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M OST of those who have examined t,he lungs of stillborn and newborn ifI. 
fants are impressed with the large number of cases in whi(xh arnniotild 

fluid f3ls the alveoli. From this and other observations some investigators hay{’ 
been led to assume that aspiration of amniotic fluid oc~11rs normally in cv~>r,~- 
fetus, whereas others deny this. Since it has not as yei been possible to dc’- 
termine unequivocally t.he normal state of the lungs jnst ljefore birth, wc must 
rely for an answer on the evaluation OS the circumstantial evidence. 

When comparing the lungs of stillborn infants with those of newborn infani \ 
who have breathed for a few hours or days, one observes the t’ollowing unt!xpected 
difference. In stillborn infants all the alveoli are usually uniformly c:<pand4 
with fluid, whereas in many liveborn infants areas of complete a,tclectasis illiPt-- 
nate with aerated portions for days after bir!-h. ,111 ef%rt hiIS ~WC?~~ l:ltIClC tlj 
explain this difference, and its resuhs will present,ly 1)~ dest!ribe~l. 

Before discussing the findings in in (ants with aspiration of fluid or atple- 
tasis, brief reference should be made 10 the cminllnt im ~~~rfanw of t.hcw PINI. 

ditions. Beck1 found that, 41.5 per ~cnt of all neonatal ~leaths in his material 
were due to intermittent cyanosis with ai~l~%asis. This apI)ari3~tl,v inl:lndcs alI 
fatal cases with poor aeration of the lunge> as JIO sepam~v figtIres for aspiration 
of amniotic fluid are given. 

As will be apparent from what follows, it is important t.o distinguish throb 
conditions of the lungs of newborn infants, namely, atelcrf ;lsis, aeration, and tbx. 
pansion with fluid. Upon gross examin;lCnn at autopsy it is easy to r(X~*o%niz(~ 
aeration. However, true ateleci,asis and expansion wit11 fluid <*an only 1~’ (lis 
tinguished from each other b>- microscopic examination cxcp# in c:~scs oi’ as]til,:! 
t ion of extreme amounts of amniotic sac contens. This has hpen ~nlt~hasiz(~(l 11~ 
Farber and Sweet..2 1 Tnfortunat,ely, many authors hasp classifictl 211 l~O~lil<LiXt~~~~ i 
lllngs as atelecht,ic. ‘IThis is pmhahly tluc to t hr nc*t*twit>- r~f ~~~akin~ a Jbt,ovisior!8 ~ 
anat,omic diagnosis at autopsy, ljaserl on tllp gross >I ~~p(~:~~~at~(*c alone. Tn order icl 
avoid the unjustified diagnosis of atelwtasis in thcsc cases, we have :ldoptt’d tht~ 
policy at the autopsy of listing as “nonaeration ” the (9ndiGon of all lungs 01’ 
stillborn infants and newhorn infants which are not, aerated or gr(l%sly filkd with 

amniotic sac c0ntent.s. ‘I’hc specific diagnosis of atclwtasis or aspiration of an,- 
niotic fluid is only made when microscopic sections are available. 

Review of the Literature 

It has been asumed that the fet 11s ~~ormally performs respirato1.y IIN)V~~- 
merit s and aspirates amniotic fluid, A review of the older lit,erature on this 

996 



Vohme 53 
Number 6 

SURFACE TENSION IN RESISTANCE TO AERATION 997 

subject has been given by Farber and Sweet.2 More recently several authors 
have supported this view and based their contention on two lines of evidence. 
One is the observation of animal fetuses in uterogm5 and the other is the presence 
of amniotic fluid in the alveoli of stillborn or newborn individuals? Some 
workers3 p 5 go SO far as to assume that a rhythmic flow of amniotic fluid is essen- 
tial for the normal development of the lungs. Patterson and Farr7 hold that 
atelectasis is abnormal in the fetus, and that it is produced by solid material 
such as vernix, obstructing the allegedly normal flow of fluid in the bronchial 
tree. 

