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Pulmonary hyaline membrane disease is a clinical and
pathological entity usually limited in its time of origin to with-
in the first twenty-féur hours of life and rarely lasting more than
four days.

Hoccheim first descrihed the histological picture of a homo-
geneous eosinophilic material coating the alveolar ducts, atria
and alveoli in 1903. >3 .Iolmson38 in 1923, aﬁd Meyer in 1925, 18
were the first investigators in this country to describe the
disease and following their description and proposed etiology,
only Farber and Wilson in 1931, 29 and Rosenthal in 1935, 50
made major contributions to the literature of this disease until
the past ten years. The papers mentioned previously, except
for that of Rosenthal, regarded the disease as a result of the
aspiration of vernix caseosa caused by intra-uterine asphyxia.
In 1949, Miller and Hamilton presented the theory that the mem-
brane might be the result of irritation of the pulmonary tract
epithelium with resulting injury and sloughing of the epithelium.
Miller and his workers presented a large amount of material on
the subject in 1950, in which they seriously questioned the im-
portance of the aspjration of amniotic fluid as an etiological

62, 57
factor. This work seemed to stimulate other investigators
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and since that time a large amount of work has been done and
numerous important articles have been written. Tran Dinh De
and Anderson exhaustively reviewed the entire literature of

this disease in 1953. In a brief resume’of the history of the
literature of hyaling membrane disease such as I have attempted
to do above, the name of Edith Potter must not be omitted.

Since she has devoted so much of her time to the pathology of
the fetus and ne wbarn, she has had considerable influence in
numerous experimental and clinical investigationa of pulmonary
hyaline membrane disease.

The topic of hyalinre membrane disease is broad, encom-
passing fifty-two years of experimental and clinical work by
many investigators. In spite of the recently intensified search
for the etiology of this disease, the clinico-pathological puzzle
presented by these infants has remained unsolved. Because of
the large number of proposed etiologies and the vast amount of
experimental evidence which has been accumulated to support
each theoretical pathogenssis, this paper will not present an
exhaustive review of the literature of this entity. I shall limit
the discussion of all etiologies, except that of heart failure, to
a brief review of the literature. The treatment of hyaline mem-
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brane will be discussed only as it pertains to the heart failure
theory. This is not to say that the present day accepted therapy
such as high humidity and low oxygen tension are faulty, but
only to admit that a complete discussion is not within the scope
of this paper.

Before briefly discusaing the various etinlogies which have
been considered in the past and present, a summary of the
developmental anatdmy of the lung, the clinical picture of these
infants and the pathiology found at autopay should enable us to
better understand the problem presented to investigators of
this disease.

There are more than 150 papers on the subject of the de-
velopment of the lung and the way it expands. Since 1923, it
has been agreed that alveoli are not present in early fetal life
but develop during the intrauterine existence of the fetus. The
way in which the alveoli form and their final appearance, prior
to and following delivery, have been and still are subjects of
debate.

The pulmonary system begins as a local expanaion of an
entodermal tube which becomes separated from the foregut
by a longitudinal censtriction. The short cylindrical append-

age which is the result of this constriction branches dichotomn -
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ously and the resulting branches continue to divide and form
numerous branching tubes which will give rise to future
bronchi. Distal branching continues until large numbers of
small bronchi and bronchioles lined by tall columnar cells

are formed. Beyond these, the early alveolar ducts are lined
by a continuous layer of large cuboidal cells. The mesenchyme
into which this entodermal tube grows is also proliferating, and
at first this growth is rapid enough to cause the entodermal
branches to be widely separated. The relative amount of con-
nective mesenchymal tissue begina to decrease, and by the
normal time of birth only a few connective tissue cells remain
in the walls of the alveolar ducts and alveoli. Early in lung
development, the blood vessels lie in the mesenchyme a dis-
tance away from the tubular branches. The capillaries grad-
ually grow out and lie adjacent to the outer surface of the single
layer of cells compesing the walls of the tubules. When the
fetus weighs about 400 grams, the capillaries leave the mesen-
chyme and penetrate the tubuled lining. This ingrowth is asso-
ciated with elastic flber elaboration and the tubular cells are
pushed aside so that the capillary loop ia in contact with the

lumen of the tubule. After capillary ingrowth has started it
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continues at a rapid rate, and the cells lining the tubules con-
tinue to proliferate, forming new branches which are subse-
9,11,13,66,69
quently invaded by capillaries. The concept
of lung developmernt just presented is that of E. L. Potter and
is based on the stufly of large numbers of autopsies of human
fetuses as well as experimental animal studies. Most investi-
gators agree with this concept except to the point where cap-
illary ingrowth begins. Those who dissent with the capillary
ingrowth theory feel that the primitive alveoli are lined with
cuboidal epithelium which has the capillaries lying on its outer
surface. When respirations begin the epithelium is flattened
out and the remainfng epithelial cells are the lining cells of the
alveoli. Windle is one of the chief supporters‘ of this theory. 95
Those who do not agree with him feel that the lobed vesicles
formed by capillary ingrowth are unexpanded alveoli and when
they are expanded resemble adult alveoli. They feel the role
of the epithelium which lines the primitive air passages is
solely that of canali¥ation; and except for the size of the lumens
of the alveoli and alveolar ducts, there are no differences in
the histologic structure of the lung of the fetus before, during,

or in the first hours following birth. 9,13
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Much of the dissension about alveolar development has
been a direct result of anatomists' inability to agree upon the
presence or absence of an alveolar lining epithelium. Contro-
versy on this subject has been extremely bitter since von
Kolliker supposedly fir st saw an epithelial linirg of the alveoli
in 1881. Since that time he has been supported by W. S.
Miller, Bremer, Sprunt, R.D. and S. H. Bensley and others.
Among his prominent opponents are Loosli, Adams, Thornton,
Palmer, Fried and Potter. 32 In 1952, Low, using an electron
microscope demonstrated a pulmonary epithelium in the lung
of rats. In 1953, he reported the same situation in the lungs
of man. His opinion is that the cytoplasm of the cuboidal epi-
thelial cells becomes attenuated to form a complete lining of
the alveolar wall. 32 Other investigators have reported the
presence of a definite lining epithelium with a basement mem-
brane, which is distinctly separate from the capillary walls. 3z
The question as to a definite epithelial lining is still unanswered,
and it will be noted later in this paper that this is one reason
for some of the controversy concerning the etiology of pulmonary
hyaline membrane disease.

S. B. Rose and W. R. Waddell are the prominent investi-
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gators who disagree with the branching entodermal tube theory
of lung development. Rose feels that the lung develops in two
units; the bronchi forming from the entodermal bud and the
alveoli from the capillaries and septal cells which differe ntiate
from the mesoderm of the fetal lung and secondarily join the
bronchi. '’ Waddell states that the lung is derived from toti-
potent mesoderm whose direction of growth and differentiation
is induced by the stimulus rather than the proliferation and

migration of previtusly formed structures. 90

Potter concludes
that after examining lungs from over eight thousand human
fetuses and infants plus studying one hundred specially prepared
lungs and experimental work, the lumens of all portions of the
pulmonary tree are continuous at all times with that within the
first entodermal bud. 70

Because some feel that intrauterine respirations are neces-
sary for normal lupng development and others have attached great
significance to the spiration of amniotic fluid as a cause of pul-
monary hyaline membrane, a few of the inveatigations regarding
these respirations will be discussed. Ahlfield (1905) described
rhythmic movements of the abdominal wall of women in the last

months of pregnancy and interpreted them as being fetal
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respiratory movements. No one agreed with his views until
Reifferscheid (1911) confirmed the presence of these movements.
The latter investigator comsidered the fetal respiratory move-
ments to cause the flow of amniotic fluid only as far as the
tracheal bifurcatiom; Ahlfield's opinion being that the amniotic
fluid reached the a.lvl.aoli.z7 Snyder and Rosenfeld (1937) also
observed rhythmic movements of the mother's abdominal wall
in humans and animals, and demonstrated that the amniotic
fluid entered the alveoli since the alveoli and amniotic sac were
considered to be in direct contimuity. 86 They also examined
rabbits in various stages of gestation following hormonal inhibi-
tion of labor and sectioning of the mother's spinal cord. They
found rhythmical excursions of the chest wall and diaphragm

of the fetus. These movements occurred while the fetus was

at rest as well as during periods of general body activity. 83
Barron examined the fetuses of sheep and discovered the same
type of respiratory movements as described by Sayder and
Rosenfeld. He also observed that during these movements the
volume of the fetal lung was not altered because the chest was
not rigid. Even thdugh the respimtory muscles were contract-
ing they could not cause enlargement of thoracic cavity, the
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elasticity of this structure causing it to collapse instead. 8
Many investigators have attempted to demonstrate the
presence or absence of intrauterine respiration by injection
of various substances into the. amniotic sac prior to delivery.
The lungs of the fetuses were examined following delivery to
determine if any of the material injected was in the alveoli.
Reifferscheid and Schmiemann demonstrated radiopaque
material in human fetal lungs following the injection of Um-
brathor into the amniotic sac. They also deacribed it as
moving rhythmically back and forth in the bronchial tree when
the fetus was examinped in utero by fluoroscopy. 2.4 Potter
injected thorotrast into the amniotic sac of human fetuses im-
mediately prior to Caesarean section and there was no evi-
dence of the material in the lungs following delivery. If the
thorotrast was injected twelve to twenty-four hours prior to
delivery it was demonstrable in the lungs of the delivered
infant. She concluded that sufficient time had to elapse for
enough water to be absorbed from the limgs to concentrate the
particulate thorotrast and appear on roentgenograms. The
material was also demonstrased histologically in those infants

21
that died. Snyder and Rosenfeld injected india ink into the
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amniotic sacs of rabbit fetuses which were directly observed

to be breathing. After a few minutes the lungs were examined

and carbon particles were found in the alveoli. They also
pro-duced apneic fetuses by administering sodium pentothal to the
mother and injected the ink into the amniotic sacs. Histological
examination revealed no carbon particles in these lungs. 86 Those
who do not believe the presence of physiological intrauterine
respirations point out the ease with which intrauterine respiratory-
like movements may be produced by a variety of stimuli. Arey
and Dent have also pointed out that the pregnancies which were
interrupted in Potter's study should probably be considered ab-
nsc:trma,l.4 Windle is the chief opponent of those who have

demo n-strated intrauterine respiration. He has done large
number s of experiments on pregnant animals and he cautions:
"Under experi-mental conditims it is very easy...to start
respiratory move -ments." 95 One of his exggriments consisted of
injecting thorotrast into the amniotic fluld about the head of the
guinea pig late in gestational life hy means of a long, fine needle
inserted through the abdominal and uterine wall. Under such
physiological condi-tions he could demonstrate no aspiration of the

material roentgeno-gr sphics]ly9 6

He also contends that the fetuses used in Potter's
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study were subjected to anoxda during delivery and this was
cause of the thorotrast inhalation. Potter points out that if
this were the case, thorotrast would have been preser in the
;.unga of all the fetuses, regardless of the time interval be-
‘tween injec.tion and delivery, \yhich was not the case. She
also explains Windle's inability to demonstrate thorotrast in
the lungs of his experimental animals by pointing out his
failure to wait a sufficient length of time before sacrificing
the fetuses.70 The res—iﬂt of these differing viewpointa is

that it has definitely been shown that respirations can occur in
utero, but agreement can not be reached as to the physiological
importance of this phenontenon.

