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A COM},ION PATHOPHISTOLOGY FOR SUDDEN COT DEATH AUD S]]EEP

APNOEA. iTHE VACUIJM-GLOSSOPTOSIS SYNDROMEi
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ABSTRACT

Several  congenital  and acquired condit ionsr character ized

by upper airway narrowingr may result  in respiratory, cardièci

and sleep disturbances, In al l  these condit ións the leading

cl inicar feature is the occurrence of cycl ic obstruct ive àPnoea,

oainly during sleep. Îhe comnon pathogenic tnechani 'srn for the

airh'ay occlusion seems to be a backuard displacement of the

tongue and mandible, favourèd by the nlrscle relaxat ion which

occurs during sleep and by gravi ty in the supine posit ion. A

constant factor determining the glossoptosis is the pharyngeaL

vacututr  occurr ing in these condit ions as a result  of  inspirato

ry efforts in face of a narrolred upper air 'vay. The response

to this trype of obstruct ion is age-dependent,  s ince only in

early infancy nay lrhese apnoeic spel ls be l i fe-threatening.

A simi lar pathophysiology is suggested for sudden cot

death, ' rhich could be considered as a pecul iar presef l tat ion

of i rhis "vacuùn-glossoptosis syndroherì"  This hypothesis could

explain why sudden cot death is often associated r^ ' i th naso-

pharyngit is and occurs always in infancyr almost invariably

during s1eep.

Key words: Sudden deathr apnoea, sleep, airway obstructrolr ,

hypovent i lat ion i  respiratory loading, neonatal  respinat ionr
porygràphic str .rdies.
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INÎRODUCTION

.-_-_:i l Î* 
rnfant Death s/nd'orie (srDs) iepr.esen--s rhe mostItrpor'Eant cause of infant nortal i ty beyond the perinatar pe

"i.1 
(l,r l. î lre aeúiology of srDs is .t irr ,rrrrnoi'rì- i" i""pia"ri iol-ogical stuaies (2-ó) have consistently .r,o"., tr,"t, i I i"=it is aore frequent durilg q1,1." rnonrhs-" f i i j  i"". i""",nearly.qlways during sleep, (i i i) peak 

"i.t 
fo. tr, i"-ivp. .rdeath is between trdo and fou, ftonths of f ife, (iv) i"eflr."_Itory changes of the upper respiratory tr"ct a"" i"""a-"" 

""_lropsy in abouè SOI of the victjors.
Recently a relationship belween SIDS and prolonged sleep_apnoeas has been postutaèed by some investig"tàr" ." i-t f* 

""*sative factor has been identlf ied as a cenúial a"f." i  i"-" i . .control of respiration (7-9). Nevertheless, othei 
"" irr.".  

o.l ieve that a pespiratory arrest of peripherat 
"" iei;- i i : ; . ;=upper airnay obstruction) is the cause 

"r ".r"*pu"i"a 
àoid e a t h É  ( 1 , ó , 1 o - f 2 ) .

In infants with choanal a.lrresia ùe have observed thal,the l i fe-threat.eoing episodes of upper 
" i"*.y "t.1"""tt".  "".eaused by glossoptosis, favou.ed by a high negati_ve i" i ."t to_racic pressure (13). îhi" saÌre pathogenic ,n"chr, is_ seerns tobe.responÉible îor the sleep_apnoea occu4ing in adults andchildren aff€ctéd by vaí, io.,ts forns of opp"" I ir . .y ;";;"".".Horiever, the abil i ty to respond property and 

""^o.." 
i i .-"o_struction appears to be age_related, since only i .re.rrt.  ."yfai l  to do so and die fron asphyxia.

On the basis of the6e coosiderations, the purpose ofthis paper is to suelgest fo. SIDS a necha;ism .irni i ." to tn.one causing death in choanal atresia and conpatibfe with a-LIthe epideniological features nentioned above.