As evidence for the normal occurrence of intra-uterine respiratory move- 
ments, Snyder and Rosenfeld3 describe experiments in which uteri of rabbits 
were exposed and India ink injected into the amniotic cavities. The particles 
were recovered in the lungs except in those cases in which respiration was de- 
pressed by drugs. Actually this proves only the susceptibility of the fetal or- 
ganism to those drugs. Potter and Bohlender8 found normally developed lung 
tissue with fluid in the alveoli in maldeveloped fetuses in which there was no 
communication by which amniotic Auid could have been aspirated. They con- 
clude that the alveolar fluid in their cases was secreted and that a tidal flow of 
amniotic fluid is therefore not essential for the normal development of pul- 
monary tissue. 

Reifferscheid and Schmiemann,g and EhrhardtlO injected x-ray opaque ma- 
terial into the amniotic cavity of human fetuses, and followed by radiography of 
the fetus in utero the ingestion and aspiration of the substance. These observa- 
tions were made while the fetus lived under normal conditions, as far as one can 
determine. Yet, the histologic sections of Reifferscheid and Schmiemann’s 
cases show the injected material in lumina much more widely distended than is 
usual in the fetal lung. Ehrhardt points out that the thorotrast must be con- 
centrated in the lungs in order to east a shadow, because of the great dilution 
by amnioic fluid. 
on the lungs. 

This concentration is believed to be due to absorption of fluid 
Very recently, Davis and Potterll made similar experiments and 

injected thorotrast into the amniotic cavity of human fetuses a few hours or 
days before the termination of pregnancy. No roentgenograms of the fetuses 
in utero were made. The full-term fetuses were delivered by cesarean section. 
All survived, and part of them showed by x-ray thorotrast in the lungs. Younger 
fetuses were obtained from pregnancies terminated by hysterectomy. They 
were delivered by incision of the uterus in situ, and “all made repeated respira- 
tory efYorts”’ while they were being taken to the x-ray laboratory. Almost all 
of them showed thorotrast in the lungs. The authors’ conclusion that the ma- 
terial was aspirated in utero, is however, not compelling. It is well known that 
amniotic sac contents are always ingested by t,he fetus. In these cases mouth, 
pharynx, and the larger air passages were filled with thorotrast as can be seen 
in the published roentgenograms, so that considerable amounts of this material 
may have been aspirated after delivery. Ligatures placed around the neck 
of the fetus in order to prevent such aspiration, were apparently inadequate. 
As the authors themselves admit, the majority of t,he microphotographs in their 
report show evidence of extrauterine respiration. 

Potter and Adair12 assume that the fetus normally aspirates amniotic fluid, 
and illustrate this by a photograph of a lung section from a fetus at term 
(presumably stillborn) with partially expanded alveoli with fluid. On the 
other hand, they show a section from a livebom infant with but a few alveoli 
aerated by artificial respirations, and the rest of the tissue completely atelee- 
tatic. No explanation of this difference is given. In view of similar findings 
to be described below, and in accord with other workers to be quoted presently, 
one may explain this as abnormal aspiration in the former specimen, and normal 
atelectasis in the latter. 



Observations 
.~~io~~,s~opi~~ ~~~w~inc~.ti~n of LU u~/.s.- --The morphology 01: the lungs of stiii - 

1JO1’11 ant1 nrml~orn infants has repratrdl\- ~Jwi cwnninrd, ant1 findings in tht 
I,t*esent series are not different fronr thosc~ l)rwiously described. A series of 30 
stillborn and 30 newborn infants 1111 tco three dais of a.ge were used to outline 
the stages in thr cspansion of the Irn~g~ with fluid or air, and indicate the frc- 
qi~encv of their owurrtncc. The stages in the expansion of lungs are prcsentt~ti 
in a &gram (Fig. 1 ). Sections of reprPscnt;lti\~c csa~~lples are shown in Figs. 2 
to 7. The incidence of t,hese conditions in t Ilcl l)rescnt series is given in ‘I’ahlt~ 1. 