Since no one agrees as to the presence of intrauterine
respiration, it is emsy to see why there is a difference of
opinion as to the significance of amniotic debris in the alveoli
of the fetal lung. If intrauterine respirations with a flow of
amniotic fluid into the alveoli were normal, then the lungs of
all infants dying in the first few days of life should contain
amniotic debris. Farber, et al., do not believe that debris
can be demonstrated in all of such lungs, 27 but those who be-
lieve intrauterine respirations are physiological explain its
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apparent absence as being caused by the marked dilution which
may be the result of either increased amniotic fluid or the de-
creased amount of solids in the fluid, or both. They also point
out that the distribution of debris in the lungs may be patchy
and if enough sections are examined characteriatic amniotic
fluid contents will be found.72 Many pathologists have labeled
aspiration of sterile amniotic fluid as a cause of death. If
intrauterine respiration is physiological, this cannot be done,
unless perhaps massive amounts of debris are present in ex-
panded alveoli. The presence of amniotic fluid in the respira-~
tary passages of the lung has alsobeen chosen by some as the
etiological agent of hyaline membrane disease. As the ques-
tion of physiological intrauterine respiration is unanswered so
are many of the questions surrounding deaths of premature
infants.

Some investigdtors have attempted to prove the presence of
intrauterine respiration by claiming that normal development of
the alveoli will not occur without these respirations. 95 Potter
and Bohlender examined two fetuses in which lung tissue was
not connected to the trachea in one, and the trachea was com-

Pletely obstructed in the other. Histological examination
=12~



72
revealed normally developed alveoli. Arey also examined

an accessory lung which was not connected to the trachea or
bronchi and found it to contain bronchi and, '"...cystic spaces
suggesting alveoli. . .”4 In spite of these observations which
seem to prove that contintiity with the amniotic sac is not
necessary for normal alveolar development, Potter reports
over thirty cases which tend to refute this. In these cases
there was renal agenesis or other urimary anomalies. There
was no record of any amniotic fluid being seen by the mother
or the attending physician. The lungs almost alwaya showed
an extreme inhibition of growth, there being minimal capillary
ingrowth and often cuboidal cells lining much of the pulmonary
tree. She points out that these ""experimerts by nature'' seem
to point out the necessity of fluid within the lumen of the pul-
monary tree for normal development.7o

Since, as will be shown later, pulmonary hyaline
membrane occur s most frequently in premature infants, many
investigator s have considered the possaibility of death occurring
as the result of prematurity alone. Since statistics show that
fetuses weighing about 1000 grams can survive, the question
arises whether the lung might show a stage of development less

mature than
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that of the body as a whole. In order to discount this as a
cause of death in the group of infants who die a respiratory
death, Norris et al,, examined the lungs of 493 fetuses and
judged the fetal age from the appearance of the lunga. No
disproportionate idmaturity was‘ found in this study. 66

Potter has atudied the pathology of fetuses extensively,’
and she has found that in a fetus which weighs approximately
1000 grams capillary ingrowth in the lungs is sufficient to
provide an adeqguate vascular area to oxygenate the blood
and support 11'.fe.69 Thus it is seen that the migration of
capillaries from the mesenchyme to an exposed portion of
the pulmonary tree is probably the most important aspect
of development as far as survival of the fetus is concerned.
Prior to the age of six lunar months there is a thick layer of
mesenchymal tissue between the air containing sacs and the
capillaries and respiratory function would be seriously im-
peded if birth should occur at this time. The capillary bed
continues to proliférate throughout gestation and each succeed-
ing week the lung becomes progressively better adapted to

66

adequate oxygenation. Thus, immaturity of the lung can

cause death but it will be pointed out later that the highest
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incidence of hyalime membrane disease is in infants weighing
more than 1000 grams.,

In 1955, James Arey made the statement that, "pulmonary
hyaline membranes are now the most frequent significant patho-
logic finding in premature infants dying during the neonatal
peri.od.”3 A look at several series reparted in the literature
reveals the frequency with which hyaline membrane has been
seen in neonatal deaths of premature infants has varied from
2.5 per cent reported by MacGregor in 1939, to a high of 50
per cent reported in 1947 by Ahvenainen and in 1949, by Miller
and Hamilton. 16 In all of the recent series, such as that of
Arey and Dent in 1953, hyaline membranes have been the lead-
ing cause of death in liveborn iniamts.4’ 14,22, 36 In Chicago
between the years 1936 and 1949, there were 10,021 post
mortem examinations of infants of age less than one year. As
reported by Wallace, abnormal pulmonary ventillation due to
either extensive primary atelectasis or secondary atelectasis
with hyaline membrane accounted for half of the deaths. "
Changing these percentages into numbers of deaths per year,

we find that in 1950 it was estimated that between ten and twenty

thousand premature infants died with a hyaline-like lining in
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their lungs. 16 In 1955, this estimate had risen to approxi-
mately one in every four hundred live births, or 25, 000 infants
per year. 7 Some investigators have thought that the disease
seems to be becoming more common, others believe this in-
crease is only apparent and is the result of better recognition
of the entity as well as an increased mumber of better qualified
examiners of the pathological specimens. 83
The lesion that seems to be the cause of this large number
of deaths is found exclusively in liveborn infants, most often
in the premature and those delivered by Caesarean section.
Miller and Hamilton apparently reported hyaline membranes
in four stillborn infants, but their description of these lungs
contained the statement that the hyaline -like material was
never in the form of membranes lying against the walls of the
air spa.c:es.61 A series of autopsies by two different groups
on 646 stillborn infants revealed no pulmonary hyaline mem-

branes. 16,45

About 90 per cent of hyaline membranes occur
in infants weighing less than 2500 grams with the peak inci-

dence occurring in the 1500 to 2000 gram group.22 Approxi -
mately 4 per cent of the cases of hyaline membrane occur in

infants weighing less than 1000 grams. The hyaline material
-16-



in the lungs is practically non-existent in infants who are de-
livered vaginally and weigh more than 3000 grams at birth,
however, they do occur. 6z Infants who die of this lesion
rarely die before four hours of age, never before one hour,
and survive less than one week. Most of the babies die in the
first forty-eight haurs when the cause is uncompicated pul-
monary hyaline membrane. 1,14, 18. 69 Potter emphasizes
the limited time of onset and duration by stating: "If the new-
born does not show symptoems of respiratory distreess within
five hours, and if he does not die within the first thirty-six
hours, he will not die of hyaline membrane disease. 17
In contrast to the specific weight groups of infants stated
above, the clinical picture of hyaline membrane disease is
found disproportionately often among infants of all weights de-
livered by Caesarean section. One series has shown the pre-
sence of hyaline meémbranes in 70 per cent of infants dying
after Caesarean settion compared with 41 per cent of infants
dying after pelvic delivery. 14 Although there have been
numerous reasons prposed for this difference, some of which

will be discussed later, the fact remains that there is no single

explanation for the increased frequency of hyaline membranes
-17-



4,97
in these infants. ?

Since it was shown that there is definitely an increase in
the incidence in hyaline membr ane formation in infants delivered
by Caesarean sectibn, the pregnancies of mothers whose infants
died of this disease have been closely examined. Among the
complications present when an infant had hyaline membrane
disease were toxemnra, multiple pregnancy, premature separa-
#sion of the placenta, placenta previa, cord around the neck,
breech delivery and erythroblastosis fetalia.43 When these
cases were examined in large groups rather than individually,
it was seen that there was no statistical significance to the
correlation of the two diseases. In a number of series of cases
of hyaline membrane, the group of infants having the character -
istic histological findings were the group delivered by mothers
whose pregnancies and deliveries had been without complications.
45,61, 62, 89

An increased incidence of hyaline -like membranes

in the lungs of infants of diabetic mothers has been pointed out.
This is especially true in those delivered by‘ Caesarean section.45
There appears to be no correlation of the mother's age, parity,

race, serology, Rh factor or the type of analgesia used, with

the incidence of hyalise membrane formation. The only factors

-18-



which have any constant relationship to hyaline membrane
disease are prematurity and Caesarean section.45’ >3
The clinical picture of these premature infants has been
described as being so characteristic that a correct diagnosis
can be made ante mortem.4 This feeling is not shared by all
and although Miller and Jennison state that there is nothing
pathognomonic of the clinical course of these infants to dis-
tinguigh them from infants who have other serious diseases, 6z
most investigators feel that the, diagnosis can be suspected
but not made with certainity. 22,74
It has been stated by many writers that infants dying of
hyaline membrane disease usually breathe spontaneously-at
the time of birth, 4,39,62,69,71,73 however, it is often
overlooked that these writers say usually. Closer examina-
tion of these various papers frequently reveals that the authors
describe these infants as either exhibiting signs of asphyxia at
the time of birth or breathfng normally. Some recent papers
have reveal ed that only 50 - 60 per cent of infants who later
died of hyaline membrane disease were in fair to excellent

condition at the time of birth, >’ >4 45

Those infants who are breathing well at birth nsually
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do so for a variable period of time, this period extending as
long as twelve hours. Usually before twelve hours they begin
to have recurrent attacks of respiratory distress which
gradually become worse. These ate characterized by labored
breathing, increased respiratory rate, irregular respirations,
cyanosis, costal and sternal retraction, a weak, high pitched
cry, and gasping imspiratory efforts. The use of accessory
respiratory muscles i usuzlly great and the irregular respira-
1,28, 69,97
tory efforts are vigorous.

Physigal examination of the chest while the infants are
having distress reveals diminution in breath sounds and incon-
stant inspiratory rales at times, but often there are no con-

3,36,62,69
sistent findings. Miller has recently described a
breathing pattern of these infants which is characterized by
- . 60,74
little or no abdomimal or diaphragmatic participation.
At the present time an insufficient mumber of infants have been
observed to warrant attaching too much significance to this
finding.

The picture of respiratory distress described above may

be produced by intraventricular or subdural hemorrhage, pri-

mary atelectasis, pmeumonia, esophago-tracheal fisthla, dia-
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phragmatic hernia, pulmenary hypoplasia, congenital heart
failure and neonatal pneumothorax. 25,56,76 This list of
pathological entities points out the difficulty of a positive
clinical diagnosis by physical examination of the infant.
Because of the difficulty in diagnosis and the presence
of the pathological process in the lungs, one would assume
that a large amount of time has been spent in the radiographic
diagnosis of this disease. If much work has been done, little
has been published. In 1945, Caffey noted small opaque areas
in the lungs of the premature but dismissed their pathological
sigrificance. He called them roentgenographic evidence of
physiologic atelectasis and adds that four to six weeks may
elapse before the lungs of the premature are fully expanded. 17
Dr. Hardy reported at the fifth M & R conference in 1953,
that roentgenographs of an infant with hyaline membrane
disease at six to eight hours of age showed miliary foci of
atelectasis in the lungs and films at twenty-four hours showed

T4

involvement of almost the entire chest. Donald and lLord

(1953) reported some cases in which radiological opacities

were correlated with hyalire membranes at autopsy. 25 Two

months later, Meschan published a case of proved hyaline
-21-



membrane diaease and presented radiographs of the lungs
which showed unusually good aeration. He explains this para-
doxical situation of good aeration radiographically and clinical
evidence of asphyxia by peinting out that the dilated ter minal
bronchioles and alveolar ducts obscured the collapsed alveoli.
Also in 1943, Donald and Steiner described in detail the radio-
graphic findings in infants who were proved to have hyaline
membranes in their lungs. 25 These signs will be presented
shortly. In 1954, a group of Cuban investigators reported the
same findinga shown by Meschan. 87 During the fifteenth M & R
conference in 1955, it was reported by Clifford that Pendleton
and Peterson described the chest x-ray of infants with hyaline
membrane disease as having a hornogeneous ground glass
appearance. " Regarding the physiological atelectasis des-
cribed by Caffey, radiographs by Donald and Steiner have shown
complete radiologichl pulmonary expansion in normal full term
and premature infants within thirty minutes after birth. 56, 88
The reason for the few reports of radiographic findings in
hyaline membrane disease is probably the result of the tradi-
tional ''no touch'! technique used in the care of infants in respira-

tory distress. Donald and Steiner have described the ease with
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which radiographs may be obtained in such instances, and point
out the aid in clinical diagnosis such films provide.

