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Idiopathic respiratory distress syndrome: 
acoustic, laryngoscopic and radiological 

investigation
B y

B . B Ü K Y  an il A. G ö r g é n y i

Second D e p a rtm e n t o f  P aed ia tric s , Sem m elw eis U niversity , M edical School, B u d a p e s t
(R eceived  7 M arch, 1976)

T he b rea th in g  p a t te rn  in  IR D S  has been analysed  b y  so u n d  reco rd ­
ing, d ire c t la ryngoscopy  an d  ch est X -rays. The re flex  m echan ism  o p era tiv e  
in  IR D S  w as found to  be a  m odified  version  o f  th e  H e rin g -B reu e r reflex ; 
in  a  c e rta in  phase o f  in sp ira tio n  th e  re sp ira to ry  m uscles re lax  a n d  passive  
ex p ira tio n  begins. In  IR D S , a t  th e  end o f  th e  sh o r t in sp ira to ry  p h ase  accom ­
pan ied  b y  g ru n tin g  th e  g lo ttis  is su dden ly  closed, an d  collapse o f  th e  a lveo lar 
space is p rev en ted . T he sm all open ing  o f  th e  g lo ttis  before th e  n e x t in sp ira ­
tio n  serves th e  sam e p u rpose , a n d  th e  a ir  pass ing  th ro u g h  i t  is h e a rd  as 
g ru n tin g . As soon as th e  a lv eo la r space is em p tied , th e  g lo ttis  becom es wide 
open  a n d  a  quick in sp ira tio n  follows.

T he m odified H e rin g -B reu e r reflex  increases th e  re s p ira to ry  t r a c t  
p ressu re  and  th u s  p re v e n ts  collapse o f  th e  a lveo lar space. W hen  th e  new born  
is no longer capable o f  th e  excess e x tra  w ork req u ired  fo r g ru n tin g , th e  
decom pensa ted  phase o f  IR D S  se ts in. Gas exchange rap id ly  d e te r io ra te s  
an d  th e  w h ite  lung  p a t te rn  is v isible on th e  chest X -ray .

C ertain p a tte rn s  of crying in the  
new born have long been associated  
w ith  pathological conditions such as 
b ra in  dam age, Dow n syndrom e, etc. 
Analysing the  sound forms it  was 
found  th a t sound frequency reco rd ­
ings offer a  reliable diagnostic tool, 
b u t only acoustic investigations based 
on frequency analysis can d ifferen­
tia te  between various pathological 
conditions. In d iv idual cycles o f re s­
p iration , the  ra tio  between in sp ira­
tion  and  expira tion , cannot be reco rd ­
ed  b y  this approach.

In  order to  characterize the irreg u ­
la r breath ing  in th e  idiopathic res­
p ira to ry  distress syndrom e (IR D S) 
o f  the  newborn, sound recordings 
a re  needed th a t  give inform ation on

the frequency o f b reath ing , th e  exact 
ra tio  of inspiration an d  exp ira tion  
and  the  localization o f g ru n tin g  in 
the  resp irato ry  cycle. W ith  th is  aim , 
phonoresp iratography (PRG ) was p e r­
form ed in newborns affected by  IR D S. 
The m ethod allowed an ex ac t record­
ing and  analysis of insp ira tion  and 
exp ira tion  and  of the ty p ica l sound 
p a tte rn s  th a t characterized th e  IR D S.

Since P R G  records audible sounds, 
its im portance lies in the  following 
points.

a) P R G  allows to  record  th e  tim e- 
course o f events. The ra tio  o f insp ira­
tio n  and  exp ira tion  can be d e te rm in ­
ed.

b) B y analysing the  tim e-course, 
norm al and  abnorm al b rea th in g  p a t-
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te rn s  can be established. R espiratory  
p rob lem s can be d iffe ren tia ted  on the 
basis of their P R G  curves.

c)  P R G  records can  be sto red  and 
th u s  comparisons w ith  p rev ious curves 
can  be made. L o n g itu d in a l studies 
can  be registered g raph ically .

d)  B y  recording a n d  analysing the 
tim e-course it is possible to  plan the 
v en tila tio n  best su ited  for th e  given 
condition.

