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Much renewed interest has arisen in the recent literature
regarding the high incidence of mortality in infants, especially of
those in the newborn periocd. Prematurity is by far the most impert-
ant cause of death in $his early period of life, but too often,
thie diagnosis is made merely because of inability to ascribe a
more specific process resulting in death, Causes of neonatal death
are obecure, Dunham, in 1948 said, YEven if clinical and postmortem
examinations,..on prematures...are made carefully, there will still
be a large proportion of cases in which no specific cause of death
is determined", (23) Data in her book show that prematurity alone
was the chief cause of death found in 121 autopsies out of 348 done
on prematures by Edith Potter at the Chicago Lying-In Hospital,
Approximately 5-6% of all infants born alive weigh less than 2500
gns,, (ie) are premature, and more than 50% of infants who die with-
in one month of birth are in this group. (54) 1In another study,
made in 1951, nearly ome-half (46%#) of neonatal mortality is ascribed
to prematurity, and the incidence of premature live births in the
U. S, is 7-114, (58) Thie incidence is slightly higher than that
previouwsly reported by Potter, In 35% of these cases, it was said,
a cause of death could not be determined, Another observation, from
1941 to 1950, at the Evanston Hospital, reported that prematurity
accounted for 54% of the deaths in their series. (80) At the
Southern Baptist Hospital in New Orleans, of 266 infant deaths, 134
were neonatal, 56% of these deaths were ascribed to prematurity, (19)

At the University of Nebraeka Hospitafﬁ from 1940 to 1980, prématurs









between 1000 and 2000 gms, according to msterial studied by Miller
and Jennison at the University of Eansas, (45) Helen Reardon (58),
in 1951, gave three ixplanations for the respiratory failure of pres
mature infants who are free from infectien or congenital anomalies,
These include:
#(1) Injury essociated with trauma of birth to centers re-
sponsible for the nervous control of respiration,
(2) 1Ineffective action of feeble respiratory muscles...
(3) The state usually diagnosed as 'atelectasis' when
either the lung is (2) not capable of expansion, or
(b) anatomically perfect and expansible, but not ex-
panded for some physiological reason,"
Tucker, from Chieago, in Sept. 19858,
pulmonary ventilation includes deaths, exclusive of those fromanoxia,
where no specific pathology was present outside the lung, (78)
This is a very interesting statement, and readily applicable to an
entity found in newborn lungs causing abnormal pulmonary ventilation
with which I shall deal in this peper, for, often times, an erroneous
diagnosis for the cause of death is made when no pathology is found
outside the lungs, and the term 'atelectasis! is written on the
death certificate,
Abnormal pulmonary ventilation cap, itself, be broken
down into a numbér of condit ons related not omnly to lung patholegy,
but to heart and brai: pathology as well, such as anoxia of the

regpiratory center, This paper is not concerned with these conditions



although, it will be necessary to discuss anoxia and respiration
of the fetus, both intra—- and extrauterine, Of those entities
found in the lung, the terms 'atelectasis'and 'asphyxia! are
loosely used, Atelectasis, whether primery or secondary is freqg-
uently encountered in prematures and is the most important
of death among them,

Of the pulmorpary abnormalities found
atelectasis of the npwborkl, the most striking is the presence of a
hyaline membrane., It has chused widespread discuseion and con-
troversy among pathologists, pediatricians and odstetricians alike,
Much has appeared in the literature, and numerous studies have been
made in the past fifty years concerning this condition, its relation
to fetal and neonatal mortality, and its pathogenesis, in an attempt
to reduce the incidence of the disproportionately high occurrence
of abnormal pulmonary ventilation in an altogether too great a neo~
natal death rate, This subject is obviouely an important one
such membranes are the single , most constant finding to which the
death of premature infants are attribduted," (59) 1In 1952, Potter
estimated that annually, 10,000 to 20,000 premature infants whe»
die within the first two weeks of life have a hyaline like lining in
their lungs, (55) This striking figure is obviously cause for
concern,

Considerable confusion and disagreement has existed con-
cerning the incidence, etiology, pathology and treatment of this

condition, Because of its importance in reducing neonatal death,



and because of the controversial nature of the subject, a review
of the literature concerning the pulmorary hyalire-like membranes
in newborn infants was made, with special reference to its patho=
Zenesis, Since the presence of such a membrane, and possibly its
etiology is presently thought by some to be closely associated with
the presence or abscence of intrauterine respiration, it is deemed
necessary also to carry on a discussion of such respirations,
Various names have appéared in the literature, all of
which are related to the same entity, which, in thie paper, I shall
refer to as the pulmonary hyaline membrane of the newborn, Titles
of some of these articles related to this subject depiet either the
type of membrane, the pathologiecal process undergone as a result of
the membrane, or, in the authors opinion, the etiology of the mem~
brane, These synonyms includey Aspiration of Amniotic Fluid;
Aspiration Pneumonia: Congenital Aspirational Pneumonia; Asphyxia
Membrane; Hyaline Membrane; Vernix Membrane; Eosinophilic Membrane:
Necrotic or Exudative Membrane; Resorptive Atelectasis; Congenital
Alveolar Dysplasia; Desquamative Anaerosis; Oxygen Poisoning,
Regardleas of the name applied to the phemowenon,
certain features braught out by each advocate are in common, The
clinieal findings of these newborns found to be dying with atelecs
tasis and the presence of the pulmonary hyaline membrane are
characteristic, Certain predisposing factors seem to be present,
It occurs much more frequently in viable premature infants (1,000

to 2,500 gms,) ard less in full terms,over 2,500 gms, Reports on

percentages of viable prematures found with the membrane rage from

about 6% reported by Miller & Jennison (45) to 100% reported by
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Respirations, and other activies, continue normally
for an hour or two following delivery, but after this short peried,
breathing becomes difficult, There is increasing dyspnea and
cyanosis which becomes progressively worse, If placed in oxygen,
the baby may breath normally for awhile, but soon becomes cyanotic
again and respirations become shzallow. The sternum and lower ribs
may be retracted from respiratory effort., Death frequently occurs
in 24 hours followiig delivery, but may be prolonged to four or five
days, Cause of the death is abnormal pulmonary ventilation as a
result of atelectasis and a hyaline membrane lining alveoli and
alveolar ducts, acting as a barrier to gaseous exchange between
alveoll and capillaries., X-ray findings are usually of progressive
atelectasis with areas of emphysema., Cardiac dilatation may be
present,

The following is a typical case report taken from the
files of J. R, Schenken (67) at the Nebraska Methodist Hospital:

Ful}l term W.M,, one day old. Normel, spontaneous

delivery with somewhat difficult resuscitation. Appear-

ed normal after short period of cyanosis. Cyanosis

again appeared several hours later. It was easily
correctéd, and remained so except when placed in
oxygen,

Physical Examination: No evidence of cyanosis while in
oxygen, Fontanels 2 x 2 cms, -~ no bulging or depression,
No murmurs, Lungs clear, No other findings,
Laboratéry Works Hgbe. 17 gms. R.B.C. 5.07, W.B,C.
24,100, Segs, 37, Staffs 39, Lymphs 21, Monos. 3.
X~rays: Cardiac dilatation, chiefly right ventricle,
Increased expansion of right upper lobe of lung., Small
lobular areas of density in the lungs, indicating neo~
natal atelectasis,

Course: Downhill, Respirations grunting, Difficulty
swallowing, Death 48 hrs, followirig birth,
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Pathology