RE-STON9-E ÎO qPPER AIMAY OBSTRUCTTON IN ADULTS A]IDcgr r,one N, ( HyprnsolrNr,q_s LE ÉF;m;;-El;6i6;;i-

A cycl ic breathing pat lrern with frequent and prolongeo
n o c t u r n a l  a p n o e a s ,  c a u s i n g  s l e e p  d e p r i v a t i o n  a n d  e x p l a i n r . n g
the day-t ime sonnolence, has been reveated by cont inaous re_
splral to.y nonitor ing in obese pat ients (pickwickian syndrone)
(14).  These apnoeic spelts may result  in alveolar t  ypàverrrrr_
lat ion leading to hypercapnia, hypoxia and pulrnonary hyper. ten
sion which in turn causes ùcor pulmonalef l .  fn oppori t io. ,  to 

-

the hypothesis that the sleep-apnoeas of the otrese pat ient
are due to a pr i jnar"y disorder of l rhe respiratory centers, re
cent inves{r igat ion has shown that cycl ic obstruct ion of the
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upper alrway can explain these episodes of respiratory arres!.
In tùo Pickwickian pat ients,  ser ial  X-.ay of h;ad and neck
showed that dur. ing sleep the air  column betrr ,een the base ofthe èongue and the pharyngeal wal1 was interrupted t fSj .  O*_ring obstruct ive sleep_apnoea in these pat ients,  t f re ph-aryngeaf
v a l l s  p î o g r e s s i v e l y  c o l l a p s e d  w h i l e  t h e  i n e f f e ; t i v e ' r ; " o . " . *
t .ory attenpts deternined a strong intrathoracic a"p"e"si ,rrr .
In agreement with these f indings, a J year_o1d pi" i .* i . t  i ""gir t  had episodes of apnoea thal,  were again exptained on tneb1rí :  

9f  a recur?ent upper airvray occtusion îron glossopto_
s i s  ( 1 6 ) .

_ 
A siml lar c l in ical  pictur,eJ reported as the Lhypersomnia

sleep-apnoea syndromeÍ,  has also been described ir ,  . ràrÌ_ot". .
p a t i e n t s  ( 1 7 , 1 8 ) ,  i ú  a c q u i r e d  m i c r o g n a t h i a  ( r S , z o )  

" " d  
i "  r .ryngeal stenosis (Zt) .  Sone of these pat ients w"r" 3ust t r . . iy

snorers before any otherl  symptorns appearedo I"  
"1f  

; ;" ;u 
"" . ,di t ions polygraphic studies have shown that the 

"y.1i ;- .p;_,sodes of s leep-apnoea arîe caused nearly alr{ays by recur,rènt
upper aarNay obstruct ion- In Éact,  dur ing these episodes,
r,rhi le no air  f low is detected, large sÍ ings of in irathoro",c
pressure are recorded, neaning respiratory efforts in face
of an obstructed upper airway. l ì reight reduct ion in the ; ì ,"sepat lents or tracheostomy in the others produce a dramatíc cI lnical  iúproverneqt.  In sl t  these si tuat ions sedat ioù 

"" 
. ;" ;_=

sthesia can be very dangerons, since they may precípi taie a
sFvere obstruc b ive episode,

In chi ldren these condit ions are rather unconmon (1ór1E,
20).  The most frequent cause of a si Í i1ar . . .af"_. l"pf ìr ì""y
syndrome in this age group is the upper airway stenosis cou_sed by hyperthrophic tonsi ts and adenoids (ZZ_271 .  Sî n* '^ O1"of this condit ion was obserwed by us in 

"  
rSl tr"" i r ,_"ra-r"y

who had-a history of feeding di f f icuLt ies, recurrent broncnopneunonia, snoring, somnolence and fai luîe to thr ive. In ; ; ispat lent glossoptosis,  occurr ing in the supine posit ion, cau-sed episodes of s leep-apnoea that were spàrt .ruo, l . ry 
" i r ì"""aby.arousalJ vigor3ous shaking of the head, """" . .hi ; ;  e""-" i r , ,

and screaning. These episodes were preveated with the use oîa naso-pharyngeal tube which
sure to' *re' aimo.on."r" 

-o.".3"i::'i:î::"::."*Tíffi::":i'.
vacuum and the consequent,  glossoptosis (27).