Ma teria l  a n d  M e t h o d

P R G  лгав carried  o u t  in  tw e n ty  2 — 12 
h o u r  o ld  new borns w ith  IR D S , im m edi­
a te ly  a f te r  adm ission, p r io r  to  th e  in itia tion  
o f  v en tila tio n . The d iag n o s is  o f IR D S , 
in i t ia l ly  m ade on th e  b a s is  o f  c lin ica l fin d ­
in g s , w as suppo rted  b y  e x a m in a tio n  of 
th e  acid -base balance a n d  o x y g en  sa tu ra ­
t io n , an d  by rad io log ical in v es tig a tio n s.

P hono resp irog ram  w ere  reco rd ed  using 
th e  m icrophone from  a  p h o n o card io g rap h . 
T h e  m icrophone w as p lace d  o n  th e  righ t 
s id e  o f  th e  chest in  th e  m id a x il la r  line in

th e  fo u r th  in te rco s ta l space, since i t  w as 
in  th is  reg ion  th a t  th e  h e a r t  sounds caused 
th e  le a s t in te rfe ren ce . A s th e  a im  o f  sound  
re c o rd in g  is to  analyse  th e  tim e-course  o f 
b re a th in g , a  p ap e r speed o f  50 m m /sec 
w as u sed . T he m idd le  freq u en cy  range o f 
p h o n o ca rd io g rap h y  w as found  th e  m o s t 
su ita b le  fo r P R G  m o n ito rin g .

T h e  p h o n o r e s p ir o g r a m  o f h e a lth y  n e w ­
b o r n s

In  th e  healthy , regularly  b re a th ­
ing new born the peaks correspond­
ing to  inspiration and  expiration, and 
the  silent p a r t corresponding to  the 
p o s tex p ira tio n  in terval are easily 
identified . The length of inspiration 
an d  ex p ira tio n  is approxim ately  equal 
u n d er norm al conditions. One b re a th ­
ing cycle in the regularly  b reath ing  
new born takes 1.0 to  3.0 seconds. 
Of th is, 0.5 to  1.50 seconds are needed 
for insp iration , and  0.5 to  1.30 seconds 
for ex p ira tio n .E v ery  ten th  to fifteenth  
b rea th in g  cycle is som ew hat longer 
th a n  th e  average (Fig. 1).

F ig . 1. Phonorespirogram of 3 hours old healthy newborn. The inspiratory and expiratory
periods are identical in duration
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The phonorespirogram of IH D  S

The phonorespirogram s o f new ­
borns affected by IR D S  show consid­
erable d istortions. F o r their ana ly ­
sis the following investigations were 
carried out.

A) Phonoresp irography o f resp ira­
tion accom panied by  grunting.

B) Phonoresp irography of resp ira­
tion  not accom panied by  grunting.

C) Position of the  g lo ttis  during 
resp iration  accom panied by g ru n t­
ing.

D) Radiological investigation  d u r­
ing respiration accom panied by g ru n t­
ing.

E) Position o f th e  g lottis and  
chest X -ray  o f resp ira tion  n o t ac ­
com panied by  grun ting .

A) Respiration accompanied by grunt­
ing (Fig. 2)

The period of insp iration  is signif­
ican tly  sho rter th an  th e  period of 
expiration. In sp ira tio n  is followed by 
a silent period, th en  during ex p ira­
tion  a sound form  is recorded which 
corresponds to  g run ting . This p h e­
nom enon is followed w ithou t any  
in terva l by  the sound form of insp ira­
tion.

B) Respiration not accompanied by
grunting (Fig. 3)

D uring the  tachvpnoeic respiration, 
the  inspiration is equal in length 
to  or only slightly  sh o rte r th a n  the 
expira tion . There is no silent period 
an d  the acoustic p ic tu re  of expiration 
is much sh o rte r th an  th a t  of g ru n t­

ing. E x p ira tio n  is often followed b y  a 
silent period, which in tu rn  is fol­
lowed by  an  inspiration.

A fter the  respirations accom panied 
by g run ting , th e  breath ing  sounds 
are dim inished and  superficial p a n t ­
ing ensues. D uring pan ting , sound 
form s can hard ly  lie d istinguished on 
the PR O .

C) Position of the glottis during res­
piration accompanied by grunting

E xposing the  g lottis w ith th e  aid  
of a M cIntosh type laryngoscope, the  
following observations were made.

(i) D uring  the inspiration phase , 
the  g lo ttis  is m axim ally open.

(ii) D uring  the  silent phase, th e  
g lottis is com pletely closed.

(iii) D uring grunting  the  g lo ttis  
is half-open.

(iv) D uring inspiration the  g lo ttis  
is again  m axim ally open.

