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An apparent  difficulty with pulmonary prematnr i ty  as the basis of the 
respiratory distress syndrome (RDS) is the frequency of this condition in full-size 
infants (weighing more than 2500 g). This group represents up to 20 % of all fatal 
eases with hyaline membranes, but it includes many  infants that  are premature 
by gestational age although full-size. An example of this paradox is the overweight 
infant prematurely born to a diabetic mother. 

This s tudy a t tempts  to evaluate the chronologic matur i ty  of autopsied, full-size 
infants with hyaline membranes and to examine the clinical factors and asso- 
ciated pathologic findings in these eases. 

Methods 
The lung sections of liveborn infants weighing 2500 grams or more and surviving less than 

seven days during a 22 year period (1944--1965), Johns Hopkins Hospital (J.H.H.) and 
1954--1965, Sinai Hospital (S.H.)] were reviewed. In cases with hyaline membranes organ 
weights, crown-heel length, and the degree of renal and pulmonary development were used to 
estimate the stage of maturation. The presence of pneumonia, aspiration, pulmonary and 
central nervous system hemorrhage was tabulated. The clinical records provided information 
on the estimated gestational age, obstetrical course, birth weight, mode of delivery, and 
perinatM complications. The significant factors in the death of the infants were determined 
from the combined data. 

A probable gestational age was assigned to each case on the basis of organ weights, histologic 
maturity and the stated gestational age. The body and organ weights were compared to tables 
of normal growth and development (Gnv~W~D,  1963a, 1966). The state of histologic 
development was determined by comparison with that of groups of infants of known gestational 
age (weeks from the first day of the last menstrual period) and normal birth weight. In deter- 
mining the probable age, preference was given to the stated gestational age when it was known 
with certainty, if the differences from the other data were small. 

The cases with hyaline membranes in full-size infants were compared to the total number 
of autopsied cases in this weight group (autopsy/requeney). The incidence of this finding in 
liveborn infants was calculated for the two hospital populations using the total number of 
livebirths and neonatal deaths over 2500 g. 

Observations 
The detailed data in the 46 cases in this s tudy are listed in Table 1. A history 

of maternal  dianetes was present in three infants and a prediabetie state in a 
fourth. The latter are grouped together and are not considered further. 

* This study was supported by training grant 2--71--6M~415--06 of the National 
Institutes of Health (J.R.E.), the MacCallum Bequest to the Department of Pathology, 
Johns Hopkins University (F. L.) and research grant HD--00547--05 of the National In- 
stitute of Child Health and Human Development, National Institutes of Health (P.G.). 
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An estimated gestational age 
was available in 39 of the 42 in- 
fants of nondiabeties; it  ranged 
from 31 to 45 weeks and in 16 eases 
was 39 weeks or longer. The 
youngest probable age was 34 weeks, 
but  only 10 (24%) were judged to 
be 29 weeks or older. The cumula- 
t ive probable ages in these eases 
were compared to those of a control 
group of live-born infants weighing 
more than 2500 g (Fig. 1). The mean 
age in the s tudy was 36.5 weeks in 
contrast to 39.2 for the control 
group. In  the major i ty  of cases in 
which the est imated gestationM age 
was incompatible with the probable 
age, the difference was consistent 
with a four week interval. A diffe- 
rence of less than  four weeks was 
present only in cases in which the 
expected date of confinement was 
somewhat uncertain. The crown-heel 
length was in agreement with 
probable age, but  the normal range 
of this measurement was too great 
to be useful. In  eight infants the pro- 
bable age was considered four weeks 
less than the s tated gestationalage. 
The reverse was true in threcases. 

The bir th weight of the in- 
fants ranged from 2500 grams to 
3850 grams, excluding the infants 
of diabetic mothers ; more than one- 
third (16 of 42) weighed over 3 kilo- 
grams. The bir th weight was below 
the range of one s tandard deviation 
for gestational age (GRUENWALD, 
1966) in two eases, and above this 
range in four cases. 

