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ABSTRACT

Objective. The aim of this study is to describe the phenotype
of fetuses affected by amniotic band sequence (ABS) that were
diagnosed at the Instituto Nacional de Perinatologia Isidro
Espinosa de los Reyes and to propose a new classification
based on morphologic findings. Material and methods.
Cases with a final diagnosis of amniotic band sequence,
diagnosed between January 1993 and July 2010 in the
Department of Maternal Fetal Medicine, were reviewed.
Demographic, clinical, and periconceptional data were
collected, and the defects were described and classified. The
association frequencies of the defects were also determined.
Results. We included 50 cases with prenatal diagnosis of
amniotic band sequence. The mean maternal age was 25.7 +
6.9 years. Of these patients, 54% (27/50) were primiparous
compared to 22% (11/50) who had three or more previous
pregnancies. Craniofacial defects were seen in 78% (39/50) of
the cases, followed by defects of the extremities 70% (35/50),
abdominal wall, spine, and/or thorax 52% (26/50). The most
frequent defects were the following: a) Encephalocele and
facial clefts in the craniofacial group. b) Shortening at any
level in the limb defects group, and c) Alterations of the spinal
column curvature in the group of “other” defects.
Conclusions. The amniotic band sequence shows a tendency
to affect women who are in their earlier years of
reproduction. We observed an inverse relationship between
the number of pregnancies and the frequency of presentation
of this pathology. The majority of affected fetuses showed a
phenotype that fit into one of many groups. Therefore, we
propose classifying the amniotic band sequence phenotypes
into the following groups: I. Craniofacial defect + limb defect.
II. Craniofacial defect + limb defect + abdominal wall, spinal
column, and/or thoracic defects. III. Limb defect + abdominal
wall, spinal column, and/or thoracic defects; and IV. Isolated
defect (craniofacial, limb, or thoraco-abdominal wall). This

Secuencia de banda amnioética:

diagnostico prenatal, descripciones fenotipicas y
propuesta de una nueva clasificacion

basada en hallazgos morfoliégicos

RESUMEN

Objetivo. Describir el fenotipo de los fetos afectados por se-
cuencia de bandas amniéticas que fueron diagnosticados en
el Instituto Nacional de Perinatologia Isidro Espinosa de
los Reyes, y proponer una nueva clasificacion basada en los
hallazgos morfolégicos. Material y métodos. Se revisaron
los casos con diagnéstico final de secuencia de bandas am-
niéticas que se diagnosticaron desde enero de 1993 hasta ju-
lio 2010 en el Departamento de Medicina-Fetal. Se recabaron
variables demogrdficas, clinicas, periconcepcionales y se des-
cribieron y clasificaron los defectos, asi como la frecuencia
de asociacién entre ellos. Resultados. Se incluyeron 50 ca-
sos con diagndstico prenatal de secuencia de bandas amnié-
ticas. El promedio de edad materna fue de 25.7 + 6.9 anos.
El 54% (27/50) de las pacientes eran primigestas en compara-
cion con 22% (11/50) que tenian tres o mds embarazos. Los
defectos craneofaciales fueron los mds frecuentes, presentes
en 78% de los casos (39/50), seguidos por las anomalias en
extremidades 70% (35/50) y en pared abdominal, columna
vertebral ylo térax observados en 52% (26/50). Los defectos
mds frecuentes por grupo fueron: a) Craneofaciales: encefalo-
cele y hendiduras faciales. b) Extremidades: acortamiento a
cualquier nivel, y c¢) La alteracién en la curvatura de la columna
para el grupo de otros defectos. Conclusiones. La secuencia
de bandas amnidticas muestra cierta tendencia en afectar a un
grupo de pacientes que se ubica en el extremo inferior del
periodo reproductivo de la mujer. Se observé una relacién
inversa entre el niimero de embarazos y la frecuencia de pre-
sentaciéon de esta patologia. La gran mayoria de los fetos
afectados por esta patologia tuvo un fenotipo que puede
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classification system will be helpful in diagnosing amniotic
band sequence. Based on future research studies, we hope
that we can use this classification system as a prognosis fetal
factor to establish a more accurate fetal prognosis and
recurrence probability. Finally, we created a flowchart
describing all of the steps that were followed by our
Department from the moment an amniotic band was found by
ultrasound until the definitive diagnosis was made and the
follow up according to the fetal findings.

Key words. Amniotic bands. Phenotype. Classification.

Craniofacial defects. Limb defects.

