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. Patiènts with esophaSeal atrèsia {EA) or choanal atrèsia
(CAl manilest similaf clinical and pathophysiological lea-
tures.fodetsrminethe significanceof this observation,the
c,inicaÌ rècords ol80 patients with EA and 57 with CA wère
revièwed. This survey showed that similafities betwèèn the
two conditions includ€d inspnatory and expiratory dyspnea,
episodes of rellèx apnea and/or bradycardia, oropharyngèal
dysphasia, vomiting, convulsions, hypèrhydrosis, hypeÉhéF
mia. sialorrhea, and sudden death. After the second Year ol
lile most symptoms disappèared spontaneously. Ìn both
conditions, respiratory éfiort resulted in partiaÌ or complete
obsrruction afiectinq both the inspiratory and èrpiratory
phases ol the fespiratory cycle. Support for this findirg was
obtained by studyins the breathing pattern of 3 patients with
EA a.d 3 with CA, belorè and during postural respnabry
loading, The data suggestthat patientswith EA arèsimilarto
those with CA, having upper aiMay instability that may
result in obstrúctive hypopnea or apnea associatèd with
èxpnatory grunting, lt ìs possible that this uPPor airway
instability ìs a manilestatior ol more general maturational
dysautonomia prèviously not recognised in patients with EA
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f T  l S  w l D l  L \  a s s u m e d  l h a l  i n l a n r s  $  i r h  . h o î n î l
I  ar 'esia tCA) de\elop respiralory dr. tres\ becau.e
they are obligate nasal breatlìcrs. We have previously
reported that the inability of infants with CA to
breathe through the mÒuth can be attributed to
obsùuction of the orophar''ngeal airway resulting
from backward dìsplacement of îhe tongue.t This is
comparable to the obstruction described by Pierrc-
Robin in patients with micrognathia, which is now
referred to as glossoptosis-apnea.' ' The respiratory
obstruction apparently results from the inability of
the genioglossus muscle to counterbalance the upper
airway constricting lorces generated by the inspira-
tory efforts neccssary to overcome an inqeased air-

Babies with CA agDear to have an abnormal

response to a vagal reflex (tdggered by stimulation
of lung mechanoreceptors) that normally helps to
ensure upper airway patenry.' This hypothesis is
supporteJ by c\ ideîce rhal glorsopto. is-apneà i5
associated w-ith many clinical manìfestations oî dysau-
tonomia, enabling a common syndrcme to be recog-
nised." The cljnical picture resembles that desclìbcd
in infarts and children with the sleep-apnea syn-
drome that may be associated with varjous anatomi-
cal causes of aìnvay obstruction.xs However, becaìÌse
sleeping is not an cssential prerequisite lbr the
development of apnea in inîants, it is preferahle tÒ
use the term "glossoptotic syndrome," originally pro-
posco Dy rreÍe-KoDin.

Subsequent to the repoÍ on the pathogenesis of
apneic spells in infants with CA, it was suggested that
inlanr.  wirh esophageal l t rcqia (FA) may ha\c qimi-

lar episodes of glossoptosis-apnea.' ln this artìcle, the
results of 2O-yeai clinical and respiratory obse a-
tions are repoÍed to support this thesis by providing
evidence that patients with either EA or CA havc
similar clinical and pathophysìological manifesta-

MATERIALS AND IVIETHODS

$ r  r e , r e q e J  h e  F . n r d . n l 8 0 p r i e n r ' I r l r  L A  " n d  o  l & i ì e o
esophageal lìstùla (TEF) (EA group), aùd 57 paiienrs wilh c ,
choanalfenosis, or synPtonalic rhinilis (C.A group) adnitted to
tbe Division ot Pediatri. Sùrgery of the Univetrily of Rome "La
Sapienza during lhe pedod fton Janùary 1970 1o Deenber 1989
Ofthe56 sùFivingprlien$wi1h E^.43were ryaluated at a specral
folloN-up cliúic by lhe two senior aùlho6 (F.C. and N.A.M.). In
addnion.Ne ùpdated lhe iniormalion on ourscriesolpatier$witìr