D) Radiological examination during
respiration accompanied by grunt­
ing

Serial X -ray  pictures tak en  sim ul­
taneously  w ith  PRG  recordings show ­
ed the  following (Fig. 4).

(i) The air con ten t of the  lungs 
increases during  the insp iratory  phase.

(ii) D uring the silent period th ere  
is no change in pu lm onary  a ir con­
ten t.

(iii) P u lm onary  air con ten t d im in ­
ishes quickly during the  phase o f 
g run ting . At the end of this period, 
the X -ray  pictures show a typ ical 
white lung.
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F ig . 2. P h o n o resp iro g ram  o f b a b y  w ith  R D S . G ru n tin g  ap p ears  a t  th e  end  o f  ex p ira tio n

F ig . 3. P hono resp irog ram , eh es t X -ray  an d  p ic tu re  o f th e  vocal chords, d u rin g  g ru n tin g . 
T h e  ch e s t X -ray  reveals good a e ra tio n  d u rin g  th e  in sp ira to ry  phase . A t th e  beg inn ing  o f 
e x p ira tio n , th e  la ry n x  is closed and  th e re  is h a rd ly  an y  change in  a e ra tio n . D u rin g  th e  

p e rio d  o f  g run ting , th e re  is a  rap id  decrease  in  ae ra tio n , th e  vocal chords a re  open

wv

G. 1. N. G.

F ig . 4. After the grunting period, breathing becomes weak and the sounds are no more
detectable
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F ig . 5. R esp ira tio n  w ithou t g ru n tin g . T he b re a th in g  sounds d im inish  as th e  d isease 
p rogresses a n d  th e  lung fields becom e w hite . T he m ovem en ts o f th e  vocal ch o rd s  are

irregu la r

E) PRG, glottis position and chest
X-ray daring respiration not accom­
panied by granting

Sim ultaneously  with P R G  reco rd ­
ings, laryngoscopy was carried  out 
during resp ira tion  not accom panied 
by grun ting . D uring insp iration  the 
g lottis is m axim ally open, while it is 
slightly  constric ted  during ex p ira tio n  
and  com pletely closed during  the  
silent phase following expira tion . Se­
rial X -ray  p ic tu res show nearly  equal 
am ounts o f a ir  in the insp irato ry  and  
exp ira to ry  phases. During th e  tachv- 
pnoeic phase the  air content g radually  
dim inishes to  disappear com pletely ; 
the X -rays th en  show a w hite lung 
p a tte rn . Following the nex t re sp ira ­
tions accom panied by grunting , a e ra ­
tion of the  lungs increases (Fig. 5).

D isc u ssio n

Irregu lar breathing in IR D S  results 
from  successive slower resp irations 
accom panied bv grunting an d  faster 
resp irations no t accom panied by 
gurn ting  [2, 4]. On in troducing a  tube 
into th e  trachea, breath ing  becam e re ­
gular, the frequency of resp ira tio n  rose, 
b u t gas-exchange deterio ra ted . These 
observations suggested th a t  a  reflex 
m echanism  functioning in IR D S  was 
elim inated  by  in tubation , a n d  this 
led to  the  death  of the in fan t. The 
reflex mechanism  is p robab ly  a  m odi­
fied H ering-B reuer reflex, adop ted  
to  the  neonata l period. T he Hering- 
B reuer reflex operates w hen in  a  cer­
ta in  phase of inspiration tran sp u l- 
m onary pressure increases, leading to 
the  re laxation  of resp ira to ry  muscles
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an d  th u s  the com m encem ent of expi­
ra tio n . According to  th e  p resen t find­
ings, in  IR D S the  re flex  is modified: 
it  closes the glottis d u rin g  expiration 
to  p rev en t collapse o f  th e  alveolar 
space.

P R G , laryngoscopy a n d  X -rays 
show ed th a t the reflex  mechanism, 
w hich results in th e  observed  specif­
ic b reath ing  p a tte rn  in  IR D S , p e r­
m its an  increased ae ra tio n  o f the lung 
a n d  thereby  enhances gas-exchange. 
T he sh o rt and forced insp ira tion  th a t 
follows grunting, th e  closed glottis 
a n d  re ta rd ed  in tra -a lv eo la r air all 
serve th e  purpose o f p rev en tin g  the 
collapse of the a lveo lar space. The 
re sp ira to ry  ra te  decreases during the 
g ru n tin g  periods, ow ing to  a  prolonga­
tio n  o f the ex p ira to ry  phase. The 
perio d  o f inspiration, as judged  from 
th e  P R G , is very sh o rt, tak ing  not 
m ore th a n  0.1 to  0.3 sec. The silent 
period , corresponding to  th e  closed 
g lo ttis , is com paratively  long, reach­
ing 1 sec. The d u ra tio n  o f grunting 
v aries between 0.1 a n d  1.20 sec, 
depending on the leng th  o f th e  preced­
ing inspiration. A fter a  deep inspira­
tio n , th e  greater am o u n t o f a ir results 
in  longer grunting, as dem onstrated  
b y  th e  X -ray findings.