Complete or nearly complele alelwtasis (Fig. 2) is sometimes seen in yoiuiy 

infants, and rarely in stillhorns. It is therefore apparent17 uncommon for ii 
fetus to die without a terminal episode of nnoxia with respiratory movements. 
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In one of the two stillborns in the present scrims that showed atelectasis, the 
aspiration of fluid was prevented by masses of thick mucus filling the large 
bronchi. 

The manner in which a lung is expanded with fluid is different from that of 
expansion wit,11 air. If bot,h occur in the same lung, it is obvious that aspiration 
of amniotic fluid precedes that of air. As was mentioned a.bove, the principal 
argument concerns the regularity with which fluid is aspirated by the normal 
fetus. There is no lung in the present series in which one could be sure that 
no fluid had been aspirated in utero. Small amounts of fluid as they are pres- 
ent in every lung will not be mentioned in the following classification. This 
fluid is of no significance because, as Snyder and RoscnfeldG point out, the sur- 
face of the alveoli increases so much in subsequent air breathing that the amount 
of fluid is negligible. 

Initial atelectatis 
(bronchioles contam fluid) 

I 
I 

aspirated fatty vernix 
in bronchioles 

partial expaikon of all 
alveoli with fluid 

intrauterine 
aspiration of 

amniotic fluid 

v -1 
only bronchioles only bronchioles aerated; 

aerated vernix membranes 

postnatal few alveoli 
T 

aerated few alveoli aerated, others 
aeration fluid frlled 

fluid filled 

outcome aerahon 
In some cases 

with aspirated 
vernix: oneumoniz 

Fig. I.-Diagram of the conditions produced in the lungs by aspiration of amniotic fluid, or air. 
or both. 

More extensive expansion with fluid affects all alveoli almost uniformly. 
Thus, a lung expanded in utero goes from atelectasis to a sta.te of diffuse partial 
expansion of all alveoli. All spaces are open but are flat and their walls are wavv 
and obviously not under tension (Fig. 4). As more fluid enters, the alveol”i 
become polygonal with approximately equal diameters in all directions. These 
are referred to in Fig. 1 and Table I as complete expansion with fluid. How- 
ever, it can be seen that the alveolar walls are still not completely stretched 
and have on section more or less wavy outlines (Fig. 5). F6rster18 has called 
attention to the fact that histologic stains for elastic fibers show wavy alveolar 
walls if a lung is filled with aspirated fluid, in contrast to straight walls in 
aerated lungs. In the present series no case was found in which the alveoli 
were distended with fluid to the same extent as is found in aeration. However, 
the difference in alveolar size between lung tissue completely expanded with 
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TABLE I. STATE OF EXPANSION OF THE ALVEOLI JUT 30 STILLBORN INFANTS AND 30 
NEWBORN INFANTS IJP TO 3 DAYS OF AGE 

.WlT>LBORN I NEWBORN _--...- 

Few alveoli ‘expanded with air 
Areas of expansion with air predominurlr 
Mixed expansion with fluid and air 
Diffuse partial expansion with fluid 
Complete expansion with fluid 

fluid and with air is not great, as will bt: seen late]- in a ~asc of mixed expansion 
(Fig. 7). The aspirated fluid may be clear 01’ contain various amounts of fatt) 
vernix, cornified cells, or bile-stained meconimn. The appearance of these suh- 
stances in sections of lungs has been described in detail bv Farber and Sweet.’ 

The present observations do not. support, the assumption that ateleetasis in 
the fetus is the result of* obstruction of bronchi by vcrnix.’ Atelectasis is not, 
commonly found in those lungs which contain large amounts of aspirated solid 
material. Stillborn infants who often show much vernix in their lungs, do noi 
have atelectasis as frequently as do liveborn infants who had not aspiratetl 
vernix, and die of various causes. 