Pathologically, the picture is again characteristic,
E. L. Potter, (57) has described the gross appearance of the lungs
as being a uniform dark red-purple color, of the consistency of
liver, This is the appearance of an atelectatic lung, but aregs
of emphysema are also seen, She said the aletectasis is more
complete, and the hyhline material greater in amount in those
infants who die in the first few postnatal hours. Microscopically,
there are areas of collapsed alveoli, giving a solid, atelectatic
appearance, Other areas have dilated alveoli lined by irregular
layers of a dense, homogeneous, granular, eosinoptiilic staining
material, Desquamated squamous epithelial cellsare oftentimes
found imbedded in th s hyaline~like membrane, Rosenthal, (61)
said, "The most reliable and constant evidence of aspiration of
amniotic sac contents was the presence of desquamated epithelial
cells", Lanugo hairs and meconium may also be present.,

Histochemically, much remains to be done before
conelusions can be drawn regarding the material comprising the
memorane, The emact nature of the chemical compoéition is not
fully understood. Many investigators have based their opinion
concerning the pathogenesis on the fagt that the membrane con-
tained fat which could be stained with Sudan III, Hence, they
arrived at the theory of a 'vernix membrane! resulting from the
aspiration of vernix caseosa, Since fat stains have not been

positive in every case, considerable suspicion has been cast on
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the vernix theory. Johnsom, (33) in 1925, noted that staining
showed the membrane to be loaded with fat droplets, Farber &
Sweet (26), in 1931, recognized fat droplets of various sizes
dispersed in the membrane, They said it represented vernix,
Miller & Hamilton (44), however, say that fat is derived from
the fetal circulation as a result of injury to the capillary
bed of the lungs, Rosenthal (61) attributes the fat droplets
the accumulation of cellular debris, Dick & Pund (22) have re-
ported that some membranes take a fat stain while others contain
little or no lipid, Arey (5) objects to the vernix theory because
of equivocal results obtained in sections for fat, OClaireaux (18)
found that often, but not always, neonatal fat is present, All
authors agree that no fibrin is present, Several men have said
that chemical elements found to be negative by various methods
include: iron, mucin, elastic tissue, serum proteins, red blood
cells, and bronchial epithelial cells, Polysaccharides, however,
are reported as beirfig present, (76) Potter (59) has found protsin
(tyrosine and arginine) to be present,
Association With Pneumonia

A few words must be said about the association of the
hyaline membrane with pneumpnia in the newborm, whether or not
such an association exists. Certain of the earlier investigators
said an association does exist., Johnson (33) described the
hyaline membrane as ¥pneumonia in the newborn with lesfons re-

semdling influenza', Helwig (Z1) reported all stagss of pnsumonic
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consolidation were observed in microscopic sections of lungs
containing large amounts of amniotic fluid. Agnes MacGregor (38),
in 1939, in a pathological examination of 541 ncropsies of infants,
found that 177 of them showed inflammatory changee in the lung with
aspiration of amniotic sac contents, Some foreign authors as

Hook & Katz, and Steinharter (76) also emphasize the association,
Mitchell & Nelson (46), in their Textbook of Pediatrics, have a
section on Aspiration Pneumonia in which they say it may result
from the sspiration of amniotic fluid., In some instances, they
describe the formation of a membrane, More recent investigations,
however, de~emphasize the association of pneumonia in the newborn
with the formation of a membrane, at least, in so far as the
etiology is concerned. In a report by Schneider & Sellers (69),
8.4% of the autopsies in their series showed evidence of pneumonia,
They said it develops in the fetal lung during intrauterine fetal
life as the result of aspiration of infected amniotic fluid, Others
as Blystad, landing & Smith (13), Schenken (68) and Potter (56),
stated that inflammation usually is evident if symptoms persist
more than 48 hours, Delee (29), in his Textbook of Obstetrics,
also said that if the infant with a hyaline membrane lives longer
than 48 hours, a leukocytic infiltration may occur and an infectious
process may be superimposed. Potter (56) stated she has never seen
an uncomplicated case of 'resorption atelectasis! in infants
surviving 48 hours. Death subsequent to this is caused by super-

imposed pneumonia, Schenkem's spries (68) of 35 cases having
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hyaline membrane, also showed evidenc e of pneumonia in sy of these,
However, the duratiom of life with no pneumonia was2I hours, ihile
those infants with superimpesed pneumonia lived 36 hours, (Ave,)
It evidently, *required the addition of pneumonitis to caunse death,®
Complications of Pregnancy

Some controversy isalso found in the literature con
cerning the reladionship of the complications of pregnancy and
labor with the findiag of a hyaline membrane in the newborn lung,
Helwig (31) said the incidence of hyaline membrane is higher when
there are complications of pregnancy. MacGregor (40) said the
liquor amnii is inhaled because the fetus is asphyxiated in utero,
Russ & Strong (64) have shown in their series that Cesarian section,
for whatever complication of pregmnancy, has relatively increased
the incidence of hyaline membrane, Iabate (36), and others, said
the aspiration of large quantities of amniotic fluid occurs as the
result of fetal intrauterine anoxia, Schenken (68) showed the
second of twins is more likely to aspirate amniotic fluid, Miller
(45) suggested the pulmonary lesi@n might be related to deficiencies
in protein of the maternal diet, though he did not stree this
aspect. In the series of Pregillus (77), in 9 of the 35 cases of
hyaline membrane, there were complications of pregnancy, "which
might have caused anoxia to the fetus. Blystad, Landing & Smith (I3)
said that Cesarian section, fetal distress and placenta praevia

accounted for 43% of cases of membrane formation compared with 8%
who did not have complications. Baty (9), in 1952, showed that
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maternal diabetes increased the incidence of respiratory complica~
tions in the newborn., In a detailed report by Clairesux (18), of

22 infante having hyaline membrane and delivered by Cesarian section,
complications of pregnancy were present in all but one. Thirteen
had pre-eclampsia, three had placenta praevia, three diabetes, and
two had ante~partum hemorrhege.

No correlation concerning the incidence of membrane
formation could be made by Potter (54) in relation to any part-~
icular type of delivery except for its higher incidence following
Cesarian section, She said that it may be found follewing any
type of delivery. She further said there is no relationship to
maternal complications, type or degree of anaesthesia, time of
rupture of membranes, or to any other knawn condition,

Work by Bruns & Shields (16) confirm reports by Miller
& Jennison (45) that parity, age, race, serology, Bh factor, an—
algesia, anaesthesia, maternal and obstetrical complications, or
type of deliveryYbean any direct relationship to the formation of the
hyaline membrane, "One-third of the mothers delivered prematnrely
without apparent cause, while maternal complications which pre-
dispose to or are associated with prematurity occurred in two-
thirds of the cases.” Most recent authors emphasize the fact of
increased incidenee of the membrane formation following
Cesarian section. Contrary to those delivered vaginally, the

majority of these are full term infants. No plsnsible theory hss

been advanced to give reason tothese findings., Potter (57)
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recently pointed out an associated finding in death following
Cesarian section, Th s is the observance of meningea) edema and
an increase in sub=srachnoid fluid which were prevalent along with
the hyaline membrane,
Pathogenesis