The mMe to female ratio was 
33:9 (79% males). More than one- 
th i rd  of the cases were first-born 
infants, but  of the remaining cases, 
over one-half were born to mothers 
with a history of previous abortion 
or premature delivery. 
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Seventeen of the 42 infants (40%) were delivered by  cesarean section. In  
14 the probable age was 38 weeks or less, and in all but two moderate to severe 
fetal indications (detailed in Table 1) were present. Serious ante- or in t ra-par tum 
complications occurred in fifteen vaginally delivered infants, so that  fetal distress 
of varying degrees of severity was present in two-thirds of the cases (30 of 42). 

Fourteen of the 42 infants (33%) lived longer than 36 hours; but only one 
survived longer than three days. The earliest deaths were at four hours. Duration 
of life was related neither to birth weight nor to gestational age in the present 

I00 

60 ~ b/r//ls 

#0 

20 

' I I 

03~ 38 38 z/O #2+ 

Wee!<s of geslafion 
Fig.  1. Cumula t ive  gestat lonal  age of the  42 full-size infants  wi th  hyal ine  m e m b r a n e s  (broken line), and  of 
control group of l ive born infants  wi th  a b i r th  weig th  over  2500 g (solid line). The m e a n  gestat ional  age in the  cases 

wi th  hyal ine  m e m b r a n e s  is near ly  three weeks less than  the control group 

cases. Three-fourths of the total  cases had pathologic findings in addition to 
hyaline membranes, sufficiently severe to contribute to the death of approxima- 
tely one-half of the cases. Pneumonia was present in 23 infants, most of whom 
survived the first day of life. Pulmonary hemorrhage was noted in 18 cases and 
hemorrhage in the central nervous system in 15. 

The ten cases with a probable age of 39 weeks or longer (bold face, Table l) 
had histologically mature lungs and kidneys and were of heavier than average 
weight for this group but included the two infants of low birth weight for gesta- 
tional age; no other factors (length of survival, sex, history of obstetrical compli- 
cation, cesarean section, parity, pneumonia or hemorrhage) were sigificantly 
different from the infants of lower gestational age. 

The autopsy /requency and incidence per 1,000 live births over 2500 g are 
listed in Table 2. 

Table 2. Frequency and incidence o/ hyaline membranes in/ull-size in/ants 

Total  live b i r ths  Neonata l  Cases Cases wi th  F requency  Incidence 
over  2500 g deaths  Examined  hyal ine  in autopsies  per  1,000 

m e m b r a n e s  live b i r ths  

J.H.H. 54,320 * 316 334 ** 30 9.0 0.55 
(1944--1965) 
S.H. 35,700 * 133 126 16 12.7 0.45 
(1954--1965) 
Total 90,020 449 460 46 10,0 0.51 

* The numbers for 1964--1965 were extrapolated from the previous 5 years. 
** The number of autopsies exceeds that of deaths beta:use the former includes extramura.1 

births. 



264  J . R .  EsTv.~LY, F .  LA~GEOOER a n d  P .  G~VE~W~J~D: 

Fig, 2. Peripheral atelectasis a1~d hyaline membranes lining respiratory bronchioles are characteristic of I~DS in 
the premature lung. This 2525 g infant was delivered at 34 weeks by cesarean section because of abruptio placentae 

(Case No. 3). H and E • 166 

:Fig. 3. In  exaggerated atelectasis of prematurity the bronchioles are greatly distended; membranes are present 
in less distended bronchiales (not shown). This pattern of aeration is often present at a time when recovery from 

RDS is anticipated, as in this 3 day old infant (Case No. 20) H and E • 166 



H y a l i n e  M e m b r a n e s  i n  F u l l - S i z e  I n f a n t s  2 6 5  

:Fig. 4. Hyal ine  m e m b r a n e s  are scat tered among  respi ra tory  bronchioles and  alveoli in the lung of this 3459 g 
ful l - term infan t  (Case No. 37). The expansion of alveoli as well as the  d is t r ibut ion of m e m b r a n e s  is different  

f rom tha t  found in a p rematu re  infant  (Fig. 2). H and  E • 166 

:Fig. 5. Aspi ra ted  squames  and  Yernix are i l lustrated in a section of lung which also shows hyaline m e m b r a n e s  and  
pnemnonia  (Case No. 36). The aspira ted mater ia l  and  hyal ine m e m b r a n e s  are present  in ad jacen t  a i rways  and 

