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Much renewed intereet ha• ariaen in· the recent  literature

regarding the hig)l. inclde�e• of mortalit7 in infants, espeel&ll1 of 

those in the nevbor� period. hematurU7 ie b7 far the mot1t import

ant cauee of death in thh earl7 peitod of Ute. but too otte!\. 

this d1agnos11 1• maAe �•rely becaue of inabilit7 to &•eribe a 

more apeclfic proceee resulting in death. Causee of neonatal death 

are obleure. l)unb&a• 1n 1948 eai� 11ven 1! clinical and PG•tmortem 

emminatione ••• on preatures ••• are made carefully. tbere will atill 

be a large J»roport1on of caaea in which no specific cause of .death 

ia determined•. (23) Data in her book show that premat,u-itf alone 

vae the chief cauae of death found in 121 alltopaies out of 348 done 

on premature, 'b,- !B:ditk Potter at the Chicago L7ine-,,!n Hospital • 

.\pp�ximtel7 5-6-� of all.infant, born alive tteigh leas than 2500 

pa • ., (ie) are premat�•• and ·more than 50:', of infants who die with-

in one month of btrtb are in thi• group. (54) In another study,  

made in 1951� nearly one-half (46�) of neonatal mortality i• ascribed 

to prematurity, and the incidence of premature live birth• in the 
. 

. 

u. s. 1■ 7 .... 11,- (58) Thia incidence 1a slightl7 ht·gher than that 

previou•l1 reported b� Jotter. In 35� of these cases, it vaa .aid• 

a cauae of death coul,d not be determ1ne4. Another obeervatio.n. from 

1941 to 1950, at the llvanston Hospital, report•� that pre•turitt 

accotmte4 for 54� of the deaths in their aeries. (80) At the 

Southern Baptist Host,ital in New Orleans; of 266 infant d!a.th1, 134 

were neonatal. 56� of these death• were aacrib'ed to prematurity. (19) 

At the Univer1it� ot N�braak& Hoapitat from 1940 to 1960. preaa.tur-



ity was also the major factor in causing fetal death. (65) An 

analysis of the causea of dea th at the Bellevue Hospital by 

Labate, based on 868 autopsi s, listed prematurity as the highest 

cause of death (27.6%) , with pulmonary lesions (22.5%) second, and 

birth trauma (16.9%) next. (36) At Chicago, from 1936 to 1949, 

an analysis of 8,905 postmort ems on premature neonatal deaths re

vealed 43.7% of the deaths w r due to abnormal pulmonary ventila

tion (16.6% birth injury, 15.8% malformations. 13.4% infection). (67) 

Cause of 
Death 

Abnormal Pulmonary 
Ventilation 

Death per 1000 live births 
0 1 2 3 4 5 6 7 8 9 

Birth Injuries --- ------- (3.6) alformations _________ (3.4) 
Infection ----- --- (2.9) 
Blood Dyscrasias ___ ( 1.1 ) 

noxia - - (. 8) 
Miscellaneous _ (. 3 ) 

10 
(9.4) 

Chicago Lying-In ospit 1, 1936 to 1949. 
neonatal deaths and 8?3,310 births. (17) 

Based on 8,905 

From the ev. random records just pre~ented from various 

hospitals throughout t he country, it is obvious that the problem of 

neonatal mortality, especially concerning prematures, is, as yet, a 

large and unsolved one. In order to expand on the problem further, 

it has been shown that 97% of the deaths, or almost all of those 

attributed to premature birt~, occur during the first ~onth of life. 

Of these, 57% occur during the first 24 hours. (58) At the 

Evanston, Ill. Hospit 1, of 86 premature deaths occurring in the 

first ten days of lif, 54, or 62% occurred under 12 hours. (80) 



- -- ------

At the Chicago Lying In Hospital , the percentage of deaths in the 

first da:r was over o e-third of those occurring in the first year 

of life . (17) I t was said by these authors that over 50% of these 

neonatal deaths occurring in the first day of life are due to Rb

normal pulmonary ventilation. It is obviously of special concern. 
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During th pa.st ten years espPcially, much attention 

has been given to pat ologic conditions found in the lungs of pre

mature . and even mature infants . Most de thR that are related to 

the fact that an infart is premature are caused by pulmonary 

disturbancAs. (54) In 1938, Farber , in an article on Unexpected 

Death in Ea.rly Life, aid that even in some closely observed 

hospital cases , the cause of death was unexpectedly found in the 

lungs. (25) It is o vious that neonatal death may result from an 

interference with aeration of the lung. 

Pulmonary lesions are greatest in incidence among infants 



between 1000 and 2000 gms. accol'ding to me.terial studied l>7 Miller 

and Jenniaon a� the l:Jniversity of Kaneae. (45) Helen Beardon (58), 

in 1951, gave three •xple.natlons for the respirat()ey failure of pre

mature infant& who ate free from infection or congenital anoma.11e•• 

'l'heee include: 

1 (1) Injury associated.with trauma. of birth to centers re- 

eponsible for the nervous control of re1piration.

(2) Ineffective action of feeble respiratoey mueel•••••

(3) The state uauaU7 diagnosed as 1 atelectaa1a' when

either th� lw.,.g 1• (a) not capable of expansion, or

(b) anatomicallf perfect and expansible, but not ex-

pandecl for some plqaiological reason." 

'fucker, from Chieago, in Sept. 195�, 

pulmonary ventilation includes deathe, exclW1ive of those from anoxia,

where no apecific pathology waa present outside the lung. (78) 

Thi• is a very intereating statement, and readil7 applicable to an 

entity found in newborn lung• caueing abnormal pulmonary ventilation 

vith which I ah.all deal in this pa.per, for, ·often Umee, an erroneoua 

diagnoaia for the· cauae of death is me.de when no pa.tholoa h foUJld 

outside the lwige, and the term 1 atelect&sie 1 is written on  the 

death certificate. 

Abnormal tulmonar7 ventilation cat,, itself, he broken  

down into a number of condit on• related not only to lung patholog,       

but to heart and braim pathology as well, such as anoxla of th&     

reepirato17 center. !his paper is not concerned with these conditions



although, it will be necese&ry to discuss anoxia and respiration 

of the fetU8, both intra- aad extra.uterine, Of �hose entities 

fo\1114 in the l1.1Dg, the term■ ratelectae1■1 and •asphyxia' are

loosel7 used. Atelectasi■, whether priar7 or secondary is freq-

uently encountered in prematures and ii the most 1mpDrtant 

of death among them. 

Of the p'UlmoJ31U7 abnormalities to.und 

atelectads of the •v'borli, .the mo11t strlkinfJ h the preaence of a 

h1al.1ne membrane. It baa cllused Yideapread di1cue9ion and con

tronrey ·among patho1ogi■ts 1 pediatricians and obstetrtcian1 alike. 

Much bas appeared in the literature, and numerous stud.lee have been 

made in the past fifty �rs concernia,g this condition, it• relation 

to fetal arid neonatal mortality, and its pathogenesis, in an attempt 

to reduce the incidence ot the diaproportionately high occurrence 

of abnorme.l pul.Dtona•y ventilation ib an altogether too great A neo 

natal death rate. This aubJect is obvlou1ly an importan1 one 

such membranes are the, 1iDC,l.e • moat con■tant �ind.ing to which the 

death of prems.ture infanta are att:,;oibuted.11 (59) · In 196.2,. Potter 

estimated that annually, 10,000 to 20,000 premature infante vhlJ> 

die within the firgt t�o weeka of life have a hyaline like llntng in. 

their lungs. (55) This striking figure 1s obTiouely c�11ee for 

concern. 

Con■iderable confuaioa and disagreement haa existed con-

ceruing the incidence, etioloa, pathology and treatment of thie 

condition. :Becaue of" ita importance in reducing neonat�l death,



and because of the cbntroversial nature of the eubject, a review 

of the literature cOtl.cerni'D.g the pulmonary hyal1ae-11lte membranes. ' 

in newborn infants was made, with special refer�nc• to it• J)8tho.i. 

genesis. S�nce the presence of s"llCh a membrane, and posBibl1 its 

etiology is presentl7 thought by some to be closel7 associa,ed with 

the presence or abacence of intrauterille respirat'ion. it is deemed 

neceeeaey alao to carr7 on a discussion of 8ueh respirations. 

Various names have ap�ared in the literature, all of 

which are rele.ted to the same entit,-, whieh., in thia paper, I shall

'1 

refer to as the pul111onary hJ&line membrane of the newborn. T1Uea 

of some of these artic�es related to this subJect depiet eitherc the 

type of aembrane. the pathological process undergoM as a reault of 

the membrane, or, in the authors opinion, the etiol.oa of the mem 

brane. 'l'hese .s�on:,me includet Aspiration, of Amniotic nuid; 

.1ap1ration Pneumonia,; Congenital Aep1:rat1onal fneumon1a; Aaphyxia 

Membrane; Hya.11ne Membrane; Verntx Membrane; lo•�nophtiic Membrane: 

Necrotic or Exudat1ve Membrane; Re•orptive Atelectaaie; Congeuttal 

Alveolar Dyeplasia; Desquame.tive .lnaerosis; Oxygen Pohon1ng. 

Regardl,as of the name applied to the phenomenon. 

ce1"t�1n features br•ught out b7 each advocate are in common.   The

clinical finding9 of the■e newborns found to be dy-ing with atelec-

ta■i• and the presence of the pulmonar7 h)'aline memDrane are 

characteristic.. Certain pN�i•PQ•ing factors seem to be preaent. 

It occurs much more frequently in viable p�ma.tur� infants {1,000 

to 2.500 gms.) and l�s� in full term11 over 2,500 gms. Beporh on 
.·percentages of viable prematures found with the membrane rage from

·
·about 6� reported bJ Miller & Je�ison {46) to 100% reported by

6.
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Johnson (32) in 1923. Ther ie still much controversy as to 

whether or not it is found in stillborns. Miller & associates (45) 

reported three cases . The problem, however, 1s one involving pri

marily the premature infant. Since it has reportedly been found 

so rarely in stillbor n infants, the condition seems to be associated 

directly with extrau erine breathing. 

nother redisposing factor is thought to be intrauterine 

distress resulting f r om a state of anoxia and causing the aspiration 

of amniotic fluid in utero. This also is controversial, and 

arguments will be pr sented. 

