ties. It is summarized into four groups.

Group 1: Extremities with simple rings of constriction with
the distal portion intact, with a degree of depth of the ring
only to the subcutaneous level

Group 2: Constriction ring with distal deformity including
atrophy, and lymphedema

Group 3: Constriction ring associated with acrosyndactyly
Type I: Fingers joined with tissue of adequate depth

Type II: Fingertips are well joined but the tissue is not
good or is not complete

Type Ill: Fingertips are joined but with sinus tract between
them (acrosyndactyly and distal syndactyly with the distal
portion of the fingers being fused and the proximal portion
separated)

Group 4: Amputation at any level of the limb or digit

There is another proposed classification based on the
morphological findings found in the study by Guzman-Huer-
ta et al. These authors separated the cases according to
phenotype findings:

Phenotype I. Craniofacial defect + defect of the extremi-
ties

Phenotype Il. Craniofacial defect + defect in the extremi-
ties + defect in the abdominal wall, spine and/or thoracic
defect

Phenotype Ill. Defect in the extremities + abdominal wall
defect, spine and/or thorax

Phenotype IV. Isolated defect (craniofacial, in extremities
or body wall). This classification has as objective the diag-
nosis and probability of recurrence.3?

3.6. Maternal risk factors

Proposed risk factors are multiple. Risks have been cited
from oophorectomy, abdominal trauma, uterine malforma-
tions, use of intrauterine device, drug ingestion such as clo-
miphene and contraceptives. Others have been found such
as invasive procedures: septotomy, twin to twin transfusion
syndrome and amniocentesis in case of chorionic villus bi-
opsy.'* However, other factors have been attributed such as
results of epidemiological studies. Such is the case of the
work by Orioli et al. where primigravida mothers presented
a risk two times greater than multigravida mothers, with
statistical significance (OR: 2.16; Cl 95% 1.25-3.72). Another
of the factors was having fever during the first 3 months of
gestation (OR: 9.0; Cl 95%: 1.25-394.48), which increased the
risk nine times. Intake of medications (OR: 2.38; Cl 95%:
1.32-4.26) as well as vaginal bleeding during the first trimes-
ter of gestation (OR: 2.00; Cl 95%: 1.00-4.00) and a nonce-

phalic presentation of the newborn (OR: 2.33; Cl 95%:
1.07-5.09) increased it two times. In the ECLAMC study by
Orioli et al.,? it was suggested that misoprostol (analogous
synthetic prostaglandin E1) possibly causes vascular disrup-
tion leading to the risk of the amniotic bridle sequence.
Another factor to consider was the geographical elevation.
It was found that prevalence of the ADAM sequence was
more common in hospitals located at an altitude >2000 m
above sea level in cities such as La Paz, Bolivia (3,800 m);
Bogota, Colombia (2,800 m); and Quito, Ecuador (2,300 m).
This is explained due to the fact that a mechanism for hy-
poxia derived from altitudes such as the ones mentioned
could be involved in the pathogenesis of some cases of am-
niotic bridle syndrome and of other described neural tube
defects.”

3.7. Prenatal diagnosis

For many years, ADAM complex was diagnosed with two-di-
mensional ultrasound with the observation of deformities or
asymmetry of the extremities or visualization of the amni-
otic membranes that surrounded the fetus. The first case
diagnosed with 3D ultrasound was done by Paladini et al.*
who observed amniotic bands at the supracondylar level of
the left arm at 28 weeks of gestation (WG). Another case of
prenatal diagnosis with 3D ultrasound was found at 19 WG
where multiple amniotic bands, constriction rings encircling
both ankles and an amniotic band in the right forearm were
observed, which were confirmed in the postpartum. It is
important for prenatal diagnosis to differentiate between
intrauterine synechiae secondary to interventions in the
uterine cavity and amniotic folds because these do not
cause restriction in movement. Once differentiated, amni-
otic bands, presence of facial clefts, and restriction of
movement as well as constriction rings or amputations
should alert the clinician of the possible diagnosis. However,
despite advances in imaging, it is believed that prenatal di-
agnosis is carried out in only 29-50% of cases, depending on
the severity and length of gestation.*