Aeration of atelectatic lung is preceded by the entrance of air into thr 
bronchial tree. It is not rare to find only the bronrhi and bronchioles filled 
with air in infants that lived for several hours, without aerat.ion of the alveoli 
proper (eight cases, see Table I). In some instances further progress of aera- 
tion is prevented by previously aspirated vernix which lines the air-filled 
bronchioles (Fig. 3). When a predominantly atelectatic lung expands with 
air there is no intermediate condition in which all alveoli are partially expanded. 
Those alveoli which contain air are completely expanded. and are side by side 
with completely atelectatic ones (Fig. 6). Expansion proceeds by an increase 
in the number of aerated alveoli rather than a gradual increase in the volume 
of every alveolus, as is the case in aspiration of fluid. The probable cause oi 
this difference is discussed in the following section. 

One-third of all lungs of livehorn infants in the present series show on 
section no air in the alveoli, being either atelcctatic or filled with fluid (Table I). 
Another one-third of these lungs showed full aeration of part of the alveoli, 
while the others are atclectatic. The remaining one-third has part of the a.lveoli 
more or less expanded with fluid and other alveoli aerated. It is obvious that 
in these lungs fluid was aspirated in utero but not in large amounts, so that 
after birth air coultl be aspirated in addition. Here, as in the partly aclratetl 
lungs described above, the air has accumulated in some alveoli and fills these 
completely, while others contain no air. If the fluid in some of the alveoli con- 
tains no solid or fatty debris, it may not, show in histologic section, and be mis- 
taken for aeration. It is then necessary to examine the alveolar walls. Aerated 
alveoli have straight or uniformly curved walls, whereas after aspiration of fluid 
the walls are somewhat wrinkled so that a cross-section appears wavy. The dif- 
ference in the appearance of t,he alveolar walls after aspiration of fluid or air 
is shown in Fig. 7. 

_--..-- _.. ._. 
Figs. %-7.-Sections of lungs of infants, showing 

air. Hematoxylin-eosin stain ( X 55). 
various stages of aspiration of fluid 01 

Fig. Z.-Three and one-half-hour infant. Complete atelectasis. 
Fig. S.-Ten-hour infant. Atelectasis ; 

vernix membranes. 
bronchi filled with air or fluid, and lined with 

Fig. 4.-Stillborn infant. All alveoli an-: partially expanded with fluid. 
Fig. 5.-Stillborn infant. All alveoli are expanded with fluid. 
Fig. B.-Three and one-half-hour infant. A few alveoli are fully expanded with air. all 

others are atelectatic. 
Fig. 7.-Some of the alveoli (X) are fully expanded with ail’; others are expanded to a 

less extent with fluid. 
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Figs. 2 to ?.-(For legend see opposite page.) 
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gram (h‘ig. S) . The fluid was 0.S.5 per cent saline with a small amount of India 
ink added so that expand4 areas could he easily seen by their dark color. The 
fluid was introduced by means ot’ rnbbc~r tubing and a glass czwnnnla inserted 
I hrough the main bronchus int,o one of its branches. The bottle with the fluid 
was gradually raised until the black fluid appeared in the lung tissue. The 
difference in level between the surface of the fluid in the bottle and the specimen 
was recorded. In order to introduce air another bottle was inserted as shown 
in Fig. 8b. Air from that bottle entered the lungs under a pressure equal to 
the difference between the fluid levels in the two bottles. 

Only small portions of the lun g were expanded for each measurement so 
that up to four recordings for fluid and the same number for air could be ob- 
tained in one case by inserting the cannula into several bronchi. Lungs with 
extensive aeration or aspiration of amniotic sac contents were not used. 

b 
Fig. S.-Diagram of the apparatus used for the determination of pressure necessary to 

inflate lungs (a) with fluid, or (b) with air. 
containing parts white with black outlines. 

Fluid containing parts are shown solid black, air 
Pressure of fluid (both in cm. of fluid). 