The biggest diversity of epinion concerning the puls
monary hyaline membrane of the newborn is still centered around
the pathogenesis, In reviewing the literature, this aspect was
found to be most interesting, and for this reason, as well as, in
an attempt to afford the reader a knowledge of the work which has
bden done on this subject, I will present in chromological order
the thoughts of various investigatore whé have attempted to derive
an etiology for this rather mysterious phenomenon, As was tabulat~
ed previously, the terminology of the subject is somewhat confusing,
and various names have been applied to what apparently is the same
8ntity, indicating the diversity of opinion concerning the patho-
genegsis of the membrane, The literature goes back 2 half century,
hut it has only been n the past ten years that renewed interest has
been taken in the subjfect, Table I is a brief composite of the in=-
cidence of hyaline membranosis, as well as each authors theory of
etiology which I found reported in the literature, It is seen that
of 6,659 autopsies dore on newborn infants, 892 cases of hyaline
membranoslis are reported, Of those reported, 3,133 were livebern
infants, of which a membrane was demonstrable in 619, From these
figures, it is seen that 19,7% of liveborn infants have a hyaline

membrane,
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It is impoesidble to draw any specific conclusions from
these figures because of several variable factors not reported by
each author, such as the total number of cases studied, whether or
not the autopsies include stillborns, and the viability of the
infants,

A Gersen pathologist, Hoccheim, in 1903, first report-
ed seeing a peculiar membrane in two newborn infants, The term
'myelin! wae applied to the substance which he saw in the lungs,
and he believed it wes formed from desquamating cells of the
alveolar epithelium, (76)

An interesting sidelight is that in 1919, Goodpasture
believed a pulmonary hyaline membrane to be peculiar ot the in-
flammatory reaction of influenza, The etiological factor pres
dominating in this condition, (as well as inhalation of war gases
producing a similar lesion) was thought to be exposure to some
agent exerting a strong irritative and destructive on the walls
of the air passages, (32)

In 1923, Johnson (32) reported four cases at the Sloan
Hospital, New York, in which he found lesions resembling influenga
in these newborns, All were premature and had the hyaline membrane
with no other findings, There were no maternal complications, but
one was delivered by Cesarian section, He said that it was produe-
ed by condensation of a granular precipitate, probably derived from
an inflammatory edema, but possibly also from the aspiration of

some irritative substance either during labor or birth,
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. Two years later, a report was given by Johnson &
Meyer (53) on their investigations of 500 autopsies at the Sloan
Hospital in which they found 8 cases of pneumonia associated with
a hyaline membrane, They gave the probability that the coating
of walls of smaller air passages with a layer of viscous material
wes deriied-from aspirated epidermal cells and fat of vernix
caseosa, Asphyxia and atelectasis results when the air passages
become choked by this material,

In 1928, Hook & Katz, from Germany, reported one case
of hyaline membrane found in 7?3 autopsies, They regarded it as
aspiration of amniotic sac contents and resultant irritation, (76)

Farber & Sweet, in 1931, (26) said the term *hyalipe
menmbrane! is a misnomer, as the membrane is formed of vernix, Hence,
they gave the name 'vernix membrane! to the entity. Tbey studied
124 unselected cases of neonatal death oecurring in fivé-veeko or
less and found that 18 had aspirated large quantities of vernix and
epithelial cells, a number of which also had evidence of membrane
formation, They also believed the aspiration of vernix is pree~
cipitated by intrauterine asphyxia, and state, "the greater and more
prolonged the intrauterine asphyxia,..the l#rger is the sige, and
the greater the number of membranes in the lung",

A year later, Farber & Wilson (25, 27, 83) said the
bulk of the membrane is composed of vernix caseosa, but there is
no evidence of necrosis in association with it, They consider the

masses of eosin staining material found free in alveolar spaces

19,



in the newborns as e2rly stages in the formation of the membrane
before ii hae been dispersed toward the periphery and ultimately
applied closely to the alveolar wall in membrane formation,

In 1933, Helwig (31) reported on 159 necropsies at
8t, Lukes Hospital in Kansas City, Missouri, He found the frequent
occurrence 6! amniotic sac contents in palmonary alveoli of new-
borns and reported two cases of membrane formation, He described
all stages of pneumonic consolidatiog but did not get the impression
that the aspirated fluild acted as an irritant t6 the alveolar lining.
According to his report, "in some cases, birth trauma might bgve
been a factor in producing brain hemorrhage which in turn could
then, by pressure on the respiratory center, stimulate premature
respiratory efforts with resultant filling of the lungs with amn-
iotic fluid, This theory is not plausible in the majority of cases
since no other pathology can be found,

Rosenthal (61), in 1935, afforded a new term to the
phenomena - 'desquamative anaerosis', This author found that the
menbrane was not present with pneumonia, but was usually associat-
ed with marked fatty and granular degeneration and desquamation of
bronchial epithelial cells, The term he uses is descriptive of
pulmonary lesions in asphyxia in which large amounts of desquamated
bronchial epithelial cells are found lining the small bronchioles
and alveolar ducts, Thirty~one cases also hadra pink staining
membrane, In these cases, there is intense congestion and edema

of the submucosa with cloudy swelling and fatty degeneration and
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even detachment of bronchial epithelial cells,

| In 1937, another German, Bteinharter, reported on two
case hlstories of the hyaline membrane, He said it was due to asp-—
iration of amniotic sac contents with subsequent dispersion to
alveolar walls, (76)

Benner (12), in 1940, tried to correlate infection in
sinuses and middle ear with lung infection, He concluded that
aspirated vernix appeared to have been forced against the alveolar
walls where it lies as a barrier to gaseous exchange,

Ahlstrom, also a German, 1n 1942, described £ cases of
hyaline membranosis in 27 autopsies, and thought it resulted from
the aspiration of amniotic fluid with resultant condensation in
the re#piratory passages, (76) |

In the Edinburgh Medical Journal, in 1943, MaeGregor
(39) reported on "the remarkable effect produced when inhaled
liqu;r amnii contains any large amount of vernix¥, In the bronchi
and alveoli are masses of structureless, acidophilic material,
which, when air enters, is spread out and plastered upon the walls
of the air spaces as a membrane, acting as an obstuction to the
passage of air, Thias she terms a 'vernix membrane'!,

A great deal more work has been done on this subject
from the year 1946 to the present time than had been done in all
the years previous to that., Among the most noteable and outstand«
ing papers in this group are those of Russ & Strong, Arey & Dent,

Labate, Schenken, Miller, Hamilton & Jennison, Bruns & Shields,
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Blystad and colleagues, Tregillus, Claireaux, and Edith Potter of
Ghicago; Although there is great diversity of opinion among them
concerning the pathogenesis, they have done much toward arousing
new interest in the entity, and impressing on the medical profession
the notoriety of the peculiar phenomenon,

As will be emphasiged later, a lignificantlylhigh
percentage of babies exhibiting this membrane have been delivered
by Cesarian section, In 1946, Russ & Strong (62, 63, 64) dealt a
great deal with the problem of infant deaths following g::arian
section, Of 12 deaths following Cesarian section, 9 were found to
have died from what he terms taspiration pneumonia'! (ie) pneumonia
due to the aspiration of amniotic fluid containing lanugo, bloed,
meconium and other detritus, He found ihat the average Cesarian
bady will not bdbreathe within 30 seconds, and suggested that routine
intratracheal catheterization be dohe, About 3.7 cc. of a thick
mucoid material can be aspirated, whereas in those babies delivered
through the normal birth channel, only 1,2 cc, is found, In their
large series, death rate following Cesarian section after which
intratracheal catheterization had been done was 2%, This incidence
was 9~10% in the group on which the procedure had not been done,

Arey (2), in 1947, described four cases of asphyxia in
22 premature deaths to which he ascribded a pink staining membrane
lining the alveoli, He called it an Tasphyxial membrane! due to
aspiration of large amounts of amniotic sac contents as a result

of fetal asphyxia, A later series by Arey (3), in 1949, reported

22,



a series of 50 autopsies in which 8 cases of hyaline membrane
were fouﬁd.

