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The frequency of pulmonary haem
orrhage in any pathological study 
depends on the composition of the 
autopsy material and the thorough
ness of the postmortem examination 
as well as on the criteria on which 
the diagnosis has been based. Pul
monary haemorrhage is sometimes 
the sole pathological finding, but 
in a number of cases it is associated 
with other pulmonary lesions such 
as pneumonia, atelectasis or emphy
sema. It may also be found as a 
complication of some extrapulmo- 
nary lesions such as septicaemia, 
morbus haemorrhagicus neonatorum, 
or isoimmunization.

Unless several lobes are involved, 
the role and importance of pul
monary haemorrhage in perinatal 
mortality is not easy to determine. 
Particularly difficult appears the eval
uation of the possible relationship 
between survival and several dis
seminated interstitial or intraalveolar 
haemorrhagic foci. This type of pul
monary haemorrhage should be re
garded as part or a consequence of 
the underlying disease rather than 
the primary cause of death. The fact 
that diagnosis in  vivo is frequently 
impossible does in no way diminish

the clinical importance of pulmonary 
haemorrhage. On the contrary, the 
advance of neonatal pathology de
mands extensive pathological and 
clinical analysis. This is also shown 
by recent reports [1 — 4,] contribut
ing to our present knowledge con
cerning neonatal pulmonary haem
orrhage.

It is in the first place the detailed 
analysis and comparison of clinical 
and autopsy materials published by 
different authors, which may cer
tainly help in elucidating the aetiology 
and pathogenesis as well as in the 
more exact delineation of the clini
cal picture of pulmonary haemor
rhage. Although much uncertainty 
is inherent in retrospective clinical 
studies it appeared to be interesting 
to analyse certain aspects of pul
monary bleeding in our own autopsy 
material.

Material

T he a u to p s y  find ings o f  in fa n ts  who 
h ad  died  in  th e  f irs t  14 d a y s  o f  life  in  th e  
period  from  J a n u a ry  1, 1960, to  D ecem ber, 
31, 1965, h av e  been Surveyed, a n d  cases 
in  w hich p u lm o n a ry  h aem o rrh ag e  w as 
re liab ly  p ro v ed  b y  gross a n d  m icroscopic  
ex am in a tio n , h av e  been se lec ted  fo r th e
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p u rp o s e s  o f th is  s tu d y . S ince  m o s t o f th e  
a u to p s y  protocols d id  n o t  c le a rly  s ta te  
w h e th e r  th e  h aem orrhage  h a d  b een  in tra- 
a lv e o la r  o r in te rs titia l, a n d  since these 
tw o  ty p e s  o f bleeding h a d  o f te n  occurred  in 
c o m b in a tio n , i t  w as im possib le  to  classify 
th e  m a te r ia l accord ing  to  t h a t  c riterion . 
B y  co m p arin g  th e  a u to p s y  fin d in g s  w ith  
th e  c lin ica l p ic tu re , w e a lso  s tu d ied  th e

puscles in cases of “massive” haem
orrhage, when at least one but 
often several lobes were involved. 
Isolated intraalveolar or interstitial 
bleeding was more frequent in cases 
of focal pulmonary haemorrhage, al
though mixed forms, too, have often 
been observed.

T a b l e  I

Year
Number of deaths 

within 14 days Total
Number of 
histological 

examinations
Pulmonary

haemorrhage

Incidence of 
pulmonary 

haemorrhage 
per cent< 2500 g > 2500 g

I9 6 0 66 14 80 42 2 2.5

1961 73 14 87 34 3 3.4

1962 97 13 110 34 1 1.0

1963 72 19 91 54 5 5.4

1964 102 6 108 102 10 9.2

1965 104 16 120 116 5 4.1

T o ta l 514 82 596 382 26 4.3

The annual frequency of pulmo
nary haemorrhage, arranged accord
ing to birth weight, and the num
ber of histological examinations are 
shown in Table I.