(A) indicates the reading of air pressure, (P) that Of 

The results of these experiments are summarized in Table II. They show, 
in accordance with the hypothesis just advanced, that in every case a much 
greater pressure is necessary to introduce air than fluid. The average relation 
of pressure of fluid and air is 1:2 ; in the case with the smallest difference re- 
corded it is 1:1.3 ; in the case with the greatest difference it is 1:4.3. All lungs 
were examined microscopically. As was described above, most of them had 
alveoli which were partially expanded with fluid, but, in accordance with the 
preceding discussion of surface tension, the amount of fluid present did not 
affect the result. 

In order to demonstrate more directly the influence of surface tension on 
aeration, the experiment was modified in a group of six cases by the use of 
a surface active substance. If surface tension is the cause of the greater pres- 
sure required to fill alveoli with air, that pressure should be lowered if t,he 
tension were reduced by such a substance, e.g., amyl acetate. In the present 
experiments, amyl acetate was introduced into the lung by two methods, One 
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usually not be distinguished by gross examination at autopsy. Many workers 
have classified all nonaerated lungs as atelectatic, without considering the pos- 
sibility of aspiration of fluid. At microscopic examination these two conditions 
are easily differentiated, but, on the other hand, it is sometimes necessary to pay 
special attention to the distinction of alveoli expanded with fluid or with air. 
Only with these points in mind can the findings in the lungs of newborn infants 
be properly evaluated. 

It is obvious that the amount of amniotic fluid present in the alveoli just 
after birth varies greatly. In general, liveborn infants show less aspirated 
fluid than do stillborn infants. Table I shows that true atelectasis is much more 
common in the former group (18 of 30 cases) than in the latter (2 of 30 cases). 
This suggests that atelectasis is the normal condition of the lungs before birth, 
as has also been found by some of the above mentioned workers in animal ex- 
periments. However, it was mentioned in the introduction that there is no clear- 
cut and compelling evidence to show whether or not the normal fetus and new- 
born infant has atelectatic lungs. It is conceivable, and compatible with the pres- 
ent observations in human autopsy material, that the fetus normally aspirates 
fluid which is then rapidly resorbed at birth so that atelectasis is secondarily 
established. Against this stands the observation of Farber and Wilsonz8 which 
indicates that in initial atelectasis of the newborn the alveoli have a cuboidal 
lining which changes irreversibly into a flat lining when the alveoli expand for 
the first time. Moreover, one would expect to find much more vernix in the 
lungs of normal newborns than is actually the case if amniotic fluid had regu- 
larly been aspirated for a period of several months. 

While no final decision is possible at this time, it is felt that the available 
evidence points more strongly toward the assumption of true atelectasis as the 
normal condition in the lungs of the fet,us at birth. Yet, the presence of as- 
pirated amniotic fluid at autopsy should not indiscriminately be considered as 
the cause of death. It may be fatal if the amount of fluid or its contamination 
with solid and fatty material is excessive. A summary of our own interpreta- 
tion of the various stages in the expansion of the lungs with fluid and air is 
given in Fig. 1. 

The aeration of lung tissue is resisted by surface tension which applies 
equally to atelectatic alveoli (adhesion of moist surfaces, Wilson and FarbeP) 
and to air spaces which contain some fluid but are able to expand further. This 
resistance does not apply to the entrance of fluid, and that explains why fluid 
is aspirated so easily and extensively. One may wonder why episodes of anoxia 
which should occur occasionally during fetal life do not lead to severe aspira- 
tion in almost every case. The explanation is given by the fact that near the end 
of pregnancy the reserve of oxygen available for the fetus and with it the pro- 
tection against anoxia increases rapidly. The oxygen saturation of the maternal 
blood returning from the placenta decreases very much during the latter part 
of pregnancy.2Q The same degree of anoxia of the mother which has a great 
effect on the fetus near term may not be harmful early in pregnancy because 
of the small consumption and greater reserve of oxygen. 
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