Also in 1947, there were two proponents of the
term 'hyaline membrane', lLabate (36) at the Bellevus Hospital
in New York admitted the etiolegy of the condition was unknewn,
but said it may represent a late effect of intrauterine aspiration
of amniotic fluid, The fluid is absorded following birth and the
solid elements of the amniotic fluid remain and become altered to
form a hyalinized gummy substance, J. R, Schenken (66, 67, 68),
at Nebraska Methodidét Hospital says the basic pathology is aep=
iration of amniotic fluid following which a membrane is formed
when extrauterine respiration is established and air enters the
lung, He also calls it a 'Hyaline membfane'.

Ahvenainen (76) had written extensively on this sub-
Ject in 1947 and 1948, reporting on a series of 108 autopsies of
which 42 cases of hyaline membrane were seen, He was of the opinion
thet it resulted from aspiration of amniotic fluid and desguamation
of alveolar cells, According to him, it "had no specific relation
to an inflammatien, but was a consequence of interstitial emphysema
and pneumothorax”,

In a series of articles in 1947 and 1948, McMahon (41, 42)
offered an interesting theory in 3 case histories in which he found
an eosinophilic material varying from hyaline to granular, He
suggested a morphologic anomaly in the lungs of newborn infants and

ealled it a 'diffuse congenital alveolar dysplasia'!, He further
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suggested it represents a retardation and disturbance in the normal
develop&ment of the lungs in which there were, "too few alveoli and
too much interstitial tissue", It is commonly associated with atel-
ectasis and gives a pathological and clinical picture very similar
to that described by other authors as 'hyaline membrane!,

In 1948, Zuelzer (87), although presenting no cases,
offered that amniotic fluid in the lungs is recognigzed by the pre-
scence of vernix caseosa and keratinised epithelial cells from
fetal skin, The agpirated vernix is pushed against the walls of
alveoli and bronchioles as air enters the lung, and is compressed
into dense membranes,

Anderson's Textbook of Pathology (1) describes a common
cause of failure of lungs to expand completely after respiration is
established as obstruction of bronchioles by vernix aspirated with
amniotic fluid during untrauterine respiratory movements or during
the first inspiratory effort followipg birth, Hyaline membranes
are then formed by flattening of the lipid substance (vernix)
against the walls of the respiratory brenchioles,

Miller & Hemilton (44), at Xansas University, in 1949,
expressed two main theories for what they called a tvernixz membrane!,
One theory is the aspiriration of infected amniotic material or
vaginal secretions, The other is chemical irritation of the lungs
by meconium, vernix and amniotic fluid, and, therefor, epithelial
injury, They believed that aspiration of vernix is the cause of

the membrane but also suggested that failure to find it in stillborns



indicates the aspiration theory might not be coerrect,

Gellis, White & Pfeffer (28) became interested in the
work by Russ & Strong on Cesarian babies in which they pointed out
that fluid in the upper respiratory tract is inhaled with the
first breath, Their paper attempted to add another cause of de-
layed respiratory distress following which each successive breath
packs debris against alveolar walls forming a membrane, They be-
lieved amniotic fluid is ingest, subsequently regurgétated and then
aspirated, In babies delivered by Cesarian section, the gastric
content of amniotic fluid is greater than those delivered through
the pelvis.

Diek & Pund (22), in 1949, did much work concerning
asphyxia neonstorum and the vernix membrane, They found 7 cases
of pulmonary hyaline membrane in 119 antopsies and said the presence
of a membrane may repreeent only a more serious manifestation of
the alpiration of emniotic sac contents, The vernix may have been
concentrated in the lungs either because of absorption of the
fluid or becruse only small amounts of amniotic fluid were present,
Like other auihora, they say that following the first extrauterine
breath, this materianl is forced against the walls of alveoli while
that material in the upper respiratory tract lodges in bronchioles,

Tegseraux (76), a Frenchman, was the first to suggest '
possidble 'oxygen poisoning? as a cause of the membrane formation,

Arey & Dent (4), in 1950, also considered the membrane

to be the result of aspiratéd vernix compressed against the walls
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of air spaces as a result of the inhalation of air, The membrane
lines bronchioles and alveoli and the intervening lung parenchyma
is collapsed, giving an apparent thickening of intra=alveolar
septa,

Further work by Miller & associates (43, 45), in 1950,
still considered these pulmonary lesions to be the result of injury
to epithelium of terminal air epaces by some unknown agent, cone
trary to previous thoughts that it is the result of aspirated amn-
iotic sac contents, They state, *Facts suggest the fetuses lung
is susceptidble to some type of injury at a certain stage of develop-
ment, and possidly the agent causing the injury also precipitates
premature labor and birth¥, They described 3 cases in stillborns
and so suggested the injury probably occurs 'in uterof, They could
describe no etiologic agent, but said a wide search for the irritates
ive material would be necessary in view of the many different agents
already shown to be associated vith the presence of a hyaline like
menbrane in the lungs of adults and older children,

Behrle & Gibson along with Miller (10), the following
year, reported 13 cases of hyaline membranosis and showed that ex-
panasibility of the lung is impeded in these babies though the cause
of it is not clear to them,

8impson & Geppert (72), also in 1951, reported 14,5%
of neonatal deaths had hyaline atelectasis, They suzgested the
etiology may be related to our methods of resuscitation. This

possibility may have been prompted by the work of Behrle in which
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they used negative pressures toc test the lung expansibility. They
also noted the membrane was especially common after Cesarian section
and in infants of diabetic mothers,

Raufman & Spiro (35) uses McMahon's theory of
ACongenital Alveolar Dysplasia' and suggest the entity may repres-
ent a retardation or disturbance of the normal developement of
pulmonary alveoll, They said the condition is fregquently accom=-
panied with bronchial pneumonia, true atelectasis, fetal atelectasis,
congestion, edema, aspiration pneugonia, and intra-alveolar
hemorrhage, "each, or all of which, may mask the underlying
alveolar disorder®,

Blystad et al (13) did extensive work on a series of
509 autopsies and experimental studies on guinea pigs and mice,
They discounted the work of Miller who suggested epithelial
damage by demonstrating the frequency with which the membrane over-
lies the intact bronchiolar lining, They also discounted the theory
of a vernix membrane by demonstrating color reactions of the mem-
brane to be consistent with that of concentrated amniotic fluid
proteins and not fat Consequently, they tried to demonstrate that
the membrane was a concentrated protein derived from aspirated
amniotic fluid, '

Bruns & Shields (16) demonstrated the membrane in
16,2% of neonatal deaths at the Colorado General Mospital, They
said the etiology was probably not related to the aapiration of

amniotic sac contents, but factors in the formation of the
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membrane "may be intrauterine epithelial capillary injury" from
anoxie and "extrauterine high concentration of oxygen therapy*,
They endorse the suggestion of Miller, Hamilton & Jennison that
the etiology represents a reaction to pulmonary epithelial injury.
The premature tissue is & likely candidate for the insult of in-
Jury by intrauterine anoxia and high concentrations of oxygen
géven therapeuticslly may further injure the tissue and produce
disease,