The specific radiographic shadows visible when hyaline
membranes are present represent the atelectasis associated
with the disease and are not specific for the lesion of hyaline
membrane. The findings tend to follow a definite sequence,
and this is the reason serial radiographs are essential for
the positive climical diagnosis. Donald and Steiner identify
three different stages of hyaline membrane disease radiologic-
ally and their description is as follows:

1) First there appears a fine miliary mottling

throughout the lung fields.
2) This is followed in the progressive lesion by
a coarser and more coalescent type of opacity.
At this stage the bronchial tree is often clearly
demarcated.
3) Finally the shadows become confluent as a result
of lobar or lobular consolidation and collapse. n25
All of the main typss of the above picture may be found at the
same time or may follow in succession over a period of hours
or days. If the course of the disease is progressive, the mot-
tling coalesces as described above. If the disease improves, the
mottling slowly resolves and the lung fields ultimately become
25
clear.

In the clinical differential diagnosis of hyaline membrane

disease, radiography is useful in differentiating it from intra-
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cranial hemorrhage, esophago~tracheal fistula, diaphragmatic
hernia and pneumonia. If hyaline membrane is compiicated by
pneumonia, however, accurate roentgenographic diagnosis is
very difficult. 88,94 A method of differentiating hyaline mem-
brane disease from primary atelectasis is described by Donald
and Steiner.

When the diagmosis is made, if it can be made clinically,
in any specific case, what is the prognaosis? Although mortality
is often stressed when hyaline membrane disease is discussed,
Clifford claims '"...the vast majority of infants passing through
this period of extreme respiratory distress...do recover. "74
Miller and Jennison point out the contrast between the respira-
tory difficulties seen in infants dying with a large amount of
hyaline material in their lungs and those observed in infants
who survived. They conclude that infants showing marked dis-
tress, with oxr without sternal retraction, have little chance of
recovery. Potter believes the early symptoms fail to progress
in about 50 per cent of cases, but also rermarks that few infants
with severe symptoms recover.70 The complication of pneumonia

also changes the pregnosis. It is a rare complication in infants

dying in the first twinty-fobr hours, but in infants living more
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than forty-eight honrs, Potter states she has never found an
uncomplicated case of pultnonary hyaline membrane. Death
of these infants is caused by the superimposed pneunmonia. 70
In infants living only twenty-four hours or less, death is the
result of abnor mal pulmonkry ventillation with final asphyxia.
There is some debate as to whether this decreased ventillatory
capacity is caused by the hyzline membrane which forms a
barrier to oxygenation of the blood or is due to the atelectasis
present, but many pathologists now feel death is caused by the
latter. 55,70
Autopsies of infants dying of pulmonary hyaline membrane
disease reveal characteristic findings. Dick and Pund, as
recently as 1949, were among the first investigators to em-
phasize the importahce of these findings as a cause of death. 24
The changes are limited to the Inngs except for evidence of
asphyxia in the other organs (petechia and sometimes ecchy-
moses). Cardiomegaly has been noted in some cases. >8
The gross appearance of the lungs is that of well expanded
organs which have the consiatency of liver. They are a uni-
form dark red-purple and weigh more than normal. These

non-crepitant lungs have sharp, firm edges, and small to

moderate amounts of fluid exudes from the cut surfaces.
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The whole lung or individual portions sink when placed in
4,24,69

water. If the infants have survived more than forty-

eight hours, signs of an inflammatory process is usually

superimposed. 69 Since other pulmonary lesions may simulate

pulmonary hyaline membrane groasly, microscopic examination

must be done for a positive diagnosis to be made.

Although Hoccheim was the first to describe the presence
of this peculiar membrane, it was not until 1925 that Johnson
and Meyer described the complete histolegical findings of
this disease. Since that timme Farber, Potter and Arey are
the pathologists who have published the most accurate accounts
of the histological findings. Intense capillary engorgement is
responsible for the color and the increase in wgight, and is one
of the most striking micro#icopic findings. The walls of many
alveolar ducts and most of the alveoli are collapsed giving a
solid appearance to the lung tissue lying between dilated al-
veolar ducts. These scattered dilated air spaces are lined
by an irregular layer of homogeneous, finely granular eosino-
philic material. This material is plastered firmly against the

walls in most instances and if polymorphonuclear leucocytes

are present, they lie in the lumen of the alveolar ducts. In the
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majority of infants surviving less than thirty-six hours there is
no evidence of infection but in the lunga of those living longer
than this, the evidénce of bronchopneumonia is commonly
associated with the characteristic membrane. It has also
been pointed out that the amount of hyaline material found in
these 1ungs' increases with the age of the infant.4’ 29,69

It should be painted out, that even though hyaline -like
membranes are found in the lungs, diagnosing hyaline mem-
brane disease as the cause of death is not always correct. It
has recently been pointed out that in many instances the hyaline -
like memhrane was an incidental finding rather than the primary
cause of neonatal death,. >8 Because of the difficulty in patho-
logical interpretatien in many premature infants, Brmms and
Shields believe the diagnosis of ''hyaline -like membrane disease'
should be made only when there is a history of an uncomplicated
delivery and progressive respiratory embarrasament with death
in one to five days, and the presence of hyaline-like membranes
in the lungs as the only significant autopsy finding. 16

The atelectatic areas of the lung which are a characteristic

microscopic finding in hyaline membrane disease has recently

become a subject of much debate. Prior to the 1950's the
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question had been whether the atelectasis was primary or second-
ary. Dr. Potter had shown to her satisfaction that the atelecta-
sis was secondary. Support is lended to'this theory by the
clinical findings of breath sounds which subsequently disappear
and the histological absence of the ""crumpled sac' appearance
which is cha.ra.c'ter:lstic of the lung with primary atelectasis. 74
Her explapation of the atelectasis was accepted, and thus most
of the arguments concerning hyaline membrane disease were,
about the origin of the membrane. As will be pointed out later,
thia hyaline membrane is not only found$n premature infants,
but also in older infants and adults dying of specific diseases.
The microscopic picture of the limgs of these older patients
does not show massive atelectasis, and this fact is what has
aroused the recent interest in the almost forgotten collapsed
alveoli.

In order for secondary atelectasis of the alveoli to occur
in a perfectly developed lung, it must be the result of blocking
communication of the alveoli to the outside air. If the hyaline
membranes are the cause of thi 8 obstruction, it must be postu-
lated that they occlude the orifices of the alveoli, which are

actually shallow outpouchings of the alveolar ducts, being
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almost as wide as they are deep. It is also pointed out that
collapsed alveoli and dilated alveolar ducts should never be
seen in the absence of hyaline membranes if they are the cause
of the atelectasis. Dawson reports that careful examination of
his slides has shown the characteristic alveolar ducts and
atelectasis without the presence of hyaline membranes, and
has never shown membranes present on alveolar ducts prior

to atelectas:ls.22 This work supports a paper by Ronstrom in
1953, in which he reported finding atelectasis in portions of
the lungs containing no membranes. 7 The study of the origin
of the atelectasis was prompted by Gruenwald who stated in
the Fifth M & R cortference that he believesthe atelectasis
found in the lungs of infants dying of hyaline membrane disease
was more important than was the presence of the membrane.
His statement, "...I am beginning to feel that perhaps the
hyaline membrane is an eosinophilic herring'. "'{4waa supported
by Anderson who revealed that he did not feel that the hyaline
membrane was the cause of death and deplored the fact that

the important atelectasis was being overlaoked.74 If, then,

we question the atelectasis as being secondary to the presence

of hyaline membrane, a lock at a paper on atelectasis of the



newborn published in 1933 by Farber and Wilson, may help in
formulating a cause for the alveolar collapse. These investi-
gator s presented several causes for atelectasis in a well de-
veloped lung. These included the thought that cohesion of the
moist surfaces of the air passages in the fetallung offered
resistance to the entrance of air and was the initial resistance
to lung expansion. When any complications were present this
resistance might prove sufficient to prevent expansion with
resulting atelectasis. Of the possible complications, they
considered an impezrfect or injured respiratory center, a
poorly developed muscular and skeletal thorax or bronchial
obstruction due to aspiration of amniotic sac contents, mucus
or blood.z8 The presence of surface tension offering resist-
ance to the entrance of air into the lungs has recently been
shown by Gruenwald. 35 Perhaps the atelectasis 1s the primary
lesion with the spectacular red membrane merely being an
interesting but innocent finding. A discussion of the proposed
etiologies of this disease may help in deciding.

A large number of theories have been forwarded to explain
the pathogenesis of hyaline membrane disease. One of the

most important reasons for 8o many proposals is the relative
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ease with which a pink membrane may be produced in the
alvealar ducts and alveoli of the lungs of experimental animals.
Several of these successful experimental methods are intra-
tracheal injections of amniotic fluid or various irritating sub-
stances, bilateral vagotomy, oxygen poisoning, carbon dioxide
poisoning and irradiation. Although all of the above produce
hyaline membranes few have consistently produced an appre-
ciable amount of atelectasis. Because of this, several investi-
gators have questioned the relationship of the experimental
membranes and the patholdgical picture seen in autopsies of

premature infants. 22,23,45

As the significance of the lack
of the characteristic anatomic picture in animals has just re-
cently been stressed, many of the '"typical'' membranes which
are discussed in the literature of the experimental investiga-
tion of this disease should be re-evaluated.

Recently attention has been focused on the production of
atelectasis experimentally. Peck and Levin have enumerated
the major requigites for the development of atelectasis. These
are mechanical ohsttuction, sufficient distal circulation to

allow gas absorption and the absence of an accessory tract

for air entry distal to the obstruction. They also point out
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that the normal lung has safeguards against the production of
atelectasis, several of which are, an efficient ciliary action,
efficient collateral respiration, an efficient cough mechanism
and the absence of fareign material in the bronchi. 100 In
the immature infant the majority of these safeguards are
either absent or underdeveloped. The absence of atelectasis
in the adult and the experimental animals whose lungs have
the hyaline -like membrane could be explained by the presence
of these protective mechanisms. If this were so it would be
logical to assume that experimental production of hyaline
membrane plus atelectasis could be accomplished by using
premature or newborn animals. Tran Dinh De and Anderson
subjected nineteen neonatal guinea pigs to high oxygen concen-
trations (oxygen poisoning) and observed membranes and ate-
lectasis in eleven,or 57.9 per cent, of 1:hem.23 Bruns and
Shields produced hy#line membrane with atelectasis in six
neonatal guinea pigs using high oxygen concentrations. In
two of thesix cases a bilateral vagotamy had also been per -
formed, and the most marked atelectasis was seen in these
15

anirnals. The above discussion would suggest that there is

a special predisposition on the part of the newborn lung to the
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entity of typical hyaline membrane disease.

Now that some of the problems facing the investigators
of this clinical and pathological entity have been presented,
some of the etiologies they have postulated will be discussed.
The two basgic theories for the production of hyaline membranes
have existed for almost thirty years and may be designated as
the exogenous and the endogenous theories.

The exogenous theory, which implies that the membranes
are formed from amniotic fluid or its contents, or are -the
result of the inhalations of this material, may be subdivided
to ease its discussion, Included in this group for ease of
presentation will be those theories which indicate the mem-
branes to be the result of other factors in the environment of
the fetus.

The first etiology that shall be discussed is aspiration.
This was the etiology proposed by Johnson and Meyer in 1925,
They thought the membranes might be the result of inhalation
of caustic substances used during the delivery, so they at-
tempted to produce the membranes experimentally by inject=
ing lysol and soap intratracheally in animals. When these
failed, they instilled egg albumin and observed the formation

of membranes., This suggested to them that the membranes
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were produced by the aspiration of amniotic fluid prior to
labor with the formation of a viscous material from the aspir -~
ated cells and fat, As soon as respirations occurred, they
believe the air passages became choked with this viscid sub~
stance and asphyxia resulted. 39 In 1932, Farber and Wilson
instilled india ink, horse serum and fibrinopurulent exudate
intratracheally in excised lungs which were then gubjected

to vigorous artificial respiration., A hyaline membrane

which lined the alveolar walls was produced. When they in-
stilled diluted hydrochloric acid in an attempt to reproduce
the membranes Winternitz showed with this method, . they
found edema fluid and hemarrhage in the alveoli. The vascu-
lar lesions overshadowed the small amount of alveolar wall
necrosis and memhrane formation. In this same paper they
enumerate the factors they consider necessary for the pro-
duction of hyaline membrane. These are the presence of
material capable of taking the eosin stain, air in the alveoli,
partial obstruction to the passage of air, and dyspnea and
violent inspiratory efforts which push the inspired air past the
obatruction. >0 Ahlstrom (1942) supported the concept of

aspiration of ampictic fluid as the etiology and felt that the
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condensation of the fluid in the respiratory passages gave rise

16 In 1949, Dick and Pund warmed eentri=

to the membranes,
fuged amniotic fluid and placed it in the tr acheas of heated
lunga of stillborns under positive and negative pressure.