For many years, MRI has been included as a complemen-
tary study to identify defects in the head and neck region.
Due to the superimposition of the tongue and acoustic shad-
ow produced by ossification of facial structures, these are
found to be limited on ultrasound. Fetal MRI helps to con-
firm or rule out questionable findings but does not displace
the ultrasound. Patient or fetus does not receive special
preparation before carrying out the test. In addition, amni-
otic fluid surrounds the fetus and is ingested by the fetus
and carries out the function of contrast media for identifica-
tion of the structures. Orofacial structures are evaluated on
T2-weighted images (HASTE) using single-shot sequences
based on the method of rapid acquisition with relaxation
enhancement (SS-RARE) and a variety with half-Fournier re-
construction (SS-HF-RARE or HASTE). Thus, it is a method of
study for the identification of amniotic bridle syndrome.*
Another auxiliary examination is Doppler ultrasound be-
cause distal blood flow to the affected extremity is evalu-
ated and timely treatment is determined according to the
results. Another diagnostic method is detection of alpha-fe-
toprotein (AFP) levels. These can be detected in maternal
plasma between 15 and 19 WG. Among the causes of these
pathologies are neural tube defects that also include ADAM
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complex. This method helps to detect severe defects or de-
fects incompatible with life, which occur in the early period
of gestation.*

3.8. Differential diagnoses

ADAM complex defects could mimic conditions from fronto-
nasal dysplasia to hypertelorism, Meckel syndrome arthro-
gryposis and Ehlers-Danlos type IV syndrome.?” Other
differential diagnoses should be made with the “Michelin
baby” syndrome or benign multiple circumferential skin
grooves syndrome, Adams-Oliver syndrome, oromandibular
limb hypogenesis syndrome, with the disorganization syn-
drome as homologous of the genetic entity described in
mice'® and, finally, of the body wall-extremity complex from
which various authors have differentiated it3"3234 and which
for others are synonymous.

3.9. Prenatal treatment

Fetoscopy, according to some authors, should already be of-
fered as part of the prenatal treatment. Others believe that
there are currently no supported studies with respect to
elimination of the constriction bands with fetoscopy. Publi-
cations have been limited to reports of clinical cases’; in
addition, many hospitals do not have the infrastructure for
the possibility of performing fetoscopy. Guzman-Huerta et
al.’® presented a flowgram where the prenatal protocol to
follow was described from the time in which the amniotic
band is localized on ultrasound. Subsequently, taking into
account the location and number and thickness of the band
as well as the morphological conditions found in the fetus,
i.e., if the fetus presents defects of the extremities, crani-
ofacial region and body wall/spine, it is classified according
to its phenotype, if it is compatible with life or if there is
some constriction of the extremity or of the umbilical cord.
Only for Stages 2 and 3 of the Weinzweig classification or
those in which there is the short umbilical cord is the indica-
tion for a fetoscopy evaluated. The flowgram allows making
decisions from the imaging results. It is also essential to
have a team of specialists in maternal-fetal medicine, fetal
surgery and pediatric surgery, neonatology, radiology and
genetics.3°

4. Discussion

Having reviewed the data, population and methodology of
epidemiological studies and taking into account the associ-
ated risk factors, the incidence found in different studies is
so varied that the results obtained by each author is not
surprising.

A big difference is noted with regard to the most common
manifestations of the amniotic bridle syndrome. In the study
by Orioli et al.,?” the extremities were the most affected,
whereas in the results by Guzman-Huerta et al., the cranio-
facial defects represented 78%, followed by defects in the
extremities with 70%.3° What is of note is that craniofacial
manifestations were in the minority according to the results
of Orioli et al.,?” which leads to review of the specifications
of each author. For Guzman-Huerta et al.,** the group of
craniofacial defects included facial disruption, acrania, cleft

lip and palate, facial disruption, defects in the ears, eye
and/or nose, choanal atresia, craniosynostosis, ventriculo-
megaly and/or hydrocephaly and holoprosencesaphy. In
turn, Orioli et al.? separated in groups the neural/cranial
defects, facial clefts, facial asymmetries and manifestations
in specified areas such as the eye and the ear. When added,
there were 94/284 cases; however, in comparison, this num-
ber continues to be lower. This raises the question of wheth-
er this difference is related to environmental, genetic or
ethnic factors or to differences between the size of the
sample. It was also noted that the results of Guzman-Huerta
et al.*® and of Werler et al.*? coincided with those of Orioli
et al.? in some of the factors that increased the risk, such
as nulliparous, maternal race (black) and young mothers.

The etiology has been the most controversial. Higginbot-
ton et al." supported the Torpin theory with his observa-
tional study of 79 patients with ADAM complex. Of these, 54
presented with multiple system involvement and in 25 cases
only the extremities were affected. The authors highlight
that the facial clefts were unusual and did not follow the
closure pattern. This observation was made earlier by Jones
et al.>* who presented seven patients with a pattern of cran-
iofacial anomalies also associated with involvement of the
extremities. They claimed that the anomalies were second-
ary to the disruptive forces of the aberrant tissue bands. In
their discussion they determined that the evidence support-
ing this theory was that the location and extent of the facial
clefts in the cases presented are unusual, and none had the
normal planes of closure of the facial processes. Therefore,
the following questions arise: what triggers or makes the
difference between facial clefts with closure patterns and
other bizarre results? What process or mechanism makes
them different? In the study by Orioli et al.,? of the 284
cases of ADAM complex, 33 cases were the total of facial
clefts. Of these, 18 cases corresponded to cleft lip/palate or
without palate, and 15 cases to atypical facial clefts. As can
be seen, there are multiple cases reported with typical fa-
cial clefts and other bizarre results such as those presented
by Higginbotton et al. and Jones et al.'>* Of course, one has
to rule out the isolated clefts. It would be logical to think
that the same factor or disruption would be repeated in the
three or, perhaps, should the possibility be raised of three
distinct etiologies for each type of facial cleft?