Tregillus (77), also in 1951, reported an incidence of
14,3¢ of hyaline membranes in newborns, He termed it an tasphyzs
ial membrane!, He recorded his results because they show that
vernix plays little or no role in the formation of the hyaline
membrane in the lung., Thirty=three of the 25 cases reported were
immature; complications of pregnancy were found in 9; and § were
delivered by Cesarian section, A4ll of these factors may have been
responsible for anoxia of the fetus, A hyaline membrane was not
seen in any lung having amniotic fluid unless there was also evids
ence of necrosie of bronchiolar epithelium, Tregillues believes:

#1. The asphyxial membrane found in lungs of liveborn infants
is formed by necrosis and hyalinization of bronchiolar
epithelium,

2s Necrosis of bronchiolar epithelium is due to anoxia and its
higher incidence in immatures is due o incomplete develop-~
ment of lungs,

3., The formation of the membrane increases the degree of anoxia,"



Therefor, a viscious cyele is set up, Intrauterine anoxia leads
to tissue damege and necrosis forming a membrane which causes
further anoxia,

Schoenvogel & Higgenbotham (70), in 1952, reported
one case of hyaline membranosis, They, like McMahon and Kaufmen,
called it a ¥Congenital Alveolar Dysplasia', Schneider & Sellers
(69) reported 24 cases with hyaline membrane, but gave no theory
concerning its pathogenesis, Baty et al (9), following work by
Gellis & White, proposed the trouble might arise from swallowing
large amount of amniotic fluid following which regurgitation and
aspiration accur, Benitz (11) tends to support the theory that the
membrane develops from aspirated vernix after contact with air
under tension,

In the past year, various men have noted the higher
incidence of hyaline membrane following Cesarian section. Wile
(82) said these infants are particularly susceptible to respiratory
difficulty and exhibit a hyaline membrane, Though the cause is
not clear, he eaid it may be a mechanical consequence of aspiration,
0. Hunter Jones (34), at the Charlotte, N, C, Memorial Hog#pital,
could give no pathogenesis but said the memdbranes occur seemingly
more often in Cesarian section babies, Neuhouser & Wittenborg (49)
are not certain the only cause of the formation of a membrane 1is
aspiration of amniotic fluid, They suggest the possibility that
pulmonary edema and excess fluid in the dbronchi from an intrinsic

origin may also be responsible.

30,



Further reports were made by Arey & Dent in 1953, (&)
They concluded at that time that there is insufficient evidence
to support the view that these membranes are composed of amniotic
sac contents and vernix, They gave evidence to support the concept
that vascular damage and increased capillary fragility may play a
role in the origin o© the membrane, They further observe the ale
most exclusive appearance in liveborns, presumeably due to the fact
that mechanical dispersion of the material to the periphery of the
lungs is drought about only following inhalation of air, Some
inherent defect may be present in prematures, such as increased
capillary fragility, since the premature suffers from certain
physiologlical handicaps, They could give.no single explanation to
account for the relative frequency following Cesarian section,
However, Landau (37), in 1950, noted that immediate elamping of
the cord deprived the infant of 90 cc, of blood, and it conceivable
that this loss, permitting decreased oxygen carfying capacity of
the blood , may play some part in the pathogenesis of the membrane,

Claireaux (18), at London, EBngland, became interested
in hyaline membranosis, and reported 108 cases in a series of
376 liveborn infants - an incidence of 29%, He also did much
experimental work which will be reviewed later, This author be-
lieves a progressive ehange can be traced in nearly every lung
containing a membrane whereby the squames become more acidophilic
and hyaline~like in the air spaces, The flat squames, derived

from liquor amnii, fuse together, lese their cellular outline
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and identification, and form a syncitial membrane, He believes it
occurs more frequently in prematures because of their high sensitiv-
ity to changes in oxygen tension with resultant intrauterine resp-
iration and aspiration of amniotic fluid, ZFurthermore, absorption
of this fluid in the lung 1s less likely to occur since the circule.
atory function is poor, and the squames “incubate® in the fluid
medium, allowing hyalinization to proceed, Claireaux recognises
Blystad's theory of protein concentration, dbut states that_it
perely adds to the thickness of the membrane already formed by
hyalinization of the squames,

¥dith Potter, (17, 52, 53, 54, 55, 56, 57), at the
Chicago Lying-In Hospital, has probably done more work on this
phenomenon than anyone else in recent times, Her mortality reports
have carried hyaline membranosis as a seperate entity of a cause
of death in newborns since 1950, She describes it as the most
important condition ecausing death in which prematurity is direetly
related to the pathologic process, "Among infants normal at birth,
it was responsible for almost all the deaths of premature infants
at the Chicago Lying-In Hospital from 1940 to 1950.," In a series
of articles since 1943, she has termed the entity 'hyaline membrane
with resorption atelectasis', The solid material seems to be de=
finitely extrinsic in origin, and it appears when condensation of
the foreign substance occurs, respiratory distress develops, She
describes the atelectasis produced as a secondary atelectasis

caused by the membrane surrounding and lining the air spaces,
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producing an active block td oxygenation, Resorption of air in the
alveoli then occurs, and the atslectasis is produced, The atelectas—
is 18 more complete, and the hyaline material greater in amount in
infants who survive 24<36 hours than in those who die sooner, She
therefor aaéribes the etiology to the aspiration of amniotic fluid,
chiefly vernix, with condensation and subsequent resorption of air,
There is also the suggestion that high concentrations of oxygen at
low humidity pressure may have something to do with causing dryness,
4t Chicago Lying-In, they never use over 50% oxygen, and keep the
humidity at 85-90% if it is neceseary to put the newborn in an in-
cubator, She has recently noted the meningeal edema prevalent along
with the hyaline membrane in death following Cesarian section,
Clifford (19), in 1940, also described this, She rejected the idea
of inflammetion or congenitsl malformation as having any etiologic—
al significance.
Experimental Work ¥

Ever since Johnson & Meyer, in 1925, first described
the occurrence of & membrane in the lungs of newborn infants, exp-
erimental work has been undertaken in an effort to determine cause
and composition of the membrane, Since the majority of men believe
the basic pathology is the aspiration of amniotic szc contents,
most investigators have attempted intratracheal instillation of a
variety of foreign materials in an effort to reproduce a membrane
of similar characteristics, BHowever, with but few exceptions, this

method has proven unsuccessful, Winternitz (86), in 1920,
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experimentally produced a pulmvnary membrane in rabbits by intra-
tracheal insufflation of weak hydrochloric acid, It was also

known at this time that war gases produce a membrane, In these
conditions, a strong irritative and destructive action on alveolar
walls seems to be the predominant etiological factor, and, evidents
ly, this had & strong influence on the beliefs of the earlier
workers, Johnson & Meyer (33) tried to determine if lesions were
produced by such irritative substances as lysol and soap used to
wash the vagina, However, lesions produced by intratracheal in-
Jections in rabbits vere not typical, A hyaline membrane of re-
semblance was produced with small quantities of egg albumin,
suggesting the membranes are produced by a viscous material adher-
ing along walls of air passages, Farber & Sweet (26) concluded a
menbrane could be pfoduced on a purely mechanical basis and found
it to be identical in staining properties with that found in in-
fluenza, Later, Farber & Wilson (27), working with rabbits, cats,
dogs, and rats, forced the animals to breathe low oxygen and high
carbon dioxide concentrations until dyspnea and death oecurred,

The alveolar spaces vere then filled with varying amounts of serum
frequently pressed by the inspired air against alveolar walls,
Smali areas of hyaline membrane were found when foreign substances,
as horse serum, india ink, or fibrinopurulent exudate were instilled
into the trachea and vigorous artificial respirations instituted,
Various other investigntors tried toxic and non-toxic materials, but

were unable to produce such a membrane, Dick & Pund (22), ia 1949,
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used lungs of stillborn infsnts and intreduced intratracheally,
warm, centrifuged amniotic fluid and were able to produce a
pseudo-membrene which covered bronchioles, but not alveoli,