INTRODUCTION

The amniotic band sequence (ABS) includes a
group of congenital defects that are characterized by
their asymmetry and polymorphism. The reported
frequency of this pathology is 1:1,200 to 1:15,000
live births.! We have an incidence of 1:2,000 live
births according to the database of the Maternal Fetal
Medicine Department considering a total of 90,000
live births in the period of the data recollection. It is
thought that the ABS occurs in a sporadic manner,
although there have been reports of cases where a
familial tendency has been observed.2

There are two classical theories regarding the pa-
thogenesis of amniotic band sequence: the extrinsic
and intrinsic models. The first model was proposed
by Torpin,? who considers that defects are disruptions
caused by fibrotic amniotic bands, which are produ-
ced as a result of amnion rupture. In contrast, the
intrinsic model, proposed by Streeter,* suggests that
the malformations and fibrotic bands have a common
origin, which is caused by altering the germinal disc
development during the early embryonic stage. This
suggests that at least one subgroup of ABS cases,
such as those presenting with associated malforma-
tions, have a genetic basis.? A hypothesis has been
proposed for the ABS that involves primary vascular
disruption, it sustains that the interruption of
vascular flow to the extremities during development
leads to necrosis of the terminal portion, which adhe-
res to and tears the amnion bands, and produces me-
chanical damage to the fetus.®” This mechanical
damage includes constriction rings and facial clefts.®
Most of the defects related to amniotic bands are rea-
dily visible, mainly those anomalies of the limbs and
craniofacial structures. Limb anomalies comprise a

incluirse en uno de los siguientes grupos, por lo cual, se
propone una clasificacién del fenotipo de la secuencia de
bandas amniéticas: I. Defecto craneofacial + defecto en ex-
tremidades. II. Defecto craneofacial + defecto en extremida-
des + defecto en pared abdominal, columna ylo tordcico. III.
Defecto en extremidades + defecto en pared abdominal, co-
lumna ylo tordcico. IV. Defecto aislado (craneofacial, en ex-
tremidad o en pared corporal). Esta clasificacion serd util
en el diagndstico de secuencias de bandas amniéticas, pronds-
tico y probabilidades de recurrencia. Finalmente, se creé un
flujograma que describe todos los pasos seguidos en nuestro
Departamento desde el momento en que se encuentra por ul-
trasonido prenatal la presencia de una banda amniética has-
ta que se integra el diagnéstico definitivo y el seguimiento
sugerido de acuerdo con los hallazgos fetales.

Palabras clave. Bandas amnidticas. Fenotipo. Clasifica-
cion. Defectos craneofaciales. Defectos en extremidades.

spectrum from mild deformations to major positional
anomalies, hypoplasia of all or part of one or more
limbs, intercalary or terminal deficiency defects, ame-
lia or syndactilies. Frequently we can found other
anomalies such as anterior craniofacial defects con-
taining not recognizable cerebral normal architecture
and that may be connected by bands of amnion to the
placenta. Other related findings can be ventral abdo-
minal wall defects. Terms for this association have
included Amniotic Band Dysruption Complex and
Amnion Rupture Sequence.’

Some of the risk factors that have been identified for
amniotic band sequences include the following: black
race, primiparity, maternal age younger than 25 years,
hemorrhage and febrile episode during the first trimes-
ter of gestation, tobacco use, and aspirin and paraceta-
mol use during the periconceptional period.10-14

The range of defects in ABS has been divided into
three groups according to the body area affected:!!

e Limbs.
¢ Craniofacial.
Other body areas.

The prognosis depends on the type and location of
the defects, and may vary from a cosmetic repercus-
sion to a defect incompatible with life. The ABS may
be diagnosed prenatally by ultrasound. It has been
shown that the intrauterine release of constriction
bands by fetoscopy prevents the amputation and res-
tores the morphological and functional parameters
of the affected structure. Therefore, a detailed ultra-
sound scan is currently considered an indicator for
fetoscopy in all cases of umbilical cord constriction
and in stages 3 and 4 of the Weinzweig prenatal clas-
sification.15:16
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OBJECTIVE

The aim of this study is to describe the phenotypes
of fetuses affected by ABS that were diagnosed at the
Instituto Nacional de Perinatologia, and to propose a
new classification based on morphologic findings.

MATERIAL AND METHODS

Patients were selected based on prenatal diagno-
sis of ABS by a detailed morphologic ultrasound
scan. This data was collected in a database from the
Department of Maternal Fetal Medicine at the Insti-
tuto Nacional de Perinatologia Isidro Espinosa de
los Reyes. From these cases, we identified those with
diagnosis confirmed at birth, either by an autopsy
report or by the newborn evaluation conducted by
the Genetics and/or Neonatology Services.

