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Respiratc;,ry distress syndror::e (hyaline membrane disease) is 

responsible for more deaths than any other single entity in the 

newborn infant.
3 

Including the 40 to 60 per cent who survive, this 

is then by far the most col!llllonly encountered serious problem in 

the nursery. Pulmonarr hyaline membrane was first described in 

thi� country oy Johnson and �yers in 1925.
4 

This entity which accounts for a sma.11 number of deaths in 

the full-term .gr(?UI?, is increase in infants delivered by c�sa'.r�n 

section, accounts for a.pproxin:ately half the deaths of premature 

infants, and neady all the IIDrtality of infants bo� of d�etic 

3 
mothers. 

At postmortem examination typical pulmonary findings include 

atelectasis, congestion, and hyaline membrane formation. Assoc iat­

ed subarachnoid or int:aventricular hemorrhages a.re a frequent 

find­ing. The minimal life span of the child to produce the 

membrane has been found to oe from one and a half hours in 

pret18.tures to a longer time in full term infants, usually the 

second or third day of life. 4 

The ca.use of hyaline membranes is not 1mo.wn and HMD is not 

recognized as a. clinic-1 entity. 1hi,ere is no mention of it in the 

standard :romenclature of :biset'<se. There is marked disagreement as 

to its chennica.l and physical nature, little 1mowle.· :e of the mode or 

modes of prod .,ci;ion and little undei-standin� of its treatment. 

The diagnostic si(}l.S of the RDS are chest retraction, exp­iiratory 

grunting and decreased air entry on auscultation» present 

l 
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durm :; and persisting beyond the first three hours of life. The 

labored respirations and _especially the pathognomonic grunt, are 

sometimes not a·pparent until o:ne hour after birth when the infant has 

qu:Bted do-wn and be�ins to breathe regularly and without crying; or 

irrita.bility.l Unless death supervenes durin; the first forty-eight 

hours, the respiratory distress reaches a peak withi�.,_ two to three 

days, after which gradual recove .. 7 takes place. 

P2:1;TlIOLO ICAL DESC,.UPTIOr 

The lungs appear pruplish and when cut look like live� .. as hist--· - 

ologiC?ally there iS' widespread reabsorp"tion o .• : air and the vialls of. 

many alveolar ducts and nost alveoli are collapsed giving a solid 

appearance to the lung parenchyma microsco�ically. The resorption 

atelectasis descri.;ed aoove is associated with an intense capillary 

engorge·.�ent which is responsible for the bross color and inc"ease 

in weight. 

T�e feature from which the disease derived its name is a homo­ 

genous acidophilio material tha. t lines the inne_r surfaces of the 

alveolar ducts, terminal bronchioles and some alveoli. This 110.t­ 

erial, ,the HM, is thought to serve as a mechanical bar�·ier to nor-1nal 

respiratory exchange by blockin . alveolar-capillary perfus ionf4 If an 

attempt is made to expand the R: lun� with air aft .. r removal fror.i the 

oody, the proxiiml spaces become greatly h:,rperdistended 

and the distal ones more collapsed¥ If 'fluid is injected the lung 

spaces gradually open. 

2 



--

Recent authors have depreciated the role of' the ��yaline me:m­

brane itself and emphasized the importance of atelectasis of .. the 

26 
alveoli as the chief pathology. Lar.dini:;; notes that the preset ce 

of HM seems to correlate vri th an abse-sce of other lethal factors 

such as severe congenital heart disease.27 Smith considers pneumon­ 

itis and pulmonary hemorrhage to oe unrelated findings since they 

are seen with equal incidence 
., 

both with and ,-fithout HMD.

Fourteen percent of premature infants have RDS. The incidence· 

in regard to weight: 50 per oent of infants wei�hing 1000 to 1500 gm. 

and only 5 per cent vieighir.g 2000 to 2500 gm. 

Mortalit:r rate: 66
,.
% ,of the 1000 to 1500 gm. infants die and 

31 per cent of the 2000 to 2500 gm. infants. Four out of every 5 

infants who die of respiratory distress syndrome die between 12 

and 72 hours of aze. The mortalit�- rate a�ong distressed infants wLo 

are still alive at 48 hours of age is 25 per cent; amcv� those who- 

survive 72 hours it is 11%. 

It is evident that the :mortality rate is close:.y related to 

the degree of prerr;.a turity and is 10 times greater in 1200 gm. baoies as 

in 2400 gm. babies. Eleven per cent of premature infant females die 

from Rll3 • When the synd.r?me affects one mem0er of twir1 or tri­

plet sets, all memuers are affected
_. 

altnough the last-born is usu­ 

ally the .. ni.ost severely affected. 

The syndrome is doubled when delivery is by cesarean section. 

This effect seems to be due to the operation itself rather than the 

3 



indication for which it is done; as the ROO occurs as often after 

elective sections as after emer'.;ency sections suoh as for placenta 

praevia. 

The etiology does not seem to be related to the difficulty of 

the delivery, since those factors which tend· to produce trauma, as­

phyxia or depression during delivery do not affect the incidence of 

Rre. It is not more common in breech deliveries, a:1ong se.cond 

twins, after prolonged labors or with analgesia, anesthesia, as­

phy.x:ia neonatorum or placental insufficiency syndrome.· These pot­

entially harmful factors do, however increase the mortality rate 

among affected infants. 

In a study by Usher, infants of more than 37 weeks gestation 

and 3000 �• birthwe::.. !,ht born a. t the hospital did not have the syn­

drome whether they were delivered by section or by vaginam. It is 

�herefore important to avoid iatrogenic prenaturity by avdding elect­

ive sections before absolutely necessary. Some obstetricians avoid 

this hazard by a1ivaiting the onset of labor before peforming repeat 

cesarean sections
., while others allow spontaneous vaginal delivery 

after a previous seotion. 

The syndrome probably originates in utero
., 

for it is usu.illy 

evident from the first brea�h. �lso the analysis of the factors 

which affeut incidence sugg�sts that the Rm originates in utero 

before delivery
., 

and is caused by some process other than fetal 

asphyxia. Whatever the cause, it seems to affect all the infants 

present in the uterus when it is present. This etiological agent 

4 



affects only premature infants, or possibly it affects only preg­

nat.cies whioh deliver prennturelyf 

Clir.ic�l signs a.·.d symptor,1s have been classified oy Silverman 

graded from 0-10, the former indioatinb no disease and the latter 

severe distress. This classification is based on five signs and 

symptorn.s: 1) retraction of the chin, 2) xiphoid retraction, 3) in­

tercostal retraction, 4) grunting respiration, and 5) a comparsion 

of chest and abdominal movement. 

r-sin0 Silvermans method of quantitative registration of the

respiratory distress syndrome in 363 prematures Bauman found that 

the degree of inmaturity and age at which the retractions were scor­

ed were closely related to the pres�nce of distress, age at death and 

occurrence of PHD- In babies with the distress syndrome a greater 

fatality rate and higher incidence of PID.! occurred than in those in 

7whom these phenomena were absent. 

From the statistical analysis of various lesions in the lungs 

of 125 i lfants dyinQ at the age of 7 days or less it follovrn that 

atelectasis occurs in association with pulmonary immaturity, 1mphy­

sema and hyaline memoranes. Pulmonary hemorrhage is associated only 

with acute pneumonia and visa-versa. The prese we of squamous cells 

in alveoli shows a significant �ositive association only with emphy­

sema. Pulmonary immaturity shows a positive relation to fems.le sex 

and occurs in infants with hyaline membranes, ateleotasis �nd intar­

stial emphysema. The frequency curves of lesions in the lungs acc­

ording to the.age of newborn infants showed an early peak for hyaline 
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membranes in contrast to the later peaks of acute pneumonias, pul­

monary edema
., 

hemorrhage and the presence of squamL�S cemls in the 

a 1 ve . -m,;_1. . 8 

ETIOLOGY 

The ca.use of the disease is obscure
., 

out the histochemical.,

phys ::..ologioal
., and experimental .::..pproaches to hyaline membrane dis­

e,.s,.: can be divided into three main theories. These are 1) aspirat­

ion. of amnionic or gastric contents
., 

2) tran suda.tion on the basis·of 

some special type of heart failure thought possible only in the neo­

natal cardiovascular setup
., 

and exudat_on due to toxic external in­

fluences like oxygen poisoning. 

