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Maturat ional  Dysautonomia and Facia l  Anomal ies Associated With
Esophageal  Atresia:  Support  for  Neural  Crest  Involvement

By F. Corzi, N.A. Myers, S. Piacenti, P. Orfei, D.A. Cozzi, À,4. Bonanni, and L. Madonna
Rome, ltaly an.l MelbauÌne, A ustralia

. Patierts with €sophaseal atresia {EA) orchoanal atresia/
stenosis (CAl present with many clinical features ol matura-
tional dysautonomia {DY), Since CA ard DY are considerèd
ùanifsstations ol cephalic neurocristopathy, we tested the
hypothesis that EA may also be related to fallty develop-
ment ol cephatic neùral crest. Forty-eight patients with EA
and 53 with CAwere lollowed up to study the ffequency of
the facial anomalies which are regarded as the phenotypic
expressìon of an abnormal cephalic .eural crèst contlibution
tolacial embryosenesis. Forty-eight patientswith EA and 5'l
with CA had clinical manifestations olDY. Forty-four patients
with EA {91%) and 49 with CA 192%) had on€ or more facial
anomalies. Comparing the groups, patients with EA had an
increased lrequèncy of unilateral lacial anomalies ol bran-
chial arch derivatives (P < .oi)j thosè with CA had an in-
creased lrequency ol anomalies ol f róntonasal proc€ss deriv-
atives {P < .011. lhese findings support the hypothesis that
EA may b€ related to an abnormal contribution lrom the
cephalic neural crest. The presence of lacial anomalies may
lacilitatethe diagnosis of subclinical DY.
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T N I  \ \  l r  w r h  c h o n n a l  r r r e s i J , a A r  a s  w e l l  a ,
I  rhn.e w.r l '  esophagerluU (sia (  FAJ hh\ e an abnor-
mal autonomic controÌ of upper aiNay dilating mus-
cles.t,'z The upper airway instability results in recur-
rent episodes of "glossoptosis" with partral or
complete obstruction of pharyngeal ainvày (obstruc-
tive hypopnea or apnea).r,2 Thc conscqucnt dyspnea
is characterized by signs oî inspiratory obstruction
caused by glossoptosis frequenlly associated with
signs of cxpiratory obstruction. The obstrucùon dur-
ing thc expiratory phase ìs probably the result of an
activc braking of the epiratory 1ìo\v (grunting) rather
than a passive obstruction caused by glossoptosis.,

Inspiratory and expjratory dyspnea are very oîten
associated with an abnormal autonomìc control of
sucking and srvallowing and with other disauionomic
disorders, including reflex apnea and/or bradycardia,
gastroesophageal rclìux, hyperhydrosis, sialorrhea,

and sudden death.r2 Sincc the autonomic ncrvous
system develops ùom neural crest cclls, ìt has bcen
postulated that these disautonomic disturbances may
be nanifestations oî a neuroctistopathy.l6 This tctm
was coired by Bolande to describc lcsions resuÌting
ftom the maldevelopment ofncutal crest derivatives.T

Ncuràl  cre.r  cel l r  m'grar on F cu cnl l r  a majúr
focus ofresearch. Evidence îrom animal expcrim€nts
indicates that the cephalic neural crest also has a
significant profound effect on the embryogenesis of
the face.3 Consequcntly, facial anomalìes are consid-
ered markers ot an abnormal developmental activìty
of the cefalic neuralcrest.,J0 The increased frequency
of facial anomalies in patieÍts with CA and multiple
anomalies (CHARGE association) suggests that CA
should also be considered a nìanifestation ofa rcuro-
cristopathy tt,t'z

How to erplain the association between dysautono,
mja (DY) and EA? h is templing to spcculate that
DY, CA, and EA may be linked by the neural crcst.
To test lhìs hypothesis, we studied the frequency of
facial anomalies in a serìes ofpatìentswith either CA
or EA.