Miller & co-workers (44,45), in a series of experiments, in-
troduced such substances as amniotic fluid, vernix, meconium,
saline, and water in dogs and rabbits, They were unable to pro=
duce a hyaline membrane, but discovered a leukocytic reaction with
edema, congestion, and serum proteins in:the alveoli, Cruickshank
(20) also was able to elieit an inflammatory reactiom, but no
membrane, Blystad et al (13), in 1951, used excised adult guinea
pig and mouse lungs and injected intratracheally 15-20 cc of

human amniotic fluid in 1 cc amounts, and then artific¢ially expand=-
ed and contracted the lungs for one hour at one pound pressure,

A thin hyaline membrane was seen in some alveoli and the authors
concluded that considerable amounts of the fluid must be present,
as well as extrauterine respirations before a membrane can be pro-
duced, Claireaux (18), in London last year, attempted to prove his
theory of hyalinization of squames by reproducing a membrane !'in
utero! in six albinoc rats, He took the solid material from amniot-
ic fluid, resuspended it in saline, and incubated it at 37 degrees
centigrade, A4fter 7-10 days, the squames were seen to lose their
nuclei, become acidophilie, and hyalinize, To (& cc of this material,
«5 cc of sterile saline waes added as well as 65 micrograms per cc of
chloramphenicol, This was then injected intratracheally into the

six rats which were then killed at 1, 2, 3, 5, 24, & 29 hours later,
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In all but one, (in which the injection was unaatitfa:tory),
hyaline material was found, and in those rats killed after two
hours, a membrane was found to be exmctly compargble to that
found in lungs of newborn infants,

Some experimenters have been interested in the role
of the vagus nerve on respirations of the newborn and its relation
to the membrane, Farber (25) and Miller (44, 59) attempted bi-
lateral vegotomy on rabbiﬁl and were able to produce these membranes
in nearly all rabbits, Mil}er believes the activity of the thorax
and diaphragm are altered after birth, The mature type of breath-
ing is that in which the diaphragm plays a major role, while in
the immature type, the chest does most of the work, Observing
immeture infants with respiratosy distress, it was seen that the
chest heaves tremendously, and there is minimal diaphragmatic
activity, At autopsy, these infante had extensive hyaline mem-
branes in their lungs. In 1951, Miller, Behrle, and Gibson (10)
vagotonized 20 rabbit lungs and found hyaline membranes in 13,
Histochemical reactions were similar to those membranes described
in humepn beings,

Another factor which has been considered in the formae
tion of these mambranes os the role of Yoxygen poisoning?!, Bruns
and Shiélds fls), in 1951, following the work of two German pathe
ologists, Kuhns & Pichotka, attempted to produce a membrane by means
of oxygen inhalation, Three adult and nine infant guinea pigs were

subjected to concentrations of 90-98% oxygen for 36 hours or more,
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It wes possidble to produce a'hyaline~11ke membrane in six out of
nine animals whose lungs were directly exposed, These membranes
were very similar to the ones foumnd 1in lungs of prematures dying
in the neonatal period, More recently, S$hey produced changes in
the lungs with only 70% oxygen, consisting of edema and desquams-
tion, They feel tha‘' newborns are more resistant to oxygen poison-
ing than are adulte, In 19853, Tran-Dinh-De and George Anderson (76)
have repeated these experimente and have been able to duplicate
previous work in producing hyaline membranes, They were impressed
with the edema produced and evident vascular factors involwed as
a possible explanation for the production of ecapillary injury and
resultant membrane formation. These membranes, however, are not
dssociated with atelectasis, Edith Potter has evidently given
consideration and concern to high oxygen concentrations, as was
mentioned previously, she recommends using oxygen concentrations
of no more than 50~60% when it is necessary to give the newborn
resuscitation, |
Respiratory Activity

Since a great many of the theories regarding the
pethogenesis of the hyaline membrane in the newborn are based
upon the aspiration of amniotic fluid by the fetus, a discussion
of the presence or abi\raco of intrauterine fetal respiration must
of neceseity be carried on, According to some authors previocusly
mentioned, the occurrence of these membranes may be closely related

to respirations 'in utero', . Quwetions which may arise, however,
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are whether or not respirations of the fetus are physiolegic, and
whether or not amniotic fluid is aspirated into the pulmonary
bronchioles and alveoli,

As early as the 16th., century, Vesalius observed that
disturbance of placentel circulation in the animal fetus brought
about definite respiratory movements of the jaw and thorax with
sucking in of amniotic fluid, There were many investigators of
this phenomenon in the next several hundred years and many of these
early experimenters believed the reason for respiratory movements
was the interruption of blood supply between mother and fetus,

Some aleo believed the fetus normelly inspired and expired amniot-
ic fluid which was evaporated and absorbed at birth, (76)

Ahlfeld, in 1888, noted movemente of the abdominal
wall in pregnant women which he believed were respiratory movement s,
He believed amniotic fluid is sucked in with these movements, but
extend only to the bifurcation of the dbronchi, Reiffersheidt, also
& @erman, thought the power of suction is so slight that amniotic
fluid reached, at moet, only as far as the entrance to the larynx,
(76, 26) Hess Thayleg, in 1944, Browne, in 1922 and Johnson &
Meyer, in 1925, associated pneumonia in the newborn with the asp~
iration of infected amniotic fluid into the lungs, (26) Johnson
deducted that the inhaled amniotic fluid adheres to the alveolar
wvall and may produce immediate asphyxia or subsequent pneumonia,

He was uneertain wheter the amniotic fluid normally entered the

trachea and bronehi, but in cases of intrauterine asphyxia, the
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respiratory center was undoubtedly stimulated with resultant
aspiration of the fluid, Like many investigators who were to
‘follov in this work, he states, "The presence of a large amount
of amniotic fluid in the lungs is indicative of,..fetal asphyxia¥,
(33) The significance of inhaled amniotic fluid was investigated
by Perry (51) who became interested in the work of Johnson, She
used an indicator to determine the presence of fluid in the lungs
and found that amniotic fluid is not a constant finding in the
lungs_of human or guinea pig fetuses., When it is inhaled, it is
the result of asphyxia, but it is seldom inhaled in quantities
sufficient to cause obstruction in the bronchi, Farber & Wilson,
however, showed that small amounts of the amniotic sac contents
are present in the lungs of every newborn, and is aspirated with
the first breath, They also conclude that large amounts may be
aspirated and cause respiratory obstruction, Normally, however,
Farber believes respiratory movements Tin utero' occur with a
closed glottis, and amniotic fluid.reached only to the larynx,
(26, 83) Therefor, the presence of this material in the lunge
indicates occurrence of premature attempts at respiration,

In 1936, Mercroft and Barron (6, 7, 59) experimented
on the genesis of respiratory movements of the sheep fetus in an
attempt to determine a respirstory pattern, The gestation period
of the sheep is about 157 days, and it was noted that about the
35th, day, a gasp or spasm took place in the fetus, Rhythmic

trunk movements associated with ordinary respirations are
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developed between the 38th, and 49th, day, They cannot be initiated
by asphyxial changes in the bdlood, but can be started by activity
of the muscular system such as tapping on the uterus, Toward the
49th, day, their frequency dbecomes more regular and there is estab-
lishment of almost continuous respiration of & normal character,
After this, the movements disappear « being dormant - but can be
elicited aganin be subjecting the fetus to asphyxial conditions,
These were important observations because what occurred in the sheep
fetus might be expected to be found in the human,