They described the presence of typical membranes in these
lungs. 24 Miller and Hamilton (1949) used sixty-seven dogs

and rabbits as experimental animals and failed to produce
membhranes with the intratracheal injections of vernix caseosa,
meconiurn and ammniotic fluid, 1 In 1951, Blystad and Landing
reported the production of hyaline membranes when 15 -~ 20 cc
of amniotic fluid was injeeted intratracheally in one cc. amounts
over a long period of time. Dr. Landing pointed out the sharp
inner borders of the membranes, the presence of the hyaline
material obstructing a regpiratory bronchiole, the intact epi-
thelium underlying the membranes and the presence of squarmous
cells between the membrane and the epithelium in slides taken
from the lungs of infants dying of hyaline membrane disease.

He summarizes fraom these findings and the clinical course of
these infants that the hyaline material is present in the lnngs

at the time of delivery and is derived from the protein of the

amniotic fluid by a process of concentration. As a result of



extrauterine respirations of at least one hour in duration this
material is plastered against the respiratory epithelium, seal-
ing off the alveoli so that they can not expand; or if they have

expanded, cause them to collapse. 14,74

An English investiga-
tor, Claireanx, found on mier oscopic examination of the hyaline
membrane that it was not as homogeneous as it had been des-
cribed by others. In areas where it was fragmentary he felt
that it was in the process of formation and described a cellular
structure in which he could sometimes make out a faint nucleus.
In his paper, which was published in 1953, he postulates that
the membrane is formed of the flat, non-hyalinizey squamous
cells of the amniotic fluid, which clump together and lose their
cellular outlines. He states that if a sufficient number of
microscopic sections are examined, this progressive forma-
tion can be identified and traced. In a successful attempt to
reproduce these membranes he centrifuged amniotic fluid,
suspended it in saline and allowed it to incubate for seven to
ten days, recentrifyged the suspension and ground the deposit.
This was resuspended in sterile saline, an antibiotic added,

and injected intratracheally in six rats. Hy3zline membranes
were produced in any rat living more than two hours. 18

-36_



Those who believe that amniotic fluid and its contents prow-
duce hyaline membranes feél that intrauterine respiration is not
a physiological phenomenon, but the result of prenatal anoxia.
Schenken summarized their views when he wrote that respirasory
movements in utero are variable, but not significant, and it is
probably abnormal for the fetus to aspirate large quantities of
amniotic fluid. 82 ']E‘he theory that excessive amounts of amniotic
fluid are aspirated as the result of intrauterine anoxia with
vigorous respiratory movements is where opponents of the
aspiration etiology begin their attack, Pulmonary hyaline mem-
brane rarely occurs in infants who survive for a time after pre-
mature placental separatian, and frequently when hyaline mem-=
brane is present, there is no evidence of preceding anoxia,
since €Caesar€¢an section and premature delivery should not be
accepted as '""prima facie' evidencé of a:x.}o:d.a.70 It has been
previously pointed out that the pregnancies of the mothers of
the se infants are uncompligated and no known reasons for
anoxia are present., Dr. Eastman points out that anoxia does

not regularly excite the fetus, 4

and experiments done by
Snyder and Rosenfeld in 1937, revealed some interesting
results of intrauterine anaxia. They caused an oxygen de -

ficiency to occur in fifteen different experiments on fifty-three
-37=-



anima)l fetuses still in utero and found that respiration was
depressed in all cases. A deficit of CQ, caused respiratory
depression in all thirteen experiments on thirty fetuses and
CO, excess caused respiratory stimulation in eight of twenty~
four experiments wsing seventy-eight fetuses, there being no
effect in sixteen. 85

In an attempt to prodmce hyaline membranes by intra-
tracheal injection of amniotic fluid, Potter inserted a can-
nula into the tracheas of adult rabbits and injected 150 cc.
of fluid. The animals were sacrificed immediately and the
weight of the lungs of one animal was 35 grams, or normal,
thus indicating that the flhrid had been absorbed almost as
fast as it was injected. Later she instilled amniotic fluid
into the tracheas of two anencephalic infants. Autopsy
revealed no hyziine membrane in the case on which a post
mortem was performed and there were no clinical signs of
hyaline membrane, disease in the ot.her.74 Since the lung
absorbs fluid so rapidly, Gruenwald has stated that "...it
is unreasonable to assume that the fluid found at autopsy
in the alveoli of infants who survived for several hours is
amnio#ic fluid in origin. "
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Another argument against this etiology was pointed out by
Miller when he showed how artifidal some of the experiments
are which seemingly prove this pathogenesis., An example of "
this was the relatively large amounts of fluid Blystad injected
to form these membranes. If the same relative amounts were
aspirated by the fetus, it would have to inhale 100 - 150 cc. of
amniotic fluid, 55,14 Finally, the opponents of this theory
point out that premature live born infants are not likely to
aspirate amniotfic sac contents, Wilson and Farber concluded
as a result of their experiments, that agpiration was not as an
important problem in prematures as it was in full term infants, 2
John Liabate, in a réview of the causes of neonatal death at
Bellevue Hospital, stated that aspiration of amniotic fluid in
massive amounts was much more common in the term infants
than in the viable premamres.4z Since '"'...hyaline=like mem-
brares were almost exclusively observed in premature live-borm.
infants, the group...least likely to aspirate amniotic sacon~
tents, ...it seems unlikely that aspiration produced them. "61

Only a slight deviation fram the aspirated amniotic fluid

theory, is the theory that the membranes are formed of as-

pinated vernix caseosa. One of the main reasons for this
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theory was the obser ration by some observors that the hyaline
membrane s stained red with Sudan IV. Blystad and Landing,
as well as others, have failed to see positive fat stains in
these membranes, and thus this etiology has a very shaky
foundation. 14 The m&.1n supporter s of this theory were Farber,
MacGregor and Dick and Paul. All of the arguments against
the aspiration of amniotic fluid theory pertain to this one.
Other investigators, who feel, as does Gruenwald, that
the fluid in the lungs at autopsy was not present at the time
of delivery, have postulated another theory of aspiration,
Gellis was the first to propese that infants delivered by Caesar ~
ean section swallow a large amount of amniotic fluid and sub-
sequent regurgitation with aspiration and irritation might form
the hyaline membranes. 3 He has been supported by Ahvenainen,
Ylppo and R,anstrom.l’-ls The latter believes the membrane is
formed as a result of the deleterious effect of the gastric juice
on the bronchial alveolar epithelium, together with exudation
of protein material. 9
Another exogenous cause of hyaline membranes which has

been proposed is infection, In the early literzure most of the

descriptions of lungs with hyaline membranes were under the
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title of aspiration paeumonia. This was the result of the fact
that many of these first cases studied also showed broancho-
pneumonia. 16 55 Miller and Hamilton suggested that an intra-
uterine inflarnmatory reaction might injure the epithelium of
the air spaces and result in hyaline membrane formation. 61
The resemblance of this membrane to that seen in older in-
dividuals dying of acute pulmonary infections of various ldnds
also suggests the possible role of infection as an etiologic

70 and also Ra.nstrom76 bhave pointed out,

agent, As Potter
inflammmation is absent in many of the cases, especially in

the lungs of infants purviving-less than thirty-six hours.

Thus it seems improbable that pneumonia is responsible for
the membrane formsation.

Another theory in which the membrane is the result of
envirenmental factors is that of epithelial damage. As early
as 1923 the theary of aspiration of an irritative substance was
postulated. W. C. Johnson suggested at that time, that the
membranes were the result of the aspiration of some irritating
substance, probably during labor or birth. 38 In 1949, Miller
and Hamilton suggested that the hyaline membrane was due to
injuries, probably sustained during fetal life, which involved

the epithelium of the terminal air spaces and also the vascular
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bed of the lungs. They pointed out that an injury to the term-
inal air spaces of the fetus would not necessarily be fatal
until the organism became dependent on respiration for
oxygenation of the blood. They described many-of the bronch-
ioles and alveolar ducts of these lungs to be denuded of epithe-
lium, and failed to find hyaline membranes overlying intact
epithelium of the respiratory passages. They thought they
could correlate the extent of membrane formation with the
amount of epithelium lost in the lungs studied by them. They
admitted that they did not know the identity of the injurious
agent, but suggested an intrauterine infectiom. 61 In 1951,
Miller and Jennison advanced the concept that the agent which
injures the lung also precipitates labor. The circumstantial
evidence they gave to support this idea was if the agent in~
jured the lung without precipitating labor, hyaline membranes
would also be found in the lungs of stillborns. 62 The concept
of epithelial irritation by aspirated gastric contents has al-
ready been discusséd. Bruns and Shields in 1951, postulaged
that intrauterine amoxia and high oxygen concentration therapy

caused epithelial and capiflary injury and aided in the forma-

. 16
tion of hyaline ~like membranes. In 1954, these same
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investigators reported that microscopic examination of experi-
mentally produced hyaline membranes revealed their epithelial
origin. They stated that they coulddémonstrate the progressive
stages in the transition of a normal intact epithelium, via
cellular degeneration, into a hyaline ~like membrane. 16 Tre-
gillus published a paper in 1951 in which he postulated that all
infants with hyalire membranes probably suffered from anoxia
prior to the formation of the membrane and that this anoxia
was the cause of necrosis and hyalinization of the bronchiolar
epithelium., He states that the tissues of immature infants
are more susceptible to the injurious effects of anbxia than are
mature tissues. He describes necrosis and hyalinization of
the bronchiolar epithelium with fusion and formation of a mem-
brane. 89
Opponents of the epithelial damage theory point out that
many investigators have observed the hyaline membranes
lying againgt an intact respiratory epithelium. 14,29 Some
have observed saquamous cells lying between the hyaline mem-
brane and the respiratory epithelium and others have observed

the membranes to be separated from the epithelium by some

14
distance. Landing has suggested that the conclusions of
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those who feel epithelial degeneration plays an important part
in membrane formation, are due to the fact that the epithelium
of the normal alveolar ducts is. difficult to demcm.str:a.te.74
Another etiology which is closely allied to the one just
discussed has been called ''desquamative anaerosis.' This
was proposed by Rosenthal in 1935, He described congestion
and edema of the submucosa of the respiratory epithelium re-
sulting in cloudy swelling, fatty degeneration and detachment
of the bronchial epithelial cells. During réspiration he postu-
lated that the detached mucosa folded on itself and obstructed
the bronchiocles. The pink staining membrane frequently
found in these cases was considered by him to be the result
of the degenerative process of the epithelial cells. He found
'"desquamative anaerosais'' to be of equal frequency in the lungs
of stillborn and liveborn infants who had shown clinical evidence
of anoxda in utero. 80 Tregillus reported that he found desqua-
mated fragments of bronchiolar epitheliurmn similar to that
described by Rosenthal in twenty-four of thirty-five lungs with
a hyaline-like membrane. He also found the same phenomenon

in the lungs of 90 per cent of stillborn and 77 per cent of all

liveborn infants. After pointing out that similar lesions have
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been found in lungs of all ages in routine autopsies, he con-
cluded that "desquamative anaerosis'" was an agonal or post
mortem change. 89