This type of obst,ruct ion at the leve1 of the oro_pharynx
is wel l  known to occur in th(
sthesia &hen, because or 

""";::Î: ';: i::.;:::: "l l;::":lî:and èhe tongue tend to sl ide backì^rards. eu 
" " ." . .q"." . . ,  t t .
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dorsuh of the tongue and the soft  palate adhere to the poste
ríor pharyngeal wal1 and completely obst iuct the airway. He;d
èxlreasionr eleîà.- ion of the f iandible, inser. t ion of an oi ,{r_
pbaryngeal or naso-pharyngeal air Í ,ay are a11 Íreasures adoplrecl
by i ;he aneestrhesiologist  to p.eve:: t  thís cbst! ,uet ioî .

I t  seeÌns very t íkely that in aI1 the,se condit ions respr.
ratory efforts in the presence of a .narrorared airrray deterni_
ne a progressive pharyngeal depression and as a f inal  result ,
a conplete upper airway obstruct ion fron glossoptosis.  Subse
quent inspi.atory àttemp1,s are equivalent to the Mul ler,s nI
noeuvrè ( inspirat ion against a closed elott is) .

RES E T O U P AIRW AY BSTRUCTION IN INFANTS

A) cl in ical .  Olgervat ions. In early l i fe cardio-.espiratory
disordet 's si f i i lar to the ones described above are seen in in
fants with the Pierre-Robin Syndîone (congenital  micrognathia,
clef t  palate and glossoptosis).  tn thrs anornaly the toigue
sl ides back, nainly in the supine posit ion and duri .ng. i" .p. .g
or feeding, and causes episodee of compiete upper airway ob_
struct ion. As a resutt  respiratory distress, cyanot ic spe1ls
and feeding di f f icul t ies usual ly occur in these babies. ì rhe_
reas rrcor3 pul onalel  has been seldom repo.ted (Zg),  6o*". . ." ,
i ' ihat st t ikes ín thi6 sjrndiorne is the occurrrence of sudden
coi,  dealrh in a certain nunber of the affected infanls.  t , rhr1..
older pat ieî ts with acquired micrognathia can wake up and re
v e r s e  t h e  o b s L F u c t j o n  b y  s h a k i n g  b h e i r  h e a d  i n  s u c h  v i o l e n t -
i 'ay that they sometines fa11 out of bed (2O), many young in_
fantÉ ni th l rhe Pier.e-Robin Syndrome cannot reestabl isn : , .
adequate airway and nay die asphyxiated.

Babies boin with choanal atresia have respiratory and
feedlng disturbances sini lar to those of babies with the pier
re-Robin syndrome and, l ike these pat ients,  nay die suddenly
f îom upper ai .way obsùruct ion. The apnoeic spel ls observed
in infants r{ i th choanal atresia or stenosis sha.e a conrnon
pathogenic mechanism Ìr i th those occurr ing in congenitaÌ  mi_
crognathia: the apnoea is due to a complete uppe. aírway oc_
clusio caused by a poster ior displacenedt of the toneue (13).
The factor deterrnining this glossoptosis is a strongly nega_
t ive intratho.acic pressufe, which is a consequence of the
strenuous inspiralrory efforts these babies nake to overcorie
the increased resístance to the air f lora/.  This increase Inay
be caused by the supine posit ion, s leepine, feeding or other
faclrors alone or in var ious combinat ions. These episodes can
be tenúinated by breaking the seal betkeen t .he toneue and trre
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palate with a sui table device (one nother used the handle of
a spoon),  but usual ly the baby is capable of reestabl ishing
a patent airuay by cr.y ing frequent ly and thus mowing t l ìe t .on
g' l le forr ì 'aîds, The use of a nàso-pharyngeal l rube in the pierre-
Robin syndrone or of an oral  airway in choanal atresia, pre-
vent ing the pharyngeal avoid glossoptosis and the
a s s o c i a t e d  I  i f  e - t h r  e a t  e n i n g  s p e l 1 s  ( 1 3 ) .  N a  s o -  p h a r  i n g i t  i s  a n
infants ceuses atemporary incrèase of the air f low resistanctì ,
thus ni tnicking the si tuat ion found in congenital  choaoaL atre
sia or stenosis.