not  superimposed.  H and  E x 166 
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In  addition to hyaline membranes which were the basis for selection, conges- 
tion and ateleetasis were present in all eases. Only trace amounts of pulmonary 
edema were seen. Because alvealor stability is independent of both the number 
of membranes and their thickness, eases with any membrane formation were 
included in the study. Ateleetasis of prematuri ty,  characterized by  distended 
respiratory bronchioles and collapsed peripheral airways, reflects the ease with 
which bronehioles expand, and the high opening pressure of alveoli in the prema- 
ture lung. The gestationM age in these eases is typically less than  37 weeks, and 
the membranes are seen lining the distended bronehioles (Fig. 2). 

A histologie variant,  an exaggerated form of ateleetasis of prematuri ty,  was 
present in nine eases. The appearance is tha t  of respiratory bronehioles excessively 
distended by  air with greatly at tenuated membranes and collapsed proximal 
bronehioles in addition to distal air spaces (Fig. 3). The degree of air trapping 
suggests compression of surrounding tissue with mechanical interference with 
ventilation at a t ime when recovery of pulmonary stability might be expected 
(age range in the present series: 16 hrs. to 6 days). Other causes of death were 
often lacking in these eases. 

The mature lung no longer demonstrates ateleetasis of prematur i ty  (after 
36--37 weeks), and in the 10 cases in which hyaline membranes occurred in mature 
lungs, they were distributed in alveoli as well as bronehioles (Fig. 4). Aspirated 
vernix in true membrane form was not identified in this material. When aspiration 
was present it was noted adjacent to, but  not superimposed on areas with hyaline 
membranes (Fig. 5). 

Comment 
Numerous authors have included data on hyaline membranes in full-size 

infants in their observations on the respiratory distress syndrome. Studies includ- 
ing findings among 40 or more infants with hyaline membranes are listed in 
Table 3. Diverse geographic populations representing varying proportions of 
low birth weight infants are including among these and in other, smaller studies 
with similar findings (SrvA~SA~, C~ANG ; ROSAU~ and SI~ANAKVL; YOU~AZAI). 
Several of these reports contain the data necessary for calculating the autopsy 
frequency of hyaline membranes in full-size infants (percentage of total  autopsied 
infants weighing over 2500 g) and four list the incidence per 1,000 live births 
over 2500 g. 

We have not examined cases with a birth weight of less than 2500 g. However, 
an approximate comparison with the total  number  of cases may  be made using the 
data of AvnRY and OPPn~H~IM~R for premature infants in the same population for 
a 10-year period (J. H. H. 1944--1948, 1954--1958). Excluding outside births, 
14 full-size eases died during the same 10 years, and represent 16% of the total  
autopsied cases with hyaline membranes in tha t  interval. Because the criteria of 
hyaline membranes disease in the s tudy of low birth weight infants (AveRY and 
OPPENhEIMeR) excluded cases with minimal membranes, the resulting proportion 
is somewhat high. Nevertheless this percentage, the autopsy frequency, and inci- 
deuce per 1,000 livebirths are comparable to the findings in other studies (Table 3) 

Three recent reports have considered the gestational age of full-size mature 
infants with RDS. In  a large clinical s tudy of cesarean section, USHER et al., found 
tha t  none of 24 affected infants weighing more than 2500 g had reached a gesta- 
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Table 3. Hyaline membranes in/ull-size in]ants compared to all cases with hyaline membranes 
and total number o] autopsied and o[ liveborn /ull-size in[ants 

Author  Total  cases ltN[ in cases over 2500 g 
wi th  hyaline 
membranes Number  Per  cent of Autopsy Incidence per 

all cases with frequency 1,000 live 
HM bir ths  

CLAIR~AUX 108 22 20 
HAI~NAES and TORP 56 13 23 
LATHAM et al. 124 26 21 17 1.2 
GAVALLEI~ 344 74 22 
BRAVN 63 7 11 
A~VE~AI~r 173 40 23 
Co~I~Zq et al. 73 15 21 18 0.7 
SIVA~CESAN 125 4 3 9.8 
CJaCA~G 44~ 3 7 13 0.3 
I)l~ISCOLs and $5IIW~ 162 14 9 47 
:BUTLER and BONtIAM 117 17 13 5.2 0.3 
SHANKLIN 143 7 5 
HIRSen~IA~rN 112 4 4 
STOWENS 150 11 7 
Present study 46 16 * 10 0.5 