Recently another item in the environment of the premature
infant has been implicated as causing or helping cause the forma-
tion of hyaline membranes. This factor is the rich oxygen at-
mosphere present in the incubators in which these infants are
kept. Pichotka first described hyaline membrane formation
as a result of high oxygen concentrations in 1940. He used two
groups of guinea pigs, four in each group. He kept the first
group in a chamber with an atomosphere of 80 - 96.5 per cent
oxygen until they died. Microscopic examination of the lungs
of these animals revealed a broad hyaline band--h'ke membrane
which stained red with eosin and lay tight against the walls of
the alveolar antra and alveoli. In the small bronchi this mem-
brane seemed to be mixed with epithelial cells and he concluded
it was a result of swelling and fibrinoid necrosis of the walls of
the respiratory broachioles and the "membranes' of the alveolar
antra and alveoli. 68 In 1951, Brunsg and Shields duplicated these
results in guinea pig lungs using high concentrations of oxygen

at sea level pressure. 16 In 1954, they produced hyaline mem-

brane in 75 per cent of guinea pigs by expoaure to 98 per cent
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oxygen concestrations at sea level pressure. They described
the membranes as being similar in specific and non-specific
staining reactions to the ones seen in newborns and postulated
that the membranes were the result of injury to the alveolar

ducts and terminal bronchioles. 15

At the Ffth M & R confer~
ence, Anderson reported that the use of COp concentrations of
10 - 15 per cent enabled the production of hyaline membranes
in the lunge of experimental animals without raising the oxygen

concentration as high as when oxygen was used a.].one.74

In
1954, he and Tran Dinh De reported the experiments with
neonatal guinea pigs in a high oxygen concentration which have
been previously dismssed.23 Potter admits that the infants
who develop hyaline membrane disease have been kept in rich
oxygen atmospheres but she points out that the air in incubatorsat
Chicago Lying-in Hespital has been kept at 50 per cent oxygen
or less for many years and that many infants have the clinical
symptoms before being placed in an incubator with a high oxy-
gen concentration. 69

The endogencus theory implies that the hyaline membranes
are formed from the protein exudate within the lungs of the

infant. The reason for pursuing this line of thought was the
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inability of several investigators to accept the fact that the
membranes were formed from material which was in the lungs
at the time of birth. Gruenwald points out that the infants that
do well immediately after delivery, the infants that live for
hours and even days, and the ability of the lung to absorb
fluid rapidly, seem to contradict the presence of sufficient
amniotic fluid at birth to form a membrane. He also states
that the amount of fluid reimaining in the lung is probably de-
pendent to a great extent on the circulation of the infant. A
defective circulation would not only allow fluid present in

the alveoli to remain there, but would also allow more fluid
to escape from the vascular bed. ™ Since there is with the
first inspiration, a fall in the pulmonary vascular resistance
which increases the blood flow, the fluid which may be present
in the alveoli could be rapidly absorbed.. Ranstrom also be-

. Heves that if the membranes were formed from aspirated
arnniotic fluid which was concentrated by fluid absorption,

the amount of origital fluid must have effectively prevented
gaseous exchange. If, however, the fluid is an exudate from
the capillaries, it might offer the means of obstruction to
gaseous exchange.76 It has been shown that the protein
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content of amniotic fluid is low, especially when compared

to the blood protein concentration. >3 Because of these views
and others, which conflicted with the exogenous theory, experi-
mental work has been devised to support the theory that the
membranes are formed from post-natal edema fluid in the
lungs.

Opponents of this theory peint out the paucity of precip-
itated fluid in the alweoli, the aharp inner border of the mem-
branes and the occasional epithelial cell between the membrane
and the alveolar wall, and state that it is difficult to explain
these findings with the pulmonary edema theory. 14,74 They
also remark that if the fluid came from the lung the membranes
would be found on the surfaces of the alveoli and alveolar ducts,
but are almost exclusively found on the walls of the ducts. 22

It is generally accepted by the group who support the endo-
genous theory that the edema fluid comes from the capillaries.
The reason it escapes is not agreed upon, there being two main
theories to explain this phenromenon.

One group feels that capillary wal]l damage is the reason
fluid escapes into the alveoli. Arey points out the similarity
of the hyaline membranes in the lungs of infants and the ones
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found in the lungs of adults. He states that he believes the
membranes have the same etiology, the common factor being
vascular damage or incregsed capillary f:ragﬂ.ity.4 Farber
and Wilson describe the membranes found in various types

of pneumonia and in newborns as having the same appearance
and general staining :reaci::lcu:m.29 In practically all of the
twenty~-one diseases of childhood and adults in which there

has been a hyaline membrane described, there is vascular
injury with particnlar involvement of the alveolar capillaries. 55
Most of these diseases are a type of pneumonia, examples
being streptococcal pneumonia, influenza, radiation pnen-
monitis, and rheumatic pneumonitis. Because Arey assumes
the hyaline membrane of newborns to have the same etiology

as the membranes found in these diseases, some of the pro-
posed mechanisms of their formation’'will be noted. Winternitz
and his associates thought the membranes of pneumonia were a
result of cellular necrosis caused by the action of some un-
known agent. Goodpasture believed they were a resnlt of
injury to the pulmanary capillaries which resulted in an exudate

i3
entering the alveoli. Woalbach offered the suggestion that

the membrane was related to the action of air on some unde-

fined body fluid or exudate. Farber and Wilson were of the
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opinion that the membranes found in the lungs of pneumonia
were autolyzed exudate which was subsequently plastered
against the walls of the respiratory passages by inspired air.
They pointed out the absence of exudate in the areas where
membranes were prominent and the paucity of membranes in
areas where the alveoli were filled with an acute inflammatory
exu.dai:e.29 Obendorfer emphasized the degree of vascular
damage which is seen in influenzal lungs. According to

Wells, inflammation changes the permeability of the vessel
walls, so that protein, even fibrinogen, may pass through

them. 29

Histologie examination of normal lungs which have

been irradiated with large amounts of radiation reveal swell-

ing and distortion of some of the pulmonary tract cells, forma-

tion of a hyaline membrane which is adherent to the alveolar

walls and edema, congestion and swelling of the arterial walls. 92
It is kmown that there is a marked tendency to hemorrhage

in the immature fetus and Levine states the chief factor

responsihle is the increased fragility of the ca.pillaries.48

This fragility is prebably caused by several factors, four of

which are the paucity of vascular elastic tissue in the immature

fetus, the low level of vitamin C, also perhaps the low level of

vitamin P, and anoxia which is known to have a deleterioua
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effect on capillary wall integrity. 61

Since the impartance of the hyaline membrane without
atelectasis has been questioned, perhaps so much dependence
on the comparison of the infant and the adult lungs is not
logical. There is seldom any atelectasis noted in the lungs
of adults dying of the several diseases mentioned above. .
Capillary darmage may be the method in which the protein
which subsequently forms the hyaline membranes reaches
the alveoli, but it would seem to be necessary to find fault
with this etiology as the sole cause for the entire picture
found in the lungs of infants dying of hyaline membrane
disease.

Another group which supports the endogenous theory feels
the accumulation of edema fluid in the lungs is the result of
inmifficient djaphragmmatic activity. This decreased function
of the diaphragm has been postulated as being caused by a
poorly developed vagal mechanism in the newborn, and
especially the premature.

In 1937, Farber, studying the problem of pulmonary
edema, did bilateral cervical vagotamies in rabbits. Death

resulted in eight to twenty-four hour s after increasing dyspnea
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and asphyxia occurred. Autopsies of these animals revealed
acute pulmonary edema congestion of the lungs, and the pre-
sence of a pale eosinophilic staining material lining the walls

of the alveoli and alveolar ducts. In a series of experiments

on guinea pigs he excluded alterations in the heart as the
etiology of the pulmenary edema, and further experiments
revealed the loss of innervation of the lungs was the essential
factor in the production of the edema in these animals' lungs,

He called this '"neuropathic pulmonary edema'' and postulated
that in man it is probably caused by central or peripheral
disturbances to the vasomotor control of the pulmonary
veasels.z6 In 1951 Miller, Behrle and Gibson published a

paper which compared the hyaline membranes in vagotomized
rabbits ‘to those found in the lungs of newborns. They bilater -
ally severed the vagi in twenty rabbits, and in thirteen of these
they found hyaline membranes similar to those seen in infants,
The time of appearance of symptoms and death in relation to

the operation was reported to approximate the time of hyaline
membrane formation in the lungs of newborns following delivery.
They also point out that they have always encountered pulmonary

edema fluid, usually to a marked degree, in some of the.alveoli
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of the lungs of infants who died of hyaline membrane diséase. 59
Because of the previous experiments in vagotomized
amimals, Miller and Behrle decided to study a group of new-

born igfa.nts in an attempt to answer the question of whether
the symptoms and pnlmonary lesions of these infants might
be the result of a deficient vagal control of respiration.
Animal experiments have indicated that the activity of the
intercostal muscles and diaphragm are affected by vagal
stimuli. The vagus not only helps regulate the rate and
rhythm of respiration throngh the Hering~Breuer reflex,

but also has an effect on the tone of large muscle groups
concerned with respiration. At the time of birth, Miller

and Behrle feel that breathing is a relatively simple action,
with the vagi the chief afferent and the phrenics the chief

. efferent nerves. Because of interruption of this reflex

arc, vagotomized animals show diminished and irregular
diaphragmatic activity. The extent to which thoracic
respiration can compensate for this decreased diaphragmatic
activity is not constant, but it was shown by Coombs and Pike
in 1930, that vagotomy in young puppies and kittens resulted
in dyspnea and death in a few hours. Adult animals on which

this procedure was performed survived indefinitely.6o
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Some of the evidence that the newborn has a poorly de-
veloped vagal mechanism is papers presented by Wiggers,
Hoff and Cutler. The first author pointed out the rapid heart
rate in newborns which slows as the infants grow older. 93
Cutler showed that there was a low production of HCl in the
stomach of newborns and demonstrated poor peristaltic
activity in the stomach and intestines. 2o Miller and Behrle
reported that a cough reflex could not be elicited in more
than 25 per cent of the newborns in their nursery, but it was
present in 90 per cent of the.infants older‘ than one month. 60
Another fact suggestive of a poor vagal mechanism in new-
borns, is the observation of Cross and Roberts that phrenic
nerve stimulation failed to inhibit spontaneous respiration
in them and did inhibit it in the adult, This is a reflex
phenomenon dependent on an intact vagus, since it disappears
after division of the vagué in dogs. 19

Because of the relation of the vagus nerve to respiratory
movements, Miller and Behrle recorded the flow of air in
and out of the nose and mouth of infants and simultaneously
recorded the movements of the upper and lower thorax and

the abdomen. They showed that the synchronous movements
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of the chest and abdomen present in a large number of infants
at birth are replaced in older infants by a pattern in which the
lower and sometimes the upper thoracic movements tend to be
opposite to those of the abdomen, These discrepancies of
movement were formerly thought to be the result of the
strength of the ribs, cartilage, and muscular action of thorax
in resisting the diaphragmatic pull. Since it is not logical
that the thoracic cage would get weaker with age, as would

be indicated in the results presented by Miller and Behrle,

it is unlikely that this is the answer. It has been suggested
by these investigaters that the paradoxical movements are
caused by the increasing strength and vigor of the diaphrag-~
matic contractions, which are directly related to the maturity

of the infa:nt..éo

The less efficient diaphragmatic activity of
the newborn has been blamed on a poorly developed respira=
tory center in the medullz where the arms of the vagus and
phrenic reflex arc meet.bo’ 12
One infant in Mjller and Behrle's series, wha died on the
second day of life, kad hyaline membrane in the lungs at the
time of autopsy. The recordings of this infant!s respirations

showed a marked decrease in the amount of inspired air at
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the end of thoracic movement although the abdomen continued
to move. This indicated to them that almost all of the air
exchange was being made during thoracic movement, and
although'the abdomen continued to e:q‘)amd it contributed little
to actual 're&pira.tion.bo This record was comparable to the
thoracic records of vagotémized rabbits reported by Kerr in
1950.41

Because of this recent interest in a possible deficient
vagal mechanism of the premature infant, it is interesting
to note some of the respiratory handicaps of the premature
as presented by Levine about ten year s before these experi-
ments on the respiratory movements of‘ infants. The rapid,
shallow, frequently irregular respirations often associated
with periods of apnea, which are seen in premature infants
who survive, was stated to be the result of an immature
respiratory apparatus. The physiologic basis for this re-~
spiratory difficulty was noted to be the under -development
of the nervous, vascular, pulmopary, muscular, skeletal
and hematologic systems. Some of the explanationa offered

for this concept were the high threshold of the respiratory

center due perhaps to incamplete vascularization of the
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medulla, the weak gag and cough reflexes, the decreased
number of pulmonary capillaries which impedes gas ex-
change, the decreased muscle tone of the intercostal muscles
and diaphragm, and the softness of the bones of the thoracic
cage.48 The deficit with which the premature enters life is
well pointed out in his paper and it is easy to see how a re=-
latively small hindrance to the infant's physiological functions
could cause death.