It can be seen that the 9.2% 
frequency of pulmonary haemorrhage 
observed in 1964 considerably ex
ceeded the average 4.3% incidence 
for the period 1960 to 1965. Since 
in 1964 — in contrast to the preced
ing years — histological exami
nation was performed on almost 
every dead newborn, it appears log
ical to suppose that the high fre
quency was mainly due to the great 
number of histological examinations. 
The fact, however, that in 1964 the

p o ss ib le  re la tionsh ip  b e tw een  th e  h is to ry  
o f  p re g n a n c y , p e rin a ta l co m p lica tio n s , and  
th e  c lin ica l m an ife s ta tio n s  o f  p u lm o n ary  
h a e m o r rh a g e .

A  to ta l  o f 596 n ew b o rn  b ab ies  died 
w ith in  14 days du ring  th e  e x a m in e d  period. 
T h e  b i r th  w eight o f 514 o f  th e s e  in fa n ts  w as 
b e lo w  2500 g.

R e s u l t s

Anatomically, pulmonary haemor
rhage may be classified according to 
its extent and site. We could, thus, 
distinguish focal and massive, intra- 
alveolar and interstitial pulmonary 
haemorrhage. The alveoli and bron
chioles were filled with erythrocytes 
and frequently the interstitial spaces 
contained many extravasated red cor-

Acta Paedialrica Academiae Scientiarum Hungaricae 9, 1968



M . Fekete et ál. : Pulmonary haemorrhage 87

pulmonary haemorrhages, like those 
observed in the preceding years, 
were detected at gross examination 
and in 1965, when histological exam
ination was likewise made in every 
instance, did not substantially dif
fer from the average frequency of the 
years before 1964, does not support 
that explanation. It was the high 
incidence in 1964 which had directed 
our attention to the problem of

The distribution of pulmonary 
haemorrhage according to weight 
categories is shown in Table II.

It can be seen that the incidencè 
in infants weighing less than 2500 g 
was 3.3%, whereas in infants weigh
ing more than 2500 g it amounted 
to 11%. A similar increase in in
cidence with the birth weight has 
been reported by E sterly  and Op
pen h eim er  [9].

T a b l e  I I

Birth
weight

Number
of

deaths

Pulmonary
haemorrhage Weight groups

Birth
weight

Number
of

deaths

Pulmonary
haemorrhage

Number
of

cases

Inci
dence,

per
cent

<1000 1000-
1500

1501 — 
2000

2001 — 
2500

Number
of

cases

Inch
dence,

per
cent

< 2 5 0 0  g 514 17 3.3 2 4 7 4 > 2 5 0 0  g 82 9 i l

pulmonary haemorrhage in the 
neonate.

Authors relying on quantitatively 
and qualitatively different material 
[1, 2, 5, 9, 16, 17], claimed the 
occurrence of neonatal pulmonary 
haemorrhage to vary from 1 to 10% 
of the number of deaths. The wide 
range of frequency is also emphasized 
by a recent communication [9] re
porting a frequency of 17.8% in 
758 liveborn infants who died within 
14 days after birth. The variable 
incidence is mainly explained by 
the fact that the autopsy material 
of different authors is not strictly 
comparable with regard to the compli
cations of pregnancy, delivery, birth 
weight, neonatal disturbances and 
postnatal age.

The most important data con
cerning the history of pregnancy, 
perinatal complications, the concomi
tant findings at autopsy as well as 
bleeding from the airways in the 26 
infants with pulmonary haemorrhage 
are seen in Table III where the serial 
number of the individual cases is the 
same as in Fig. 1.

As can be seen, 8 babies had un
doubtedly been suffering from chronic 
intrauterine or acute perinatal 
hypoxia; in 4 infants no pertinent 
data were available concerning the 
history of pregnancy and delivery 
while in 12 cases no notable disorders 
or complications were observed. 
There were 4 mature and 5 premature 
infants in whom pulmonary haemor
rhage was not associated with other
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T a ble  I I I

Case
No.