The diagnóric úileri! and deînitions of ùe cìinical leatùres
and laboratory lìndnres in dlsaùlonoúia have prdioùsly been
reporled.:r ltì thh s!,dyalejlex apnea and/or bradycardia ras
reearded d ' . i c1 i i r "n r  r l  .u .h  eo i .nde.  r "  e . . i r " red  .e .u . " id r  on' i '  
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lhe bieathing pauern was slùdied in order to deterúúe lhe
physioloei.al abnomalities belòre and dùring Postú.I respiratory
loading andtooúelate theffndingswith the cli nical fealures. Floe
siglals were obhired from a pneùúotlchogra?h connecleA to a
tigbt liltnìg nask. The diflerential ptessure signals iroú the pncù_
norachograph were úeasurcd wirh aValidlne transdùccr (nodel
DP250i V.lidyre Engineedng Corp, Nonhridge, CA). The esoPh-
ageal pre$ùrc was neasùred with .n 8F po$hene feeding tùbe
liìledwith water aDd kept iree olbubbles Ùy îùshing wilh 2 mL of
Nater betweèn measurenent''ahe calhele.was inserlcd throùgh
rbe nose or noulh inlo the blind ùpper pouch or lhe lÒeer
esophagus andconnccredtoa pre$ure transducer (statham rM 15
EIC] Goùld lnc, Omard, CA). All signals $ere recoided osciUo_
grapbically al high seósìtilily (SE OscilÌogapb 3006/DLi SE
LborJ lo  .e  l  " l l  " r .  F1g 1 ld l .  l r :pe f l ro r  o -  b  e1 'h i r "  mov"
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ments and aùscùhalion wìtn a slethoscope ol respiralory sounds
were ac@nplishe d dùrnrg rcco rd in g.

The respiralory paîtern in the inlantswith EA was stùdied nr ihc
lalcral and supine posilioós and in the iniants with CA in rhe
supine posilion, rvitb orivithoùt an oroph!ryngeal ai$ay, and wlh
lhe neck exlended. In two patients Nnh EA tbe response io rhc
respiratory loading inposed by rbe supine posirion *as invef igated
belore esophagealrepaiand in oncj thc fudywas perfoincd arìer

RESULTS

The ciinical findings are summariscd in Table l.
There were no difierences ln the dìstrìbulion of the
main clinical manifestatìons between patients with
EA or CA.

C4. The clinical charactcristics of the patients
with CA were described previously and were similar
in the 57 patients included in this study.

t , f .  In lhc major i tyofptr t ienrs$i lh fA. re.pira-
tory distress was prcscnt during their first admission
belbre operation; howcver, a Ìcview of the clest
radiogaphs found that 50% were nornal. Patients
manifesting respiratory distress had one or more of
thc following signs ofinspiratory obstruction: strìdor,
snorìng, chest retraction, glossoptosis, indrawìng oî
the cheeks and lips, opisthotonus, and diminished or
abseÌrt air entry. ln many patients rvith inspiratory
obslruction, there were also signs of expiratory ob-
struction, such as prolonged expiration, wheezjng,
grunting, and a "barrel chest."

'l'he respiÉtory probl€ms noted during the first or
subsequent admissions lvcrc most often precipitated
or exacerbated by inflammalo,y airway obstruction,
motility disturbance ofthe esophagus and/or anasto
molic slricture, feeding, the s pire position, crying,
exercise, llexion ofthe neck, sleeping, and anesthesia.
In most patients the respiratory distrcss was lessened
by the prone position, pulling the chin fonrard, or

rable 1. DistÍburion olMain Clihical Fèatúrès of30 Patients with EA
and 57 Patiènis wirh ca

efending the neck- When rcspitatory disttess was
more severe, pharfìgeal or tracheaÌ intubation was
required, complemented by positivc end-expìratory
pressure (PEEP), and this too had a beneficial effect.

In 28 patients with EA, apneic episodes ocourred,
úostfrequently during or aîter feeding. In 8 oflhese,
the episodes occurred soon after delivery. Apartirom
fccding, apneic episodes were trìggercd by pharyn
geal or tracheal suctioning, accumulation of secÌe-
tions in the blind uppcr esophàgeal pouch (prior to
repair), ingestion of a large bolus of food in the older
patients, gastrostomy feed ing or crying. The following
associated factors were also identified: prematurìty,
Down's syndrome, anesthesia, sleeping, and hypox-
emia. Feeding the infart in the lateral position with
hyperefension of the ncck was the best way of
avoiding cyanotic attacks, and in some babies it was
also necessary 10 hold the marÌdible forward.

ln 2f) ìnfanls with EA there weÌe episodes of
bradycardia, unassociated with apneic spells. Three
paticntswere noted to have had prenatal bradycardia
detected during the latcr wceks of pregnarcy or
during delivery, and in these babies crncrgcncy ccsar
ean scction was necessary. A few infants developed
bradycardia lollowing pharyngcal or tracheal suction-
ing, but usually the mechanism triggering the brady-
cardia could nor be rdcnt: f ied On une ocL r. iorì ,
during the course of esophag€al rcpair, bradycardia
was followed by cardiac arrestj neccssìtatitg cardiac
massage; it appearcd that tlis episode was a drrect
resuÌt of vagus nervc manipulation. This patient
subsequently had two iurthcr epìsodes of reversible
cardiac arrest durìng esophageal dilatalìon under
gcneml aDesthesia, and prior to esophageal dilatation
several cyanotic attacks during or after feeding.