* For 10 years (J.H.H.), see text. 

t iona l  age of 270 days ,  and  t h a t  only  one of 24 vag ina l ly  de l ivered  infants  in  the  
same weight  group with  R D S  was bo rn  af ter  38 weeks (in a combined  t o t a l  of 
13,303 live bir ths) .  I n  a s imilar  number  of fu l l - te rm deliveries,  LAIJWEI~u et al., 
r epo r t ed  five cases older  t h a n  38 weeks wi th  hya l ine  membranes  at  au topsy .  D u x ~  
found  no infants  wi th  R D S  t h a t  were over  bo th  2500 g in weight  and  37 weeks 
ges ta t ion  (in 2051 l ive bir ths) .  Ten cases in our s t u d y  had  a ges ta t iona l  age over  
38 weeks, and  these occurred in abou t  70,000 live b i r ths  of comparab le  weight  
and  age. 

F r o m  the  d a t a  avai lab le  in th is  s tudy ,  i t  is possible to  es t imate  the  haza rd  of 
f a t a l  R D S  in the  full-size, ges ta t iona l ly  m a t u r e  in fan t  b y  ad jus t ing  for the  pro- 
po r t ion  of del iveries  af ter  39 weeks or longer  in b i r ths  over  2500 g. This " a d j u s t e d  
inc idence"  is in  the  range  of 0.1/1000 fu l l - te rm live b i r ths  over  2500 g and  is 
u n c o m m o n  b y  a n y  s t andard .  

Accura t e  de t e rmina t i on  of ges ta t iona l  age is essent ial  in this  t y p e  of s tudy.  
Our cr i ter ia  have  been based  on the  cl inical ly e s t ima ted  ges ta t iona l  age when i t  
was compat ib le  wi th  body  and  organ weights  and  the  degree of renal  and  pul- 
m o n a r y  ma tu r i t y .  F o r  weight  s t anda rds  we have  used values  wi th in  one s t a n d a r d  
dev ia t ion  of the  mean  for infants  of known ges ta t iona l  age. S imi la r ly  histologie 
deve lopmen t  was compared  to  t h a t  of infants  of no rma l  b i r th  weight  and  known 
ges ta t iona l  age. I t  m a y  be argued t h a t  the  p a t t e r n  of ae ra t ion  in the  lung of a 
p r e m a t u r e  infant  surviving for several  days  m a y  appea r  ma tu re  (G~uENWALD, 
1963b). The diagnosis  of m a t u r i t y  in th is  s tudy ,  however ,  was usua l ly  conf i rmed 
b y  the  presence of hya l ine  membranes  in a lveol i  which is inconsis tent  wi th  peri-  
phera l  a te lectas is  in the  immed ia t e  pos t -na t a l  per iod  when the  membranes  are 
forming.  I t  is therefore  un l ike ly  t h a t  the  lung of a p r ema tu re  infant  recover ing 
f rom R D S  would  be confused with  t h a t  of a fu l l - te rm infant  wi th  hya l ine  
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membranes. Nevertheless, little is known about histologic changes in the late 
neonatal period; because of this and the possibility of hyaline membranes 
occurring in response to factors other than idiopathic respiratory distress, cases 
over seven days of age were excluded. 

The ten full-term infants in this series could not be differentiated from the 
remainder on the basis of the clinical factors investigated, but several findings 
for full-size infants were in contrast to those noted for RDS in premature infants. 
The length of survival among full-size infants was related to neither birth weight 
nor gestational age, but the mean duration was longer than  that  reported for 
infants of low birth weight (LATHAM et al., COHEN et al. ; SHANKLIN) and con- 
firms ]~Om~RTSO~'S observation for full-size infants. Hyaline membranes are not 
present in the first hours of life and histologic examination alone does not identify 
all cases of RDS because death may  occur before membrane formation (GRuEN- 
WALD, 1964). Histologic diagnosis in full-size infants, however, is likely to be 
more complete because of longer survival. 