Snyder & Rosenfeld (59, 60, 74, 75) re~introduced the
question of the existence of a tidal flew of amniotic fluid, Using
rabbit fetuses, they added india ink to the amniotic fluid, removed
the fetus, and placed it in Ringers Solution, ¥No anaesthesia was
used, Direct observation of the fetuses revealed rhythmical res-
piratory movements, In these, the lungs were blackeined from the
ink, They concluded, therefor, that spontaneous respiratory move=-
ments of the fetus occur and cause a flow of amniotic fluid ia the
lungs, Furthermore, it 1s not a complication of prgmency or labor,
but is a normal function, and affords a means for the dilatation
of future air passages, Several years later, Snyder (73) repeated
the experiments and found that amniotic fluid entered alveoli in
less than a minute, i1 breathing fetuses, but is not found in lkngs
of apneic ones,

Bonar, Blumenfeld & Fenning (14) reviewed the litera-

ture econcerning this subject and suggested that, ¥Prom a purely
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physiological standpoint, it would seem unreasonable to assume

that the fetal respiratory tract remains inert in utero, awaiting
some stimulus to initiate its hitherto unpracticed respiratory
mechanism at birth, while the cardiovascular system with which

it is s0 intimately related, the gastro-intestinal tract, and
kidneys, function in utero", Concerning the aspiration of amniotic
fluid, they conclude that it does occur,

Windle & associates (7?3, 81, 84, 85) , in a series of
articles from 1939 to 1943 say that as early as the 12th, week of
gestation, fetuses can perferm respiratery moveménts, but they may
be due to asphyxia, They seem to be inactive, but can be initiated
by afferent nerve impulses or anoxia, They refute the statement of
Bonar et &l that respiratery movements are physiological, ZExperi-
ments were done by them to determine the question of aspiration of
amniotic fluid, They used guinea pigs and injected thorotrast,

“In no instances could trachea, brénchi or lungs be seen 1in
reentgenograms, although opaque material waes fownd in the stomach¥,
In 1942, they suggested that small quantities of the fluid in
bronchi is a transudate and not of amniotic origin,

Ehrhardt (76) obtained similar results by injecting
thorotrast into the amniotic cavity of the intact uterus, On
one occasion, thorotrast was found in the gastro-intestinal tract
and none in the lungs, but later, thorotrast was found in the lungs,

Two other Germans, Reifferscheid & Schmeimannn (76)

injected a foreign material through the abdominal wall into the
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amniotic cavity, and 48 hours Iater, following hysterectomy, the
contrast media was seen in the lungs of five to six month old
fetusew,

Nathan Shoek (71), in 1941, experimented on rats to
determine the effect of inspiration of amniotic fluid on viability,
Their results show aspiration is not a normal process, and excess-
ive respiratory stimulation as a result of anoxia or hypercapnia
caused the gnimals to 1napire the fluid,

MacGregor (33, 40) also believed that asphyxia may
stimulate the fetal ralpirgtory center and liquor amnii then
flood the lungs., They heve little doubt that any considerable
quantity is abnormal and indicates severe fetal asphyxia,

Davie & Potter (21) presented new evidence that intra-
uterine and extra-uterine respiration is similar, During intra-
uterine life, respirations are intermittent, irregglar, and
shallow, and cause the flow of amniotic fluid throughout the
lungs, Roentgenograms demonstrated the presence of the fluid in
the lungs in fetuses as young as 12 weeks, or 39 grams, If
intrauterine distress occurred, an excess amount of amniotic fluid
is aspirated, They believed death occurs because the fetal circula=
tion is embarrased and not because of the excess fluid,

| Dr, Gruenwald (30, 59) studied the effect of surface
tension on lung expansion, He contends that if fluid is inspired
and expired continuously, it could not be concentrated in the lung,

Therefor, the fluid must be alsorbed and concentrated, His studies
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on surface tension indicate the difference in the physiology of
the lung when fluid and air enters, Aeration of lung tissue is
resisted by surface tension in both atelectatic alveolil and those
which contain little amniotic fluid, This resistence is not present
when fluid enters the lung, thus explaining why fluid enters so
easily, "The average pressure for air is twice that reqfiired for
fluid to enter the lungs®, If fluid is aspirated as a result of
anoxia, all alveoli expand and it is destributed equally, whoréal,
‘air entering the lung will expand only a few alveoli and the re-
maining are collapsed, He, like Potter, bBelieves defective circ-
ulation allows fluid to remain in the lungs,

Morison (47, 48), in 1949, stated that the presence of
a hyaline membrane is the direet uncomplicated result of intra-
uterine asphyxia, Small quantities of amniotic sac contents are
not harmful, he says, but large amounts inhaled as a result of
anoxia are harmful,

A few investigators tried to relate intra-uterine rese
pirations fo asphyxia as & result of changes in oxygen and carbon
dioxide pressure in relation to uterine circulation, In Windlelse
(85) experiments, respiratory=like movements were induced by ex—
perimental anoxemia and amniotic fluid was alpirated.l When, and
if fetal requirements for oxygen exceed placental supply, the
previously apneic fetus may respond with rhythmical respiratory
movements, In the last days of gestation, oxygen values of fetal

arterial bléod decrease, and a physiologiecal partial anoxemia exists,

43,



Snyder & Rosenfeld (75) have demonstrated that a delicate balance
between oxygen and carbon dioxide exists in the control of intra-
aterine respiratory movements, Too much carbon dioxide will stim-
alate the fetal respiratory center with resultant aspiration of
excess amniotic fluid, It must be stated that these men no longer
believe that onset of respiration is precipitated by a ?hemical
mechaniem, Bastman (24) noted that mild degrees of anoxia inereas-
ed the respiratory rate, but as anixia progressed, the compensatory
mechaniem fails and respirations decrease and finally stop, The
initial effect of slow anoxia, therefor, causes aspiration of large
quantities of amniotic fluid, If anoxia doesn’t cause death in
utero, the inspired amniotic fluid will prolong the anoxia after
birth,

As was pointed out in the introduction to this paper,
the leading cause of death in newborn infants, particularly pre-
mature, is asphyxia and atelectasis, From the discussion Just
pr8sented on the respirations of the newborn, it is seen that the
m2jority of authors believe repeated, deep inttra—~uterine respiratory
movenents with regultant aspiration of large smounts of amniotic
debris is not a normal consequence and the presence of large amounts
of this material is evidence of fetal anoxia, The diagnosis of
fetal anoxia, therefor, is based on the presence of large amounts
of debris in the respiratory passages causing asphyxia and atelectas~
is, or, follewing birth, condensation of this material forming a

membrane,
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CONCLUSION

It is seen from a review of the literature, that the
problem of pulmonary hyaline membrare in the newborn infant has
remained virtually unsolved in the past SO years, especially re-
garding its pathogenesis, However, much more emphasis has been
placed on this entity during the last decade than at any other
time previous, and much experimental work has been undertaken in
an effort to determine the cause of the phenomenon which today
is responsible for the highest incidence of neonatal deaths in
the premature infant, It has been estimated by Edith Potter at
the Chicago Lying~In Hospital that this condition accounts for
10,000 to 20,000 deaths annuslly, {55) It is often unrecognised,
and an erroneous diagnosis of atelectasis is ascribed when the
basic pathology is overlooked, Of the pulmonary abnormalities
found in association with atelectasis of the newborn, the most
striking is the presence of a hyaline membrane, A variety of
names have been given to the entity, most of which depict, in
the authors opinion, the anatomic or physiologic etiology of the
membrane, Regardless of the nomenclature, certain clinical
features of the condition are characteristic., It occurs only
in liveborn infants (although Miller (45) reported three cases
in stillborns) and primarily in prematures rather then full term
infants, In 3,133 live births compiled from the literature, there