The aspiration theory: Snyde_• has demonstrated that respirat­

ory-like movements of the fetus occur at least fairly frequently in 

many animals including man. 2� 30 Potter has shown that the h man

fetus svra.liows and breathes Thorotrast containing anniiotic fluid.29

These experiments were done in early pregnancies in which the moth­

ers were candidates for therapeutic abortion. In fetuses nearer, 

term. proof of respiration by x-ray demonstration of Thorotrast in 

the fetal lungs -..m.s possible in: only a fw of the oases. In both 

animal and human experiments of this type there is evidence of for­

eign material in the lun� apparently due to absaption of the 

amniot­ic fluid in the lun6• 

Hypoxia or anoxia in the retus in many animal species causes 

exa._:.�erated respir-·,tory movements in the fetus in r:id-pregna.ncy but 
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-__,. does not pro due e these in fetuses near term.30 However, in feta 1 

sheep it has been shown that certain activities rra/ be r ormally 

inhibited b� certain nervous system centers. Anoxia can be shovm to 

depress these ceuters if it is of sufficient degree and may allow 

the release of activity. Progressive anoxia \vill in time supress all 

activity. 

Farber considered the hyaline membrane to be fused., resolvini;; 

excudate consistili� of necrotic 1ononuclear cells, leukocytes., red 

ceiJ.ls, altered fibrin., or aspirated a1miotic sac contents. He com­

pared t.h-E.: infant hyaline memorane with a meinorane seen in influenza 

pneumonia in adults. The location of the membrane was thought to 

rep,:esent mechanical dispersion of foreign material toYnfrd the peri­

phery of the air sacs oy violently inspired air. He showed that 

horse seru 1., India ink., or .fibrinopurulent exudate inst.:..lled into 

.the trachea of various experimental animals who were suoject to vig­

orous artifical respiration in the Drinker respirator seeme4 to ful­

fill these criteria. 

Claireaux notes that s;ecial stains of the hyaline membrane 

indicate the presence of fat and polysaccharides. Cells can be seen 

in areas of h:raline membrane that are still organizilf,g and these are 

identifiable as flat ·squarnous cells from the liquor amnii. samples 

of centrifuged amnionic fluid sediment resuspended in saline and in­

cubated at 37 degrees c. lose cellular outlines and become eo·smo-....... --

philic. If this u:aterial is inoculated into the irach� of a live 

rat., the picture in the drovmed lung resemtlss hyaline membrane. Ab­

sorption of large volumes of water by the fetal lung would also cre­

ate a concentrated amnionic sediment. 33
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Landing emphas:zes that two factors are·necessary: a large 

amount of amnionic 'fluid to prov�de the necessary particulate attar 

and a definite period of air breat1ing to mechanically compress the 

29 material against the wall of the lung ,assages. Landin6 has shown 

that the squamous cell co nt in amuionic fluid rises in the latter 

months of pregnancy. TTe correlated this with an iLcreased incidence 

of squamous incorporated in the hyaline membranes seen in infants 

born near term. 

Negative evidence is provided by Lelong., who, alon with other ··· 

34 29 35 
authors ' ' notas that in certain cases of obvio�s massive amn-

ionio aspiration w.ith accumulation of cornified cells in 1aany air 

cavities no hyaline membrane is formed in spite of survival of sever­

al hours to days. In the only hUiw.n experiment reporte , potter was 

unable to demonstrate hyaline membrane in the lungs of an anencephal­

ic monster who died several hours after the introduction of 80 cc.

of amnionio fluid via tracheal catheter. 29

Ahvenainen refines the aspirat. on theory by suggesting i:he 

1 f · t · f · t d · · fl . d 
3 6 

H t th t th ro e o aspira ion o vomi e amnionio ui . e-no es a ere 

is occasional desquanation of bronchial epithelium and emphasfzes 

the role of acid gastric juice in h�aline membrane formation. Gellis 

and other authors37:, 38 have observed tha_..t :the stomachs of in1•auts

born by cesarean section., especia]¥ those of diabetic :nothers, con-
' .

tain excessive amounts of' fluid, and feel that routitle aspil'!ation 

'I of the stomach at delivery has reduve-- the mcidence of res..: iratory 

complications in their nurseries. 
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The most c.omplicated theories of hyaline membrane formation

rrAy be grouped under the headib._; of t·ransudAtion or exudation. The 

sim�lest sche�e is advanced by Reuther, who feels that �oxia is

the etiologic factor in hyaline membrane disease. He feels that 

this causes increased capillary permeablity �rith exudation into the 

39,40 
alveoli frot1 the vascular alveolar walls. This liquid naterial 

is then pressed against the alveoli by respiratory movement.

Indir00� evidence for a vascular component contributing to 

hyaline membrane is fo'Ulld in certain diseases in which an apparent-·­

ly classical hya.line memorane is produced in the lWl.g; 2 , 12 , l3 chick-

en pox, poliomyelitis, sulfonamide hypersensitivity, subacute bact­

erial endocarditis, metastatic carcinoma of the lunb, Hodgkin's dis­

ease, uremia, milk aspiration, radiation pueumo .. itis, influenza pneu­

monia., rheumatic pnewn.onia ., -war gas pneumonitis, and pla6�e. The 

hyaline membranes seen in ·these conditions were described as the re­

sult of vascular damage with increased capillar�· pe_rmeability. Fur­

ther evidence to s�pport the role of the vascular tree in the pro­

duction of hyaline membranes is offered by Gilmer ., who describes the

appearance of hyaline membrane beneath the endothelial basement

membrane but electron microscope studies seem to confirm its pre-

sence. 

The most impressive evidence for an endogenous source of the

hyaline membrane is provided by· authors "who describe histochemical 

techniques. ;rwaka using isotopical1y labeled 1131 attached to blood

alpha g obulins in guinea pigs, showed that the hyaline membrane 
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produced by oxygen poisoning involves localized increased oapillary 

'permeability.14 1)6.ran-Jorda. ··identifies hyaline membranes chief

·component by ultraviolet spectrograph as a member of the cytochrome

group. He links it with blood-derived prot!3in and pigme11t and com­

pares it chemioally to eosinophilio material found in thrombi, glo­

merulus precipitate, and pulmonary edema. 41 Hadde ... s produced h line

membrane in r�ts by trac1!,eal injection of rabbit serum. Re also suc­

c.eeded in producin��,h�line membranes oy promoting the passage of

blood plasma from the lung capillaries by intra.thoracic injection of

vasod�l�tor subata.n,ces. He used cardophyllin, Duphyllin, and hist-
42 amine successfully. Hadders suggests that the sudden increase in

perfusion of lung tissue oy the change in circulation at birth could

cause filtration· of the plasms. from blood into air spaces. Possibly

then, soD� degree of hyaline membrane forlllltion is a normal ocourr-

enoe.