We obtained the following data from the selected
cases: maternal age, paternal age, education level,
tobacco use, number of pregnancies, gestational age
at the time of diagnosis, gestational age at birth,
birth weight, and band findings at the time of birth.
The defects identified at the ultrasound and birth
evaluations were classified into three groups:

* Limb defects: shortening of extremities, amputa-
tions, constrictions, syndactyly, pseudo-syndac-
tyly, hypoplasia, distal lymphedema, foot
deformities, and hip luxation.

¢ Craniofacial defects: acrania, facial distortion,
cleft lip and palate, eye, ear, and/or nose defects,
encephalocele, facial cleft, choanal atresia,
craniosynostosis, ventriculomegaly and/or hydro-
cephalus, and holoprosencephaly.

e Other defects: adhesion of fetal parts to amniotic
bands or to the placenta, abdominal or thoracic
wall defects, ectopia cordis, evisceration, gastros-

Table 1. Demographic characteristics of mothers with a fetus affected
by ABS.

Characteristic Result (n = 50)
Maternal age 25.7+6.9 years
Paternal age 292+7.5years
Educational years 10.7£3.6 years
Maternal tobacco use 11 /50

First pregnancy 27 /50
Gestational age at diagnosis 25 £5 years
Female fetuses 2 /5
Gestational age at termination 305+6.6

Live at birth 13 /50

chisis, omphalocele, short umbilical cord, and
spinal column alterations.

We excluded cases where we could not obtain all
of the information needed and deliveries that were
not conducted at this institution. In addition, we
excluded cases with short umbilical cords regardless
of the presence of amniotic bands because that
pathology is considered to be of a different nosologic
entity.

Statistical analysis was conducted using the Sta-
tistical Package for the Social Sciences (SPSS 14.0,
SPSS Inc., Chicago, Ill., USA) and MedCalc 8.0
(MedCalc Software, Broekstraat, Belgium). The data
were reported as percentages or as measures of cen-
tral tendencies and dispersion measures based on
the type of variable.

RESULTS

We identified 69 patients from the database with fi-
nal diagnosis of ABS between January 1993 and July
2010. Of these patients, only 50 met all of the inclu-
sion criteria and were considered for this study.

The average (= SD) maternal age was 25.7 = 6.9
years (Table 1). The average education level (= SD)
was 10.7 years * 3.6, and there were no illiterate
patients. A history of tobacco use during the precon-
ception period was positive in 22% (11/50) of the mo-
thers of the affected fetuses. This was the first
pregnancy for 54% (27/50) of the patients, and there
was a tendency for the frequency of amniotic band
sequence occurrence to decrease as the number of
pregnancies increased (Figure 1).

Of the affected fetuses, 44% were females, 38%
males and we were not able to determine the gender

Second Third >4
pregnancy pregnancy pregnancies

Pregnancies (n)
Figure 1. Relationship between the number of pregnancies and the
occurrence of amniotic band sequence.

First pregnancy
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due to lesions caused by the amniotic bands in 18%
of the cases (9/50). Karyotype was obtained in 5 ca-
ses in which the characteristics of the defects forced
to rule out a chromosomal anomaly (fetuses with
amniotic bands but also with defects considered so-
nographic markers for chromosomal anomalies).
All cases (5/5) had a normal karyotype. Only 26%
(13/50) of the fetuses were alive at birth. We confir-
med the presence of fibrotic amniotic bands at the
time of birth and/or during autopsy in 86% of the ca-
ses (43/50).

We used the Garza and Cordero classification
(1988)!! to classify the defects from the ABS. The
most common group of defects in our study was cra-
niofacial [78% (39/50)], followed by the group of
limbs defects [70% (35/50)] and the group of other
alterations [52% (26/50)], which most commonly in-
cludes defects of the abdominal wall, thorax, and
spine.

Regarding the relationships between the different
types of defects, we found that 34% (17/50) of the fetu-
ses had at least one craniofacial alteration and at least
one extremity defect. Defects belonging to the three
groups were present in 22% (11/50) of the cases. Six
fetuses had alterations of extremities, spinal column,
thorax, and/or abdominal wall defect (other defect
group). Of these cases, 10% (5/50) had a craniofacial
defect and a defect from the other group (Figure 2).