Birth
weight

History of pregnancy 
and birth

Autopsy finding apart 
from pulmonary 

haemorrhage

Haemor
rhagic

manifes
tation

1 1800 g Twisting of umbilical cord 
around neck

A telectasia subtotalis pulm onum —

2 2670 g Toxaemia. Livid asphyxia R u p tu ra  falcis cerebri inde 
haem orrhagia intermenigealis +

3 970 g Algid asphyxia — +
4 2600 g Threatening intrauterine 

asphyxia. Algid asphyxia
R u p tu ra  tentorii cerebelli inde 

haem orrhagia intermeningea- 
lis +

-5 3400 g In trau te rin  asphyxia. Caesarean 
section

Labium  leporinum, faux 
lupina +

6 1250 g Negative h istory H aem orrhagia intermeningealis. 
Cheilo -gnato -palatoschisis —

7 1400 g Negative history H aem orrhagia intermeningealis. 
Sepsis enteralis +

8 3150 g Negative history — +
9 3050 g Toxaemia. Extensive infarcts 

on placenta. Livid asphyxia — —

10 980 g Negative history — +
11 2450 g Negative history K ernicterus. Sepsis enteralis +
12 1800 g Negative history — +
13 1800 g H ydram nion. P rem ature b irth H aem orrhagia intermeningealis. 

Enterocolitis. +
14 2200 g Negative history D islaceratio tentorii cerebelli. 

A telectasia subtotalis 
pulm onum

15 1450 g Prem ature rup tu re  of foetal 
mem branes. Caesarean section

H aem atocephalus internus
—

16 1850 g — — +
17 3150 g — M ultiple malform ations +
18 1800 g Negative history K ernicterus +
19 3600 g Toxaemia. Threatening in tra 

uterine asphyxia. Livid 
asphyxia

H aem orrhagia intermeningealis +

20 3900 g Negative history H aem orrhagia intermeningealis +
21 2400 g Breech presentation H aem atom a subarachnoideale —
22 2750 g Negative history — —
23 1800 g — — —
24 1150g Negative history H aem orrhagia intermeningealis. 

H aem atom a subcapsulare 
hepatis

25 1900 g — Enterocolitis —
26 2900 g Negative history — —

Acta Paediatrica Academiae Scientiarum Hungaricae 9, 1968



M . Fekete et al. : Fulmonary haemorrhage 89

F ie .  1. T he h e ig h t o f  th e  u p p e r  a n d  
low er colum ns in d ica tes  th e  su rv iv a l tim e  
o f  in fa n ts  in  w hom  a u to p s y  rev ea led  p u l
m o n a ry  h aem orrhage  a n d  h y a lin e  m e m 
b ra n e  disease, resp ec tiv e ly . T he  e m p ty  p a r t  
o f  th e  colum ns show s th e  le n g th  o f  th e  
sy m p to m less  period  in  b o th  g ro u p s  o f 

in fan ts

pathological findings which could 
have played some immediate role in 
death. Among the rest of the infants, 
intracranial haemorrhage was fre
quently revealed as a concomitant 
lesion at autopsy. In 12 cases out of 17, 
pulmonary haemorrhage was asso
ciated with complications (intracra
nial haemorrhage, atelectasis, pneu
monia) giving rise directly or in
directly to hypoxia.

It is well-known that bleeding 
from the nostrils and mouth is a 
frequent occurre ce in neonatal pul
monary haemorrhage. In the present 
material (Table III) it occurred in 
15 infants (57.6%); in 9 infants, in 
whom pulmonary haemorrhage was 
not associated with any other sig

nificant pathological lesion, the in
cidence of haemoptysis was identical 
with that in the whole material.

Most of the infants died on the 
3rd or 4th postnatal day (average 
survival, 3.4 days). The survival 
time of infants showing pulmonary 
haemorrhage as a single pathological 
finding was approximately the same,
i.e. 3.3 days. The height of the 
column in Fig. 1 indicates the time 
of death of the individual cases 
shown in Table III. The unshaded^ 
part of the column represents the 
length of the symptomless period in 
relation to the time elapsed from 
the first clinical symptom to the 
time of death (shaded part of the col
umns).

In order to delineate the clinical 
picture of pulmonary haemorrhage 
[1, 6, 16, 17], the symptomatology 
has also been analysed. The sudden 
development of respiratory distress 
(dyspnoea, cyanosis, preterminal 
haemoptysis, blood-tinged mucus 
from the nasopharynx) is regarded 
by most authors as characteristic of 
pulmonary haemorrhage. In 110 of 
135 retrospectively analysed cases 
[11] dyspnoea and cyanosis super
vened immediately, or in the three 
hours after delivery. In 8 infants 
of the present material dyspnoea 
and cyanosis appeared immediately 
after birth and then became more and 
more pronounced.