Delivery by Cesarian section may also be predisposing. 

For some as yet unkn wn reason, the relative percentage of infants 

having hyaline membranes following delivery by Cesarian section is 

greater than in thos delivered vaginally. 

Clinical Signs And Symptoms 

The clinical signs and symptoms of this condition are 

characteristic, although it is frequently misdiagnosed as intra

cranial hemorrhage, r even congenital heart disease . According to 

J. R. Schenken (67), cyanosis is the primary symptom, having 

occurred in 65% of the cases at Childrens and Methodist Hospital. 

Sidney Farber in 193 (25) said, 11 The most frequent cause of pulm

onary cya.nosis is as iration of amniotic sac contents, demonstrable 

by the presence of ••• hyaline membrane ••• 11 • Characteristically, the 

onset of respiration is spontaneous following an uncomplicated 

delivery in most cas s. 

7 .. 



Respirationa, and other activies, continue normally

for an hour or two following delivery, but after this short period., 

breathing becomes difficult. The.re ia inc:reaalng d7epnea and 

cyanosis which becomes progreaaively worse. If placed in oxygen, 

the baby may breath normally for awhile, but soon becomes c,anotic 

aga-in and respirations become shallow. The sternum and lover riba 

may be retracted from respiratoey effort. Death frequently occurs 

in 24 hour• f'ollowiag deliT.er:r, but may be prolonged to four or five 

days. Cause of the death is abnormal pulmonary ventilation as a 

result of atelectasis and a hyaline membrane lining alveoli and 

alvP-olar ducts, acting as a barrier to gaseoua exchange between 

alveoli and capillai'iea. �ray findings are uaually of progressive 

atelectaeia with areas of emph7sema.. Cardiac dilatation my be 

present. 

   The following is a typical case report taken from the

files of J. R. Scheu.ken (67) at the Nebraska Mathodist Hospital: 

Full term W.M., one day old. Normal, apontaneoue 
deliver7 with somewhat difficult resuscitation. Appear
ed normal after short period of c,anosis. Cyanosls 
again aJpeared several houra later. It was easily 
corrected, and remained so except when placed in 

')oxygen • .  
Ph_vsical ED.mina.tioni No evidence of cyanoeie while in 
oxygen. Fontanels 2 x 2 ems. - no bulging or deprea■ion. 
No murmurs. Lungs clear. No other findings. 
Laboratory Workr Rib• 17 gms. R.B.O. 5.07. W.B.C. 
24,100. Sega. 37, Staffa 39, Lymphs 21, Monos. 3. 
Ir-ra7ai Cardiac dilatation, chiefl7 right ventricle. 
Increased expansion of right upper lobe of lung. Small 
lobular areas of denaity in the lunge. indicating neo
natal atelecta■ie.

Coursez Downhill. Bespirations grunting. Difficulty 
swallowing. Dean 48 hrs. following birth. 

a.



Pathology 

Pathologtca.117, the picture ie again characterietic. 

I. L. Potter, (57) baa described the gross appearance of the lungs

ae being a uniform dark red-purple color, of the consietencr of 

liver. This is the appearance of an atelectatic lung, but area• 
. 

' 

of emph7aema are aleo seen. She said the aletectasia is more 

complete, and the �line material greater in amount in those 

infants who die in the firet·tew po•tnatal houra.  Microscopically,

there are areas of collapee4 alveoli, giving a 10114, atelect.atic 

appearance. Other areas have dilated alveoli lined b)" irregular 

layers of a dense, homogeneous, granular, eosinophilic staining 

material.     Deaquamated aqua.moue epithelial cells are oftentime■ 

found imbedded in th s hyaline-like membrane.           Rosenthal., (61) 

said, �The moat reliable and conetant evidence of aspiration of 

amniotic sac contents vas the presence of deaquamated epithelial 

cells•. !.anugo hairs and meconium may also be present. 

Histocheaicallf, much remains to be done before 

conclusions can be drawn regarding the material comprising the 

memorane. The exact nature of the chemical_compoaition is not 

full7 understood. *ny investigators have baaed �heir opinion 

concerning the pathogenesis on the fast that the membrane con 

tained fat which could be s\ained with Sudan III. Renee, they 

arriYed at the theoey of a 1 vern1x membrane' reeulting from the 

aspiration of vernix caaeosa. Since fat stains have not been 

poaitive in every case, considerable auapicion bas been cast on

9.



the venih: theory. Job.n1on. (33) in 1925, noted that •taining 

showed the membrane to be loaded with fat droplets. P'arber & 

Sweet (26), in 1931, recggnized fat droplets of various eizea 

dispersed in the membrane. They said it represented Ternix. 

�iller & Haailton (44), however, ■ay tb&t fat ls derived from 

the fetal circulati�n as a result of inJU17 to the capillary 

bed of the lunge. Rosenthal (61) attributes the fat droplets 

the accumulation of cellular debris. Dick & Pund (22) have re

ported that some membranes take a fat stain while others contain 

little or no lipid.. Arey (5) obJeots to the vernix theory because 

of equiTocal results obtaiQed in sections for fat. Olaireaux (18) 

found that often, but not always, neonatal fat is present.  All 

authors agree that no fibrin is present. Several men have  said

that chemical elements found to be negative by various methods 

include: iron, mucin, elastic tissue, serum proteins, red blood 

cells, and bronchial epithelial cells.. Polysaccharides, however,. 

are reported as 'beidg present. (?6) Potter (59) has found protein

(tyrosine and arpnine) to be present. 

Aaeociation With Pneumonia 

A few words muet be said about the aesociation of the 

hyaline membrane with pneumenia in the newbon, whether or not 

such an aseociation exist■• Certain of the earlier inveetigator•

eaid an aeeociation does exist. Johnson (33) described the 

hyaline membrane ae •pneumonia in the newborn with lesions re

eembling infiuenza". Helwig (31) reported all stages of pneumonic

10.



eonaolida.tion were oDaerved in microscopic sections of lungs 

containing large amoltnts o'!  amniotic fluid. Agnes MacGregor (38), 

in 1939, in a pathological examination of 541 ncropaies of infants, 

found that 177 of them showed inflammatory changes in the lung with 

aspiration of amniotic sac contents. Some forei� authors as 

Hook & Katz� and Steinharter (76) also emphasize the association. 

Mitchell & Nelson (46), in their !extbook of Pediatrics, pave a 

section on Aapiratioa Pneumonia in which they aay ·it may reault 

from the aspiration of amniotic fluid. In some instance•, they 

describe the formation of a membrane. -More recent investigations,

howeTer, de-empbaaise the association of pneumonia in the newborn 

with the formation of a membrane, at least, in so far as the 

etio�ogy is concerned. In'a report by Schneider & Seller• (69), 

8.4i of the autopaiea in their aeries showed evidence of pneumonia. 

They said it develop• in the fetal lung during fntrauter.ine fetal 

life as the result of aspiration of infected amniotic fluid. Others

as Blya�ad, Landing & Smith (13), Schenken (68) and Potter (56), 

stated that in.flammaUon usually is evident 1 .f symptoms persist 

more than 48 hour•• Delee (29), in his Textbook of.Obstetrics, 

also said that if the infani with a hyaline membrane lives lon&er 

than 48 hours, a leukocytic infiltration may occur fnd an infectious 

process may be auperlmpoeed. Potter (56) stated ehe has never seen

an uncomplicated ease of treaorption ateleetasis• in infants 

eurvi ving 48 hour•� Death subsequent to this i a caused b;r au:per- 

1mpoaed pneumonia. Schenkes 'iii .;ries ( 68) of 35 cases having

11.



hyaline membrane, also showed eviden-c e of pneumonia in 17 of these.

Hovever,-the dur•tion of life with no pneumonia wa1 2I hours.  While

those infants with superimpeted pneumonia lived 36 hour■•     (ATe.) 

It evidently, "requited the addition of·pneumonitis to cause death."

Complications of Pregnancy 

Some controT81'■7 le al■o found in the literature con--_

cerning the relat,ion,hip of the comp11cat1one of pregnancy and 

labor 'vi th the :f'indiag of a h;va.11-ne membrane in tlie newborn lung. 

Helwig (31) said the incideace of �line membrane is high� when 

there are complication• of pregnancy�· Mac�regor (40) ■aid the 

liquor a.mni1 is inhaled because the· fetus 1a asphyxi9:ted in utero. � 

Ruas & Strong ( 64) baye shown in their series that Ce■arian section. 

for wbatever complication of pregDAncy, bas relat1vel7 increased 

the incidence of �line membrane. La.bate (36), and other■, ea.id 

the aspiration of lal'ge Q.Ufntltiea of amniotic fluid occur, as the 

result of fetal intrauterine ano:rla. Schenken (68) shoved the

second of twins is more like!y to aspirate amniotic fluid: Miller 

(46) suggeated the p1ilmonary lesitln might be related to deficiencies 

in protein of the maternal diet, though he did not stree this 

a■pect. In the series of !regillua (?7), in 9 of the 35·cases of         

h1aline membrane, there were complication• of pregnancy, •which         

might have c&UBed anoxia to the fetu.t•. :Sl;vstad, Landing & Smith (I3) 

said that Ceaarian section, fetal diatreas and placenta praeTia 

accounted for 43� of �aes of membrane formation compared with�   

who did not have complication•. Baty (9), in 1952, ahowed that

12.



maternal d1abete1 increaeed the incidence of re1pirator7 complica• 

tione in the newborn. In a detailed report b7 Claireaux (18), of 

22 infant, haviug h7&,line membrane and delivered b7 Ceearian aection, 

complication• of pregnancy were present in all but one. Thirteen 

bad pre-eclampsia, three bad placenta pra.eTia, three diabetes, and 

two bad ante-partum hemorrhage.. 