In conclusion, a1l  the acquired condit ions so far descr i
bed as the rrsleep-apnoea syndrorner ' ,  together with the conge-
ni tal  anornal ies considered in this chapter,  could be grouped
under a rryacurìm-glossoptosis syndrome since in aLI these in
stances the phaîyngeal vacuurl  is a constant causatíve factor,
whereas the sleeping status in infancy is not essent ial  îor
the apnoca to occur.  The obstruct ive nechanism is ident ical
fo.  al l  ages. l lordever,  the response to i ;hese apnoeic spe:LLs
can be total ly inadequate in infancy and death này occur as

B) Experinental  FindinEs. Like adults,  nornal infants dìr .ang
quiet oi  non-REM sÌeep respond to nasal occlusion with respi
ratory efforts hich, increasing the negat ive intrathoracic
pressure, cause a progressive increase in the t idal  voluJÌ-
that conpensates for the íni t ia l  hypoveút i lat ion (29).  Co".re"
s P l  r .  d u r i n s  d . t i v e  o r  R E M  s l esp_rnî lnran( ,  L_!"spo-ls",-  r .1gl
g ì L a l  n a s a l  o ( c L u s j o - n -  I  3 0  )  _ o r .  e l _ a s t  i (  r e s p j r a r o . r y  l o a d . s  r 2 o l
rs also charactel i ! , " .4, . !y a,n- increased intrathoracic pressurer
r o ì l o h ò b  t h j ; 1 i ; ;  l y  a  p r o g r e i i t ' è  f a l L  i n  r i ì F  t i d a t  \ o l r x ì è

r n t  s  t h c s c  r e s p i r a r o r y  e l ' F o r t ,and went i lat ion. ln some infants these respi iatorv !1r"9ts
duliirgj é1è-ép-iíàj- 6" e.'"n foLlowed by no volume thanges atby n9 y9lw.. -changes at
a t i  1 2 q 1 .  T h i s  s Ì e e p - a p n o e a)-epn9gq as a. respoose-. !9- nasal obstruc*
t i o n  o c c u r s  nt r on  occu rs  no re  f requen t l y  i n  o lde !  i n fg l9s  (1 .e . ,  441  o f
a group of ó week-oLd infants) than in newborns (171,\ /12)

no re  f requen t l y  i n  o lde r  i n fa l ! , s  ( i . e . ,  441  c
an  i n  newborns  (17%\  (12 . \ .

The decrease in the t idal  vo1ùme and the aonoea as à
r '  s p o n s e  L o  u p p e r  a j r w a y  ó b s t i u c t i o n  h a v e  b . . n  e x o ì a i n é d  a \
t h è  r è s u l t  o f  a n  i n t . c r c o s t a l - p h r e n i c  i n h i b i t ^ r y  r e f ì é \  t r i g -
gered in REM sLeep by the distort ion of the r ib cage which
i-{} . i { lé: , t l r 'serò.us. in ipi iàtory errorts r2e).  However,  in no.r .4a I
i n f a n t s , s i . n i l a Ì . 1 y t o  r h a t  h a s  b e e n  r c p o r t e d  i ;  P l c k ì n i c k r a n s ,
<Luring thesé'episodes of inappropraalre compensat ion to a re-
sp-}l3_t9.{y- loadr.a cornplete obl- i teration of the air shadoi
!!qt, ! ' .o-t!4e.l ly ex-ists between the soft palaire and the base of
the  sku l l  has  been  denons t ra ted  by  f - ray  (1 ) .  Th i s  l as t  ob -

I
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r
:91a!'_9a€9s1rF--te,!!djc-at-e-lha.t-thè n4-t}lce;e-4-e-F-Ls-i!,-:1.9,.*P:
apno ea i n th e ab ove exp er i4 gr-r-t-q-' ^i€--o-bÉlr.rruc.t iv-e..e r-rd " a+-i 1 àr

' '  -  i -  -  
_ .  