It can be seen from Table III 
that in three of these infants (Nos 3, 
9, and 22) pulmonary haemorrhage 
was the only pathological finding at 
autopsy, while in the remainer addi
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tional lesions such as atelectasis or 
intracranial haemorrhage could also 
be observed.

As mentioned above, in altogether 
9 out of 26 newborns autopsy did 
not reveal concomitant pathological 
findings and in three (Nos 3, 9 and 
22) respiratory distress appeared im
mediately after birth. The clinical 
picture in these cases showed no 
sign pointing to pulmonary haemor
rhage. Since the symptoms of the 
remaining six infants appeared to be 
characteristic of neonatal pulmonary 
haemorrhage, a short description is 
given of the clinical picture.

Case N o. 8. T h is fu ll te r m  in fa n t 
sh o w e d  no  sym p tom s u n til th e  ag e  o f 
tw o  d a y s , w hen severe re s p ira to ry  d is tre ss  
d e v e lo p e d . O n th e  th i rd  d a y  co n v u ls io n s 
a n d  p re te rm in a l b leed ing  from  m o u th  an d  
n o se  occu rred .

Case N o . 10. On th e  second  d a y  of 
e x tr a u te r in e  life, th is  p re m a tu re  in fa n t 
b e c a m e  su dden ly  g rey  an d  ap n o e ic . H a e 
m o p ty s is  w as no ted  te rm in a lly .

Case N o. 12. A fte r a  sy m p to m less  
p e r io d  o f  5 days apnoeic a t ta c k s  occu rred  
a n d  th e  genera l cond ition  d e te r io ra te d  
ra p id ly .  B efore d ea th  b leed ing  fro m  n o s trils  
a n d  m o u th  w as observed.

Case N o . 16. T his in fa n t a p p e a re d  to  be 
h e a l th y  u n ti l  th e  age o f  3 d a y s  w hen  
s l ig h t ép is tax is  occurred  re p e a te d ly  an d  
th e  in f a n t  becam e increasing ly  le th a rg ic . 
D e a th  soon  ensued am id s t signs o f  m assiv e  
p u lm o n a ry  haem orrhage.

Case N o . 23. E p isodes o f  d y sp n o e a  an d  
a p n o e a  ap p ea red  on th e  th i rd  d a y  o f  life. 
A s p ir a tio n  w as diagnosed w h ich  seem ed 
to  b e  S upported  b y  th e  X -ra y s . A u to p sy  
re v e a le d  p u lm o n ary  h aem o rrh ag e .

Case N o. 26. T he  in fa n t w as ad m itted  a t  
th e  age o f  3 d ay s because  o f  rep ea ted  apnoea 
a n d  cyanosis. S ix  h o u rs  la te r  d e a th  occur
re d  a m id s t co n v u ls io n s. T erm ina lly  no 
ép is tax is  o r  h a e m o p ty s is  w as observed.

As it can be seen from Fig. 1, six 
infants died comparatively late, i.e. 
on 6th or 7th day. Two of them 
(Nos 12, 16) were fed through
gastric tube and before autopsy the 
possibility of a traumatic bleeding 
from the nasopharynx with conse
quent aspiration of blood could not 
be excluded. Postmortem exami
nation, however, revealed primary 
pulmonary haemorrhage. In the other 
infants who died on the 6th or 7th 
postnatal day (Nos 7, 11, 15, 25), 
pulmonary haemorrhage occurred in 
association with septicaemia or other 
severe pathological lesions (intracra
nial, haemorrhage, kernicterus).

B leed ing  o r d isch arg e  o f  b lood-stained  
m ucus fro m  th e  m o u th  o r n o s trils  is one o f 
th e  m o s t re liab le  signs o f  pu lm o n ary  
haem orrhage . T hese  signs w ere observed 
in  15 n ew born  in fa n ts  (57 .6% ), including 
5 o f th o se  9 cases in  w h ich  pu lm o n ary  
h aem o rrh ag e  w as asso c ia ted  w ith  o th er 
d isorders (T able I I I ) .