Another etiology which proposes that hyaline membranes
are endogenouns in origin is that presented by Gilmer and Hand
in 1955, These authors reported they could identify, with a
light microscope, a basement membrane which was distinctly
separate from the éapillary walls. They accept the presence
of epithelial cells Wning the alveoli. The hyaline membranes
they describe lie beneath the basement membrane and thus it
is necessary to postulate an endogenous origin, They present
three possibilities as to the Qrigin of these membranes. These
are, material from the blood stream as a result of capillary
damage, alteration in the basement membrane, or changes
occurring in the comnective tissue between the basement mem-

brane and the lining epithelium of the alveoli. 32
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Wagner (1954) has proposed the hyaline membranes are

formed from endogenous mucus which is derived from the

nasopharynxz, buccal cavity and bronchial tree of the infant, e

Lynch and Mellor 1955) postulate the membranes are fermed
from an uncontrolled secretion of an enzyme system of the
bronchial epithelial cells, 50 Both of these theories will be
examined further under the discussion of the histochemical
composition of hyaline membranes.

Laufe, and Stevenson decided that since both the endogenousa
and exogenous theories sounded plausible, perhaps both were
correct. They repeated and confirmed experiments by Weiner
et al., which demonstrated that fresh amniotic fluid would cut
the clotting time of plasma in half, Their theory of pathogenesis
of hyaline membrane disease is as followa:

#1) The newborn infant aspirates amniotic fluid.

2) The lungs of the infant exude a fluid of high
protein content as a result of vagal injury,
irritation from amniotic fluid, administered
oxygen, anpxia, or some other noxious influ-
ence.

3) The aspirated amniotic fluid speeds clotting
of this exudate which then 'rings' out on the
intact walls of the alveoli and alveolar ducts,
As fluid is nbsorbed, the clotted exudate forms
a hard membrane...

4) Plugs of the clotted material...create extensive
atelectasis...
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5) As this process slowly progresses, anoxia
increases. . .until asphyxiation occurs.
6) If the changes are minimal...there is...
return of areation and recovery."4
In an attempt to prove the dynamics outlined above, they
injected a one -half amniotic fluid and one-half plagsma mixture
into the tracheas of guinea pigs. In only three of the twenty-
five animals did the classic symptoms and the characteristic
membranes, vascular congestion and atelectasis occur. They
outlined the faults of their experiments and suggested improve-
ments. 46
Another concept of the pathogenesis of this disease was
presented by Chapple at the Fifth M & R conference. He re-
ferred to some expériments by Lurie at the Phipps Institute
which were concerned with the regulation of absorption of
various materials in the lungs. This work indicated that
estrogen causes diminished permeability and progesterone
causes the accumulation of fluid. Chapple points out that estro-
gen also causes musecle tone and progesterone relaxes muscles,
He suggests that the absorption of amniotic or edema fluid may
be regulated by hormonal levels. Estrogen, whichis normally

low during the first half of pregnancy, begins to rise at about
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four and one-half months and progesterone, which was domi-
nant earlier in pregnancy, follows the estrogen at a lower
level until about twenty~foar hours before delivery. At this
time the progesterone level suddenly falla. When a baby is
delivered by Caesarean section, or is premature, an abnormal
hormonal situation, as regards the normal tune of labor, exists.
Since there is a high concentration of progesterone, which
causes the accumulation of fluid, at the time of premature
delivery, Chapple suggests that experimental work be done on
the effect of the hormones on fluid absorption from the alveoli
of lungs. s

Because of the recent trend to doubt the importance of
the hyaline membranes and stress the atelectasis present in
the lungs of infants d&ing of hyaline membrane disease, Dawson
feels that the possibility of the alveoli to fail to expand normally
should be explored. Since there has been debate about normal
Inng expansion, and no definite information is available, he
speculates about the process. In the expansion of the lung the
greatest change occurs in the size of the alveoli, alveolar ducts
and respiratory bronchioles, Expansion of the alveolar ducts
and the respiratory bronchioles with collapse of the alveoli
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might be explained by differences in distensibility of these
units., Since each has elastic tissue in its walls, there may
be an unequal distribution of this tissue, or even more diffi-
cult to prove, there might be differences in the elasticity of
the different elastic fibrils. Smooth muscle also resists
stretching and this is present in the walls of the alveolar
ducts and respiratary bronchioles but not the alveolar walls.
A decrease in musele tone may occur, resulting in dilated
ducts which would expand more easily than the alveoli. The
resulting dilatation of the ducts would cause the alveoli to he
partially collapsed, thus increasing the pressure necessary
to expand them, which in turn would cause more dilatation of
the ducts. If fluid were present in the respiratory passages,
it would be displaced by the air into the alveoli and as it was
absorbed more air would be allowed into the dilating alveolar
ducts. Once atelectasis occurred, membranes could be de-
posited from various sources. 22 His views are interesting
speculations and recalling that progesterone relaxes muscle
and is present in high concentration at the time of premature
delivery, perhaps the smooth muscle of the alveolar ducts is

under its influence.
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In 1950, Landau, Goodrich, Francka and Burns described
a clinical syndrome in infants deliverd by Caesarean section
which consisted of initial good respirations with cyanosis,
dyspnea and costal retraction oecurring later. They also
noted these infants had a rapid, weak pulse and some of them
died in convulsions, Death usually accurred within twenty~
four hours of the time .of birth. They noted the resemblance
of these symptoms to those of hematogenic shock in the adult,
i.e. increased heart rate, presence of dyspnea, cyanosis and
vomiting.” Since it bad been shown by Ballentine, DeMarsh,
Windle and Alt that immediate clamping of the umbilical cord
deprived the infant of 96 to 107 cc. of blood, and a common
factor of premature deliveries and Caesarean sections is the
immediate clamping of the cord, they devised a procedure by
which the placental blood was '"tranafused" to the infant follow=
ing Caesarean section. They claimed the previously described
syndrome was not ebserved in any of eighty-seven Caesarean
section babies following the institution of this procednre.44
Since in the majority of infants with this syndrome hyaline
membranes were found in the lungs, Landau suggested that
hematogenic shock might play a part in their production. His

62~



theory was that all infants inhaled amniotic fluid and normal
healthy infants would expel it by coughing., If the newborn was
in a state of shock, however, it would use all of its effort for
inspiration because of the oxygen lack, and not have the strength
to cough, Fluid would then be absorbed leaving the protein mem-
branes’to seal off the alvaoli.43
The last theory of the pathogenesis of hyaline membrane
disease which we will discuss was postulated by MacMahon in
1947. He reported progressive cyancosis of the newborn in two
cases which was caused by a congenital anomaly he called

""congenital alveolar dysplasia. n52

In 1948, he reported three
more cases and described the pathological and clinical findinga.
These infants cried and breathed spontaneously at birth and
after a period varying from minutes to hours dyspnea and
costal retraction oecurred. All died thirty=six to forty-eight
hour s following birth. The lungs of-these infants were well
formed, large, firm, dark red, weighed more than normal

and sank when placed in water. Microscopic examination re-
vealed an excess of highly vascular mesenchymal tissue con-

taining well formed bronchi and bronchioles. Many of the

alveolar ducts were lined by a dense granular eosinophilic
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exudate, and the few alveoli present were not uniformly dis~
tended. He stated, '"at first glance...the lesion suggests a
non~specific, proliferative, interstitial pnenmonitis...'’, but
he could find no specific signs of inflammatory disease. >3
This lesion has been found in term and premature ipfants,
and is commonly associated with atelectasis. Although the
lung superficially resembles an immature lung of four or five
months gestation, they are not identical. The pathogenesis
of this disease, as postulated by MacMahon, would seem to be
retarded alveolar 'developznent in spite of normal development
of the rest of the lung.54

Kaufman and Spiro supported the theory of congenital
alveolar dysplasia as the cause of respiratory failure in the
neonatal period. They believed the terms congenital atelectasis,
fetal atelectasis and atelectasis of the newborn were being used
to cover the ignorance of the cause of the respiratory distress
of the newhorn., They found twenty-three cases of congenital
alveolar dysplasia in a study of thirty-seven case 5.40

In 1949, Miller and Hamilton reported that the picture of
alveolar dysplasia was probably more apparent than real be-

cause of the presence of pneumonitis, edema and inflammatory
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cells which made it difficult to determine the degree of alveolar
development. 61 Bekrle, Gibson and Miller expanded lungs
(resembling those described by MacMahon) by negative pressure
and found the areas of highly vascular parenchyma were filled
with collapsed alveoli. 1 Potter re-expanded similar lungs
with fluid and found normal alveolar development,®? Martin
and More in 1955, reviewed several cases of neonatal death
which closely resembled the cases described as congenital
alveolar dysplasia and concluded that the histological picture
was that of secondary atelectasis with hyaline membranes,
rather than a congenital anomaly., %5

The histochemical nature of the eosinophilic membranes
which line the dilated alveolar ducts has not been definitely
determined. Most of the inve stigators who believe the mem-
branes consist of aspirated amniotic fluid or vernix caseosa
kave shown that fat was a prominent part of them, Potter
states that little or no fat can be demonstrated in the membrane g?
Farber and Wilaon3o demonstrated a positive fat stain in fused
necrotic cells, and Blystad and Landing failed to find positive
fat stains in the large number of lungs they studied. 14 Milter

et al. reported in 1951, that the membranes contained no iren,

collagen, amyloid or elastic tissue, but stained positive for a
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polysaccharide aldehyde.'' Blystad, Landing and Smith
stated they found no serum proteins, red blood cells or
bronchiolar epithelium, 14 Reiner reported a histochemical
study of these membranes at the Fifth M & R conference in
1952, His conclusions were that the membranes contained
protein, which contained tyrosine and some arginine, a car=-
bohydrate moiety attached to protein and some fatty substance
in small a.l:nou:m:ts.'74 Claireaux (1953) reported the presence
of a polysaccharide in these membrancs. 18 1 aufe and Steven-
son found the nucleoprotein stain to be negative and confirmed
the negative fibrin staining reaction, 46 In a brief review of
the positive staining reactions which had been demonstrated,
Bruns and Shields pginted out that a positive fat stain did not
mean vernix caseosa and a positive protein test did not limit
the origin of these membranes to the protein of edema or
amniotic fluid, 15 Wagner, as a result of his histochemical
studies, postulates that the membranes consist of either
muc&in-obeinn or glycoproteins which probahly come from
mucus of the upper respiratory passages of the infant.91 In
1955, Lynch and Miller attempted to demonstrate mucus in
the epithelium of the respiratory bronchioles and found the
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only mucus secreting glands to be sparse acini below the
epithelium. They stained frozen sections of lung, using
various methods, and showed the hyaline membrane to stain
a uniform royal blue. The epithelium of the respiratory
bronchioles and the alveolar ducts also showed a rich royal
blue granularity. They decided they were dealing with the
cellular respiratory enzyme system (cytochrome ~oxidase/
cytochrome-C) as the cause of thisgajning reaction., They
did several differential stains which they claim supports this
concept, however, they admit any other metallic~porphyrin~
protein complex could give similar results. Their theory is
that infants suffering from hyaline membrane disease have
an uncontrolled secretion of this enzyme system and it is
"...probable that the actual hyaline membrane represents a
condensed and dried accurnulation of this secretion, especi-
ally as it is conceded that the only factor known to modify
the i'ncidence and geverity of this disease is high humidity."50
Gilmer's studies in 1955, revealed protein was the major
constituent of the se membranes and confirmed other findings

of Laufe and Stevenson. 32 Martin and More (1955) support

Reiner's findings and state the membranes give negative re-~

actions far mucus as well as the other substances mentioned
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by Miller and his workers in 1951, 25 Gruenwald claims the
reason for the different results reported in the histochemical
studies of the se membranes may be because the membranes
do not all consist of the same material, He points out the
variety of conditions in which they occur as supporting this
assumption.