Another important point that revokes the Torpin theory is
that Van Allen et al.” noted that amniotic bands were pre-
sent in only 40% of cases and that 95% had internal defects.
These characteristics could not be attributed to amniotic
bands. Finally, there are anomalies that cannot be explained
with the amniotic disruption, such as the cases presented by
Halder with an added tetralogy of Fallot.?22533

With regard to the theory of vascular disruption, it is
noteworthy that Daya and Makakole** examined ten patients
with a total of 20 limbs affected by amnioticbands. MRI an-
giography or CT scan should be carried out in order to evalu-
ate arterial blood flow in the limbs. The study found that
vascular anomalies could be caused by vascular disruption.
Vascular abnormalities were found in all patients and these
increased according to the depth of the band. It was con-
cluded by accepting that the depth of the band is an indica-
tor of intrauterine damage and a marker of underlying
anomalies. It was noted that it is easy to explain the vascu-
lar abnormalities as an effect of ADAM complex, but it can-
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not be excluded as an associated cause although the theory
of vascular disruption alone cannot explain the other clinical
manifestations such as encephalocele, oblique facial clefts,
number of abnormal umbilical vessels or clubfoot (which is
present in 33% and is closely related to oligohydramnios).

Another weak point of vascular disruption is the lack of
clarity as to whether the vascular disruption is primary or
secondary to the fibrous bands. Werler et al.> compared the
epidemiological characteristics between defects in the re-
duction of extremities + amniotic bands and those with
transverse defects of the extremities without amniotic
bands to determine whether maternal exposures of these
groups support the hypothesis of vascular disruption. If the
amniotic bands were secondary to vascular alterations, then
a shared pathogenesis for each group would have similar risk
factors. The results of this study contradicted the hypothe-
sis that Werler et al. proposed, as demographic patterns,
reproductive patterns and vasoactive risk factors in both
groups did not converge so that what increased the risk for
one group had no effect on the other. Therefore, the au-
thors suggested that ADAM complex with abnormalities of
the extremities, without evidence of amniotic bands, could
be different entities.

Streeter’s theory was not subject to the 1930 limitations,
but there were several studies since then. McKenzie, who
supported this theory, added that during embryogenesis a
physiologically normal, programmed cell death takes place,
for example, in the interdigital spaces for the development
of soft tissue of the digits. The defect in these arises through
the cellular material that remains in varying degrees in the
interdigital spaces so that the result will be syndactyly or
bands. The author also explained that the tissue defect at
the site of constriction reflects an abnormal distribution of
the areas of cell death.* Hartwig et al.,* supporting the
Streeter theory, presented their theory of ectodermal pla-
codes. The authors argued that these are involved in the
formation of many organs and structures including the neu-
ral tube, nose, brachial arches, ventral wall of the body and
extremities; therefore, a malfunction or defects of the ecto-
dermal placodes will result in corresponding anomalies.*%¢
Bamforth found that the mechanical force compromises the
fetal vasculature or a discrete lesion interferes with devel-
opment of the germinal disc.?® Many of the defects are ex-
plained by intervening in neuropore closure, failure in the
migration of neural crest cells and damage of the (please
translate mesofrodos), which consists of local interference
of the levels of organization of gene expression during early
embryogenesis before effective embryonic circulation is es-
tablished, i.e., prior to the 26th day after fertilization. Hal-
der, among others, tried to explain the clinical
manifestations of their cases with the theory proposed by
Streeter.® On this basis, it is argued that this theory could
explain in a joint fashion the anomalies present: amniotic
bands, rudimentary limbs and, in particular, internal organ
malformations.

The assertions by Hunter et al. show that there is no cor-
relation between craniofacial defects and those of the ex-
tremities. They disagree with the idea that a single
mechanism can explain the spectrum of associations found.
Precisely, this is what has prevented the discovery of the
pathogenesis. Thus, they have separated each anomaly for
explanation based on the fact that the embryological origins

of each are different.®® However, similar questions continue
such as what determines the fact that some cases present
greater severity than others? The authors explain that this
depends on the location in the deficiency of the ectodermal
cells affected. So what would be the cause or origin of the
severity?