No.correlation concerning the incidence of membrane

formation could be made by Potter (54) in relation to any part

icular type of delivery except for its high.er incidence follow1iag 

Ceas.rian section. She ea.id t�t it may be found following MT 

type of delivery. She further as.id there is no relationship to 

maternal complicatioae, type or degree of anaesthesia, time of 

rupture of membranes, or to any other known condition. 

Work by lruns & Shields (16) confirm reports b7 Miller 

& Jennieon (45) that pa.rit7, age, race, serology, Bh factor, an 

algesia., anaesthesia, maternal and o,bet�trical compl1cat1one, or 

type of delivery{bea� an3r direct relationah1p to the formation of the 

hyaline membrane. "one-third of the mothers delivered pre•turely 

without apparent cause, while maternal complication• which pre- 

dispose to or are associated vith prematurit7 occurred in two   

thirds of the caeea. 11 Moat recent authors emphasise the fact of 

in�rea.aed incidenee of the membrane formation following        

Ceeartan eection. Contrary to those delivered vaginall7, the 

majorit7 of these are full term 1nfanta.  No plausible theory has 

been advanc�d to �ve reason to these findings.  Potter (57)

13.



recentl7 pointed out an �•sociated 1i�ding in detth fol1ow1nc 

Ceearian section. Tbs is the obaerYance of meningeal-edema. and 
. 

. 

an increaee in aub-6.rachnoid fluid which were pre'l'l'lent along with 

the h,aline membrane. 

Palhogeaeda 

The bigge•t diveraity of opinion concer11ing the pul

monary h7&liii,e me•bra.11e of tae newborn 1a atUl centered around 

the pa.tliogeae111. In revlewlng the literature, thia aa,.ct waa 

found to be moat intereatin�� and for this ree.aon. aa well as, in 

an attempt to afford the reader a knowledge of the work which baa 

b4len done on thia aublect, I will preae�t in chrorioloiical order 

the thoughts ot vario11& inve,tigator• whi haYe atteapted to deriTe 

an etioloa tor this rather ■y•t�rioua phenomenon. Aa was tabulat

ed previou..17., the tetminoloQ of the subject h somewhat contuinc,. 

and varioua names ba.ve been applied to what apparentl7 h the 1&me 

lntity, indicating the diver1it7 of opinion concernl� the patho

genesis of the membrane. The 11 terature goea back a balf century
.,

but it ha• ou.y been n the paai ten year■ t1-t renewca.d intereat hae 

been taken in the aulaject. !able I 11 a brief coll})Oaite of the 1n-

cldenoe of h,a.line me■branoa)e, aa well aa each ay.thor• t�eor-7 ot 

ettoloa which I found repor\ed in the literature •. It 11 eeen that 

of 6,659 autopaiea do1e on newborn infant,, 892 caaea of hyaline 

membranoaie are reported. Of thoae :reported, 3 .• 133 were Uveborn 

inf•nta, of which a me'IDbrane vaa deJllO.n■trable ln 619. J'rom these 

figures. it it seen that 19.7� of llveborn infants have a h:,aline 

meabrane. 

14.
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Summary of cases in the literature (1903-1953) of Hyaline-Like 
Membranes in the Newborn Lungs 

No. No. cases Pneum- No. ~ live. C. sections 
Yr. 1 Author ,Autopsies\with Memb.,i age onia 1Liveborn 1with Memb~uto.,Cases 

1903 IHoccheim I 43 I 2 1 I ¼:. 7 I 0 I I I I I I Asp. Arnn. 
Fluid 

1923 !Johnson I 4 I 4 I 100. I 0 I (case histories) I I I I Asp. Irri t-
ating Matl. 

1925 !Johnson & 500 I 8 1.6 97 97 7.2 Asp. Am. Fl 
Myer ( 19.4%) and Vernix. 

1928 I Hook & Katz 73 I l 1.4 0 Aspiration. 
Irritation. 

1931 !Farber & 124 18 114.5 0 124 14.5 3 Asp. Am. Fl 
Sweet and Vernix. 

1932 !Farber & 50 50 0 (Experi ents on r bbits Asp. & Mech 
Wilson Dispersion.I ~ 1932 Hunt 118 11 9.4 0 118 9.4 Asp. Arnn. t,j .... 

11933 
Fluid. ~ c,, I • Rutledge 43 2 I 4.? 0 II 

1933 Helwig 159 2 11.3 66 159 1.3 " I H 

1935 Rosenthal 100 31 31.0 0 62 50. Desquamativ 

1937 ISteinharterl 2 I 2 I I 0 I ( case h~stories) I I I 
Anaerosis. 

!Asp. & Mech 

I 
Dispersion. 

1939 !Patterson & 25 l 4.0 0 12 8.3 Asp. Amn. 
Farr I 

Fluid. 
1939 !MacGregor 541 11 I 2.0 177 448 2.4 Asp. & Mech 

I I I 
Dispersion. 

1940 !Benner I 70 I 2 I 2.9 I 0 I I IAsp. and 
Infection 

1942 !Ahlstrom I 27 I 5 110.5 I 0 I I I I I !Aspiration, 
Condensatio 

1946 IRuss & 12 9 75.0 0 12 9 75. Aspiration 
Strong Pneumonia. 

1947 lAhvenainen 108 42 38.8 0 81 50. Asp., Am. Fl, 
Desqua.matio 



Po. cases Pneum- ?Jo. % live,. C. sections 
Yr~ Author Auto sies with Memb a e onia Liveborn with kemb Auto 

l l 10.2 rl - ·1 1 ' ' 194?1Arey I 22 4 0 1 I I I Asphyxial 
Membrane .. 

1947I Labate I 868 I 4 !.,46 I (27%) ! 319 I 1.,3 I I I I Asp .. Amn.Fl. 
Absorption. 

19471 McMahon I 2 I 2 1100. I 0 I I I I I I Develop. 
nomaly. 

l9471Schenken I 80 I 32 I 40. I 11 I I I 80 I 6 v·;Asp. Amn. 
5 ful te m)Fluid. 

1948I McMahon I 3 I 3 l(cAselhistori,s) 3 I I 3 I l 33. Develop. 
Anomaly. 

rey I bO I 8 I 16. I 0 I 4b I 17. 7 I I I I Asp. Arnn. 
~ Fluid. 

119 7 I 5.9 0 60 11,.6 rp.Amn.Fl., t:x1 
t➔ 

~ I 
Gellis et l hpersio 

t,cJ 
Ol .. esorption. 1 H 

1949 ngestion & ,..._ 

.egurg. Am.Ft" 0 

194.91 Miller & 79 26 32.9 o l 4? 
55.3 l rithellal 

0 
l:S 

Hamilton Injury. c+ 

19491Tesseraux 1 1 (case histori s) sp. & poss- • ...... 
ble ,:,xygen 
oisoning. 

19501Arey & Deni 20 15 75.0 0 20 3 15.rp• Vernix. 
1950 Miller & 93 31 33.3 0 71 43.6 ntrauterine 

Jennison Injury. 
19501Potter 125 40 32.0 0 125 32.0 esorption 

telectasis 
19511.Behrle I 55 I 13 123.6 I 0 l I I I I I Membrane 

preventing 

l 1 

lung expan 
1951 I Blye tad I 509 I 9? 119.o I 0 

I 
322 130.1 127., Aspiration, 

Condensatio •• 



.,. 

No. cases Pneum- No. % live. c. sections 
,.. Yr. 1 Author , Autopsie~ with Memb ,-

I ro"5 I 0 I I I I 'Asp. Am. Fl 1951 IBovet & I 36 29 I Dubois Oxygen 
poisoning. 

1951 !Bruns & I 703 I 114 ~6.2 I 0 439 I 25 .. 9 I I I l!ntrauterin 
Shields Anoxia & 

1951 !Kaufman & 23 [2.1 0 
o2 Poison. 

37 Congenital 
Spiro Anomalyo 

1951 I Simpson & 268 22 8.2 0 114 19.3 None given) 
C'YP.ppPrt 

ti> 1951 I Trefillus 244 35 4 .3 3 122 28.7 35 5 4,.3 Necrosis & Ji t:Jj 

l2.o 
hye,linize.ti t-< 

11952 , Benitz 

t,aJ .... 
bronch.e:pit ...:, 

• 100 12 0 Asp., Vernix1 
H 

Contact wit -air. 0 

I 
0 

1952 !Schneider l 266 I 54 F4.l 11~ (0.f > I I I tcone given) l::l 

1952 Schoenvoge 109 l 0,9 Congenital c+ . 
Malformatio, · ....... 

1953 IClaireaux I 810 I 108 b.3.6 I 0 I 376 I 29.0 I 100 I 22 I 20. !Hyali niza-
tion of 
squames & 

I 
3/1000 11l. bilh:. 

dispersion. 
1953 !Jones I 46 1 l2., 0 (l None g1 ven) 

1953 !Potter I (No new cases repo ted) I esorption 
~ _ telectasis 

1953 l ijni. Nebr. I 15 8 53. 3 0 12 8 66. Asp. Amn. 
Hosp. I Fluid. 

J 



It is impouible to draw any specific concluaions from 

these figure, becauee of •••eral ftriable factor• not reported by 

each author, au.ch as the total number of ca1es at'Wliecl, whether or 

not the autopeie1 include atillborna, and the viab1lit1 of the 

infant■• 

A Gernan pathologist, Hoccheia, in 1903, fir,t report

ed aeeing a peculiar membrane in two newborn infant•. The term 

tmyelin' was applied to the aubatance which he 1aw in the lunge, 

and he believed it ve.1 foned from deaquamatlng cells of the 

alveolar epithelium. (?6) 

An intere1til!8 aidelight 1• that in 1919, Goodpasture 

believed a pulmonary hyaline membrane t� be peculiar ot the in

flal!lfflator7 reaction of influenu.. The etiological factor pre

dominating in this condition. (aa well as inhalation of var ga1es 

producing a similar leaion) was thoU&h,t to be expo8ure to some 

•gent exerting a atron& irritative and deatructive on the walle

of the air passages. (32) 

In 1923
1 

Johnaon (32) reported four cases at the Sloan 

Hospital. New York, in which he found lesion• resembliag influenza 

in these newborn•• All vere premature and bad the h7a,11ne membrane 

with no other findings. There were no maternal complication•• but 

one was delivered by Ceaarian aection.. He eaid that 1 t was produc

ed b7 condensation of a granular precipit&te, probably derived from 

an inflammatory edema, but pos•ibly aleo from the aspiration of 

some irritative eubata.nce either duril'l€ labor or birta. 