D isc u ssio n

Opinions are divided concerning 
the aetiology and pathogenesis of 
neonatal pulmonary haemorrhage. 
On the basis of histological exam
inations carried out in 125 in
fants who had died within seven 
days of birth, L a n d in g  [11] conclud
ed that neonatal pulmonary haem
orrhage was usually accompanied
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by pneumonia. Other authors [6, 
8, 12] attributed a decisive role to 
perinatal hypoxia, and suggested that 
pulmonary haemorrhage was an in
dependent entity which usually ma
nifests itself suddenly a few days 
after birth. On the basis of a retro
spective analysis of 105 cases R owe 
and A very  [15] inferred that hypoxia 
and asphyxia played an essential role 
in the pathomechanism of neonatal 
pulmonary haemorrhage. They re
latively often observed the concomi
tant occurrence of congenital heart 
disease which fact pointed to the 
possible significance of changes tak
ing place in pulmonary circulation. 
It is known that pulmonary haemor
rhage may also occur in hyaline 
membrane disease of the newborn: 
its incidence varied between 11 and 
50% in the material of different 
authors [1, 4, 6, 10], a fact which 
raises the possibility of a common 
aetiology and pathogenesis of the 
two syndromes.

R oberts et al. [14] examined the 
possible role of coagulopathies but 
failed to demonstrate any defect in 
blood coagulation. It should, however, 
be noted that Ce la n d er  [7] de
monstrated reduced capillary resis
tance in hypoxic newborns. Prolonged 
fibrinolysin and prothrombin time 
in association with respiratory dis
tress has been reported by Ma r 
k a r ia n  et al. [13].

It is evident from the foregoing 
short survey of the literature that 
the majority of authors regard pe
rinatal hypoxia as the most common 
factor contributing to pulmonary

haemorrhage. Our present material 
is not large enough to justify any 
definite conclusions in respect of 
pathogenesis, but is nevertheless suf
ficient to allow — at least as far as 
conditions in Hungary are con
cerned — certain statements which 
may confirm or complete our present 
state of knowledge.

The average incidence of pulmo
nary haemorrhage in the present 
material was 4.3%. The annual 
frequency varied between 1.0 and 
9.2% during a period of six years, 
which is in accordance with the 
wide range of fluctations in the 
material of different authors.

According to the present findings, 
neonatal pulmonary haemorrhage is 
seldom an independent entity and 
its clinical picture is far from being 
uniform. In the absence of terminal 
or preterminal bleeding from the 
airways it is almost impossible to 
diagnose the condition, particularly 
if the clinical picture is dominated 
by the signs of intracranial bleeding, 
respiratory distress, septicaemia or 
some other disturbance. Haemorrhage 
from nostrils or mouth may occur 
under other conditions as well, and 
therefore bleeding or blood-tinged 
mucus in the mouth or naso
pharynx does not justify the diagnosis 
of pulmonary haemorrhage. In the 
newborn infant fed through a gastric 
tube, lesions of the pharynx, the 
oesophagus or the gastric mucosa 
may easily occur, and in such cases 
aspiration of blood should carefully be 
distinguished from intraalveolar haem
orrhage.

Acta Paediatrica Academiae Scierdiarum Hungaricae 0 , 1968



92 M . Fekete et al. : Pulmonary haemorrhage

Hypoxia, asphyxia and acidosis 
often precede pulmonary haemor
rhage. In about one third of the 
present material a disturbance of in
trauterine or perinatal oxygen supply 
could be assumed, while in half of the 
cases pulmonary haemorrhage was 
accompanied by lesions which them
selves could have been either the 
cause or the consequence of hypoxia. 
The pathogenetic importance of a 
deficient oxygen supply is supported 
by the observation that pulmonary 
haemorrhage is frequently found in 
stillborn foetuses. Hypoxia, asphyxia 
and acidosis may affect or modify 
neonatal pulmonary circulation both 
anatomically and functionally, and 
under certain conditions this may 
manifest itself in the form of pul
monary haemorrhage, an assumption 
that has yet to be proved. In con
trast to the observations of R o w e  and 
A v e r y  [15] in our material no 
congenital heart defect associated 
with pulmonary haemorrhage was 
observed. Vigorous resuscitation or 
intermittent positive pressure breath
ing, which also might give rise to 
pulmonary haemorrhage, had not 
occurred in our cases.