were 619 cases of hyaline membranosis, or approximately 20%,
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The various percentages in viable premature infants ranges from
about 6% (86) to 100% (32). Most authors agree that the relative
incidence is higher in infants delivered by Cesarian sectién,
especially those born of diabetic mothers, Considerable dis-
agreement still exists, however, in an attempt to correlate
hyaline membranes and various complications of pregnancy and
labor, Several investigators have found that age, race, parity,
serology and anaesthesia or analgesia play no role in the develop=
ment of the membrane, The clinical course following birth is also
characteristic of this condition, although it is frequently mis-
diagnosed as intra-cranial hemorrhage from birth trauma, Classice
ally, the onset of respiration is spontaneous following an un-
comlicated delivery. The infant respires normally for an hour
or two, following which breathing becomes more difficult, Cyanosis
ie a primary symptom, as reported in 65% of one series (67), and
dyspnea is increasingly severe, Death ususlly occurs in 24-48
hours as a result of atelectasis,

Pathologically, the picture is typical, Microscopically,
a dense, homogenous, granular, eosinophilic material is found
lining alveoli and bronchiolar ducts, Death therefor results
from an ohstruction to the free exchange of gases between alveoll
and pulmonary capillaries, with resultant atelectasis and asphyxia,

Beyond these findings which are characteristic of
infants dying from respirstory distress and found to have a pulm~

onary hyaline membrane, most of the data concerning this
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phenomenon is controversial. There is little unanimity of opinion
regarding the origin of such membranes. Numerous causes have been
given among which are; the aspiration and dispersich of amniotic
fluid, condensation of amniotic sac contents, condensation of
protein derived from amniotic fluid or from the blood, irritative
substances, inspired vernix caseosa, infection, congenital mal-
formation of alveoli, desquamation of epithelia, anoxia and oxygen
poisoning. In general, it would appear that at the present time,
two basic concepts are most popular, both of which favor the idea
that the membrane is composed of protein, One theory upholds that
amniotic fluid is aspirated in utero as a result of fetal anoxia,
is concentrated and condensed into a membrane lining alvéoli and
bronchiolar ducts following extra-uterine breathing and causes-
atelectasis of the lung, The other concept derives the protein
from blood rather than amniotic fluid as a result of capillary
damage ir an immature circulatory system or increased capillary
fragility from intra—-uterine hypoxia,

The proponents of the first theory base their supposition
on the facts that amniotic debris is imbedded in the membranes;
that the presence of clumps of amniotic debris lying free in
bronchioles and ducts is evidence of a transition between these
clumps and the membrane; that the presence of fat is evidence of
aspiration of amniotic sac contents including vernix, Objections
to this theory are that the presence of cornified epithelial cells

and fat is frequently absent; the membrane is more common in pre-
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matures even though there is less debris in the amniotic fluid of
these fetuses than is present at term; membranes similar to those
seen in newborns are seen in older children and adults (influenza,
war gases, irradiation injury, infection, pneumonia, etc.) even
though they aspirated no amniotic fluid; experimental attempts to
reproduce the membrane by intra-—tracheal injections of amniotic sac
contents have been unsuccessful,

In spite of the many experimental methods used in an
attempt to reproduce these membranes, the majority of experimenters
have been unsuccessful, Those who have been successful in pro-
ducing the membrane have been unable to produce the atelectasis
associated with this phenomenon, Those methods used in an attempt
to produce the membrane have been intra-tracheal injection of amniot-
ic fluid and foreign debris, oxygen poisoning and vagotomy,

The subject of intra-uterine respirations, assumed to
be intimately associated with the formation of the membrane as a
result of the aspiration of amniotic sac contents, is still-a
controversial one, Experimentally, it has been proven that intra-
uterine respirations do occur in animals of many species, Con-
sideration must be given to species, placental circulation in
various species and gestgtional age differences, The occurrences
of these movements under eﬁtirely physiological conditionse has
not been definitely established, Many questions still remain
concerning the relationship of intra-uterine respiration, aspira<

tion of amniotic fluid and extra~uterine pulmonary respiratory
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abnormalities. Two main peints of view are evident concerning
this subjects (1) Many recent investigators believe that intra-
uterine asphyxial or ahoxic conditions must exist ge a stimulus
to the respiratory center before respirations 'in utero! occur.
This, of course, is not physiological, (2) Others believe the
fetus normally respires 'in utero', and aspirates the surrounding
fluid, They argue that fetal respiration is essential for the
normal developement of the lung in preparation for post-natal
life (ie) that extra~uterine hreathing of air is merely a later
manifestétion of the intra-uterine aspiration of fluid. It can
readily be seen why the subject of fetal respiration is so closely
associated with the ﬁathogenesis of the pulmonary hyaline membrane
in the newborn,
SUMMARY

Various aspects of the subject of pulmonary hyaline
membrane of the newborn infant have been presented in this paper
with special emphasis on a review of the literature concerning
its pathogenesis, An introduction to the subject was made by
presenting statistical material from various hospitals throughout
the country in an effort to impress upon the reader the vast
problem which we have concerning the mortality of the newborn
infant, particularly the premature infant, Statistical evidence
was also given showing the high incidence of pulmonary lesions
associated with abnormal punlmonary ventilation as a leading cause

of premature death and the time relation of these deaths, A list
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of the nomenclature was pregsanted and various aspects of the
disease found to be in common with these terms was given, The
clinical picture presented by these infants in respiratory die~
tress was shown to be characteristic, and a typical case was prew~
sented. The pathology and, to some extent, the histochemical
findings of these membranes were described. A complete review of
the literature was made concerning the etiolexy and pathogenesis

of the lesion, This was presented in chronologieml order in an
effort to determine what theories have been advanced thus far,

what the current trend of thinking is, and if a definite patho-
genesis could be ascribed to the condition., ZExperimental studies
proving or disproving the various theories were extracted from the
literature and presented., Because many &nvestigators believe there
is a close association between hyaline membranosis and the presence
or abscence of intra-uterine respiration, a discussion of respira-
tion 'in utero' was carried on.

This author believes a series of events occur which lead
to the formation of the hyaline membrane found prémarily in the pre-
mature infant. Because of inadequate oxygen supply to the fetus
'in utero' and the developement of hypoxic conditions, the respira-
tory center of the fetus is stimulated, probably from increased
carbon dioxide levels. This results in the establishment of resp-—
iratory movements by the fetus with subsequent aspiration of amniot-
ic fluid and debris, This material lies loosely in the bromchiolar

tree until air enters the lung at birth with the first extra-



uterine breath and forces the fluid against the alveolar walls,
Here, the material is condensed, the fluid re-absorbed, and a
membrane laid down on the alveolar vElls preventing the exchange
of gases between alveolil and pﬁlmonary capillaries, Ateledtasis
results followed by death from abnormal pulmonary ventilation,
This series of events can also explain the high incidence of the
pulmonary hyaline membrane following delivery by Cesarian section,
A high concentration of oxygen with inadequate humidification
administered to infants with respiratory distress tend to increase

membrane formation by causing a drying effect,
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