:  
'  

.
Éo the one Fepo!'te.L :n babies ÌriÈh bilate3al choanql - 6+.r e.st:ig,
wlro6e iespiratory problems. are 9b-y199-Ìly_.-1,gpl-o-9}9.9.{--Dy-...t--be
e--x.p,e:-+,91teJ.,+3-s41'p.--c.-9,11:F.39li....B.3bies with this ano'na1y 'rhen
an oral  airway is insefted, have a constant and adequate air
f lowt when the oral  airway is îeúoved! thel t  respond with
strong inspiratory effor ' ts.  Îhe consequent increase of the
negat ive intrathorac j c pr 

"ssiF6ìÉ-àEÈ6iìEiilìlti-?i; " 
;;t i ;s

air f low and t idal  volLùne. The intrathoracic pressure can
ìèdch values as.10w as .'80 cn iio, vitiíi ó nii óii:f.rl* ié"i:ècor-
a-e!i-'_o_qq!--in si 9i 1 i qn d uri ng t-EèÈè ao+gerq -sF el1 è. -énóiE.: 3Îiàt"'
llre tqnsue. +...q1CSIy"..4.dh919qt..!o-..-tlr9...psF.{,.-9r.ior, p-ar,t-rs!}*sf'--the ...

Ele!.e- _(13 ).
ln sum$arv. there is eood evidence showinE that in some

norma r inrants, 
'InoiÈ-îr€-úen-rrt 

uTrer 'tFé Ti"Gi"liiÎi-"-i' r ir.
ai.aÌiiijilÈ-,!:s-1g.,e1ì,è,ii.. !! ;:é G. ;;,ir"g@.rii ;!3 1;eqens e to.-
i 'a í -s èa-àir f  low resistance, ){hich 4qy lead to obstruct ive ap-

noea, c qqse4*!y...g.!9 q-SqpqC g-iF-. f hese apno eic spell s, 1 ike those
of paiients with choanal atresia or stenosis, nay endanger
Ii fe because sorne infants are unable ùo renove the obstruc-
tion, -Cr-ying and thtrs Ìrtoving the torrgue forwar'(ìÈt seems to be

tne onf}-ià-i for,a|r*r-qÉ-q4! -in*-thís."situatio.n-.to. epontaneously

ÍIYPOTHESTS ON SUDDÉN COÎ DEAÎH

ln some nornal ínfants a posteî ior displacement of the
tongue and soft  palate may occur because of t the muscle rela-

xat ion during sleep especial ly in the supine Posi l , ion. As a

result  there is a narrowing of the naso-pharingeal airway

between the velùm and the posterior wall of the pharynxr wilrh

an i  crease in the air f lo resistance. Abnornal factors which

temporari ly decrease the airway size (e.g.,  mucosal congesir ion

or inf laDmation, excess of secneúions, pluggitg frorn mucus or

exudate, etc.)  can produce an equivalent s i tuat lon. The infant

will thès respond by making sttlongei inspiratory attempts to

úaintain a cons' trant t idal  volume. Îhe result ing increase of

the negat ive inùrathoracic pressu.e, in the absence of an ade
quate raso and oro-pharydgeal airway, can cause a fa11 of th€

pharyngeal pressure to a sub-atmospheî ic 1evel,  unless the

infanlr slrarts crying ard thpusts his tongue do$n and forwards

to open the oral passase. {€_q9_:19:ynC991 el-"::3l9--*6lg!4
ciently low, the tongue and the soft palate vi l1 be aspirated
b;;i;a-rd;;;ufine-;"- 