T he irregularity  o f b reath ing  in 
IR D S  is due to the  fa c t th a t  respira­
tions accom panied b y  g run ting  are 
follow ed by a tach y p n o e ic  period. 
D u rin g  th is period th e  reflex  mecha­
nism  fails to  function  a n d  thus col­
lapse o f the alveolar space becomes 
pronounced. In  th e  absence of the 
re flex  mechanism gas-exchange and 
th e  new born’s cond ition  deteriorate

sim ilarly  as in the in tu b a ted  IR D S 
p a tie n t [2].

R ole and  function of the  reflex 
m echanism  follow from  L ap lace’s 
law concerning bubbles, and  are thus 
valid  fo r the  alveoli, too. According 
to  th is  law, the pressure ex e rted  on 
the  surface of the globe is d irected  
tow ards th e  centre. U nder th e  effect 
of surface tension, the globe occupies 
the  sm allest volume a t  which in te r­
nal p ressure and  surface tension 
are equa l. I f  the  in ternal pressure 
decreases, the  surface tension forces 
the  globe to  shrink b u t increases 
fu r th e r when the rad ius o f the 
globe decreases. The form ula is 

2 ST
P  =  --------, where P  =  th e  pressure

R
ex e rted  on the wall of th e  globe ; 
ST =  th e  surface tension m eas­
u red  a t  th e  gas-fluid interface; and 
R  =  th e  rad ius of the  globe.

T he alveoli m easure 40 /< in d iam ­
eter, th e ir  surface tension is 55 
dine/cm . The in ternal pressure d i­
m inishes tow ards the end of ex p ira­
tion, as th e  air leaves freely th rough  
the a lveo lar ducts. I t  follows th a t  
the  a lveo lar space is prone to  collapse, 
and  w ith o u t counter-action  it  will 
defin ite ly  do so.

T he new born’s firs t insp iration  oc­
curs a t  a  transpulm onary  pressure 
of 70 cm  H 20 . This high pressure 
ensures satisfacto ry  aeration  by  coun­
te rac tin g  the surface tension. The 
ind iv idual alveoli become ex tended , 
th e ir d iam eter increases. W ith  the 
increase o f the alveolar rad ius, su r­
face tension  decreases. In  the  absence 
of su rfac tan t, the new born is forced
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to  repeat the  g rea t task  of the inspi­
ra tion  through  several hours, as the  
increased surface tension causes the  
alveoli to  collapse during each ex p ira­
tion.

D uring expira tion , surface tension 
becomes again the  decisive facto r 
and  the alveolar space becomes d e fla t­
ed. The new born defends h im self 
against th is process by  au tom atically  
closing his g lo ttis  a fte r every insp ira­
tion. The closed glo ttis  prevents a l­
veolar collapse as th e  pressure of a ir  
re ta ined  in the resp ira to ry  trac t and  
the alveolar space are in equilibrium  
with the  surface tension. Before th e  
nex t inspiration, however, the g lottis 
opens and  th e  alveolar space 
collapses. W ith  the  aid of th e  
modified H ering-B reuer reflex, the  
new born a ttem p ts  to  m aintain  an  
increased resp ira to ry  tra c t pressure 
to  p rev en t collapse of the alveoli.

Sim ilarly to  the  reflex m echanism, 
the aim  o f artific ia l ven tila tion  is to  
achieve a  long-term  increase in respi-

B . B ü K Y , M. D.
Tűzoltó u. 7
H-1094 B udapest, H ungary

ra to ry  t r a c t  pressure. After loss o f the  
reflex  m echanism , when the  new born 
is no longer capable of exerting  the  
effo rt necessary for the resp ira tions 
accom panied by grunting, th e  d e ­
com pensated  phase of IR D S  sets in. 
Gas exchange a t this stage shows 
rap id  deterio ration  and  the  so-called 
w hite lung p a tte rn  appears on th e  X- 
ra y  p ic tu re .
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