MATERIALS AND I\4ETHODS
Dùringlhc period Janrary 19?0 to December 1990,86 l)aticnis

{ i , l  r A  d r d  / r  f ' k r .  $ ' r h , î o 1 n - l
'\ynpronrtic rhinith'were admtued 10 îhe D'visioó ÒIlediaric
( ù ' g  - o l r h e U r i ( r ' i l ) .  F o r n e  J , S d t ' . r ' a  O f  h e ' ^ t r r g
parients,4S wìtli repaìred EA.nd 53 wnh CA were elalùated aia
specirl follow-ùp .linìc to study the tÈquency oi DY clinical
ieatures and of associated facial anonalìes. :fhe reords ol the
palienh lbllÒwed ùp were reviewcd.

r r  
"n  ' .  e_e l  lo r  . )np lun  .L$e iac  o l  .h - '1 "1  '  n -  i .

who presentcd !ùhinoscopywith selerely congesred nasal mùcosa
and no anaionical obrrùctior, were classified as patients with
'\ymptómatic rhiniih." ln ihis sludt. hyperhidrosis duringsleep or
Gedingsas regard€d as signincarl iftùe subject scìolhes seie weî
from drippnìgsqeat. Weclasilìed as reîex apnea and/orbradycaF
dia all apneic and/or bradtcardic episodes necessi tar nrg resuscita'
lion.rr Sialorrbea sas rcCarded as signi6cart ìf il requiÈd nuner
ous daily replaceúents ol wet bibs. Rccutrcnt febrile episodcs
rvitboùt clinical and laborltory evidence of inlection were cÌassilìed

T le  ph , . i . t l  e \ "n  r ,d r ion  $  . ,  wrJ .  î1de by  I  re  :1 îe  ( \1  n r l
ers, wbo all agreed on the diagnosis of cven nore subîle dysroi
phic tucìll teatures. Since accùrate anrhropomcirìc nelsurenents
are very difi.ùlÌ ìn ìntanF and young cbildrcn, \€ ùsed txe
apparent nlherlhar neasùred description oflacial aDonalies. We
re@rded lbe presene ol those fa.ial !non!lìes prevìouslt lourd ìn
paiicnh $ith CHARGE .$ociation. f, ú ú Therc lacìal anonllies
were classilìed as follows: (1) aioúalies of fÌontonasal prcces
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derivarivesi (2) ear aro'ralics; and (3) .srrúeric uonalies oI
br.nchi.l arcb derivarives.

^nonalies oi lronlonasal proces de valivcs úrclùdcd dcfc.ls
wùh a deî.icncy ot ethnoid bone (flat nasal bridge, epicanthal
folds, brcad nasal bridgc, aniiverled naret or otolher rructùres
cnìbryologically related to tbe lroDtonasal proccss Oypoplastic
pniltrum and/or upperlip, anomalies of nrùillaryincisod. Anom-
àliesolthe ear irclùdcd dìs.repancyin size (oóe err snaller than
the olher), lop erB. deafness. structùral anomalics of rhe pinraj
low sel ca^, and ùeawìcolar lags ór pits. Asymneric anomatres
Òibranchial arch dcrìvatìvcs inclùded lacial asynnetry, ùnilateral
iacial prresis, and olher ùnilateral lacìal dysnorphisn.

The dìllerences iI|distribùrion oflacial anomalicsivcrc rcrcd by

BESULTS

Dys auîononic C linical F eatures

1'wo patients with CA were asymptomatic. All the
other 99 patients (51 with CA and 48 with EA) had
onc or more clinical manifestations oî DY, eithcr
befbre or after surgical repair of the anomaly (Table
r ) .