We next analyzed the phenotype by defect group.
We found that the craniofacial defects such as facial
clefts and encephalocele were the most frequently ob-
served in the 50 cases of amniotic band sequence.
Both of these defects occurred in 51% (20/39) of the
fetuses with a defect in this group and in 40% (20/

Limbs and craniofacial
(group ), n=17

Limbs and other
(group lll), n =6

Craniofacial and
others,n=5

Others only,
n=4
Limbs only, n=1

Limbs, craniofacial and
others (group ll), n= 11

Craniofacial only,
n==6

Figure 2. Amniotic band sequence phenotype and frequency of pre-
sentation.

50) of the overall cases. When we evaluated limb de-
fects, 58% (29/50) of the total cases and 82% (29/35)
of those presenting with some defect in this group
showed a limb reduction. Lastly, in the other defect
group, 32% (16/50) of the cases showed an abdomi-
nal wall defect, and the most common defects were
gastroschisis, omphalocele, and thoracic + abdomi-
nal wall defects. Only one case had a defect in the
anterior abdominal wall that extended towards
the pelvis. The most common spinal column defect
was a curvature alteration, and it was observed in
30% (15/50) of the total cases. Eight thoracic defect
cases were reported, 63% (5/8) as thoracoschisis
(two cases associated with an abdominal wall defect)
and 37% (3/8) as thoracic hypoplasia.

DISCUSSION

Our results show that 32% of patients with preg-
nancies complicated by ABS are younger than 20
years of age. Therefore, a greater presentation of
this pathology is observed during the earlier years
of the reproductive period as opposed to the latter
portion (12% in patients 35 years of age or older).
This dif-fers from what has been previously reported
by Werler, et al.,® who found that only 19.4% of 139
patients with amniotic band sequences were youn-
ger than 20 years of age and 25.4% were 30 years of
age or older. There is no clear biological mechanism
for the association between younger maternal age
and birth defects. The increase in risk observed
among younger people could be attributable to an
interaction of genetic factors with behavioral factors
such as the use of alcohol and recreational drugs.!”
In our study 11/50 (22%) mothers used tobacco. It
is difficult to draw conclusions about why maternal
age is younger in this case series because it is not
an epidemiological study.

Previous reports have found an association bet-
ween paternal age and amniotic band sequence.
Orioli, et al., found that 8.9% of the cases had a fa-
ther who was 40 years of age or older, which coinci-
des with the 9.0% found in our study. However, the
odds-ratio (OR) found by Orioli was 1.08 (CI 95%:
0.49-2.37), which was not significant.!2

Werler, et al.,® reported the average education
level as a risk factor for ABS, the average education
level found in our study was 10 years, however, this
could not be considered as a low education level be-
cause our national average number of education
years in Mexico is 8.6 years according to the data in
the INEGI’s web page (Instituto Nacional de Esta-
distica y Geografia).
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Tobacco use has been proposed as a risk factor
for ABS, Werler found an OR of 2.4 (CI 95%: 1.3-4.4)
with the consumption of 15 or more cigarettes per
day.8 In our study, only a fifth of the patients with
affected fetuses reported a history of tobacco use. In
addition, we do not have the quantity of cigarettes
smoked per day to determine if this represents a risk
factor, which is due to the retrospective nature of
this study.

Previous studies have found that up to 60% of pa-
tients with ABS are primiparous, Werler, et al. esta-
blish an OR of 2.1 (CI 95%: 1.4-3.0).13 In the present
study, we also found a higher occurrence of this pa-
thology in primiparous patients (54%). Whether
parity is a risk factor with regards to age or vice-
versa is controversial; however, in the two studies
conducted by Werler, ef al., an increase in the secon-
dary risk to either of these factors is independent of
the effect on the other.813 We believe that the occur-
rence of this defect in primiparous patients can be
related to the fact that they are younger and can
be exposed to drugs or a combination of environ-
mental and genetic factors.

Figure 3. Skull defect in relation to amniotic band in a 20 weeks
gestation fetus.

Table 2. Classification system proposed for amniotic band sequence.

None of the previous published studies specify the
gestational age at which the diagnosis was made. There-
fore, it is impossible to determine if our institute is
detecting ABS in a timely manner. Twenty-five weeks
is generally considered late for detecting these anoma-
lies, especially because the majority of defects (inclu-
ding those found in this study) may be diagnosed
during the first trimester evaluation. The advantages
of making an early diagnosis include the following:
providing the parents with vital information related to
the health status of their fetus and establishing a
prognosis for life and function. In specific cases, fetos-
copy and lysis of the amniotic bands could also be pro-
posed as an alternative in the event that all the
necessary criteria exist to perform this procedure.!6

We found a higher presentation frequency of ABS
in females (44 vs. 38%), which is in accordance to
previous findings by Garza, et al.,!! the majority of
our patients (74%) were stillborn or died at birth,
this percentage shows the severity of the defects
caused by this pathology.