Romero-Valdovinos et al. explained the participation of
the epithelial-mesenchymal transition processes, proteins
and other cell mediators, which may contribute to the
pathogenesis of ADAM complex.® It would be interesting,
however, to find other studies that address the theme or
future research that may give way to his theory.

In the classification by Isacsohn et al.,* it is highlighted
that the increase in the depth of the band results in a great-
er distal severity with lymphatic, vascular and nerve com-
promise. Daya and Makakole>* observed this in their study
where the depth of the band is directly related with the
vascular anomaly of the extremity. They also found that, in
the majority of cases, the abnormal vascular anatomy would
occur at a distance proximal to the band, presenting ab-
sence of main vessels to absence of branches and atresia of
segments in greater arteries, among others. This, of course,
cannot be ignored for the planning and decision making re-
garding the surgical procedures. Thus, the Patterson classi-
fication has also been of assistance for orienting the
procedure to follow, such that grade | and IV have no surgi-
cal indications, whereas grades Il and Il could benefit from
early intervention.*»7

It is obvious that there are many attempts to classify the
ADAM complex. The history of the Guzman-Huerta classifi-
cation was proposed by Garza et al.?® in 1988 and by Russo
et al.>*in 1993. The latter secured the evidence of two phe-
notypes clearly distinguishable from the body wall-extremi-
ty complex of phenotype 1 in which craniofacial defects and
amniotic bands and/or adhesion are shown and phenotype 2,
without craniofacial defects and with the presence of uro-
genital abnormalities, anal atresia and abdominal detach-
ment of the placenta as well as the persistence of a
extraembryonic coelom. They suggested that these two
phenotypes are a consequence of two different pathogenic
mechanisms.

Currently, the body wall-extremity complex and ADAM
complex are not defined as separate entities. Again, the
questions arise:

e Where does the difference occur during embryogenesis?

e What mechanism(s) or factor(s) in embryogenesis affect
and make a difference?

e What are the clinical manifestations of each entity?

Jamsheer et al.?? carried out a study with the objective
of evaluating if there were considerable differences in the
clinical pattern of the congenital abnormalities of the ex-
tremities and abnormalities of internal organs among pa-
tients with characteristics of ADAM complex + defects of the
body wall and those patients with characteristics of ADAM
complex but without wall defects. They observed that cases
of ADAM complex + body wall defects are commonly affect-
ed by internal congenital abnormalities, especially by uro-
genital malformations and that in both groups the reduction
of the extremities occurs in 80% of the cases. However, mi-
nor defects and distal extremities (amputation of the fin-
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gers, pseudodactyly, constriction rings) predominated in the
ADAM complex group without wall defects. They finally con-
cluded that ADAM complex occurred during embryogenesis
at a stage later than those with ADAM complex + body wall
defects. This study shows that both groups represented two
nosologically different entities. Jamsheer et al.* made ref-
erence to the works by Martinez-Frias who had already de-
clared the difference of the two entities based on a clinical
and epidemiological analysis.?'

Advances in imaging and MRI have led to these proce-
dures being part of the useful tools in prenatal diagnosis.
Ultrasonography remains a fundamental pillar in fetal diag-
nosis. Despite its progress, it is still difficult to identify con-
striction bands and visualization of anomalies, especially
those of the craniofacial region but we also have the use of
complementary methods that provide more detail on fetal
morphology, especially for the craniofacial and neck re-
gions.” These methods are also useful for surgical planning
in cases where fetal surgery is contemplated, although once
involvement of the extremities due to amniotic bands is de-
tected, Doppler ultrasound is a very important tool. If distal
flow is absent, fetoscopy may be necessary; however, if
blood flow is decreased but present, release of the band
should be considered.

Patients with ADAM complex require a complete pre- and
postnatal evaluation supported by karyotype, x-rays of
hands and feet, craniofacial CT, as well as the inclusion of a
cardiac and renal evaluation in order to arrive at the diagno-
sis and to make decisions for timely treatment. Hence,
knowledge of this entity is imperative by the clinician as
well as multidisciplinary involvement of maternal-fetal med-
icine specialists, neonatologists, geneticists, physicians,
neurosurgeons, maxillofacial surgeons, orthopedic surgeons,
plastic surgeons and ophthalmologists.

Treatment protocols are based on the presented anoma-
lies from those that endanger the patient’s life or that com-
promise feeding, growth, function and aesthetics, which are
well established individually. ADAM complex remains a very
controversial topic. One can clearly see the need for a con-
sistent and explicit pathogenesis and universal diagnostic
criteria and classifications. But first, one needs to find and
understand the pathogenesis and then determine the risk
factors that trigger it. Finally, what is sought is to avoid or
limit the manifestations and thus establish the nosological
bases. Undoubtedly, the results obtained so far can help re-
frame the questions to guide future research.
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