Gitlin using a fluorescent antibody, identifies the main c0t1p­

onent of h�line membrane as contracted ::ia.sses of fibrin. He showed 

-. that newborn infants w;i.th other illnesses .'o not have significant 

amounts of fiorin in the lung and that there is not enough fibrin in 

concentrated amniotic fluid to account for hyaline membrane. He post­

ulates an alveolar effusion as the probable beginning of hyaline 

membrane forrrittion and not�s that the deposi·�ion of fibrin from this 

effusion would be enha.nced by the presen'oe of aspirated a1 miotio 

lO 



fluid since this contains thromboplastic material. 43 Fresh amniotic

fluid cuts the clottinc time of plasma in half in the presence of 

ca lcium.4i 45 

FUrther evidence for the dual origin of hyaline m�mbrane is 

presented by Stevenson and Le.ufe. They use a combination of amniot­

ic fluid and plasma injected into the tracheas of live guinea pigs 

and succeeded fol· the first time in all experiments of hya.line mem­

brane production in getting the full triad; hyaline membrane, ate_X.���­

as is, and engorgement. They suggest that the sequence of events is 

as follows: 1) the newborn infant aspirates amniotic f'luidJ 2} the 

lungs exude a high protein fluid as a result of vs.gal injury, irrit­

ation from amniotic fluid, high oxygen tension, anoxia, or other 

causeJ 3) amniotic fluid clots the exudate and, as fluid is absorbed, 

a membrane is formed; 4) �clotted exudate plugs -produce atelectasis 

as resorption of trapped air occurs; 5) anoxia increases ana the 

infant asphyxiates unless the changes are miniml and phag�_ytes can 

destroy the membrane and reverse the pioture.46

Lynoh notes that the experimental studies of pulmonary ede.ma 

invariably preoeeded hyaline membrane £ormation.47 Farber explain­

ed va.gotomy induced pulmonary edema as a release of strong tonic 

vasoconstriotor effects causing capillary dilatation, blood stasis 

and ede:rm. Vagal stimulatior, influences the rate of pulmonary 

edema .. foririi.tion in massive saline infusions in experimental ani-

1. 32:mas. 
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Drinker states that lung capillaries are physiologically diff­

erent from those elsewhere in the body and cites the rapid product­

ion of pulmonary edema by two methods: the systemic injection of 

alpha naphthyl thiourea, and the introduction of· fibrin forming mix­

tures., whole blood or particulate 1;:ntter like India ink into the 

. t 
49 01s erna magna.. 

Investigation of the fibrinol�c-enzyme system in the lungs 

of nev,born infants nov-r clearly indicates th.at pulmonary hyaline 

formation is significantly associated with an inability of lung 

tissue to activate plasminogen. This enzymatic derangement is ahown 

to be due to the presence ·of a potent irtpibitor to the pla.sminogen 

activator that is characteliz.ed by its ability to adhere to the part-

49 
. iou 1 a t e ma tt  · er con t · a.ming · · th · e enzyme.

FUlrn.ona.ry hyaline membranes were studied by Aronson in their 

dissolution in vitro by proteolytic enzymes: by streptokinase and by 

urea with and without added thioglyoollio acid. Pepsin, trypsin and 

chymotrypsin dissolved the hya1ine membranes both in sections of 

hu­man lungs as well as in sections of mouse lung with the

experiment.­ally produced disease, whereas
., 

streptokinase alone 

failed to do so .. The combination of 8 molar urea with 2 per cent 

thioglycollio acid partially removed thehyaline membranes from lung 

slices. These findings are consistent with the view that fibrin is 

one important component of pulm.onary hyaline membrane disease. Four 

possible therapeutic agents were evaluated by Aronson in 

experimental IDJ> in 
12 



L-.ice, which was produced by a prolonged exposure to a high concent­

ration of oxygen. Chymotrypsin., trypsin and chloropromazine did not 

influence the mortal i t:r rate or incidence of pulmonary lesions. 

Heparin treatment led to a strikin[:i increase in mortality and to an 

increased incideµce of pulmonary hyaline menibranes.18 

TUrner in his in vitro tests concluded that fibrinogen is 

affected considerably by fibrmolysin but that fibrinolysin has no 

specific action on f.ibrin. This lMk of specificity together with 

inactivation at body temperature suggests that large and frequent 

doses would be neces�ary to maintain an effective plasma fibrino­

lytic level. In their oplilnion a. better method of assay of fibrin­

olytio activity is needed.55

Reoently, Fleming and his co-workers reported that total body 

irradiation affected the plasminogen-activator activity of lu:qg in 

human beings and in dogs. The lungs need not l:'eoeive the radiation 

directly:.50

A new theory regarding the pathoge�es is of hyaline memnrane 

formation considers the placenta as the site from which the abnormal 

inhibitor arises. The placenta was found to contain high levels of 

this inhibitor, and it is suggested that placental infarction .re­

lated to maternal diabetes or impending abortion releases this in­

hibitor into the fetal circulation. The presence of this inhibitor 

would th� _preve�t the dissolution of intra-alveolar fibrin, result­

ing in its retention and subsequent formation of hyaline membranes19

The role of heart failure in hya.liile :membrane disease: The 
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first discussion in the literature by Gellis denied any causal 

relationship, as he found no sign of enlarging liver, edena, 

venous distention and in 60 per cent of his series no significant

d. l b t t · t· Sl dru car iomega y y x-ray or pos -mor em examma ion. Len m

suggests a rather elabora� heart failure etiology by fluid 

draining into the a.lveolar spaces, resulting in re-establishment of 

right to left flow thr-ough the ductus and foramen ova.le with a re­

vision of the circulation to a fetal pattern an,d some bypassing 

of the lungs. As capillary pressure 1n the lung drops
., 

edema 
52

fluid iB,reabsorbed'and the protein component is concentrated. 

1his theory has been criticized by Polacek vmo notes that there 

is no evidence of left heart ·burden at birth and reunrks that the 

oxygenation of both ventricle muscle msses - depends on a common

origin of coronary ciroula,t.ion; therefore the left heart failure 
53

from Bendrum• s theory is not feasible. 

V�soular pressure and volume changes '!!'AY also be involved 

a.nd c,ould explain the picture of atelec�sis characteristic of 

hyaline membrane. Jukka after doing perfusion experiments on, 

atelectatio lungs decided that pulmonary parenohyna was to some 

degree an erectile tissue. Capillary filling of his excised lung 

specimens caused partial alveolar expansion when the bronchi were in 

oontaot with air. 
54

Cot?�)w.s data showing that vasculS:r distention does produce 

some decrease in pressure required to ne.intain a given lung 

volume in adult dogs. He feels that in -view of the large initial 

14 



pressure necessary to overcome surface tension forces within the lungs 

in newborn animal and humans the apparently small effect of vascular 

distention cannot be very important.
55

In Rudolph's et. al studies l'J.emodyna.mio measurements were made 

by means of cardiac:, catheterization. These measurements vrere obtain­

ed ill 38 intants in the first 30 hours after birth. rinteen were

normal, 9 had mild respiratory distre.ss and 10 had severe respiratory 

qistress. 

The circulatory systems of infants with mild repira.tory dist'.:.:. 

ress did not apprecj,ally differ from normal. Some infants :i;t\ both 

the�groups shov1ed evidenee of patency of the ductus arteriosus wiih

a small left to right shimt for the first 10 to 15 hours after birth.

The infants with severe respiratory distress had widely patent ducti 

with lar6e left to right shunts and in some cases right to left shunts. 

The pulmonary arterial and systemic arterial pressures were lower in 

these infants as compared to the nornnl and those with mild respirat­

ory syndrome. These cha.raeteristios o� the severely distressed in­

fants could be related to the disease process but my be duet� pre­

maturity alone. 

The possible role of left ventricular failure associated with 

large left to right duotal shunts should be given serious oons·ider­

ation in attaching the R:00 from the circulatory point of view. The 

use of digitalis has been repeatedly suggested and good result have 

been claimed. A generalized laok of vasoconstriotor tone could poss­

ibly be responsible for systemic and pulmonary arterial hypotension 

as well as for widely patent duoti arteriosi. 

15 



Electooardiographio changes are frequent in the Rm. These 

changes are not found in infants_who die before 12 hours of age 

even with infants we?,,ghing less than iooo gm. and cannot be the 

cause of the ru:s for it develops only after 12 hours of age. 

1hese EKG changes are due or closely related to increased plasilll. 

concentrations of potassium; thus resulting in a conduction type 

disturbance. This EKG change. is similar to the one found in an 

a.nuric adult w:Cth· hyparkalemia. 1here is
., 

however
., 

one major 

difference; the hyperkalemic infant rarely shows the peaked T v-mves 

which �ha.racterize the condition in adults.
1

Recent studies have shown that the systemic arterial pressure 

of these infants wiih R1l3 is lmver during the first hour than in 

comparable normal infants which is not unlike the picture of vaso­

motor shook. The cause and the significance were not clea.r.10, 56
, 

57

Oxygen has been advocated as a possibl� toxic �gent in RIB. 