Following esophagcal repèir, dificulties wìth suck-
ing and/or swallowing were frequert, and in 607" of
patients vomiting, with or without documented gas-
troesophageal reilux, occurrcd. Approxìmatcly onc
third of the patients with EA had cxccssivc swcating
during sleeping or feedìngj in one patient, minor
stimuli rcsulted in profuse sweating of the rìght sìde
of the fàce and body.

ln 13 of the EA paticnts febdle episodes occured
without clìnicai of laboratory cvidcncc oI infeclion,
and irÌ one infant, recuÍent episodes of high fever
(40'C to 41'C) necessitated parenteral rehyclration.
This patient died at the age oî 16 months during an
episodc of uncortrolled hyperthermia. Another pa-
tient had an cpisode of "malignant hyperpyrena"
following a pull through operation for anorectal
atresia. Excessive salivatìon occurrcd jn I patients;
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Abbreviation: GER, gastoèsophasea rerlúx.
'Percenrase ca cu ated onrhó43 pariè slo owed up.
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this was no1 rclatcd to thc excessive secretions noted
prior 10 EA fcpair.

Sldden de" l  occul.cd in 3 infunrs toì lo$ing suc-
cessful repah of the EA. One was a "cot deat\,"
another died duringa cyanotjc episode followingfood
bolusimpaction in the esophagus, ard the third dearh
was during onc of scvcral recurrent episodes of
in,pirator) ob.rrucr ior $Ih srrdor rrd chcsr icrrac

It is encouraging that synptoms were most ùe-
quently seen during the first 2 years of life, and then
spontaneously disappeared wìth irìcreasìng age.

All six inîants fudied shorvcd sìmilar brcathjng
patterns.

Refler hypopnea. In the lateral or supine position
with an oropharynged ainvay in situ, all patients had
one or more episodes of cenlral hypopnea wilh
decreased inspiratoryfiow and a parallel rcduclion in
the amplitude of the inspiratory prcssure changes
(Fig .t). Frcquently, such episodes were associated
wilh swallowing. The episode of central hlpopnea
was îollowed by a prolongation ofthe expiratory time
and an interruption of the expiralory llow associatcd
rumerime. $ i lh po. i r i \  e e\pi-arory inrr"rhorn. ic f ì re\-

Obstucttue hypopnet. When tilted fronl the lat-
eral to the supine posilion (or whcn tlìc oropharyn
geal ainvay was withdrawn), all patients had a shalp
reduction in, or an absence of inspilatory fiow,
despite markedly increased inspiratory efiorts (the
cquivalent of Mr ler\ manoeuvre) (Fig 2). The er"i-
ratory time was prolongcd and the expiratory flow
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pattern was internpted dispite a posìlive expiÉtory
intrathoracic pressure (the eqùivalent of Valsava's
manocurrel .  Cl inical ly.  in.pird,  on wa.  ̂ l |en rccom-
panied by inspiratory stridor and paradoxical retrac-
tion of the ante or chcst wall. Expiration was often
accompanied by audible grunting and contraction of
the anteúor abdominal wall muscles. Auscúltation oî
'he chesr \houcd ì i l l l (  úr no air  enlr ]  dur ing inspira-
tion and expirato+, wheezing, loudest overthe neck.

DISCUSSION

On the evidence availablc, patients with EA, as
well as tlìose with CA, are unable to compensale for
increased respiratory load. The fine balance control-
ling thc forces acting on tlìe upper airway may be
disturbed by lactors that increase thc negatrve ln-
trathoracic pressure (dilalcd uppcÌ csophagus com
pressing t1ìe trachea, inframmatory airway obstruc
l ion. c v:ng):  ià(tur.  rhar decrea,e rhe uplìer ain{d)
dilatìng nuscle activiry (anesthesia, sleeping); or
f ;cror.  r \ rr  dccr(a,e rhe i . ,e ot rhe upper airua\
l f l e \ i o n  o f  r h e  i c c k  o r  l a l l : n g  b r ( k  o l  r h <  r ú n g l e  i n
the supine posìtion). Thc consoquent episodes of
obstructive apnea or hypopnea havc nol bccn de
scribcd prevìously as a cause oî respiratory problems
in parienrs with EA.