18.



Two years late�, a report vaa given by J,tmson & 

Me�r (33) on their inveetigationa of 500 autopeiee at the Sloan 

Hoepital in which they found 8 eases·of pneumonia as1ociated with 

a hyaline membrane. '1'he7 gave the probabilit� that the coating 

of wa.lle of smaller air paasagea with a layer of viecoua material 

was der1Yed from aspirated epidermal cell■ and fat of vernix 

caaeoea. Aephµia and atelectasia results when the air passage■ 

become chok�d b7 this material. 

In 1928, Hook & Katz. from GerM117, reported one caae 

of hyaline membrane found in 73 autopsies. They regarded it a■ 

aspiration of amniotic sac contents and resultant irritation. (76) 

7arber & lweet t 
in 1931, (26) ■aid the term 'h,aline 

■embranef iR a misnomer, as the membrane is formed of vern{x. Renee;

they gave the name 'vernix membrane' to the entit7. They studied 

124 uaeelected caaes of neonatal death occurri� in five weeks or 

leea and found that 18 had aspirated large quantities of vernix and 

epithelial cell•, a number of which also had evidence of membrane 

formation. '!'hey also believed the a■])iration of vernix i• pre

cipitated b7 intrauterine &■J>hyxia, and atate, "the greater and more 

prolonged the intrauterine asphyxia ••• the larger is the aise, and 

the greater the number of membranes in the lung•. 

A year later, Farber & Vileon (25, 27, 83) said the 

bulk of the membrane 11 composed of vernix caaeo1a, but there i• 

no evidence of necroais in association with it. They consider the 

masses of eosin etaining material found free in alveolar apace• 

19.



in the newborn• ae eerly sta,;e• in the formation of the membrane 

before it ha• been dispersed toward the periph.er7 and ultiatel7 

applied clo■el7 to the alveolar wall in membrane :formation .. 

In 1933, Helwig (31) reported on 159 necropaies at 

St. Lilkea Ro1pital in Kaneas Cit7, Missouri. He found the fre,uent 

occurrence of amniotic sac contents in ptu.aonar7 alveoli of new

borns and reported hro cases of membrane formation. He describei 

all ,tag-es of pneumonic coneol1datiod but did not get the impression 

that the aspirated fluid acted as an irritant to the alveolar lining. 

Accord.in,; to his report, "in some cases, birth trauma might bfve 

been a factor in producing 'brain hemorrhage which in turn could 

then, by pr�s•ure on the respirator7 center, stimulate premature 

respiratory efforts with resultant fillin£ of the lung• with amn

iotic fluid. This theoey 11 not plausible in the majorit7 of cases 

since no other pe.tholoa can be found. 

Roeenthal (61), in 1935, afforded a new term to the 

phenomena -.'deaquamative anaerosis1• This author found that the 

membrane was not present with pneumonia, but was uauall� associat

ed with ID!l.rked fatt1 and granular degeneration and deaqut1mation of 

bronchial epithelial cells. '!'he term he uses 11 de1criptive of 

pulmonary lesions in a1phyxla in which large amounts of desquama.ted 

bronchial epithelial cell1 are found lining the small bronchioles 

and alveolar du.eta. Thirt,-one cases also had a pink staining 

membrane. In these cases, there is intense congestion and edema 

of the submucosa with cloud,- swelling and fatty degeneration and 

20.



even detachment of bronchial epithelial cell,. 

In 1937, another German, Steinharter, reported on two 

case h11torie1 of the hyaline membrane. He said it wae due to aep

iration of amniotic eac contents with 1ub1equent di1per1ion to 

alveolar wall•• (76) 

Benner (12), in 1940• tried to correlate infection in 

1inuse1 and middle ear with lung infection. He concluded that 

a1pireted vernix appeared to have been forced againet the alveolar 

walls where it lies as a barrier to gaseous exchange. 

Ahlstrom, al10 a Geru.e.n, ln 1942, de,cribed 5 caaea of 

hyaline membrano1i1 in 27 autop1i••• and thought it re1ulted from 

the aspiration of amniotic fluid with re1ultant condenea.tion in 

the respiratory passages. (76) 

In the ldinbu.rgh Medical Journal, in 1943, MaeGregor 

(39) reported on 1the remarkable effect produced when inhaled

liquor anmii contain• any large amount of vernix". In the bronchi 

and alveoli are masses of 1tructurele11, acidophilic material, 

which, when air enter,, i• epread out and pl&1tered upon the wall• 

of the air spaces at a membrane, actinc as an obetuction to the 

paeeage of air. Thie she term, a ryernlx membraner • 

.A. great de�l mor@ vork has been done on this 1ubject 

trom the year 1946 to the preeent time than bad been done in all 

the year, previous to that. Among the most noteable and outstand

ing papers in this group are thoae of Rusi & Strong• A.re7 & Dent, 

La.bate, Schenken, Miller, Hamilton & Jenn1aon. Brune & Sh1eld1, 



Bly1tad and colleagues, TregilllH, Claireaux, and Edith Potter of 

Chicago. Altholl&h there 11 great diver1it7 of opinion amonc them 

concerning the pathogene1i1, they have done much toward arouin,; 

new interest in the entity, and impre11ing on the medical profe11ion 

the notoriety of the peculiar phenomenon. 

Al will �e emphasised later, a 1ignificantl7 high 

percentage of babies exhibiting this membrane have been delivered 

by Ce1arian section. In 1946, Ruu & Strong (62, 63, 64) dealt a 
C.t.

great deal with the problem of infant death• followlng Ce■arian

section. Of 12 deaths followin,; Oe•rian 1ection, 9 vere found to

have died from what he terms ta■piration pnemontat (ie) pneumonia

due to the aspiration of amniotic fluid containing lanugo, bloo4,

meconium and other detritus. He found that the awerage Cesarian

baby will not breathe within 30 1econde, and sugge1ted that routine 

intratracheal catheterization be dohe. About 3.7 cc. of a thick 

mucoid Dlf\ter1al can be a1pirated, whereas in those babie1 delivered 

throup the normal birth channel, only 1.2 cc. is found. In their 

large aeri••• death rate followinc Oeaarian eection after which 

intratracheal catheterization bad been done was�. This incidence 

wa1 9-lOj in the groi.1p on which the procedure had not been done. 

j,re7 (2) t in 1947, deacribed four cases of aaph�ia in 

22 premature death• to which he iucribed a pink 1taininc membrane 

lining the alveoli. He called it an 'asph�xial membranet due to 

aspiration of large amounts of uniotic sac content■ ae a reeult 

of fetal aephyxia. A later 1eries by Are1 (3), in 1949, reported 
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a aerie■ of 50 autopsies in which 8 cases of hyaline membrane 

were found. 

Also in 1947, there were two proponents of the 

term 'h:,aline membrane•. Labate (36) at the BelleTU Reepital 

in New York admitted the etlolog of the condition wa, unknown, 

but said it may repreeent a late effect of intrauterine aapiration 

of amniotic fluid. The fluid ie absorbed following birth and tbe 

solid elements of the amniotic fluid remain and become altered to 

form a hyalinised gwnmy eub•tance. J. R. Schenken (66, 67, 68), 

at Nebraska Methodiit Ho9J>ital aaya the bade patholoa is aep.

iration of amniotic fluid following which a •mbrane ie fonaed 

when extrauterine respiration 1• e■tablished and air enters the 

lung. He also calls it a 1 Hyaline membrane•. 

Ahvenainen (?6) bad written exten•ively on this 1ub

Ject in 1947 and 1948, reporting on a aeries of 108 autopsies of 

which 42 cases of h�line aembrane were aeen. Re we.a of the opinion 

that it resulted from aspiration of &nmiotic fluid and desqua11&tion 

of alveolar cells. Accordinc to him, it •bad no ■pecific relation 

to an inflammatien, but was a con1equence of interetitial emphysema 

and pneuaothoraxt'. 

In a aerie• of articles in 1947 and 1948, McMahon (41, 42) 

ot!ered an i•tereeting theory in 3 case histories in which he found 

an eosinophilic material var7ing from h,aline to granular. He 

suggested a morphologic anomal7 in the lungs of newborn infant■ and 

called it a 14iffuae concenital alveolar d7epla■ia•. He further 



suggested it represents a retardation and disturbance in the normal 

developement of the lung• in which tllere were, "too few alveoli and 

too much interstitial tissue"• It is colllllonly associated with atel

eetaais and gives a pathological and clinical picture very eimilar 

to that described by other authors as 1 hyaline membrane'• 

In 1948, Zuelzer (87), althou«}l preaenting no cases, 

offered that amniotic fluid in the lung• is recognised by the pre

scence of vernix cas�oaa and keratinised epithelial cell• from 

fetal akin. The aep1rated vernix is pushed aca.in1t the walls of 

alveoli and bronchiole■ as air enter■ the lung, and is colllJ)re■ee4 

into den•e membranes. 

Andersont s Textbook of Pathology (1) describes a common 

cause of failure of lunp to expand coapletely after re■piration is 

established as ob■truction of bronchioles b7 vernix a■pirated with 

amniotic fluid during untrauterine respirato1"7 movements or during 

the first in■pirator7 effort followi-c birt}l. Byaline membrane■ 

are then formed by flattening of the lipid aub■tance (vernix) 

against the wall■ of the respiratory bronchioles. 

Miller & Hamilton (44), at Kansas Univer1it7, in 1949, 

expres■ed two min theorie■ for what they called a tyernix membrane'. 