Althougn, the membranes can be produced in animals by many hours 

of exposure to pure oxygen, it should be realized that·with infants 

the disease develops qui�kly while infants are breathing only room 

ai.r.
3 Another objection to -the idea of oxygen as an ideolo�ical

agent in Rm is the fa.ot that the longer the infant vtith respira1?ory 

distress lives in high oxygen in his incubator the less likely he 

is to die with h�line membrane disease. 

The studies to date have not shown 'any "c onclusive" evidence 

of heart failure during the course of the m:s. It is possible, 
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however, that the terminal incident may be associated with the 

appearenoe of aoute· myocardial f�ilure.20

Plllmonary -capillary ingorgement in a series of 335 1"fas 

nearly a. universal finding and extreme degrees of this ohange 

were interpreted as vascular coJ?.gestion. A positive relation­

ship was found betwe�n pulliQ;>nary edem and hyaline membrane. 

The l!¥;)mbrane itself \vas considered to be the end stage of a progress­

ive developn:aent of pulmQna.ry edena fluid concentration and loose 
23 

adherence to the walls of air spaoes. 

c;L'he presence t>f srre.ll thrombi in the hepa.tio sinusoids of 

the newborn have been de�onstrated by Wade-Evans. The hypothesis 

most in accord wifu the observation irade is that thrombi form in 

the site in which are seenj in the baby as in the adult, as a 

result of a disturbanoe o� circulation leading to its looal re­

duction with consequent anoxia, a process whioh when severe may 

cause in addition focal necrosis. This is of interest for it 

now seems likely that pol�rphonuclear leukocytes arise by ttie 

compaction· of fibrin containing edem fluid and that a disorder 

of cirQula tion contributes in the newborn as in certain older 

patients� to membrane formation. ihe importance ot the occurrence 

of large nUJnbers of thrombi in infants with h:,a.�·me m,mbranes 

thus lies in their providing further evidence of the presence o f  

circulat�.!.Y disturbanoe in such cases.17

An examination was nade of the pro:minanoe of perivascula.r 

aggregates of eosinophilio leukocytes in thymio septa o:r cases 
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of R.ll3. Similar examinations were also made in cases of still­

birth and-perinatal death unassociated with H:MD. Moderate or 

:rmrked thymio eosinophilia V/8.S found in more than 90 per cent 0£ 

27 oases of mm. '.lb.is degree of eosinophiHa was encountered in 

less than 10 per cent of the control group. 

Numerous eosinophils were also found in axillary lymph 

nodes of 4-8 ca�es of hya.line membrane disease but in only 2 

out of 20 control cases. 

The exact signific�nce of the observed eosinophilia of· 

the thymus and lymph node·s cannot be precisely defined at 

this till'e. But a..naphylaotic type of reaction in the fetus is 

highly unlikely as immunological llflturity is not usually 

achieved until � ome time af.ter birth. 

Concentrations of adrenal steroids in the mother are 

known to undergo progressive elevation in the last trimester 

and partically during nornnl delivery., �erefore premature and 

C-section m:1y�have lower steroid levels ,resulting 1..n eosinophilia

t. d 21men ione • 

A m,thod is described for measuring the volume of lower 

extremity in the neonate in the JAMI\.. Leg volume and body 

weight showed proportionate decrease during the first day of 

life in 9 full-term and premature infants who had no. signs of the 

RJ:S. In ....-infants with such signs a relative or absolute increase 

in leg volume occurred at the time when bo.dy weight vra.s deoreas in.g. 22
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THE CLINICAL PIC TITRE A�1) PROGNOSTIC SIGNS 

The first signs usually de�lop during the first 6 hours 

of life� One sees labored respiratory distress revealing a lag 

in the movement of the upper chest as the abdomen rises with 

contraction of the diaphragm. As the dis tress becomes more 

severe this results in the paradoxical 11 see-saw" sinking of 

the upper chest with abdominal rising. Sinking of the inter-

o os -ta l spao es varies a:ls o with the degree of dyspnea. Retract­

ion of' the xipheid and tugging of the ohin with inspiration is a 

later £t@.ge. Expiratory grtlllting� or occasionally whining_, my 

appear soon after delivery with increasing loudness. If one 

places a stethoscope on the infant•s nose the grunt will be 

detected earlier. 

The norrw.l newborn �espiratory rate is approxin:ately 40

per minute. al thou·gh normal pre1m1 ture and C�section babies nay have 

slightly higher rates.58• 59 Seventy pe� cent of distressed in­

fants have a rise in respiratory rate o� more than 20 per minute 

from the fi-rst hou� of life to the peak rate after 12 hours; such 

an increase occurs in only 10 per cent of healthy infants. In the 

distressed infant there is a sustained respiratory distress be­

tween 6 and 18 hours• and finally there is either death or gradual 

improvement during the next 2 days.1

Ge):WJ'8.lized oyanosis 'I!'Ay appear at any time, -continous or 

in spells. and it is relieved at first with the administration of 

additional oxygen. But eventually the cyanosis nay persist, even 

19 



in the presence of pure oxygen.

Flaring of the alae nasi is_ a most constant sign of respiratory 

distress. 3 When •the infant begins to breathe thro'llgh his mout� the

respiratt:>ry in.auffic iency has become severe. 

The breath sounds on auscultation are likely. to be more bronch­

ial in character than is normall.y heard in the newborn infant. If 

the disease is severe
., 

fine, moist rales of pulmonary edema are heard 

in more than half o-f. the distressed infants between 6 and 48 ho:ar�. 

l of age. There usually ifii a dramatic effort pgt into each breath. 

In the thdre is usually sot1e depression and from birth on-

ward tliey are flaccid and inactive .in varying degrees. This oereb­

ra.l depression tends to become more pronounced after six hours of 

age. ,Jost distressed in.fants show signs of intraorania.l irritation 

between 12 and 48 hours pf age. Even tliougb they may be lilllp and 

spreadeagled, they are excessively overracti:ve to stimuli. The 

appe�ranoe of" ilnp�oved tone a nd spontaneous stretching. aotivity in 

a p�eviously depressed infant by about 36 hours of a
0

e is the first 

sign of reoovery from the disease.1

Later in the Rm as fatigue becomes more marked> the inta.nt 

becomes flaccid, effort seems to bave stopped so ·that ohest retract­

ion is no longer noted
# 

and the respirations become shallow. t

thfa time the in�t is gray and appears to die in shock. 3 _ s noted

before a��ny sta.ge in the progression or the above features listed 

the infant's condition may begin to illlprove and recove·ry takes place 

without any harmful effec,ts. 
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AP.other neurological ma ifestation which ooours for seconds or 

minutes are spells of apnea. These apneic spells begin before -54 

hours of age, the prognosis is always grave, as the� usually increase 

in frequency and severity until death. When these a.pneic spells bo­

gin after 54 hours of age they are prognostically benign, as these 

occur between the third and seventh days of life in m1ny distressed 

infants who surv:ive, and although the·y may be frequent and sometimes 

require positive pressure ventilation., they do not ordina.ril 

in death.1

result· 

the cardiovascular signs consist of tachycardia ., a patent duct .. 

us arteriosus murmur, hypotension and a liver palpable 2 cm. below 

the right eostal mrgin., this is slightly larger than that usually 

found in healthy prel'$.ture infants. A crescendic late systolio
., 

and 

sometimes a continous., murmur or- patent d.uotus arterious is heard in 

one out of four distressed infants who survive. The murmur is usually 

detected between the third and seventh days of life. It persists for 

hours to several days, and occasionally up to a month. 

Hyp�tension ., as compared to normal infants ., is usually present. 