The large number of theories regarding hyaline membrane
disease which have been discussed, emphasizes the need of
more careful clinical and laboratory evaluations., A few of
the questions raised by the preceding Jiscussion should be
presented before proceeding to a discnssion of hyaline mem=
brane disease as a manifestation of heart failure. The ques-
tion of there being different histochemical and morphological
types of hyaline membranes was raised. The relation of these
eosinophilic membranes to the infant's symptoms was ques-
tioned, and the possibility of atelectasis being the primary and
most important lesion was presented. The significance of some
hyaline membranes as the cause of neonasel death was questioned
and the problem of pathological interpretation was presented.
Dr. W. E. Nelson surnmed up many of the problems of this
disease in his opening remarks to the Fifth M & R conference.
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"Do such membranes actually consatitute a valid cause of death,
or are they instead merely an alteration occurring secondary
to some other lethal process? Do similar memhranes occur
in infants who do not die, and if so, do they influence the state
of well being of such infants? Is it possible to establish a
diagnosis of pulmonary hyaline membrapes in infants who do
not die? What is the nature of the acidophilic material com-
prising' the se membranes and what is its source ?'t 1%
Although we have frequently referred to hyaline membrane
and hyaline membrane disease throughout this paper, it has
recently been stressed that the eosinophilic precipitate seen
in lungs of infants dying a respiratory death is not hyaline,
or a membrane.47 As has been pointed out before, it was
only recently that the entire picture of the disease was appre-
ciated and the possibility that the picturesque red membrane
might not be the lethal lesion proposed. The recent interest
in the relationship of edema flunid in tnhe lungs and the hyaline
membrane may have been one of the reasons Lendrum was
inserested in the relationship of this membrane and left ven~

tricnlar failnmre. In 1950, however, he and his associates

had already noted g membranous form of exudate plastered
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against the wall of alveolar ducts which reminded them of the
vernix membrane., They had seen this picture in the lungs of
adults with rheumatic myoearditis which had resulted in
rapidly fatal left ventricular failure. 1ol
As was pointed out by Lendrum, examination of the clin~-
ical records of these infants as well as some of the autopsy
findings shows a resemblance to the findings in adults who
died as a result of acute left ventricular failure. In the
adult, acute pulmonary edemna occurs when extensive edema
of the alveoli complicates congestion of the pulmonary capil-
laries. The dyspnea caused by the passive congestion (via
the vagal reflex) is accentnated by the edema which adds
arterial anoxia and causes chemical stimulation of the
respiratory center, This extreme increasing respiratory
difficulty is associated with cyanosis, which often becomes
quite mar;ed. 91 In infants with hyaline membrane disease
increasing dyspnea and cyanosis are characteristic findings.
Potter has noted that in addition to the lung findings of
marked capillary congestion, hyaline membrane, intra-
alveolar pink staining fluid, and atelectasis, the right atrium
of the heart in these infants is often greatly distended.”’
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These findings suggest to Lendrum '', .. heart failure over-~
loading mainly the pulmogary circuit-failure of the left heart. wd?

It will be pointed out by some that although the symptoms
are comparable, as are isolated autopsy findings, a hyaline
membrane with atelectasis is not characteristically found in
the lungs of adults dying of acute pulmonary edema. This is
true, but as so maty of the earlier investigators seemed to
forget, hyaline membrane disease is a disease of newborn
infants, There are many physiological and anatomical dif-
ferences between the newborn and the adult and these must
be recognized before the etiology of heart failure can be
seriously considered,

The most marked differences between the adult and the
newborn are the structural and functional changes which occur
in the latter at the time of birth. It has been juat recently
(1951) that these chAnges were established. They take place
because the fetal circulation which has served its purpose
well during intrauterine life must be replaced when life be-
comes dependent upon ventillation of the lungs. The closure
of the ductus arteriosus and foramen ovale are the changes

we are interested in at this time. An excellent set of experi-

ments on newborn lambs in 1951, by a group of British
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workers showed how these two events take place. Prior to
aeration of the lungs the pressure in the ductus arteriosus at
its origin from the pulmonary artery was greater than that in
the aorta, and the flow of blood through the lungs was slow and
small in amount. When ventillation occurred there was a fall
in the pulmonary and aortic pressures, which coincides with
and is dependent upon the increased blood volume present in
the aerated lungs, This change in blood volume causes a de-
creased flow of blood to the heart which is the cause of the
drop in the systemijc pressure. The lungs fill with blood in

a few minutes and the volume of blood returning to the heart
is increased as is the systemic blood pressure. The high
resistance to blood flow presented by the collapsed vessels of
the fetal lung is absent now and thus the pulmonary pressure
(as it is in.the adult) remains low. The ductus arteriosus
closes within one to two minutes after the aeration of the
lungs, at the time when the pressures in both arterial sys=-
tems are at the lowest points. The hypothetical explanation
of this is the ductus is an elastic and muscular tube which

is attempting to clase at all times, but is kept distended by

the high blood pressure within it, When this pressure
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diminishes, the ductus closes. The foramen ovale is considered
to be closed by the increased blood flow returning from the lungsa
to the left auricle which forces the membrane over the opening.
Prolonged closure of these two structures results in anatomical
obliteration. 8 Since the initial closure of these structures is
merely a functional one, it is not beyond the realm of possi-
bility that changes in pressures toward those present prior to
birth could not reopen them. It must also be pointed out that
the muscular wall of the ductus is not as fully developed in
the premature as in the full term infant. 47

The pulmonary vascular system of the newborn, especially
the premature, is immature, as has been pointed out by
Kle_]:nola..48 At the time of birth the planimetric ratio between
the right and left ventricular walls is 1:1, but rapid hyper-
trophy of the left ventricle normally occurs and by six days
after birth the ratio becomes 1:1.35. Other evidence is also
present which supports the fact that the right ventricle main-
tains its fetal dominance at birth and for a short time follow~
ing bi.::th.6 As has been previously noted, the volumes of

blood passing through the right and left ventricles change

rapidly at birth. The large volume of blood entering the left
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ventricle has to be pumped through the systemic circulation
after birth rather than the placenta which has a relatively low
resistance. This increased load is the reason for the rapid
hypertrophy which was noted above. 84 The ability of the
newborn's heart to function in an extreme state of anoxia is
much different from the adult myocardium which must have
oxygen or hypoxia and infarction will rapidly occur. 4T’ 84
The incomplete dewvelopment of the cardiac muscle in the
premature infant must be remembered. 47
Before we review the series of events in the production
of hyaline membrane disease by failure of the left ventricle,
let us examine twemty cases of this disease taken from the
files of the University of Nebraska College of Medicine.
These cases were selected from the autopsies of premature
liveborn infants at this hospital between and including the
years 1945 and 1955. No attempt was made to find all of
the cases of hyalime membrane with resqption atelectasis
during this period. The cases to be presented were chosen
because the final diagnosis on the autopsy protocol included

that of ''hyaline membrane'' or '""vernix membrane.'" The

histological description of the lungs were read, and if the



description did not mention the characteristic microscopic find~
ings, it was not included, Finally, the slides of twenty-one
autopsies were examined and the mineteen cases reported here
were found to have lung findings of an eosinophilic material
plastered against the wall of the alveolar antra, atelectasis
and capillary congestion., Table I summarizes the clinical
findings in these infants. Table II is composed of some of

the findings at autopsy. The micrescopic findings described
as being typical of this disease are not included because as
was noted before, they were used in selection of the cases
(see figures 1 and 2). Figures 3 and 4 are photographs of

the lung of a nine month infant who died one day following
surgery for a congenital heart lesion. Autopsy showed:con-
gestion of the lungs, a caleifying infarct in the tip of the
upper lobe of the left lung and pulmonary arteriosclerosis.
The se hyaline membranes lend support to the theory of

their formation from edema fluid and are evidence in favor

of the theory of heart failure as the etiology of hyaline mem-
brane disease. Microscopic examination of the hearts re-
vealed normal muscle for the stated age of development in

all cases, congestion in the vessels of the myocardium in
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nine cases and normal vessels in nine cases, There were no
microscopic sections available in the remaiming two. Examina-
tion of the gross descriptions of the lungs revealed the char-
acteristic findings of dark red-purple lungs, firm in consist-
ency which did not float in water in ten instances. In one in-
stance both lungs were described as being dark redpurple and
appearing atelectatic, but the right lung floated in water. In
two cases the lungs were described as dark red and firm,

but both floated in water. In six the lungs were described as
dark purple-red and appearing atelectatic, but no mention is
made of an attempt to float the lungs in water. The expected
normal weight of the lungs and hearts were calculated by
using per cent of body weight, Hess, in his book on premature
and congenitally diseased infants, gives the average weight of
the heart in prematures as being about 0.7 % of the total body
weight. Examinatiqn of the figures given by Potter69 showed
that the heart weights stated in her table came very close to
being 0.7% of total body weight in all instances. The expected
normal weight of the hearts in Table II is 0.7 % of the total
body weight. Examination of the average weight of lungs in

69

premature infants as given by Potter, revealed the ratio
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lung weight to body weight varied in the different weight groups
she gives. The per cent per body weight was calculated for
each of these groups and the resulting figures were used in

calculating the combined expected normal weight of the lungs.

250 g to 750 g = 3% of total body wgt. = comb. wgt of lungs

750 g to 1250 g = 2.5% " iwooon " " "
1250 g to 1750 g = 2.2% n n 1 n " "
1750 g to 2250 g = 2.2% " nwooon " " T

2.0% 1 " 1 " n "t

2250 g to 2750 g

1.8% 114 1t " " 1] 1t

2750 g to 3250 g

77 =


















#10
#11
#12

#13

#14

#15

#16

#17
#18

#19

%
sk
ek

complete
no brain
no brain

complete

complete

complete

no brain

no brain
complete

no brain

The method of determing these values is explained on pages 76 and 77.