One theorT ie the aepiriration of infected &l'lllliotie material or 

vaginal sP-cretion■• 'l'he other is ehemical irritation of the lung■ 

by meeonium• vernix and amniotic fluid• and.• therefor, epithelial 

inJur7. The1 believed that aapiration of vernix 11 the cause of 

the membrane but also sucge•ted that failure to find it in stillborns 



indicates the aapiration theory might not be correct. 

Oelli■, 'ihite & Pfeffer (28) became intereated in the 

work by Russ & Strong on Oe■arian babiea in which they pointed out 

tha.t fluid in the upper re■pirator7 tract is inhaled with the 

firat breath. Their paper attempted to add another cause of de

layed reapiratory distreas followin« which each succeesive breath 

pa.ck■ debris ajllin■t alYeolar wall■ forming a membrane. !hey be• 

lieTed amniotic fluid is in�est, ■ub■equently regurgitated and then 

a■pirated. In babies deliYered by Oe1arian aection, the @l!l,■tric 

content of amniotic fluid i■ greater than those delivered through 

the pelvh. 

Dick & Pund (22), in 1949, did nuch work concernin« 

a■ph7Xia neonetorum and the •�rnix membrane. '!'hey found 7 ease■ 

of pulmonar� by&line membrane in 119 autopsies and ea.id the presence 

of a membrane may repreeent only a more ■eriou■ manife1tation of 

the a■piration of amniotic sac contents. '!'he vernix ma7 have been 

concentrated in the lungs either becau■e of abaorpti�n of the 

fluid or because only amall amounts of amniotic fluid were preeent. 

Like other authors, the7 M.y that following the first extrauterine 

breath, thia material is forced against the walls of alveoli while 

that material in the upper reepirator7 tract lodges in bronchiole,. 

Teaserawc (76), a rrenchm&n, was the first to sugge■t · 

possible 'oxygen poiaonincf as a cause o! the membrane formation. 

Ar•� & Dent (4), in 1950, also considered the membrane 

to be the result of aspirat•d vernix compre11ed against the wall• 
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ot air ■paces as a reault �f·the inhalation of air. The membrane 

lines bronchioles and alveoli and the lntenenin« lung parench� 

is collapsed, giTing an apparent thickenin,; of intra-alveolar 

septa. 

Further work b7 Miller & associate■ (43• 46), in 1950, 

still considered these pulmonary lesion■ to be the result of in.jur7 

to epithelium of terminal air ape.ces by some unknown agent, con

trary t� previou• thoughts that it is the result of aspirated amn

iotic sac contents. !hey state, •racts suggest the fetuses lung 

is •u•ceptible to some type of injury at a certain stage of develop. 

ment. and posalbly the agent causing the inJu.r7 also precipitates 

premature labor and birth". They described 3 cases in stillborn• 

and so suggested the injvy probably occur1! 1· in uterof . '!'hey- could 

describe no etiologic agent, but ■aid a wide search tor the irritat

ivP- material would be necessary in view of the many different agents 

already shown to be aasociated with the presence of a hyaline like 

membrane in the lunge of adul ti and older children. 

Behrle & Gibson along with Miller (10), the following 

year, reported 13 cases of hyaline membrano■h and showed that ex

p&naibili\7 of the lung is impeded in the1e babies tho,agh the cause 

of it is not clear to the•. 

SinrpRon & Geppert (72), also ih 1951, reported 14.� 

of neonatal de•.ths bad hyaline atelectaai■• '?hey suggeated the 

etioloa m&;y be related to our methods of reauacitaiion. !hit 

posaibilit� may baTe been prompted by the work of �ehrle in which 



they used negative pressures to �eat the lung expa.naibility. They 

also noted the membrane was eapecially common after Ceearian section 

and in infants of diabetic :mother,. 

Kaufman & Spiro (35) uses McMahon'• theory of 

&Congenital •lveolar Dysplaaia1 and �ugge1t the entity •Y repres

ent a retardation or diaturbanc� of the normal developement of 

pulmonary alveoli. !hey said the condition is fre�untly accom

panied_ with bronchial pneumonia, true atelectaeia, fetal atelectaeis,

congestion, edem, aeplration pneuaonia, and intra-alveolar 

hemorrhage, "each, or all of which, may mask the underl7iag 

alveolar disorder'. 

Blyatad et al (13) did exten1ive work on a 1erie1 of 

509 autopaies and �zperlmental studies on i;Uinea pig1 and mice. 

!ray diacounted the work of Miller vho suggested epithelial 

damage ey demonatratln,; the frequency with which the membrane over

lies the intact bronchiolar linl�. The7 also ditcounted the theor7 

of a vernix membrane by demon1trating color reaction• of the mem

brane to be consistent with that of concentrated amniotic fluid 

protein■ and not fat. Consequently. they tried to demonstrate that 

the membrane was a concentrated protein derived from aspirated 

amniotic flu14. 

Brune & Shield• (16) demon1trated the membrane in 

16.� of neonata.l deathe at the Colorado General Hoepital. They

said the etiology wae probably not related to the a■piration of 

pniotie sac contents, but tactora in the formation of the 



membrane "mar be 1ntraaterine epithelial capillary inJurT" from 

anoxia and "extrauterine hign concentration of oxycen therap7". 

Th�7 endoree the •u«geation of Miller, Hamilton & Jennieon that 

the etioloo repreeent1 a reaction to pulmonary epithelial inJur7. 

The premature ti11ue is a likely candidate for the insult of in

Jury b7 intrauterine anoxia and high concentrations of oxygen 

g6ven therapeuti�.117 may further injure the tiuue and produce 

dl1eaae. 

Tregillu1 (77), al10 in 1951, reported an incidence of 

14.3� of hyaline me�branes in newborns. Re termed it an taaphy»

ial membrane'. He recorded his re1ulta becauae they ahow that 

verniz play, little or no role in the formation of the hyaline 

membrane in the lung. !hirt7-three of the 35 cases reported were 

immature; complications of pregnancy were found in 9; and S were 

delivered by Ceearian aection. All of theee factor• may have been 

reaponaible for anoxia of the fetua. A h:,aline mem-brane was not 

seen in a.ny lung having amniotic flu.id unless there vas also evi.d,,.. 

ence of necroaie of bronchiolar epithelium. Tregillue beli .. Yee& 

11. The a■ph7xial membrane found in lunge of liveborn infant•

ia formed b7 necro■1• and hyal1n1zation of bronchiolar

epithelium.

2. Necroais of bronchiolar epitheliUlll is due to anoxia and its

higher incidence in i111JD&turee is due •o incomplete deTelop..

ment of lung,.

3. The fo?'ID8.Uon of the me■brane increase■ the degee of anoxia.11 



Therefor, a viacioue c7ele is set up. Intrauterine anoxia lead■ 

to tissue damage Rnd necro1ia forming a membrane which cauaes 

further anoxia. 

Schoenvogel & Higgenbotham (?O), in 1952, reported 

one case of hyaliue membrano1ia. 1'her, like McMahon and Kaufman, 

called it a tcongenital Alveolar Dyaplaeia'. Schneider & Seller• 

(69) reporte4 24 ca.sea with hyaline membrane, but gave no theory

coDcerning its pathogenesis. l3at7 et al (9), following work by 

Gellis & White, proPoeed the trouble might arise from 1vallowin,;

large amo,mt of amniotic fluid following which regurgitation and 

aapir�tion accur. Benitz (ll) tends to support the theor� that the 

membrane develop, from a■pirated vernix after contact with air 

under tendon. 

In the past yeer, variou1 men bave noted the higher 

incidence of hyaline membrane following Ceurian section. Wile 

(82) aaid these infants are particularly 1u1ceptible to respiratory

difficulty and exhibit a h)>aline membrane. Though the cause 11 

not clear, he .aid it may be a mechanical consequence of aspiration. 

o. Hunter Jonee (34), at· the Charlotte, N. c. Memorial Ho•pital,

could give no pathogenesis but aaid the membrane, occur ■eemi:a,;ly 

more often in Ce1arian 1ection be.bie■• Neuhoueer & Wittenborc (49) 

are not certain the onl7 cause of the form&tion of a membrane 11 

aspiration of amniotic flu14. !hey suggest the po1eibilit7 that 

pulmonary ed�ma. and exceee fluid in the bronchi from an intrin1ic 

origin may also be re1poneible. 



Further reports were made b7 J..re7 & Dent in 1963. {6) 

They concluded at that time that there is insufficient evidence 

to •upport the view that these membrane, are co•po•ed ot amniotic 

sac contents and vernix. �hey l!JlVe evidence to support the concept 

that va1cular damage and increased capillary fragilit7 may play a 

role in the origin o
r the membrane. They further observe the al

most exclueive appearance in liveborn•• presumeably due to the fact 

that mechanical diapereion of the material to the periphery of the 

lunge is brought about only followinc inhalation of air. Some 

inherent defect may be preaent in prematures, such at increased 

capillary fragility, aince the pre•ture suffer• from certain 

phy�iolopcal handiCA.P•• !hey could give no •ingle explanation to 

account for the relative tre�uency following Ceearian section. 

However, Landau (3?), in 1950, noted that immediate clamping of 

the cord deprived the infant of 90 cc. of blood, and it conceivable 

that th1� loss, permitting decreased oxygen carfying capaeity of 

the blood, may play 1ome part in the pathogenesis of the membrane. 

Claireaux (18), at London., lngland, bee&me intereeted 

in hyaline membranosis, and reported 108 cases in a ••riee of 

376 liveborn infant• - an incidence of 39i. He·also did much 

ezperimental work which will be reviewed later. This author be

lieves a progressive ehange can be traced in nearly every lung 

containing a membrane whereb7 the •qua.mes become more ae1doph1lic 

and h1&,line-11ke in the air spaces. The flat squames, derived 

from liquor amnii, fuee together, lose their cellular outline 
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and identificatio� and fonn a syncitial membrane. He believes it 

occurs more frequently in prematures because of their high aensitiv

ity to changes in oxygen tenaion with resultant intrauterine reapo,

iration and a•piration of amniotic fluid. Yurthermore, abaorption 

of this fluid in the lung 1• lees likely to occur since the circul. 

ator7 function is poor, and the aqua.mes "incubate" in the flu.id 

medium. allow1118 hyalinization to proceed. Claireawc recognise• 

Blyetad1 s theory of protein concentration, but states that it 

merely add.a to the thickneaa of the membrane already formed by 

hyalinization of the aqua.me,. 