But the infants havin.g the lowest blood pressure do not necessarily 

have the highest mortality rate. There, is also no tendency for the 

blood pressure to drop as a herald of death. There could easily be 

an association between hypo�ension and RDS ., as infa"Ats with acute 

hemorrhag:tcJ shoek in the same a e group have a respiratory diff'iculi::j 

indistinguishable froo ru:6. This respiratory distress of neonatal 

hrmorrhagic shock responds immediately to blood transfusion providing 

the underlying condition is only blood loss. 
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dema which is not pressnt at oirth on the dor4al sUl"faces of 

the ha.nds and feet is t\tl lrno.st tUJ.iversal find:in in the first hour 

of life in the distressed infant who weighs less than 1200 gm. a.nd 

by 12 to 24 hours of age in most other distres sad infants. This 

pitting edena of RDS always disappe�rs between the second and fifth 
l 

days of life. 

Ha.rdenin of the edematous tissues does produce solerema 
., 

which 

is not an unfa vora:ble sign occurs in one out, of .four cases of Rllh The 

edema in RCS infants occurs. during a time of rapj.d weight loss a.s the 

�ru;s inf'a.nt ldses 12 per cent of the weight found at oirth as comps.red 

to 6 per cent by the normal newborn in the first 72 hours 

Feedit.1g.$ aro hag>ered b abdt:;.minal distention
., 

in:frequent bowel 

movements ., and regurgitation between the third and seventh days of 

life. A frequent problem is paralyt_io ileus. im-n ifestad by diminish­

ed or absent bowel sounds. Relief 0£ the .distention 'is often 

suocess:f'ul with enemas. 

Prognostical.ly severe :r.etraotion or g:ruµtmg during ,the first 

6 hours in Rm indioates a high mortality .a.nd a large number with 

these sims die-before the age of 30 hours. Those ih£an1.1s demoni 

strating these two s ir•ns la.tar an-d less severly when they do die it 

is usually after 30 hours of age. In infants who do not show improve-
' -

ment in tl}�rµ retractions and air entry after 12 hours the prognosis 

is usually poor. 

The mortality rate is 70 to 90 per oent in those pai:lents who 
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show severe flaccidity and inaet.ivity between 6 and 12 hours of 

age., 
rales durmg tbe first 6 hours, definite oyanosis after 12 

hours in spite. o-r supplemental oxygen, shov1 liver- enlargement 

after 12 hours of age or have apneio spells before 54 : ours of 

age. 

As would be expected there are some differences in the Rm-

when comparing the large and snall prell19.ture infants. lso it 

seems sign.ifioa.rit that in infants destined for respiraifory distress
., 

there is a trend, for the rate to increase during the first few hoiit-s· 

of life, regardless of the rate established at the time of onset. 
}< 

�uiler et al 58 has classified newborn infants according to

respiratory rates for evaluation and pr_ognosis. BY this 

metho� a newborn infant is 1 laced into categories that depend on 

comparison of respiratory rates shortly after birth and at intervals 

during· the subsequent 48 hours. was mentioned before the nornal 

newborn infant ha.s  a respiratory rate of approximately 40 pel: minute. 

Miller• s classification consists lSf three groups: Group t 

babies are tho-se who have a norrnal re.spiratory rate shortly a:rter 

birth and during frequent ohecks over the following 48 hours. 

Group II infants are characterized by having increased 

rates during the :first hours of life but with a return to norml 

during the subsequent 36 hours. 

Group III infants present with no�l respiratory rates short­ 

ly after birth but are found to have increased respiratory rates of' 

60 per minute or greater cornmencin u in the succeeding 48 hours. 
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Witli this classifioe.tion
1 

Miller :t'o-qnd that the babies w'ho 

developed severe respiratory distress and these ,'V'h.o died because of 

respiratory disease were in Group III. About one half of these in­

fants had persistent cyanos is and about 25 per cent died durin 0 the. 

first fa?r days. Cyanosis and death were not observed in t-hose in­

fants who had either normal or increased respiratory rates at birth 

60 but whose rates were normal after a few days. 

Miller also no�ed that rapid but shallow respirations si�it;ed 

a better prognosis then did a. ra.pid rate associated with deep inspira­ 

to�_y ef1'o.pts. He not'ioed that infants who had respiratory rates of

70 per minute but were d,yspneic with deep inspiratory movements far­

ed less well than other infants whose rates were lOO per minute who 

had shallow respirations. 

IDENTGiNOLOG IC FHIDIMGS 

The radiographic features are usuall
._, 

characteristic and freq­

uently pvesent before respiratory difficulty appears. The most com� 

mon finding is a reticular
., 

granular pa.tter'n with a general increase 

in lung density., uniform through both: lungs or nny be especially pro­ 

nounced in one area.61 The chest rrny be well expanded but not emphy­     

sematous. The air-filled bronchial tree is clearly deliniated in most 

instances and produces sharp radioluoent contrast against the overall 

incotnpleiliy aerated lung. 

Usher��tates that there is a typioal triad consiirtins or the 

eneralized retioul<>granular pattern of the lung ,fields., an •air 

bronohogram" and a widened superior mediastinum. These change-a per­

sist until about one week of age in distressed infants •1
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The chest x-ra: is most us eful in the lar. �er infants in wh·o1!l 

the respir.a.tory .distress syndrome is oft.en atypical with little 

grunting and good air entry. Tl:iis is to say that infants who show 

the classic clinical signs of tiie syndrome, especfally the very small 

babies should be spared the unnecessary trauma, the raq:iation exp·osure 

and should be t:rea ted accord.agly. 1

In the a1?n,ical syndrome in lt!r ;er �fab.ts mentioned ·above the 

chest radiograph ca1.l establish or rule out other causes of resp�rat� 

ory �tress suoh as aspiratiQl'l pneumonia, pneumbthorax, lo15ar ate� 

lectas i:s and diaphtagmatio hernj,a. 

the ohest cage and the position of the diaphragm show a normal 

chest voµ,.me in Rm as opposed to the hyperexpans ion in the aspirat� 

ion sj'tldrome, radiolucenoy of pneumothorax, and the poor �xpansion 

of primary atalaotasis.3,

An x-ray picture s illlilar to that of mm has been attributed te

incomplete e:x:pans·ion of the lungs at birth but it h:as been dernon­

stra.tea that. neonatal expansk)n is usually aooom.plished during the 

first fart breaths anJ it is unusual to find areas of ateleotasis in 

chest films mde in the first hour of life in normal infants. The 

do.agnosis of HMD in the presence of resp�tory distress cannot be 

made unless there a.re positive radiograpluo features.61

DIFFE� TTIAL DIAG JOS IS 

T�re are many abnor1re.lities that can cause resp:i�tory dist­

ress of which a few will be discussed. 

Pneumothorax and pneumO?llediastinum: X-ray examinations are 



usually the most helpful for the asymmetri,o findings on percussion 

and auscultation and variability .of .interoostal retraction are al­ 

ways discrete on the thin chest of the newborn. 

Aspiration of amniotic fluid and meooniul'ri: This. s}'lldrome is 

usu�lly as soeiated with post maturity rather th.an prematurity and 

is a relatively rare s�drome. A careful obstetr·io history may re­ 

veal a case of prolonged gestation or pre-existing fetal distress. 

Remi ssion is usually spontaneous. Rales may be heard and the x-ra.y ·

film shows hypere:x:pansion; pate.}ly ·distribution of densi-cies and areas 

of empltYfema, and increased densities corresponding to the 

broncho­vascular markings. 

Prima;ry atelectasis: Cyanosis and respiratory dif'fioulty are 

present from birth. Ahistory- to suggest and intra.cranial lesion 

or depression of the central nervous system is oi'ten elicited. The 

• bell-shaped thorax, narrow at the top, is a cha.racteristio findih�

on inspection
1 

as are steeply sloping ribs on the x-ra fiim.

Intra.cranial Hemorrhages: The clinical manifestations, a.s a 

rule ., are respiratory distress with weak and irregular breathing 

interrupted by periods of apnea. The no;r-mal x-ray of · he chest 

should alert one to the possi'bilit, of this entity and a skull film 

may disclose fractures or separation of the cranial vault sutures 

but thi$ is not to be relied upon. 