No description available,

39
35

37

23

49

45

45

32

41.5

34,3
39.6
33.4

35.6

27.5

36,7

42,5

23.8
30,8

31,5

TABLE II (cont!'d)

12

12

13

16,5

ke

10,2

10.5

10,9
13,6
10,6

11.3

1.7

11,7

13,5

6.4
9.8

10,0

closed
ek
guarded

patent
4 mm,

K

ek
"large'
patent
guarded

Heskese

guarded

ek

patent
patent

patent
3 mm,

ok
patent
"dilated"
patent
patent
patent

Sk %

none
none
none

none

none

intratentorial
hematoma(2~3cc)

none

none
none

none



The series of events proposed by Lendrum which occurs
in these infants begins with the birth of a premature infant.
In such a newhborn, the pulmonary capillaries, the left ventricu=-
lar wall and the wall of the ductus arteriosus are not fully
developed. If the left heart fails to pump out all of the blood
which enters it from the lmngs, or if there is failure of the
ductus arteriosus to close when the aortic pressure is greater
than the pressure in the pulmonary artery, congestion of the
pulmonary vessels will occur. No respiratory symptoms need
occur at this time. The resulting rise in the pulmopary blood
pressure causes filtration of the serum into the alveolar spaces.
This results in decreased oxygen exchange, and the left ven-
tricle which is receiving lesg well oxygenated blood, continues
to fail, The cycle of increasing pulmonary edema, anoxemia
and anaxda of the left ventricle leads to complete failure of the
overburdened left heart. As the left heart fails, the pressure
rises in the right heart and right to left flow occurs through
the foramen ovale and the ductus arteriosus. This return to
the pattern of fetal circulation reduces the pressure in the pul-
manary vessels. The ability of the newborn lung to absorb

water has previously been pointed out. As the decreased
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pulrnonary vascular pressure occurs, the intra-alveolar fluid
begins to be resorbed, the water and electrolytes being ab-
sorbed first. The concentrated protein with any remaining
fluid is forced toward the respiratory bronchidles and alveolar
ducts by contraction of the elastic alveolar walls. Thus the
picture of atelectasis as well as the presence of an eosino~
philic material pressed agminst the walls of the alveolar ducts
is expla.ixmd.47

A review of the literature of this proposed pathogenesis
may help shed some light on its probability., Let us say at
the begirming that in the adult dyspnea of cardiac origin is
recognized by demonstrating other signsa of cardiac disease,
particularly by the observation that the heart is enlarged. 37
In 1932, Farber and Wilson listed several conditions in which
they observed an eosinophilic membrane in the alveolar spaces.
One of these was heart failure, and in these lungs they saw the
membranes composed of serum at some distance from the al-
veolar walls, They pointed out that dyspnea and forceful in~
spiratory efforts were praminent clinical features in these
cases and all had partial respiratory tract obstruction because

30

of fluid. In 1940, Miller and Ross observed three infants aof
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diabetic mothers who had dyspnea, grunting respirations,
feeble cry and cyamnosis in the neonatal period. They demon~
strated cardiomegaly radiographically and the clinical diagno-
sis in two of these cases was congestive heart failure with
recerry.63 Miller and Wilson in 1943, found radiographic
cardiomegaly in twenty out of twenty-one infants of diabetic
mothers in the first ten days of life. The outstanding symp-~
toms in these newhorns were dyspnea, tachyppea and cyanosis,
and their duration corresponded to the period of cardiomegaly.
For this reason these authors felt the symptoms might be the
result of cardiac failure. The hearts of the infants who died
during their periods of symptomatology showed definite in=
creases in weight and was interpreted as hypertrophy. 64
Miller pointed out that the diagnosis of cardiac hypertrophy
in the neonatal period is difficult and a diagnosis of an en-
larged heart can best be made by radiological examination, 58
In 1948 Parmelee pointed out the great increase in the pul-~
monary blood volurhe and the sudden changes in the pressure
relationships intraventricularly at the time of birth. He also
nosed that the arteriolar and capillary systems of the lungs

were being placed under sudden new demands at this time. >4
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In 1949, Lendrum and his associates noted the presence of a
""'vernix membrane' in the lungs of adults with rheumatic myo~
card:lt:ls.101 In 1951, Lind and Wegelius noted that during the
fir st few days of life the functional adjustment of the circulation
is reversible, the right and left hearta being equally developed.
They postulated that some pulmonary complication which in-
creased the pressure in the pulmonary circulation might cause
reassumption of the fetal blood flow., They observed this to
happen in angiocardiographic examinations of infanta with cya~
nosis during the first few days of life . 4% In 1953, at the fifth
M & R conference Hardy reported that Clifford had demon-
strated a '...deep apace ... visible between the anterior
mediastimum and the stermum in the lateral roentgen films... '.{4
She felt this might be the result of trapped air but Lendrum
interprets this as possibly representing congestion in the
dependent (posterior) portions of the hmgs.47 In 1954, Winter
and Gellis, in studying infants delivered by Caesarean section
who died, concludsd that there was a complete lack of corre-
lation between cardiomegaly and the presence of hyaline mem«-

branes. They stated that heart failure as an etiology could be

dismissed because of the absence of edema, congestion of
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systemic veins and an enlaxging liver,' It should be pointed

out here that the '"... resatriction of the term congestive heart
failure to persons with venous engorgement and edema ... is
entirely unjusﬁ.fiable."37 It was also noted by these two authors
that heart size by roentgen films in the newborn is a ''... notor=
iously ... poor technique ...'' and that the weight of the heart
at autopsy cannot be used to determine the presence or absence

of cardiac failure. 91

Smith also pointed out the difficulties of
interpreting a chest roentgen film in the newborn and noted the
marked difference in cardiac and mediastinal outlines during
the different phases of respiration. 84 In 1955 Arey noted that
the time of birth was one of great readjustment and pointed out
that if the pulmorary blood flow were to be abmormally increased,

as by failure of closure of the ductus arteriosus, the resulting
pulmonary congestion might cause the escape of protein and
fluid into the alveolar spaces with subsequent hyaline membrane

formation., 3

Before we can interpret the cases we have presented as
either supporting or refuting this theory, we must determine
what clinical and pathological features should be indicative of

heart failure in the newborn infant. The pathological findings



of heart failure in the newborn lungs are obscured by the
atelectasis and '‘hyaline membrane.'' These are the result
of peculiarities of the newborn., The respiratory failure as
postulated by Lendrum in these infants is a result of a pro=~
gressive series of events, each aucceeding one partially or
completely obliterating the signs of the previous one., At
autop#8y only the final pictmre is seen so only those findings
which have not been obscured during the formation of this
picture have any practical importance, In the lungs of
adults dying in acute pulmonary edema there is capillary
congestion and alveoli distended with fluid, If the alveoli
were collapsed, only the vascular congestion would remain
as an indication of heart failure. The physiological and ana=-
somical differences between the adult and the newborn which
have been previously pointed out account for the other patho-
logical signs of heart failure in the newborn., A patent
ductus arteriosus and foramen ovale are post mortem indica-
tions that during life at least part of the blood followed the
fetal cireulatory pattern. At autopsy the foramen ovale may
appear to be guarded by the flap-like septum. If the pressure
in the right atrium during life was greater than in the left, it

is easy to see how this ''flap'" could be pushed away from the
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foramen. A patent ductus arteriosus can be demonstrated by
routine dissection of the aorta and pulmonary arteries at
autopsy. It has been shown: by Smith that the ductus normally

closes within two minutes in the newborn sheep.84

It is ad~
mitted that it is frequently dangerous to interpret human physio=
logy on the basis of animal experiments., The clinical signs of
dyspnea and cyanesis as indications of heart failure have already
been pointed out. Lendrum has attempted to explain the ineffec~
tive inspiratory effort of these infants by noting that the lungs
fill the pleural cavities at autopsy and the diaphragm is in an
almost horizontal position. This he feels is the result of the
marked capillary congestion and edema, The diaphragm, bheing
at its inspiratory position as a result of pressure from the dis-
tended lungs, would be ineffective in drawing air into these lungs.
Its inefficient comtractions would only cause sternal and costal
retraction. 47

I have concluded that the following findings nwst be present
to substantiate the presence of cardiac failure resulting in
hyaline membrane disease.

l. Progressive dyspnea and gasping inspiratory efforts.

2. Cyanosis,
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3. Heavy red-purple lungs which fill the pleural cavities,
4. Capillary congstion in the lungs.
5, Collapsed alveoli,

6. The presence of an eosinophilic ""membrane' lining
the alveolar antra.

7. Patent or gnarded foramen ovale (this will probably
be present in antopsies of all newborns),

8. Patent ductus arteriosus,

9., Cardiomegaly as indicated by increased weight,
Study of Tables I and II reveals that all of these infants showed
progressive dyspnea and cyanosis. The column of physical
findings is distinctly limited, as in many of these infants no
physical examination was reported on the chart, Study of the
autopsy findings reveals weight of the lungs greater than the
expected normal in thirteen instances, a marked difference
being present in only five of these cases. A heart weight
greater than the expected normal was found in ten of the eigh-
teen cases in which the heart was weigled(56%). The foramen
ovale was described as being patent in three cases, guarded
in seven, and closed in one. There was no available descrip-
tion in the remainizg eight cases. The ductus arterioeus was

patent in all twelve caees in which it was described, The rest
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of the information on these charts agrees with previously
published facts and figures on the incidence, time of death
and physical conditian of these infants, It should be noted that
in thirteen (76%) of the seventeen cases in which the condition
at birth was known, this condition ranged from fair to good.
Too few cases have been presented #o enable us to draw any
definite conclusions, but it must be pointed out that our re-
sults, when composed with the findings we have enumerated
above, are compatille with the theory of hyaline membrane
disease production as postulated by Lendrum. As he has
stated if this sheory is to be proven, a chamge in the therapy
of premature newborns should be made. This would consist
of changing the existing routine in which most of these infants
are placed on their backs in an incubator, often with the foot
of the bed elevated to 30 degrees., This position and the im=~
mobility of these infants causes venous engorgement in the
thorax which uses up the already limited space, causes an
increased amount of venous blood to enter the right heart and
pulmonary capillaries, and predisposes to venous stasis and
edema in the dependent portions of the lungs. If the theory of

cardiac failure is aound, the position of the baby during the
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fir st two days of life '',,. should always be such that any ex~
cess venous blood would accumulate below the diaphragm.. ."47
Only when it has been demonstrated by this technique that the
incidence of hyaline membrane disease is reduced, or when
experimental left ventricular failure in newborn animals pro-
duces this characteristic syndraome, can this proposed patho~
genesis be accepted,

SUMMARY AND CONCLUSIONS

The numerous proposed etiologies of pulmonary hyaline
membrane disease are exarnined, and it is shown that none
of these explains the pathogenesis adequately. The incidence
of this disease, its clinical and pathological features, and its
clinical differential diagnosis are presented, The literature
of the x-ray diagnosis is reviewed and it is noted that there
is dissension as to the signs characteristic of this disease.
A brief discussion of the histochemical nature of these mem-
branes reveals their composition is not known at this time.
The possible assocjation of heart failure and hyaline membrane
disease is explained on the basis of the phy=sielogical and ana=-
tomical differences in the newborn and adult, Nineteen cases
are presented and it is concluded that the clinical and patholog-

ical findings in these infants are compatible with the theory of
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heart failure as the pathogenesis of hyaline membrane disease,
The difficulties in the pathplogical interpretation of acute left
heart failure in the newborn are pointed out. Photographs of
the lungs of a nine month infant are shown which tend to sup-
port the theory of heart failure as the etiology of this disease.
It is proposed that prevention of heart failure by correct
handling be included in the management of the newborn pre-
mature infant.

In conclusion it should be pointed out that this author does
not feel heart failure, or any other isolated etiology, is the
cause of pulmonary hyaline membrane disease. This disease
is found only in newhorns and it is felt that the physiological
bandicaps of these infants play a great part in the production
of this syndrome. The deficient vagal tone in the neonatal
period, resulting in pulmonary edema, may cause the increased
pulmgnary vascular pressure which results in the reassumption
of the fetal path of blood flow. The ability of the newborn's
lung to rapidly absorb fluid may result in an increased blood
volume., The fetal blood flow pattern would cause decreased
pulmonary vascular pressure, reabsorption of edema fluid,

alveolar collapse and hyaline membrane formation, The
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anoxemia resulting from this would be added to an increased
systemic pressure (as compared to fetal life) and the result
could be left heart failure, This would cause more pulmonary
edema and congestion and once more the pulmonary blood
pressure would rise, A purely theoretical concept, but it
emphasizes my belief that pulmonary hyaline disease is a
result of a number of factors in the neonatal period, includ-

ing and most important, the infant!s physiological deficiencies,

I wish to thank Dr. Miles Foster, Dr. Dorothy Smith and
Miss Geraldine Leu for their help and encouragement in pre-
paring this paper.

-95-



Figure I -~ Pulmonarvy hyaline membrane disease in
an infant who died at the age of 18 hours. Note the

typical membrane, massive atelectasis and capillary

congestion. (37X)

Figure II -- Higher mmgnification of Figure I. (170X)
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Figure III -~ Sections of the lung of a mine month old
infant, Atelectasis is not as marked as in Fig, I, but
the appearance of the membranes is similar, Note the
relationship of the intrautral fluid and the eosinophilic
membrane, This case is not included in Tables I and II,

(37X)

Figure IV -~ Higher magnification of Fig, III which
shows capillary congestion and a thick eosinophilic

membrane, (170X)
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