Nincty two subjecls had epìsodes of dyspnea char
acterìzed by signs of ìnspiratory obstructìon (polyp-
nea, noisy inspjration, opisthotonus, chest retractìon
with poor or absent air entry) oftcn associated with
signs of cxpiratory obstruction (barrel-shaped chcst,
prolonged cxpiratio\ wheezitìg and/or grunting res-
piratior'ì). Frequcntly there was a dìscrepancy be-
tween the severity ol respiratory distress aDd lung
lcsions detected on chest Íìlns. The dyspnea was
prccipitated or exarcebated by inlìammatory ainvay
oh.r ruc' iún. teeding. cr l  ing. e\ercrce. rhc \upinc posi.
tion, llexion of neck, sleepìng, or anesthesia. Tbc
dyspnea was lcssened by the prone position, pulling
the mandible forward, cxtending the neck, pharyn-
gcal or tracheal intubation with or without applica-
tion ofa positive end-expiratory pressurc.

Fìfq'-two paticnts had life{hreatening episodes oi
reflex apnea and /or bradycardia. Identified triggering
facton included pharingeal or tracheal suctioning,
accumulation of secretions, fccding, vomitìng, and
crying.

rable 1. Main Dvsautononicclinical Fearur€s in43 Patì€nts wjth EA
and 53 Patiénîs Wfh ca

Irbre2. Facìar anomalics in4a Patienîswirh EAand
53 Parients with ca

AsymmetrÌcf acial defé.is
FróntÒnasa process derects

Oropharyng6al dysphasia

3

29.1

2A

1 1

52.3

Sixty palìents had sucking and/or swallowing difi-
culties. Fiî+five had vomitilg or gastroesophageal
reflux. Addhional autonomic disturbanceswere hyper-
hydrosis during feeding and/or sleeping (27 subjects),
sialorrhea (17 subjects), and hypcrthermìa (18 sub
jects).

Forty-four patientswìth EA (9170) and 49 patients
wtth CA (92%) had one or more facial anomalies
(Table 2). Ear abnormalìties were îound in 41 with
EA and 42 with CA. Most patients had abnormal
pinnae and/or low set ears. Si{patients with EA and
cighî with CA had the typical external features of bat
ears. Two patients with EA and two with CA had
unilalcral deafuess.

Unilateral facial anomalies were present in 38
patients with EA and 22 with CA (P < .0I). Most
patients had one sidc of the face smaller and flatter
with the head often tilded 10 the afiècted side of the
1àce. Four patients with EA and si\ wìth CA had aD
associated u lateral facial palsy. Thc facial àsyrÌùc
try was always associated with an abnornalily of lhe
auricolar region on the afiected side. The h]'poplasia
ofone side oî the facc was so evident in one patìents
with EA, that an erroneous diagnosis of sternomas-
toid lorticollis had previouslybeen madc.

Abno.malities of frontonasal process derivatives
were identified in l9patients with EAand 37 with CA
(P < .01). Most subjccts had a hypoplastic nose with
a flat and/or brcad nasal bridge. Arteverted nares
and epicanthal folds werc often associated features.
F o u r p  r ù e n l s $ i l h  L A  d n d  c i g h l  s i l h  (  A  h a l  r à r i o u s
typcs of anomalies of maxillary jncisors. A hypoplastic
nasal filtrum and upper ljp was fornd in three
patients with EA and four with CA.

DISCUSSION

\rye have previously reported that patients with
congenital micrognathia, CA, or EA have many
clinical manifestations of a maturational DY, en-
abling a common syndromc to be recognized.r'rr
Similar clinical findings ()1 an autonomic dysfunction



have been îound in some patients with neuroblas-
toma and/or Hinchsprung's disease-r,aqr? DThe neu-
roblasts, the intestinai intramural neurons, and the
autonomic nervous syslem derìve from the neural
crcst. Therefore, dysautonomia, neuroblastoma,
arìd/or Hiftchsprung's disease are considered as
manifestations ofa neurocristopathy 3,4 6.r,

In thìs study we found that nearly all patients with
isolated CA had the same facìal anomalies previously
describcd in patients with CHARGE association.rxlr 16
The signilìcantly increased ùequency of midface
anomalies in paticnts with CA (69.8%) when com-
pared wìth patienls with EA (39.5%) supports the
hypothesis that CA is one of thc ftontonasal process
neurosìstopathics.lr? However, patients with iso-
lated CA also had ear anomalìes (19Eo) ,]nd.lor
unilateral facial anomalics (41%). These percentages
are remarkabiy similar 1{) those found in patients with
CHARGE associationrai6 and suggest a more gener-
alized alteratior in the development oftheface.