Pulf.RP,ary J:Iemmorrhage: This entity rrf:J.Y occur in small, 

clinically insignificant amounts or rray be rrassive resultin in 

rapid 
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demise. Fetal anoxia is probably the most probable oause
., although 

this may be complicated by hypothrombinemia. or hemorrhagic disease 

of the newborn� Pulmonary hemorrhage frequently accompanies fatal · 

erytmroblastosis fetalis. Clinical findings rre.y be limited to resp­

iratory distress or, i:n the severe cases
., there may be hematemesis 

or the passage of large amounts of .froiiliy blood from the nose and 

mouth. Chest x-rays a.re simi).a.r to i}ose infants with the aspire.tion 

s,yndrome
., 

as there �r� linear and-patchy areas of increased dens�t.,¥, 

usual �y in ooth lungs ., and the prominence of the markings and the 

distribution depend.upon the severity of the intra-alveolar hemor-

rhages. 

Pneumonia: If it is present within the rt�st 12 hours it must 

have been acquired in utero. Premature rupture of membranes ( e.g • ., 

12 hours prior to the onseJ of labor), pyr�ia in the mother ., or and 

unusual amount of obstetrieal manipulation makes on more suspicious 

of pneumonia. Even in the absence of radiographic signs ., its pre­

sence cannot be excluded either as a cause of the respiratory dist .. 

ress or as an ace ompaniment of HMD.

other entities
., 

such as lung cysts, lobar emphysema� congest­

ive failure of dtaphragn:atio hernia may be detected or excluded with 

good and repeated physical examination in conjunction with radio­

graphs of good quality. 

BIOCEEMICAL CHANGES

In the Rm during the early hours of life infants develop a 

respiratory acidosis and metabolic acidosis, the tension of CO2 in 
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the blood increases and the pl[ of the blood goes down. Venous pH 

levels of 7.00 to 7.25 are cormnon. The carbon dioxide tension is 

usual .. y 50 to 80 nm. o[ mercury and the plasma bicarbonate concent• 

ration of ts to 25 roEq. per liter. This is in cor�trast to healthy 
I 

premature infants who have a venop.ij pH of 7.30, oaroon dioxide or· 

45 nun. and plasma bicarbonate of ·22 ll\Eq. 

During the 3 day course .of the R1l3 the pla.sms. bicarbonate tends 

to decrease durilig the. first 72 hours of life$ thereby. increasing . 

the metabolic component of the acidosis. Also the carbon dioxide 

tansio� �enains constant or falls slowly. 

There is an a.cci.unule;tion or plasma potassium_ and nirtogen in 

distressed infants even though there is no intake of food. Both 

these _substances are excreated in the urine at norml levels. The 

above may be due to the fa�t that distressed infants show greater 

,evidence of excessive tissue breakdown associated with their greater

weight l.oss. 

Th, newborn rias plasm potassin.m (4 rnEq. per liter) and non­

protein nitrogen (25 mg. per cent) during the first hours after b::i:r.th 

i'1hieh is similar to their mother's values of the above substan-c3es. 

,Yi thin 12 to 48 hours these conoentra tions increase so that pla.� 

potassium conoentrations of 9 mEq, and nonprotein nitrogen concent­

rations of 60 mg. per 100 ml. are common. It is at-this time that 

the hyper��lamic eleotrocardiogra_pltio conduotion disturbances ap� ear. 

As the distress process subsides after about 60 hours of' a.ge, the 
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plasma level of po.tass ium and non rotein nitrogen rapidly decreases 

to no:rnal. 

There is a close correlation between the severity of the acid­

osis and the pro
u 

osis. Distressed infants with a venous pH below 

7.15 (arte rial or capillary pH is usually 0.08 higher than venous·), 

or carbon dioxide tension above 70 mm. of mercury, of plasma. bicar­

bonate of less than 18 JnEq. per liter ;rarely survive without .a@m'in­

istration of intraven-ous luoose and sodium bicarbonate solutions.� 

The most likely reason for the metabolic problems is that the 

kddney 4-s, unable to increase its solute excretion when presented 

with increased plasma con·centrations of p�ta�sium and nitrogen, and 

is unaole 1!0 compena�te for respiratory acidosis by conseriring base. 

Also the failure of the tldney to excrete phosphate deprives the kid­

ney of an effective bufferµig substrate
., 

as the output is less than 

·one tenth of tbat excreted after the third day of life. Inf"a.nts who·

suffer a· respiratory acidosis after the third day 0£ -life when the

phospbate excretion has increased to norr®.l are able to conserve

base and thereby inorease their pl.asna bicarbonate concentration.

Infants put out large amounts of sodium in their urine pre­

sumably in an attempt to compensate for the respiratory acidosis. 

This occurs along with inoreased adrenal cortioal activity, as de ... 

monstrated by an increased urinary excretion of 17-hydroxycortioo­

steroid.� _ 

The adrenal cortieal hyperactivity associated with potassium 

retention and sodiur.n excretion, is paradoxical and may be related 
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to tha inmatu.rity of' the premature rs kidnEJy. A;n. inoreased catobolio 

rate due t·o adrenal ·oortioal hyperactivity results in increased pot­

assium, nitrogen and organic acids from oells.1

· Mean values of excretion or sodium:, potass iulri and ni t:rogen in

a series of' prennture infants of diabetic mothers were all increased 

as compared with those of term infants of mothers without diabetis. 

These tendencies were �speoia�ly mark�d fn those premature infants 

Of diabetics who had_ r�r�piratory distress. 

It is beleived that a pattern of metabolism whioh includes ex­

cess iv� tissue destruction, shift of Ytater from cells to extra.cellar 

space, hyperkalemia and ex-oessive excretion 0£ sodium may occur to 

an ·even greater degree in extreme pr�writy alone. 9

The plasma protein concentration is lower in distressed infants 

than in healthy infants or the same weight. Full term infants usu­

aliy have a plasm protein concentration of 6 gm. per 100 ml., and 

healthy i>remature infants of 5.0 to 5.5 gm. per 100 ml. Distressed 

premature infants usually have on,:y 4.0' to 5.0 gm. per 100 ml., with 

the sioker infants havint EJ.Ten lo1ver values. 

The f·inding of a low plasma protein concentration in infants 

who are developing edana while losing weight suggests that the mech­

anism of edena formation is transudation of proteins from plasma in­

to tissue :t�uid rather than salt ang water. The fact that the edena 

fl.uid has a higher percent.�ge of albumin '(70 per cenit) than plasna 

(60 per cent) suggests a capill�ry leak with gl"eater loss of snnller 

molecules. In these infants weak capillary im ls are demonstrated 
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by ecohymoses around electrooardiographie �uction cup leads on the 

chest. This does not occur in normal infants without respir�tory 

distress. 

Other biochemical disturbances are common in infants with Rll:3• 

One third of distressed infants have hypoglyoemia with g�ucose con­

centrations of 5 to 20 mg. per 100 ml. Plaszw. concentrations of sod­

ium and of chloride in distre·ssed infants are within the normal 

ranges for healthy newborn premature infants. 

The p�ceeaing description of the biochemical picture of resp­

irato�j distress syndrome is true of the infant who is treated con­

servatively, i.e. not f'ed for 36 hours after oirth. These di_sturb­

ances can b.a removed when intravenous glucose and sodium bicarbonate 

solutions are given at birth until that time when the infant is no 

longer in distress. This Jllf3:kes it possible to increase the plasma 

'bioarbonate without increasing the carbon dioxide tension and thus 

t·o impro"1"e the acidosis. lso catabolism is d�crease·d and the plasma 

conoentrations�of potassium, nonprotein nitrogen and phosphorus re­

main stable or rise only slightly after birth even thoU;gh the urinary 

excretion of these substances is not increased. The blood sugar con­

centration is usually maintained above 30 mg. per 100 ml. if the r.v.

fluids are given until a time when milk can be given enterally. When 

the intravenous infusion is discontinued too early., �here is danger 

of sudden .a.Rd severe hypoglycemic shock mnifested clinically b 

pa�lor, duskiness� flaocidity and apneic spells. 1 
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A few propqylp.ctic .easures have general acceptano.e. 

cesarean section should.be avoided even in the fa.oe of certain 

oomplioations of pregnancy. In the selected group of newborns who 

are statistically prone to HMD cettain prophylactic measures are 

advoca-ted. _ Polacek advises earl:r clamping of the cord 'without 

stripping to prevent overloading of the oiroulation. 53 Chapple notes

that pre­n:a.ture infants Ii.re born at a time 1 en maternal 

progesterone level-s are still hig� and suggests that here the 

hormone is responsible for fluid aocJ�niulation. 