Edith Potter, (17. 521 53 1 54, 55, 56, 57), at the 

Chic&CO Lyinc-In Hoapital, ha■ probably done more work on this 

phenomenon than anyone else in recent time•• Her mortality report, 

h&ve carried hyaline membranoeia aa a aeperate entity of a cause 

of death in newborn• aince 1950. She describes it as the moat 

impc,r\ant condition cauaing death in which prematurity is directly 

related to the pathologic proce••• "Among infant■ normal at birth. 

1 t vs.s reaponaible for al1101t all the death• of premature infants 

at the Chicago Lying-In Roapital from 1940 to 1950. M In a aeries 

of article• since 1943• she baa termed the entity 1 hyaline membrane 

with resorption atelectaai•'• The aolid material seems to be de

finitel7 extrinaic in oric1,a, and it appear■ •hen condensation ot 

the foreign substance occurs, re■J)iratory diatreaa develops. She 

describe■ the atelectaais produced as a aecondary atelecta1i1 

cawted by the membrane aurroundtng and lining the air spacea. 



producin,; an active block to oxygenation. Re1orption of air in the 

alveoli then occurR, and the atelectaeis is produced. The atelectas

is is more complete, and the h)'aline material greater in amount in 

inl&nts who 1urvive 24-36 hours than in tho1e who die sooner. She 

therefor aecribes the etioloa to the a1piration ot amniotic fluid, 

chiefly vernix, with condene&tion and 1ubgequent reaorption of air. 

There is also the suggestion that high concentration, of oxygen at 

low humidity pres1ure may have aomething to do with cau,ing dryn•••• 

�t Chicago L1ing-In, they never use over 5� oxygen, and keep the 

humidit� at 85-90� if it is neceaeary to put the newborn in an in

cubator. She bat recently noted the meningeal edema preT&lent alone

with the hyaline membrane in death following Cesari.an section. 

Clifford (19), in 1940, also deacribed this. She rejected the idea 

of inflammation or congenital malformation as havill8 any etiologic

al eignlficance. 

lxperimental Work 

Iver eince JohD1on & Meyer, in 1925, fir1t 4escrlbed 

the occurrence of a membrane in the lunge of newborn intante, exp

erimental work bas been undertaken in an effort to determine cause 

and compoaition Gf the membrane. Since the 11&Jorit7 of men believe 

the basic pathology is the a•piration of amniotic sac contents, 

most inv�stigators have attempted intratracheal instillation ot a 

variety of foreign lDl!Lterials in an effort to reproduce a meabrane 

of similar cbaracteriatic,. However, with but few exceptions, this 

method has proven unsuccessful. Winternltz (86)� in 1920, 



experimentally produced a pulmonary membrane in rabbit, by intra

trache&l insufflation of weak hJd,rochlorlc ac14. It was aleo 

known at this time that war gaaes produce a membrane. In theee 

condition•, a strong irritative and destructive action on alveolar 

wall• seems to be the predominant etiolo€ical factor, and. evident� 

1,-,, this had a •trong influence on the beliete ot the earlier 

workers. Johnson & Meyer (33) tried to determine if leRion• were 

produced by such irritative aubatances as ly1ol and soap uaed to 

waah the vagina. However, le1ion• produced by intratracheal in

Jections in rabbits ,ere not t7Pical. A hyaline membrane ot re

■emblance we.1 producfl!d with small quantities ot egg albumin,

suggeating the membranes are produced by a viscous ma.ter1'l.l adher

ing alone walls of air paeaagea. Farber & Sweet (26) concluded a 

membrane could be produced on a purely mecbanioal basia and toun4 

it to be identical in atainlag properties with that found in in

fluenza. Later, rarber & Vilaon (2?), working with rabbit•, cats, 

doga, and rats, forced the animls to breathe low ox7gen and high 

carbon dioxide concentration• until dyapnea and death occurred. 

The alveolar 1pace1 ere then filled with Tar7iag amounts of eer\1.� 

frequentl7 preeeed b7 the inspired air againet alveolar wall•. 

Small areas of h,.aline membrane were foun4 when foreign 1ub!tanoe•, 

aa horse eerum, india 1n1c. or fibrinopurulent exudate were in•tilled 

into the trachea and vigoroua artificial reapirations instituted. 

Varioua other inveatiptore tried toxic and non-toxic materials, but 

were unable to produce auch a membrane. Dick & Pund ( 22) • i:a 1949, 



used lungs of stillborn infants and intr.tuced intratracheally. 

warm, centrifuged amniotic fluid and were able to produce a 

P••ud.o-membrane which cover�d bronchiole•• but not alveoli. 

Miller & co-workers (44
1
45), in a eeriea of experiments, in

troduced aueh aubetances ae amniotic fluid• vernix_ meconlum. 

ta.line, s.nd water in dog1 and rabblte. They were unable to pro

duce a hyaline membrane, but discovered a 1e•oe7tic reaction with 

edema, congestion, and serum protein• in :_.the alveoli. Cruickshank 

(20) also va.a able to elieit an inflammatory reactioA, but no

membrane. Bl79tad. et al (13), in 1951� ua�d excited adult guinea 

pig and mouee lunge and inJecte4 intratracheall7 15-20 cc of 

human anmiotic fluid in l cc amounts, and then artifidially expand� 

ed and contracted the lungs for one hour at one pound pressure. 

A thin h;,aline membrane was seen 1� some alveoli and the author• 

concluded that considerable amowits of the fluid must be present, 

as well as extrauterine respirations before a membrane can ee pro

duced. Claireaux (18), in London la■t year, attemp\ed to prove hh 

theory of �lin11aUon of ■quamee b7 reproducing a membrane fin 

u.tero 1 in eh: albino rate. He took the 1ol1d material from amniot

ic fiud, reeu■pended it in ealine, and incubated it at 37 decree■ 

centigrade. After 7-10 daya, the equamee were seen to lose their 

nuclei, become acidophilie, and b.yalinize. To i5 cc of this material• 

.5 cc of sterile 1&.line was added as well ae 65 micrograae per cc of 

chloramphenicol. Thie wae then inJeeted intratracheall1 into the 

six rats which were then killed at l, 2 1 3, 51 24, & 89 hours later. 
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In all but one, (in which the injection wa1 un8&ti1fastorr), 

h,aline material we foun.� and in tho■e rat, killed after tvo 

houri, a membrane waa found to be emctl7 compar�ble to that 

found in lun�• of newborn infant,. 

Some experimenters have been intere1ted in the role 

of the vagu1 nerve on respiration• of the newborn and itt relation 

to the membrane. 1arber (25) and Miller (44, 59) atteapted bi

lateral vagotomy on rabbit• and vere able to produce theee membranes 

in nearly all rabbits. Miller believes the activity of the thorax 

and diaphragm are altered after birth. The mature type of breath

ing is that in which the diaphragm plays a major role, while in 

the immature type, the cheat does moat of the work. Ob1erving 

immature infants with reepiratoey di■trea1, it was seen that the 

cheat heaves tremendoualy, and there is minimal diaphragmatic 

activity. At autop■y, these infant, bad extensive h,aline mem

branes in their lungs. In 1�51, Miller, Behrle, and Gibson (10) 

vagotomiaed 20 rabbit lung• and found h,aline membranes in 13. 

Hietochemica.l reaction■ were 1imilar to thoee membrane, de1cribed 

in human beinga. 

Another factor which ha1 been coneid�red in the forma

tion of these mambranes oa the role of 'oxygen poieoningi. Bruna 

and Shi�lds f16), in 1951, following the work of tvo German path

ologiats, Kuhne & Pichotka, attempted to produce a membrane b7 means 

of oxygen inhalation. Three adult and nine infant guinea pig■ were 

■ubJected to concentration• of 90-98� oxygen for 36 hour■ or more.



It was po•aible to produce a b.Jaline-like membrane in 1ix out ot 

nine animals who1e lungs were tlr•ctl.y expo1ed. These membranes 

were very similar to the ones t,uad la:lungs of prematures dying 

in the neonatal perlocl. More recentl7, )hey produced changes in 

the lungs with onl)' 70� oxyge•, eon:dating of edema and desquama

tion. !hey feel tba+ newborn• arP. more re1iatant to oxygen poi1on

ing than are adults. In 1953, Tran-Dinh,.,.De and George Anderson (76) 

have repeated the1e ezperiaente and have been able to duplicate 

previoue work in producing b.Jallne membrane,. They were impre11ed 

with the edema prod�ed and evident vascular factor, involYed a• 

a possible explanation !or the production of capillarr lnJur1 and 

reaultant membrane formation. These membranes, however, are not 

associated with atelectaeia. ldith Potter hae evidently given 

coneideration and concern to high oxygen concentration•, as wa1 

mentioned previouly, •he recommends uing oxygen concentration• 

of no more than 50-6� when it 11 nece•aary to gi•e the newborn 

reauacitation. 

Reeplratory Acti•it7 

Since a great any of the theories regarding the 

pathogeneaia of the hyaline membrane in the newborn ar� ba•ed 

u:pon the aspiration of onioU_c fluid b7 the fetus, a dhcuuion 

ot the presence or ab� of intrauterine fet�l reepiration must 

of neceasity be carried on. According to some author, previou•l� 

mentioned, the occurrence of these membrane, may be cloeely related 

to re•pirationa •1n utero• •. _.tion• which may arise, however, 
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ere whether or not rPapiration1 of the fetue are phy1iologic, and 

whether or not amniotic fluid is a1pirated into the pulmonary 

bronchiole, and alveoli. 

•• early as the 16th. century. Vesalius observed that

dieturba.nce of placental circulation in the animal fetus brought 

about definite reapirator1 movement, of the Jaw and thorax with 

■ucking in of amniotic fluid. There were •ny investigators of

this phenomenon in the next ■everal hundred year, and many of these 

early eJq>erimenter■ believed the reaeon for reepirator7 movement• 

was the interruption of blood 1uppl1 between mother and fetue. 