An incrcased frequency of facial anomalies was
also ìdentified in patients with EA. Fajlurc to con
sider these minor faciaì defects as being of any
signiiicance may account for the lack of prevrous
reports regarding this assocìation. Another factor is
that many ofthe facìal anomalics are subtle and may
1îequcntly pass unnoticed-

The facial anomalies we looked for arc considered
minor mallormations that occùr ìn 39.97, of nornlal
ìnfants with no major malformations and in 62.3% of
those with major malformations.rr Normal infants
wilh three or more minor anomalies are at increased
risk fbr having an associated majormalformation.,l In
the present series, therefore, it is not surprising that
about 907, of the patients with EA, lìke thosc with
CA, had one or morc facial anomalies. Patienls with
EA lÌad an increased frcquency (79.1%) of asynmet-
ric facial defects when compared wiîh patier'ìts with
CA (41.57,). This difierence is significant (P < .01)
ard suggestslhat patientswìth EAmayhavc a greater
disturbance ofneural clest migration in the branchial
arch mesenchyma. Thcrefore, we conclude that EA
should be considered a branchial arch neurocrystopa-
thy.

cozzt EI aL

The Mesenchimdl Dfspksia

The concept that thc association between EA and
facial anomalies may bc due to a reurocristopathy is
r imiìar tù Ihdr [ormula(ed lor rhe VATER d.socia-
tion, which is the most widely known variety of
multiple defects fourÌd in parients with EA. Thc
VATER association was first described by Ouan and
Smith,'?wlÌo specùlated that the simultarÌeous occur-
rcnce of many defects in vatious organs could be
explained by an erly defect of mesodermal organogen-
esi . .  In lhei i  \ ies rhe esophdgeal mrl lormxrions àre
dùe to an abnoÌmal development ol lhc nìesenchlmal
septum whjch divides the foregut into esophagus alld
trachea. The increased frcquency of facial anomalies
and the overlapping of other defects ir patients wìth
VATER and CHAIìGE association have subse-
quently suggested that the primary cause ofthe "a\ial
mesodermal dysplasia" may be a distùrbance of the
neural crest cells mesodcrmal migration.zr,ra

R?lation'hip to Sudd.n lnlont Deth gndrcnc

Blakc et alt4 have recentlyrcemphasized the predic-
tive value of the "g,pical" facial appearence of
patientswith CHARGE association. Thc facial anom,
alies should b€ used as a "hìgh index ofsuspicion" of
other malformations lound in patientswith CHARGE

In this study we found that ncarly all patients with
facial anomalies had clinical lèaturcs of DY. Our
clìnical epcrience indicates that facial anomalies
shoùld alert the obsener to the possibility of subcÌìni,
caÌ dysautonomia. The predictive value can be of
great clinical relevance since infants with matura-
tional dysautonomia may present liîe{hreatening
episodes of apnea and/or bradycardia in relation to
anesthesja, sleepirg, gastroesophageal reflu, e!c.
ThereÍore. we sugg(sr rhar rhe f ì re\ence of \ar iou.
facial anomalies should imply a full clinical and
laboratory evaluation of autonomic nervous system
function, inclùding cardiorespiratory and blood pres-
sulc nonitoring, pupillary tesponse to congiunctìval
pilocarpin instilation, histamine test, etc.

Since thc "glossoptotic syndromc" due to DY
may be related to sudden idant death syndrome
(SIDS),rr.'zs.,6 it is tempting to speculate that rntants
with facial anom- alies arc at increased risk of SIDS.
We belicve that this hwothesis should be prospec,
tively invcstigated.
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