_several authdrs advocate routine catheter 
. 3? 38 drainage of the stomachs qf all newoorns. ' 

The essentials of good management of the distressed pren:nture 

in£ant have been elaborate.ly laid doVln by Usher which will be pre­

sented here.1

l. For infants of less·than 32 weeks a hig_p.J.;y experienced obstet­

rician and pediatrician should De on hand� Ever..,' E:ffort should be 

made to minimize trauma., asphyxia ., and:· exposure to cold during and 

immedia.tely after delivery.

2. If the �ta,nt is apneic or the heart rate is less tha�1 100 per

minute and does not respond quick�y to pharyngeal suctionµrg and 

gentle stimulation a positive pr-ess�re mask should be attempted. 

If this is not sucessful an endotrachea.l tube should be passed. 3. 

l positive diagnosis of HMD s.boul d be established if at a.11

possible })y p:hysical and :x: .. ray examination. Ruling out other 

pOssiblities n1ust oe carefully evaluated. 
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4. Infa ts less than 1000 gtti. with RDS �hould be evaluated for
.. 

blood pr and caruon dioxide con.tent and the necessa.zy intravenous 

therapy starte d-w 

5. Rectal tempera�re should oe nnintained at 98 degrees with full

humidity in an incubator. This requires about 86 degI""ees for a 

2500 gm. infant and 94 degrees for a 700 ·gm• inf9.nt_. 

6. oxygen should be given wh.en cytJ.nosis is present until the baby

is pink and deereas-ea. hourly until borderline cyanos is appears. 

Thia: is to a.void the risk of retrolental .fibroplasia.. 

7. Antibiotics ,vhan ·overt signs of infec:tion are present.

8. Close observation of apneio spells so that the infant can be

stimulat�q. or given posi•tive pressure to avoid a noxio bra.in dam-

age. 

9. When the baQy shows sign_s of spontaneous activity gasido tube

feedings nay oe started. After two water feedings from 2-16 ml. 

(depeniCl.ing on infant- size) milk may be atl;e.apted,. and gr�dually 

increased. i'he intravenous fluids are discontinued after the 

gastric intake is about 65 ml. per kilogram per da�,. Hypodermo­

clyses rray oe neoessary to supplement gastrio tee dins initially .. 

This should be 20 ml. amounts of .one third physiologic saline 

and two..;thirds 5 percent glucose and water solution are given 

with h�luronidase in the scapular area 1;..3 times daily until 

weight a� stable or increasing. l 

Other methods include: Positioning1 Alevaire and an aerosa} 

of ethyl alcohol to decrease -yaline membrane, hy-ppthermia, digit.; 
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alization as indicated oy a failing heart:;5 blood transfusion whe-n 

shook is present�4 and uiliru,dn ,evalu_tation of the blood, as Miller m 

substantiated a relationship between high lavels· of indirec_t serum 

bilirubin and the administration of oxygen. He found that 20 percant 

of infants in his group III devel:ope·d concentrations greater than 14 

mg. per oent while those in group ! and II did not develop levels 

th•. h" t1'h 58 is 1�• 

11eta.bolio .�anagement by U.sher1 has decreased the mortality in 

their nursery to a consideraole extent. Since this intravenous

therapy -}?As- been instituted the mortality rate of distressed infants 

Bas fallen from 45 to 25 ·per cent, and of infants weighiJlg less than 

1000 g;m. ha� fallen from 95 to 60 per cant. Dev. ths in the below 1000 

gm. group occurred after the third day of a -�e or as late as the 

twelfth day. 

In Usher• s therapy b ood pH and carbon dioxide content are 

measuredi within 3 hours of birth in all infa.n · s ,vho have respirato·ry 

distress syndrome or who weigh less than 1000 gm. t the same time 

an intravenous aiut.ion is in.fused at a rate of 65 ml. per da.y. This 

mtravenous solution consists of 10 per cent glucose and water with 

sodium bicarbonate and started in a midline ,scalp vein. The conoent .. 

ration of the bica,:>ona.te solution depends· on the blood p:H. 

The venous pll and arterial or ca.pLlary p.,. have been correlated 

with the ��centra.tion of sodium bioarbona te that is desirable for 

various pH values and will be presented iri the £ol10?1iJ:Lg table. 
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l 
Venous pH 

over 7.20 
7.10-7.20 
1.00-1.10 

under 7.00 

Arterial or 
Capillary pH 

over 7 .30 
7.20-7.30 

· 7.10-7.20
1.Jnder 7-. lO

Sodium Bicarbonate 
Concentration used 

5 meq. or o.42 gm.

. 10 mEq. or 6.83 . 

15 mEq. or 1.25 gm.

25 dq. or 2.08 gm. 

per 100 ml. 
per 100 ml. 
per 100 ml. 
per itOO til. 

These determinations ot pH and oo.rbon dioxide are rep�a.ted at 6 

to 24 hour intervals if the original venous pH is  belw 7.20 or iiC 

.the clinical condition worsens. The above table is then used for 

the proper concentre..tion. 

I-q infants who may already be hyperkalemie and in which there 

are eleotrocar�ograptic ohanges, emergency treatment With 20 per 

cent :luoose-·water and insulin (1 unit per 3 gm. of 'lucose) for 

several hours i s  used to correct the hyperka.leinia before 100.inten­

a.noe glucos-e and bicarbonate th�rap.y is started. In those distress­

ed inf.'a.nts first seen after •12 hou.rs one will usually find hyper-. 

kalem.ia.. 

The initial infusions a.re •·iven into a niidlina frontal scalp 

vein with a :�o. 23-27 gauge needle. Th_e umbilical vein iS" reserv:er­

ed for emergen.cies or where scalp veins are im:poss ible Recs.use 

danger of sepsis. 

Fluid retention and cardiac overload is not increased with the 

above type of therapy. Infants on this intrayenous the ..... a.py us_ual. l

lose 5 to 10 per cent of their body we:i.ght dur:thg the first 3 days 

r:£ life •1

62 
Villa-o-1oencio et al carried out studies on the .fibinolytio 

system of 32 healthy prematures and 31 normal childern 1-2 years 

of age. The prenaturs ha an averar e weicht of 1.5 kilograxns. No 
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toxic reactions or undersirable effects were noted in any cif these 

oases after human fi.brinolysin ac.tivated with strepnkinase was used. 

The fibrinoly:sin vra.s administered by aerosol and intravenous infusion; 

the administration of plasmi _ by aerosol ms followed by an increased 

lytic activity of the plas;m. when it was used in conjµ.nction with· the 

intrave11ous method. 

ix patents with line -membrane syndrome diagnosed cJ.inioally, 

radiologically, and b� )Aooratory methods as having m we�·e treat�d 

with plasm.in areosol. 11 recovered completel., . seven p�ilents with 

hyaline membrane dis'ease were used as controls a 

dase. Four survived and· 3 died. 62

SUMMARY 

treated ith vari-

The term byalin� membrane disease las been replaced by the phrase 

respir--.toey distress syndr1:me vthen speakin6 of the disease clinically, 

as not all cases go to autopsy where the demonstratiQn of a ll:yalille 

membrane must be accomplished. In general, this syndrome consists

of atelecta.sis, congestion or pneumo. ia and a hyaline membrane al­

though other conditions may be present. 