We excluded cases with short umbilical cords re-
gardless of the presence of amniotic bands because
that pathology is considered to be part of a different

; .:, '_I'- ?‘}: "i:m "

g
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Figure 4. Constriction ring secondary to amniotic band in a newborn
patient.

Phenotype Finding

I Craniofacial defect + limb defects

Il Craniofacial defect + limb defects + abdominal wall, spinal column, and/or thoracic defects
I Limb defects + abdominal wall, spine, and/or thoracic defects

v Isolated defect (craniofacial, limbs, or body wall)
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Amniotic band finding

a) Location
b) Number
¢) Thickness

a) Limbs
b) Craniofacial
¢) Body wall and spine

Description:

Morphologic ultrasound scan:

No

Was a defect found?

Yes

Is there a constriction of a
limb and/or of the umbilical cord as a
result of an amniotic band?

No Yes

Is it a stage 2 or 3 of

Routine follow-up*
| the Weinzereig classification

or is it the umbilical cord?

Yes

| Phenotype classification |

| Is it compatible whit life? |

No | |Y€S

Medical and
psychological counseling

Prenatal surveillance
with ulfrasound according to
defect type and multidisciplinary®
management at time of birth

| Weekly ultrasound |

Evaluate the indication
for fetoscopy

Figure 5. Follow-up scheme at prenatal diagnosis of amniotic band sequence. *Growth curve and pre-and postnatal follow-ups. TPrenatal and postna-
tal evaluations and follow-ups by maternal fetal medicine, perinatal genetics, fetal surgery, pediatric surgery, and neonatology.

nosologic entity (short umbilical cord syndrome
group 1), despite this, 32% (16/50) of the cases
showed an abdominal wall defect, and the most com-
mon defects were gastroschisis, omphalocele, and
thoracic plus abdominal wall defects. Jamsheer, et
al.,’® reported a comparative study of fetuses with
amniotic rupture sequence with and without abdo-
minal wall defect, finding a major frequency of inter-
nal organ anomalies in the second group,
concluding that amniotic band sequence with abdo-
minal wall defect could take place at an earlier deve-
lopmental stage.

Our results show that craniofacial defects are an
important phenotype of the amniotic band sequence

because they were found in 78% of the reported ca-
ses. This finding is different from previous findings
that showed craniofacial defects in 24% of their re-
ported cases.!? This difference may be related to the
fact that our study included holoprosencephaly and
ventriculomegaly - hydrocephaly as craniofacial de-
fects, in addition to the typical findings of acrania,
encephalocele, facial clefts, and cleft lip and palate.
The majority of studies only included the latter ma-
nifestations as craniofacial defects. According to the
intrinsic theory,* a fetus diagnosed with amniotic
band sequence can also show different internal or-
gan anomalies not related to disruptive events. We
diagnosed important intracranial defects that were
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present in fetuses with ABS820 and we consider
that they need to be included as part of the classifi-
cation as they modify the prognosis.

Limb defects were present in 70% of the cases in
our study, which coincides with results determined
by Orioli, et al., (71.9%).12 However, in contrast to
this study, we did not find this to be the most com-
mon group of defects. It was found to be second to
craniofacial defects. This can be because most of our
cases were referred from other hospitals, and it is
more probably they refer a fetus with a craniofacial
defect (Figure 3), for further evaluation than a fetus
with a limb defect (Figure 4).

With respect to the frequency of the combinations
found in the defect groups, we propose a classifica-
tion system according to the amniotic band sequen-
ce phenotype, which is shown in table 2. This
classification system will help to diagnose amniotic
band sequence, especially in cases where the bands
are not evidenced at the time of ultrasound evalua-
tion but the fetus has different defects not related
between them but with disruptive characteristics
that can be considered inside the proposed classifica-
tion even if the amniotic band is not present anymore.
Based on future research studies, we hope that
we may use this classification system as a prognosis
fetal factor. In future studies we are planning to
analyze the presence of microarrays in each group
and establish a more accurate fetal prognosis and
recurrence probability.

Finally, we created a flowchart (Figure 5) descri-
bing all the steps that were followed by our Depart-
ment since the moment an amniotic band was found
until the definitive diagnosis was made. The pheno-
type classification of the amniotic band sequence has
been added, which represents a contribution for the
care of affected fetuses.
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