Some al•o believed the fetus normally in1pired and expired aaniot

ic fluid which was evaporated and abaorbed at birth. (76) 

Ahlfel4• in 1888. noted movement, of the abdominal 

wall in pregnant womPn which he beliPved were reepiratory movement,. 

He believed a■niotic fluid h sucked in with these movements. but 

extend only to the bifurcation of the bronchi. Reiffer1heidt, alto 

a lermAn, tho�t the power of auction ie so alight that amniotic 

fluid reached. at moat. only as far a1 the entrance to the larynx. 

(76, 26) Hess 1'haT■en
7 

in 1944, Browne, in 1922 and Johnson & 

Meyer, in 1925, associated pnewnonia in the newborn with the a1p,

ire.tion of infected amniotic fluid into the lungs. (26) John1on 

deducted that the inhaled amniotic nuid adhere• to the alveolar 

vall and may produce immediate asphyxia or 1ubeequent pne•onla .. 

He was uneertain wheter the amniotic fluid nor118.ll7 entered the 

trachea and bronchi, but in O&Ht! of intrauterine aephyda, the 



respiratory center was undoubte417 stimulated with resultant 

a1piration of the fluid.. Like many investigator■ who were to 

follow in this work, he states, "The presence of a large amount 

of amniotic fluid in the lungs i■ indicative of ••• fetal aaphyx1a1•

(33) The significance of inhaled amniotic flu.id was investigated

by Perry (51) who became intere,ted in the work of Johnaon. She 

used an indicator to determine the presence of flu.id in the lungs 

and found that amniotic fluid is not a constant finding in the 

lungs of human or guinea pig fetuses. When it is inbaled1 it is 

the result of asphyxia. but it is aeldom inhaled in quantities 

su!ficiAnt to cause obstruction in the bronchi. Farber & Wil■on, 

however. ■howed that s!Dl\ll amounts of the amniotic sac contents 

are present in the lung■ of every newborn, and is aapirated with 

the first breath. They al■o conclude that large amounts may be 

aspirated and cause reepirato17 obstruction. No?'lll&lly, however, 

Farber believf's respiratory movements 1 in utero t· occur with a 

closed glottis. and amniotic flu.id reached only to the larJDX. 

0�6• 83) Therefor, the presence of this material in the lunge 

indicates occurrence of premature attempts at respiration. 

In 1936, •rcroft and Barron (6, 7, 59) experimented 

on the gene1is of re1piratoey movements of the 1heep fetus in an 

attempt to determine a re1piratory pattern. The ge1tation period 

of the sheep; is about 157 day•• and it was noted that about the 

35th. day. a gasp or apasm took place in the fetus, :Rhythmic 

trunk: movements a1sociated with ordinary respiration, are 
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developed between the 38th. and 49\h. da7. They cannot be initiated 

by aephyxial changes in the blood• but can be etarted b1 activity 

of the muecular eyetem euch as tapping on the utel'U9. Toward the 

49th. da7, their frequency becomes more regular and there is estab

lishment of almoet continuous respiration of e. normal charadt,r. 

After this, the mov�ments di.appear - being dormant - but can be 

elicited again be •ubJecting the fetua to aeph7xial condition•• 

These were important ob•ervations becauae what occurred in the ebeep 

fetus might b� expected to be found in the human. 

Snyder & Roeenfeld (59, 60, 74� ?5) re-introduced the 

question of the exietene• of a tidal flow of amniotic fiui4. �ting 

rabbit fetuees, they 'Mlded india ink to the amniotic fluid, removed 

the fetus, and placed it in Ringera Solution.. No anae,theda wa1 

ueed. Direct observation of the fetuaes revealed rhythmical res

pirator;y mo..-ementa., In thete, the lungs were blackened from the 

ink. They concluded• therefor, that epontaneoua respiratory move

ment, of the fetu• occur and cause a flow of amniotic fluid in the 

lungs. Furthermore• it 1s not a complication of prgnancy or labor, 

but is a normal function, and affords a means for the dilatation 

of f11.ture air peuages. Se..-eral �ar, later, Snyder (73) repeated 

the experiments and found that amniotic fluid entered alveoli in 

le11 than a minute, i 1 breathing fetuses, but h not found in l'lllge 

of apneic one,. 

:Bonar, Blumenfeld & Jenn.in,; (14) reviewed the litera

ture concernin& this aul>Ject and suggeated that, •7rom a purel7 



phyalological standpoint, it. would seem unrea■onable to assume 

that the fetal reepirator7 tract remains inert in utero, awaiting 

some etimulua to initiate it• hitherto unpracticed reepiratory 

mechanism at birth, while the card.ioffl.acular system with which 

it is so intimately relatet, the gastro-inteatinal tract, and 

kidney-1, f1U1ct1on in utero11• Concerning the aspiration of amniotic 

fluid, they conclude that it doee occur. 

�indle & associates'(73, 81, 84, 85) • in a 1eries of 

articlee fro■ 1939 to 1943 say that as early as the 12th. week of 

ceetation_ fetuae1 can perfen r�1pirater7 move�ents, but they may 

be due to aephyxia. They seem to be inactive, but can be initiated 

by afferent nerve impulse, or anoxia. They refute the statement of 

:Bonar et al that reepirater7 movements are phyaiological. Bx:peri

ments vere done by them to determine the question of aapiration of 

amniotic fluid. TheJ uaed guinea pige and inJected thorotraet. 

11 In no instance• could tractaea. brOnchi or lung• be ,een iu 

reentgenogram•, although opaque material wa1 found in the atomach•. 

In 1942, they aucgested that ■mall quantities of the flu.id in 

bronchi is a transud.ate and not of amniotic origia.. 

Ehrhardt (76) obtained 1imilar re1ulte by injecting 

thorotrast into the &111niotic cavit1 of the intact uterue. On 

one oceaeion, thorotra1t was found in the gaetro-inteetinal tract 

and none in the lungs. but later, thorotrast wa1 found in the lungs. 

Two other German•, Relfferacheid & Schmeimannn (?6) 

injected a foreign material thro� the abdominal wall into the 
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amniotic cavity• and 48 hour■ rater, following hysterectomy, the 

contrast medi& was seen in the lung■ of five to ■ix month old 

fetueew-

Nathan Shoek (71). 1n 1941, experimented on rat• to 

determine the effect of 1nep1ration of amniotic fluid on viability. 

Their results show aspiration is not a normal procesa, and excess

ive respiratory stimulation as a result of anoxia or h7Percapnia 

caused the animals to inspire the fluid. 

MacGregor (39, 40) alao believed that asphyxia may 

atimulate the fetal reapirA.tor7 center and liquor amnii than 

flood the lunga. The1 have little doubt that an.v con■iderable 

quantity is abnormal and indicate• severe fetal asphyxia. 

Davis & Potter (21) presented new evidence that intra

uterine and extra-uterine respiration is similar. During intra

uterine life, respirations are intermittent, 1rreo].ar, and 

shallow, and cause the flow of amniotic fluid throucb,out the 

lungs. Roentgenogama demonstrated the presence of the fiuid 1n 

the lunge in fetuses as young as 12 weeka, or 39 ,grams. If 

intrauterine distress occurred, an excess amount of amniotic fluid 

is a■pirated. The7 believed death occurs because the fetal circula

tion ia embarrased and not becauee ot the excess fluid. 

Dr. Gruenwald (30, 59) studied the effect of aurface 

tension on lung •xpan■ion. He contends that it fiuid is in•pired 

and expired continu.oualy, it could not 'be concentrated in the lung. 

Therefor, the fluid muet be a�1orbed and concentrated. His studies 



on surface tenaion indicate the difference in the phyaiology of 

the lung when fluid and air entera. Aeration of lung tiss11e is 

reaiated by surface tension in both atelectatic alveoli and thoee 

which contain little amniotic flu.id. Thie reeistence is not present 

when fluid enters the lUD.g, thus explaining wh7 fluid enters eo 

easily. "The average preasure for air is twice that reqiUre4 for 

fluid to enter the lune••• If fluid is &■pirated a, a result of 

ano:rla, all alveoli expand and it is deatributed •�uallyl wherea■, 

·air enter1.ng the lung will expand onlT a few alveoli and the re

u1ning are collap.ed. He, like Potter, believes defective circ

ulation allow, fluid to remain in the lungs.

Moriaon (47, 48), in 1949, stated that the preaenc� of 

a hyaline membrane is the direet uncomplicated result of intra

uterine aaphyxia. Small quantities of amniotic sac contents are 

not harmful• he ea1•, but large amounts inhaled as a re aul t of 

anoxia are harmful. 

A few invewUgator1 tried to relate intra-ut·erine ree

pirationa to a•phyxia as a. re•ult of change, in oxygen and carbon 

dioxide preHure in relation to uterine circulation. In Windler 11 

(85) experiments, respirator7-like movements were induced b1 ex

perimental anoxemia and amniotic fluid vaa a■pirated. When, and 

if fetal requirement, for oxygen exceed placental au.ppl7, the 

previou�l7 apneic f�tus may re•pond with rhythmical respiratory 

movements. In the last daya of gestation, oxygen values of fetal 

arterial blood decrease, and a phy11olog1eal partial anoxemia exi•••• 



Snyder & Rosenfeld (75) haTe demonstrated that a delicate balance 

between oxygen and carbon dioxide exists in the control of intra

aterine respirator7 movements. Too much carbon dioxide will atim-

111.ate the fetal re1pirator7 center with re1ultant aspiration of 

excess amniotic fluid. It must be stated that these un no longer 

believe that oneet of re1piration h precipitated b7 a chemical 

mechaniu. :lastman (24) noted that mild degrees of anoxia increa ... 

ed the re1pirator;v rate, but as anOxia progreaaed, the compeneatory 

mechani�m faile and reepiratione decrease and finally atop. The 

initial effect of alow anoxia, therefor, causes aapiration of large 

quantities of amniotic fluid. If anoxia doesnt t cauee death in 

utero., the inepired amniotic fluid will prolol'l,f; the a.no:da after 

birth. 