1 t autopsy the lungs appear purplish and when cut look J.;ike 

liver. They a.re n�ncrepitar t. The chie:t microscopic finding is 

resorption atelectasis With congestion. The feature from which the 

disease -derived''its name is a homogenuus layer vhioh stains pink on 

a routine he�toxylin and eosin stain. This layer lines alveolar 

ducts, terminal bronchioles and some alveoli. 
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complfoaiiions of pregnancy seem to c�rrelate viith the ROO. The 

mortality rate is colsely rela.teq, to the degree of prematurity a.nd is 

10 times greater iri 1200 gm. _.babies a.s in 2400 gm. babies. Other

generally accepted factors increasing RIS are cesarean section, mat­ 

ernal diabetes, fetal distress, placenta previa, and first twins. 

The etiology does not seem to be re lated to the difficulty of the 

delivery, since these factors whi-oh tend to produce trau100., 

a:sp�� or depression'-' delivery does not seem to affect the incid.� 

ence of RDS. Iii is not more common in breech deliveries. 

Reg�rding etiol'ogy many theories and experimental find.ings have 

been given. In reality the cause of the disease remains obscure. 

I think th�t the most like_l.y cause is increased capillary permeabli�y 

with transuda ti.on or exudation secondary to anoxia. with fit>rin 

for­mation with the inability _pf the lung tissue to activate plasmino 

·en . due to certain enzyme deficiencies and a possible placental

inhibit­or. These possibilities and others have been discussed in·;the 

fore­going ·.ma..ter ial. 

The clinical picture of pul,mona·i'y hyaline membrane appears to 

substantiate the presence of a.noxia. since most babies with the con­ 

dition have diffioulty from the time of birth. Clinical signs and 

sympto� have been classidiad 9y- Silverman and graded from 0�10
., 

the

former indioationg no disease and the latter severe distress. This 

classifio�Jon is based on five si.gn s and symptoms: -l) retraction of 

the ob.in, 2) �iphoid retraction, 3) intercosta.l retraction., 4) 

gruntin respiration., and 5) a comparsion of chest and ab<londna.l 

.novement. 
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All this is done on the

Miller' s classification consisting of groups I., II, and III 

which is based on repiratory rate.has been helpful in predicting 

possible outcome. In Group III one half of the infants had per­ 

sistent cyanosis and about 25 per cent died during the first few days 

., whereas the other two groups returned to norl!J;ll. 

Clinical findings are, as in Silverman•s grading and flaring of 

the alae
., 

rales of pullttonary edema.
., 

edem on the dorsal surra·ces of 

the hands· and f eet., -�otension., tachycardia., murmur typical of dwr�­

us art·eriosus, neurolooical fin�ings 
I 

abdominal distention, and a

frequent :.problem is paralytic ileus. 

Roenteenologio findings eonsis� of a typical triad: the gen­

eraJ.ized re.tioulogranula.r pattern of the lun · fields, an "air bronch­

gram" an� widened mediastinum. Differential dia osis re ies a great 

deal on x-ray findings • 

. The differential deagnosis consists of aspiration of amniotic 

fluid and meconium: (Aspiration syndome) 
., 

primary ate·lectasis
., 

intra- 

cranial hemorrhages
., 

pulmonary hemorrhage, pneumonia and other less­

er entities such as lung cysts
., 

lobar emphysema
., 

congestive failure 

of diaphra.' a.tic hernia.  sis or the clin-

ical findings., x-ray findin anda minim.um of labratory work. 

The eleatrocardiographic disturbance is closely related to in- 

creased potassium in the plasma. Aconduction type distrubance 

similar to thu.t found in the anurio adult d evelop_s, with the hyper- 

kalemi.a that is present in these infants. 
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Bioehemical findings in the R:00 during the early hours of life 

include a respiratory and metabolic acidosis, hypoproteinemia, hypo.;. 

glyoem.ia '.nd; hyper_phespha.temia. After 12 hours of  age the 

metabolic acidosis increases
., 

and hyperkalemia and azotemia develop. 

UP.til the basic physiological observa. tions are more thorougkl: 

understood treatment ;�st be supportive and for the most part emperie 

and consists of.: 

l. Minimal t�., 
asphyxia. and ex1:1osure to cold during and iwrie-d­

ia. te ];y a. :f'te r .de livery.

2. Early adequate ventilat1.on such as positive pres�ure or endotraoh�
�-

eal intubation if necessary.

3. Feedings withheld to avoid aspiration.

4. Maintainenoe of tem�rature and high humidity.

5. Oxygen when cyanof?is is present.

6. Digitalization as ind:inated by a failing heart.

fl. Treatment of neonatal metabolic and respiratory �cidosis and 

hyp�rkalemia with glucose, oicarbonate an insulin as recommend­

ed bt Usher in regard to pH
., 

co2 con tent, and p9ta.s sium values.

8. Antibiotics if infection supervenes.

9. positive diagnosis of HMD should be established if at all 

poss- ible by phys iea.l and x-ray eXAmina tion and ruling out 

othel' possibilities must be oareftilly- evalllf\.ted. 
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COfiCLUS IO.J 

The RDS is still an important cause (;£ neonatal death and has 

iri the past decade roved of growi�g interest. Experimental studies 

and detailed examination of hUJDAn material: have only emphasized how 

far w� are from a complete undarstand;�g pf the pathogenesis of the 

disease. 

In the fore ·oirig page-a the pos"ible etiologi�s_. clinical diag­ 

nosis and differential and the treatm$nt have been discussed.; 

The fact that positive dia_gnosis requires the des.th -of the pat­ 

ient is ·p.ot the only complication of the investigator's problem. the 

syndrome is limited to a pe,riod of normall re.pid physiolo�ioal 

reorganiza��on and its subjects a.re not merely newborn but also pre­ 

:rrature'ly born or born to diabetic mother., and� therefor� in many ways 

resembling; premature j.nfa.nts. H.,raline membrane disease occurs . in a 

wide field of etiologic possibilities. 

Bey.end the localized morpholo6y an_d f::uriction ot 'the lun � 

it2elf, the student must pursue etiologic, possibilities into the 

ne±'lh�oring oiroulatory system; where general vascular hypotonioi't_y 

seems tri be oharacteristio., and., perhaps as part of the la.ck of 

vasomotor tone ., patency of the duotus arteriosus n:ay he a 

si..;nifiea.ntly associated fea.tu:r--e. 

still more widespread, yet everthless oa.paole of' affecting the 

lungs as P.!.rts of all the b_ody, are the changes in acid-oas.e struct. 

ure and serum protein composition of the blood. This subject is now 

being widely investigatud and an elaborate method of electrolyte 

therapy by Usher 'has been out ined. 
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T Many ot these abnor:roo.lities may as well be secondary to the

prof'oundly distu�bing results of inadequate respiration as primary I

causes of the respiratory dif�iculty. Indentification of etiology 

is not easy in a two�pound patient whose clfuical process bebins at 

or immediately a'fter birth, .its deg.fee rap.i ly increas · G so that 

within three hours the infant may be in profound distress anc... in 

another hour dead. 

It is ext��elyu illlportant to rule out or treat any of the other 

:causes of respiratory embarrassment which are amenable to oorrec�­

ion. For the most �rt., the benenl support or the infant with this 

syndrome of unknown cause represents the preseut limit of our method 

of management. Certain additional measures Whieh have recently oean 

advocated have been mentioned. 

It seems likelyl that .the incidence and severity of the hy- 

line :membrane syndrome will diminish in the future, as obsi;etrieians 

are more careful in safeguarding the infant against anox�a., trauma, 

and dif1 ioulty duriti .:., the birth p�oceedu:re. The anesthestist., 

pediatrician, and pedmtric cardiologist all have a part. to. play ,. 

in successfully tiding these infants over the dangerous first three 

to four days of life. 

In the preoediXlg pages the· literature has been reviewed on a 

controversial subject and the various possibilities disoussed. _lso 

the o.oceptt_,'<i medical procedures at prese�t have been ·,givea. 
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