ln this study we tound that about one tlÌird of
patients witlì EA, like those wilh CA, have apneic
spclÌs durirg or after feeding, or aftervarious kinds of
stinulation of the upper airnay or esophagùs. This
refìex hypopnca or .ìpnea closely resembled the
apnea oî prelenÌ infants with swallowing, which is a
characteristic componcnt of "upper ainvay chemorc
flex apnea. ""' 'l herefore, it is reasonable to assume
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Fig 2. Obsùuctìve hypopnea du ns pos-
tural respiratory loading in {A) a b.by with
EA and distal IEF and {Bì an inlant with
bilatehl CA. Thè bréthih9 prtèm is charac.
r€rized by reduction or absence or inspira-
îory llow ih 3pitè of increasèd inspnatoql

{P".), protonsation or
oxpiÉtorytimè {t.) and intètruption ólèxpna.
tion rlow despite positive expiratory {P!.1.
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that thìs kind of apnea is due to an exaggerated
inhibition of respiratory centres from an abnormal
response to the pper ainvay protective refle;

Infants with EA or CA may have audible gltlnting
in associatìon with an cxpiÌatory flow pattern compa-
rable to that described in hyaline membrane disease,'
suggcsting that the expiratory obstructior is m tact a
prolectivc mechanism. In healthy preterm infants,
and somc full-term infants, there may be active
interruption of the expiratory llow during the fìrst
days of liîe.'qrr As a rcsult of obstructivc or rcflcx
hlpopnea or apnea, alveolar atelectasis may ensue
and wìth this, a right-to-left shunt. A low lungvolume
and/or hypoxcmia will elicit prolonged and forced
expiration through thc adducted glottis, the etrect of
$ hich is impro\ emel|  of  ah eolar venrlJr ion hy mdin-
taining patency of the alveoli.l'' Therefore, the grunr
ing rispiratioD obseFed in patìents with EA or CA
maywellbe an cxaggeration ofthe normai physiolog-
jcal patten.

The beneficial eflects of PEEP are ir keeping with
the successftÌl use of this modality ìn treating sleep
apnea at all ages. An important implication is that
early closure of a TEF allows not only an efiective
ventilation of jnfànts with respiratory distress syD-
drome," " but also an eflìcient gruntirìg expiration lo
compensate or to prevent atelectasis.

Vagal rcflexes from lung mechanoreceptors proba-
bly play an important role in the organization of
active expjralion and if there is an abnormal response
to this protective lúng r€flcx, this would provìde an
explanatìon for "prolonged ei?jratory apnca."r1r6
Recent reports have suggested that apnea ofthis ttpe
may be the cause of cyanotic attacks and sudden

death in an infant wùh repaired EA.'n'' It has been
postulated that surgical rcpair may damage the auto-
nomic innervatjon ol Lhc lungs and lead to abnormaÌ
iq' in lung reflexes.i?

Having demoNtrated apnea prior to operation we
cJn f \c ludc rurgic- l  impàirmenr of aulonomi( ner-
vous function as a motlus opefindi. 'îhe evidence
supports the uniqing hlpothesis that the common
derominator for the mechanism oî various kinds of
apnca is an exaggerated inhibition of the respiratory
ccntrc from immaturity of various protective re-

Many of the present pali€nts with EA or CA have
manifested several symptoms and signs of an auto-
nomic disorder, sùpportìng the hlpothesis of under-
ling functional innìaturity of difierent vagal protcc
tive reflexes. Features we have found to be present
(including fetal bradycardia, respiratory distress,
opisthotorus, grunting respiration, cyanotìc attacks,
cardìac arrh)'tlmia, oropharyngeal dysphagia, vomit
ing, hyperthermia, and hyperhydrosis) have also been
described in infants with familial dysautonomia.'q"

Most patientswith familial dysautonomìa arc likely
to die during late adolescence, common causes of
death inciuding pulmonary complicatìons or sudden
death following passage ofa nasogastric tube, mictud-
r ion. or c langc of poslurc. I  ln uLldir ion. in r  hir  group
there have been unexplaincd dcaths occuring during
sleep. However, only a lew patients with EA or CA
die sÙddenly; most become asymptomaticwith rncreas-
iÍg age and enjoy a normal life. Therefore, ìt is
concluded that many patìents with EA, Iìke those
with CA, may havc an associated maturational dysau-



Some respiratory problems jn paticnts lvitl EA are
conventionally attributed to ltachcomalacia and/or
gastroesophageal reflux. However, these ptoblems
are very similar to those found in infants wjth the
glossoptotjc syndrcme associated with congenital mi-
crognathia,r or in jnfants with reflex apnea syndrome

associated with a vascular ring." Therefore, it is
conceivable that tracheomalacia or gastroesophageal
reflux are triggering facto$ that, like many orhers,
activate or precipitate maturational dysautonomia,
which may bc associated with various mallbrmatrons
involving the airway.
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