The incidence of I~DS is higher in infants delivered by cesarean section, but  
opinion is divided on the relationship between these factors. STRANGet al. were 
among the first to emphasize tha t  the indication for section was more important  
than  the mode of delivery. USHE~ et al. have concluded, however, tha t  the hazard 
lies in prematuri ty.  Elective sections are usually performed near term, while 
"emergency" indications frequently arise earlier in pregnancy; according to 
USH]~R et al. the risk to the fetus after 38 weeks gestation irrespective of indica- 
tion is nil. Delivery by cesarean section was 15 times more common for cases in 
this s tudy than for live births of equivalent weight. Serious indications were 
present in most instances, but 14 of the 17 infants were of a gestational age of 
38 weeks or less. Hence the present findings are consistent with either viewpoint, 
but  the number  of cases is too small to separate contributing factors. 

The proportion of males in this series is striking, and larger than that  found 
in RDS a's a whole (SHA~KLIN; ROBERTSO~; SCRUBEL). SRA~KH~ observed tha t  
the degree of male predominance rises with birth weight, and our finding suggests 
tha t  this observation extends to infants over 2500 g. While there is no known 
explanation for this sex difference, it is an additional example of " the greater 
susceptibility to disease and to early mortal i ty  of the human male" (CHILDS et al.). 

Summary 
The respiratory distress syndrome, manifested by hyaline membranes at 

autopsy, was found in 42 full-size infants, and four additional full-size infants of 
diabetic mothers among 460 neonatal autopsies, and approximately 90,000 births. 
The mean gestational age was 36.5 weeks and the cases were predominantly 
males. Ante- or intrapartum complications were present in threefourths of the 
cases and death was attributable to factors in addition to hyaline membranes in 
over one-hMf of the total. Forty per cent were delivered by cesarean section, most 
for serious indications, but the gestational age in the majority was less than 
38 weeks. 

The findings in ten cases with a gestational age of 39 weeks or longer did not 
differ from the remainder. Hyaline membranes are uncommon in full-size infants 
when compared to the total number of live births, especially if corrected for full- 
term gestation (about 0.1/1000). 
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Hyaline Membranen bei Neugeborenen 
Zusammenhssung 

Hyal ine  Membranen ,  als pa tho-morpholog isehes  Subs t r a t  des Membran-  
syndroms  der  Neugeborenen  ( " re sp i r a to ry  dis t ress  syndrome")  sind un te r  460 ob- 
duz ie r ten  Neugeborenen  be i  42 fiber 2500 g sehweren Neugeborenen  nnd  bei  
vier  K i n d e r n  d iabe t i seher  Mti t ter  nachgewiesen worden.  Dieses Unte r suehungsgu t  
bezieht  sieh auf eine Gebur tenzah l  yon anni~hernd 90000. 

Das m/~nnliche Geschlecht  f iberwiegt  mi t  79 %. Die durchschni t t l i che  Schwan- 
gerschaf t sdaner  bei  den Neugeborenen  mi t  hya l inen  Membranen  be t r~gt  36,5 Wo- 
chen. Drei  Viertel  der  Fgl le  verzeichnen Kompl ika t ionen ,  die vor  oder  wghrend  
der  Gebnr t  aufge t re ten  sind;  mehr  als die H/~lfte is t  daher  mi t  wei teren funkt ionel!  
bedeu t samen  pa thologischen  Befnnden  behaf te t .  

Ka i s e r s chn i t t en tb indung  l iegt  in 40 % vor  mi t  einer  durchschni t t l i chen  Schwan- 
gerschaf t sdaner  yon weniger  als 38 Woehen.  Die Befnnde an  10 Neugeborenen  
mi t  einer Schwangerschaf t sdauer  yon  39 Wochen  oder  l/~nger un te rsche iden  sich 
k a n m  yon  den  fibrigen. Die t t /s  der  hya l inen  ~ e m b r a n e n  bei  normalen  
Gewichten  a n d  t e rmingerech t  geborenen K i n d e r n  er reehnet  sich auf 0,1/1000. 
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