"allii"nar 
increase of the aiffróu resil
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stance and a r tc.rease in the t idal  volune. The ensulng nore

f "_Lg:":". '".11""1:I 
."ff:*" Ì,irr prodl,ce a-;à;;"e;;. or."o),n

I  
" .4-L 

depression, whiòh wit l  account for a seat ing. o€ the
I  t o n s u e  t o  t h e  h a r d  p a l a t e  ( c l o s u r e  o f  t h e  g f o s s o _ p a l a t a l  f t a p

y1r"è). . t t .  d isplacement of the tongue baciuaros aùd upwards
! , , i l l  c a u s e  a l s o  t h e  a d h e r e n c e  o f  t h e  s o f t  p a l a t e  t o  t h e  p o _
i t e r i o n  p t r a r l n g . a t  ! , a t L  l c f o s u r è  

" C  
a n "  

" . i " _ O n r . y n e c a f  f t a a
valve).  The effect of  this conplete upper airvay obstîucLion
wirf  t .  t t t "  disappearance or any air f iow inspite of an in-
creasingly negat ive intrathoracic pressurer Ìn this si tua-
t ion fr l r ther inspiÌ ,atory act ion can onfy perpetuate the pha_
.yngeat vacuu.rn and thus the adherence of the trvo abowe rìrent io
n e d  v a t v e s .  I n  i n f a n c y  t h i s  v i c i o u s  c y c l e  c a n  c a u s €  a s p h y x ì a
and rìay be lethal,  s ince màny norrLal babies are ùnabte to re
nove the obstruct ion unl ike adu.Lts and oÌder chi ldrenj ùh(, ,
in a sini lar s i tuat ionr atways wake up with a feef ine of s; f
f o c a t i o n  a n d  r e e s t a b l i s h  a  p a t e n t  a i n a y ,

IUPLIC AÎ ÌO N S

Further research and cl in icaf observat ion nay prove or
disprove this hypothesis,  however,  on 1,he basis of the aval_
l a b l e . e v i d c n c e ,  i t  s è è n s  Í c a s o n a b l e  L o  a v o i d  l h e  s u p i n F  p o s L

: l : l _ : r i 1 . r g ,  
s r e c p  a n d  f o .  a d o p t  t h c  p r a (  r i ^ e  o r  L h .  p r o n e  p l a

c e n e n t  i n  t h e  f i r s t  ! L o r t ! . \ F  o f _ l i f e . _ F o r  t h e  s a m e  r e a s o n  O u -

::q. t l l :  
per iod of t i ine a1I 

"""e" " f- ;hi" ;_;h;rynsi t is and
or upper alrway narrowing fron any cause should not be underF S ! r m a t e d .  b u (  c o n s j d e r è d  a  r i s k  a n d  t h c  o b s t r u . t i o n  p . o p . " i .
t reéted.

Indrawings of soft  parts of the neck and thoracic case
and, on inspect ion of the oral  cavi ty,  an obvious aspiràt ion
of the tongìre backwards, are signs of an abnornìal ly i . r" . . . ""o
negat ive endothoracic pressure. In this event even the use of
a naso-pharyngeaf tube should be considered in order to ensure
a suff ic ient airway.

Sl.eeping infants sucking dùÍmies do not respond to nasat
occlusion with signs of pharyngeal obstruct ion because they
nanage to keep their  oral  airway patent (12).  Therefore, L,re
u s c  o f  a  p a c i F j e r  o r  o f  o c h e r  o r a t  d e v j c e s  l * i t h  a  t a r a e .  r r _gid guard desiqned iro avoid fat l ing out of the nouth ; ; ; i "s
s1eep, could próbably prevent the seat of the glosso_pat.at.a t_
v a l v e ,  t h u s  b r e a k i n g  t h e  d e a t h  c y c Ì e  a b o v e  d e s l r i b e d .
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