The fact that in the majority of 
pulmorrhagic infants neither clinical 
nor pathological signs or changes 
attributable to hypoxia or asphyxia 
could be observed, appears to be 
important with respect to patho
genesis. Beside hypoxia the aetiolog- 
ical role of other factors such as 
infection, septicaemia, etc. should 
also be considered. Thus, in the 
present material it was in four

cases that severe enteritis had pre
ceded pulmonary haemorrhage. Pro
found and protracted hypothermia 
may also cause haemmorhagic le
sions in the lung [3]: in our material, 
however, no such case was encoun
tered. R o w e  and A v e r y  [15] sug
gested that in some infants pulmo
nary haemorrhage may have a com
mon pathogenesis with hyaline 
membrane disease; atelectasis, forma
tion of hyaline membrane and 
pulmonary haemorrhage, the three 
conspicuous manifestations of the 
respiratory distress syndrome, might 
have a common origin in the de
ficiency of the pulmonary surfactant 
which ensures the stability of the lung. 
Indeed, in the material reported by 
R o w e  and A v e r y  [15] the clinical 
picture and the radiological changes 
showed features characteristic of the 
respiratory distress syndrome. Where
as the assumption of a close relation
ship between the two syndromes is 
quite logical in infants dying of respi
ratory distress within the first 24 or 48 
hours, the majority of cases does not 
fit in the framework of hyaline mem
brane disease. 12 infants out of the 
total of 26 presented in this paper 
could clearly be separated from those 
who succumbed within 48 hours, and 
whose clinical picture fitted into the 
respiratory distress syndrome.

Beside the clinical symptoms, the 
concomitant occurrence of hyaline 
membrane and haemorrhage appears 
to support the common pathogenesis 
of the two syndromes. The incidence 
of hyaline membrane formation 
varied from 11 to 50% in the ma-
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terial of different authors. Although 
histological examinations in our own 
material did not reveal hyaline 
membrane formation, a relationship 
between pulmonary haemorrhage and 
respiratory distress syndrome could 
not be excluded.

Among 44 newborn infants who 
died of hyaline membrane disease, 
histological examination revealed in
terstitial pulmonary haemorrhage in 
one single case. The average survival 
of these infants did not exceed two 
days, in accordance with the general 
observation that 85% of such infants 
die within 48 hours. This also de
monstrates that this group of infants, 
in contrast to the 26 cases of pulmo
nary haemorrhage, was much more 
homogeneous as far as the factors 
influencing survival are concerned. 
Although the present material does 
not justify definite conclusions con
cerning the possible relationship of 
pulmonary haemorrhage and the re
spiratory distress syndrome, it appears 
that in a number of cases the clinical 
course of neonatal pulmonary haem
orrhage is quite different from that 
of hyaline membrane disease.

S u m m a r y

The clinical course, manifestations 
and certain aspects of aetiology and 
pathogenesis of neonatal pulmonary 
haemorrhage have been studied in 
596 infants surviving two weeks or 
less. It has been found that

( i)  the incidence of pulmonary 
haemorrhage was 4.3%;

(ii)  intrauterine or neonatal hyp
oxia occurred in about one third of
the cases;

( in )  in 12 out of 26 infants pul
monary haemorrhage was accompa
nied by lesions which themselves 
could have been the result or the cause 
of hypoxia;

(iv) the majority of deaths oc
curred on the 3rd or 4th postnatal day;

(v) in some infants respiratory 
distress syndrome appeared immedi
ately after birth, which seems to 
support the suggestion that pulmo
nary haemorrhage may have a com
mon pathogenesis with hyaline mem
brane disease; in the majority of 
the cases, however, respiratory dis
tress was preceded by a symptomless 
interval of a few days and pulmonary 
haemorrhage was usually associated 
with infection or septicaemia.
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