As was pointed out in the introduction to this paper, 

the leading cause of death in newborn infants, particularl7 pre

mature, i1 asphyxia and atelecta111. From the discussion Just 

prisented on the re1piration1 of the newborn, it 1a seen that the 

ma.Jori�� of authors believe repeated, dee1 intra-uterine re1pirator1 

movemenh with reaultant aepiration ot large a.mounts of amniotic 

debris it not a norm�l con1equence and the presence of large amounts 

of this material is evidence of fetal anoxla. The diagno1is of 

fetal anoxia, therefor, is based on the presence of large amounts 

of debris in the respiratory pauages caueing aephyrl& and atelectas

is, or, follewlng birth, condensation of this material fol'lling a 

membrane. 



CONCLUfION 

It i• seen from a review of the literature, that the 

problem of pulmonary h,aline membrane in the newborn infant ha.a 

remained virtw.lly unsolved in the paet 50 years, e1peciall7 re

garding its pathogenesis. However, much more empbaei• bas been 

placed on this entity during the last decade than at any other 

time prnious, and much experimental work ha1 been undertaken in 

an effort to determine the cauee of the phenomenon which today 

is responsible for the highest incidence of neonatal deaths in 

the premature infant. It bas been estimated by Edith Potter at 

the Chicago Lying-In Hospital tbat this condition accounts for 

10,000 to 20,000 death• annually. (55) It -ie often unrecognised, 

and an erroneoue diagnoeia of atelectasis la aacribed when the 

basic pathology 11 overlooked. Of the pulmonar7 abnormalitiea 

found in association with atelectaeis of the newborn, the moat 

,triking is the presence of a hyaline membrane. J.. nriety of 

names have been given to the entity, moat of which depict, in 

the authors opinion, the anatomic or phyaiologic etiolog of the 

membrane. :Regardless of the nomenclature, certain clinical 

r._tu.re■ of the condition are characteristic. It occurs only

in liveborn infants (altho'l)8h Miller (45) reported three cases 

in stillborn,) and primarily in prematures rather than full term 

infants. In 3,1�3 live birth• compiled from the literature, there 

were 619 cases of h�line membra.noeis, or approximately�. 
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The various percentages in viable premat111"e infants ranges from 

about 6� (86) to 10� {32). Moat authors agree that the relative 

incidence 11 higher in infants delivered by Cesarian secti&l, 

especially those born of diabetic mother,. Considerable die-

agreement still exists, however, in an attempt to correlate 

h:,aline membranes and vario�• complication• of pregnancy and 

labor. Several investigator, have found that age, race, parity, 

serology and anaestheeia or analgeeia play no role in the develop.. 

ment of the membrane. The c�inical course following birth is also 

characteristic of this condition, although it is frequently mis

diagnoeed as intra-cranial hemorrhage from birth trauma. Claeeic

ally, the onset of re1piration is epontaneoue following an un

comliceted delivery. The infant reepires normally for an hour 

or two, following which breathing becomes more difficult. Cyano1is

is a primary eymptom, as reported in 65� of one series (67), and 

dyepnea i• increa1ingl7 eevere. Death ueually occ,ire in 24-48 

hours ae a re■ult of atelectasie.

Pathologica.117, the picture is typical. Micro1copicall7, 

a dense, homogenoue, granular, eoainophilic material is found 

lining alveoli and bronchiolar dllCte. Death therefor re■ulta 

from an obstr,1ction to the free exchange of gases between alveoli 

and pulmonary capillaries, with re1ultant atelecta1i1 and aaplqxia.

Beyond these findings which are cbaracteriatic of 

infants d7ing from reepiratory distress and found to have a pul.,_ 

onary h.valine membrane, moat of the data concerning this 
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phenomenon is controversial. There is little unanimity of opinion 

regarding the origin of auch membranes. Numeroua causes have been 

given among which are; the aspiration and d1spere101\ of amniotic 

fluid, condensation of amniotic sac contents, cond�h•�tion of 

protein derived from amniotic fluid or from the bloo4., irritative 

1ub1tance1, in1pired vernix caaeosa, infection, congenital mal

formation of alveoli, deaquamation of epithelia, anoxia and oxygen 

poisoning. In general, it would appear that at the present time, 

two baaic concept• are moat popular, both of which favor the idea 

that the membrane is compo1ed of protein. One theory uphold• that 

amniotic fluid is aspirated in utero as a result of fet�l anoxia, 

is concentrated and condensed into a membrane lining alv•oli and 

bronchiolar ducts following extra-uterine breathing and causes 

atelectasis of. the lung. The other concept derives the protein 

from blood rather than amniotic fluid as a result of capillary 

damage in an immature circulatory system or increased capillary 

fragility from intra-uterine h.vpoxia. 

The proponents of the firat theory base their suppoeition 

on the facts that amniotic debri1 is im·bedded in the membrane,; 

that the presence of clumps of amniotic debris lying free in 

bronchioles and ducts is evidence of a transition between these 

clumps and the membrane; that the presence of fat is evidence of 

aspiration of amniotic sac contents including vernix. Objection• 

to this theory are tnat the presence of cornified epithelial cell• 

and fat is frequently absent; the membrane is more common in pre-
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matures even though there is lees debris in the amniotic fluid ot 

these fetuaes than is present at term; membranes ■imilar to those 

seen in newborns are seen in old�r children and adults (influenza, 

war gases, irradiation injury, infection, pneumonia, etc.) even 

though they &•pirated no amniotic fluid; experimental attempts to 

reproduce the membrane by intra-tracheal injections of amniotic sac 

contents have been unsuccessful. 

In spite of the many experimental method• used in an 

attempt to reproduce these membranes, the majority ot experimen\ere 

have been unsuccessful. Those who have been successful in pro

ducing the membrane have been unable to produce the atelectasie 

associated with this phenomenon. Those methods ueed in an attempt 

to produce the membrane have been intra-tracheal injection of amniot

ic fluid and foreign debris, oxygen poi■oning and vagotomy. 

The eubject of intra-uterine respirations, assumed to 

be intimately aseociated with the formation ot the membrane as a 

result of the aspiration of amniotic sac contents, is still a 

controversial one. Experimentally, it has been proven that intra

uterine respiration■ do occur in animals of many apec1••• Con

sideration must be given to specie■, placental circulatio� in 

various species and gestational age differences. The occurrences� 

of these movements wider entirely physiologicllfjl. condition• .bas 

not been definitely established. Many question• still remain 

concerning the relationship of intra-uterine respiration, aspira,. 

tion of amniotic fluid and extra-uterine pulmonary respiratory 
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abnormalities. Two main pents of view are evident concerning 

this •ubJect1 (1) Many recent inve1tigators believe that intra

uterine a1phyxial or auoxic condition• must exist*' a stimulus 

to the respiratory center before respiration• 'in utero• occur. 

This, of course, is not phy1iological. (2) Others believe the 

fetus normally respires 1 1n utero', and aspirate• the em-rounding 

fluid. They argue that fetal respiration i• essential for the 

normal developement of the lung in preparation for poet-natal 

life (ie) that extra-uterine breathing of air is merel7 a later 

manifestation ot the intra-uterine aspiration of fluid. It can 

readil7 be 1reen why the subJect of fetal re•piration is 10 closely 

associated with the pathogenesis of the pulmonary hyaline membrane 

in the newborn. 

SUMMARY 

Various aspects of the •ubJeci of pulmonary b1a,line 

membrane of the newborn infant have been presented in this pa.per 

with special emphaeie on a review of the literature concerning 

its pathogene1is. An introduction to the subject was made b7 

presenting statistical material from Tarious hoapitals throughout 

the country in an effort to impress upon the reader the vast 

problem which we have concerning the mortalit7 of the newborn 

infant, particularly the premature infant. Statistical evidence 

was also given shoving the high incidence of pulmonary lesions 

associated with abnormal pulmonary ventilation as a leading cause 

of premature death and the time relation of these death•. A list 
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of the nomenclature was prel,&Rted and various a•pects of the 

diaeaae found to be in common with these term• was given. The 

clinical picture presented b7 these infants in re•piratory dis

trees wae eliovn to be characteristic, and a typical case was pre

sented. 1'be pathology and, to some extent, the histochemical 

finding■ of these membrane• were deecribed. A complete review of 

the literature was ma.de concerning the etiolog and pathogene1is 

of the leaion. This was preeented in chronologi•l order in an 

effort to determine what theories have been advance4 thus far, 

what the current trend of thinking is, and if a definite patho

genesis could be ascribed to the condition. Jlxperimental studies 

provin« or disproving the variou1 theories were·extracted from the 

literature and preeented. Becaute many lnveetigatore believe there 

is a close aeaociation between h,aline membranosie and the pretence 

or abscence of intra-uterine re•piration, a discussion of respira

tion 1 in utero' was carried on. 

This author believe• a series of event• occur which lead 

to the formation of the h;yalin• membrane found pr..,.rily in the pre

mature infant. Because of inadequate oxygen •upply to the fetus 

1 in utero 1 and the developement of hn,oxic conditions, the re•pira

toey center of the fetus is stimulated, probably from increased 

carbon dioxide levels. Thia results in the establishment of resp

iratory movement, b7 the fetus with •ub•equent aspiration of amniot

ic fluid and debria. This material lies loosely in the bronchioiar 

tree until air enters the lung at birth with the first extra-
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uterine breath and forces the fluid against the alveolar vs.lle. 

Here, the material is condeneed, the flu.id re-a.beorbed, and a 

membrane laid down on the alveolar walle preventing the exchange 

of gases between alveoli and pulmonary capillaries. 4tele&ta1ie 

results followed b7 death from abnormal pulmonary ventilation. 

This series of events can also explain the high incidence of the 

pulmonary h,aline membrane following delivery by Oesarian section. 

A high concentration of oxygen with inadequate hmidification 

administered to infaata wtth re1pirator7 distress tend to increase 

membrane formation by cauatng a drying effect. 
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