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A significant rise in  th e  frequency o f  neonat al pulm onary haemoiThage 
was observed in th e  year when intensive oxygen  therapy by CPAP and 
IPPV  ventilation  w as started . To clarify the role o f  oxygen  therapy the  
neonatal deaths occurring in tw o periods o f different oxygen  treatm ent 
were analysed and com pared in respect o f  all clinical features which m ay be 
involved in the pathogenesis o f  pulm onary haem oiThage. In conclusion it 
is suggested th at th e  local effect o f oxygen is probably an additional but 
significant pathogenetic factor in the condition.

Massive pulmonary haemorrhage 
(MPH) is in general thought to be 
the cause of 1 —10% of neonatal 
deaths. The pathogenesis of MPH is 
still controversial. Diagnosis in vivo 
can rarely be achieved in due time 
and no successful treatment has yet 
been reported. Perinatal asphyxia 
[4, 15, 17, 22, 27], hyaline membrane 
disease [27], lesions of the central 
nervous system [4, 14, 15], aspiration 
[11, 25], pneumonia [10, 21], hypo­
thermia [6, 9], septicaemia [3, 17], 
congenital heart malformations [3 , 4, 
16, 22], coagulation defects [1, 12, 
26], transfusion and infusion therapy 
[22], oxygen- and respirator therapy 
[7, 20, 23. 24, 28]hadall been suggested 
as causative or at least predisposing 
factors. Despite the obvious interrela­
tionships existing between suspected 
mechanisms, the long list truly reflects 
the lack of solid knowledge. Never­
theless the recent theory of Adamson 
et al. [2] and Coleetal. [13] seems to

synthesize all the former explanations 
by suggesting that hypoxia and aci­
dosis trigger a vicious circle leading 
to haemorrhagic pulmonary oedema.

The average frequency of MPH 
in our patient material was 4.5% 
(range, 1.0—9.2) in the six-year period 
1967 to 1972 [17]. A frequency of 
8.2% (14 out of 170 neonatal deaths) 
was recorded in 1973, and in 1974, 
when CPAP and respirator (IPPV) 
therapy attained wide use in our 
special care baby unit, a significant 
(y~ =  4.66; ]) <  0.05) rise was noted 
(17.3%, i.o. 28 out of 162 deaths). 
As the role of high FiOa in causing 
MPH had been suggested [7, 20, 23, 
28] we have tested this possibility 
in a retrospective clinical study.

Me t h o d s

Newborn infants w ho died during tw o  
different periods o f  oxygen  therapy, i. e. 
from 1st January to  31th December,
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1973, and from  1st January to  31th D e­
cem ber, 1974, were stud ied . A ll data  
w hich  m ay have been related  to  the fre­
quency  o f  M PH  were analysed  and com par­
ed  in  th e  tw o groups o f  neon ates (170/1973  
and  162/1974). Postm ortem  exam ination  
w as performed on all bab ies w ho suc­
cum bed. A utopsy reports w ere reviewed  
and  M PH  cases selected on  th e  basis o f 
gross and histologic findings. N o  distinction  
w as m ade betw een in terstitia l and intraal- 
veolar haemorrhage.

C linical data listed  below  w ere com ­
pared in  the tw o populations o f  patients: 
1) pathologic pregnancy; 2) delivery  
b y  Caesarean section or breech presenta­
t io n  and/or forceps; 3) perinata l asphyxia; 
4) hypotherm ia on adm ission; 5) birth  
w eight; 6) gestational age; 7) intrauterine 
nu trition  (dysm aturity); 8) infusion  ther­
apy; 9) blood transfusion therapy; 10) 
o x y g en  therapy; 11) postm ortem  finding. 
F or sta tistica l analysis, th e  2K  contin- 
gen cia l tables were used  w ith  %- test, 
ex cep t for comparing o x y g en  therapy.

Definitions. Perinatal asphyxia: the  
b a b y  needed resuscitation  a t birth; the 
f iv e  m inute Apgar score w as less than  
7 ; on adm ission IR D S or postasphyxic  
syndrom e was diagnosed on  th e  basis o f  
th e  acid-base status, X -ra y  and/or clinical 
signs.

Hypothermia : rectal tem perature below  
36 °C on admission.

Infusion therapy: 5 — 10% glucose
+  4.2%  sodium bicarbonate infusion by  
B rau n —Melsungen perfusor, m aintenance  
volum e per day.

Blood transfusion therapy : 10— 15 m l/kg  
A CD  blood not older th a n  72 hours, by  
B rau n —Melsungen perfusor.

Oxygen therapy : F iO , J> 40%  via  head- 
box; CPAP breathing FiO., >  40% w ith  
a pressure o f 5 — 12 H 20  cm ; IP P V  ventila ­
tio n  w ith 60—100% o x y g en  b y  B ennett 
P R -2  respirator. D uration  o f  oxygen  
th erap y  was expressed in  d ays.

Postmortem finding : gross finding which 
w as thought to be th e  prim ary  cause of 
death .

R e su l t s

Results are shown on Figs 1 and 
2, and in Tables I to III. It can be 
seen that the two populations studied 
were remarkably similar (p /> 0.05 — 
P >  0 .3) in respect of all data com­
pared except for oxygen therapy 
(Table II). Whilst in 1973, 140 pa­
tients received oxygen therapy via 
head-box for 1.9 days, in 1974, 120 
babies were treated in the same way 
for 2.5 days on the average, 80 in­
fants received CPAP ventilation and 
23 babies had IPPV for 1.6 and 1.3 
days, respectively. The difference in 
intensity and duration of oxygen 
therapy during the two periods is 
obvious.

In 1973, 7.6% (13 infants) and in 
1974, 1.2.9% (21 infants) of the cases 
had blood transfusions within 24 hours 
prior to death. The difference was 
significant statistically (p <  0.05). 
Furthermore, nearly two thirds of 
the infants could only be classified 
from the point of view of intra­
uterine nutrition and development. 
This was due partly to the gestational 
age of a number of patients being 
unknown and partly to the consider­
able number of infants with a gesta­
tional age of less than 28 weeks (33 
in 1973 and 30 in 1974).

In 1974, the number of those with 
subtotal pulmonary atelectasis as a 
single autopsy finding decreased con­
siderably, while the number of infants 
with atelectasis associated with intra­
ventricular or subependymal haemor­
rhage increased significantly (p </
0.05). The frequency of other kinds
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■  1973 (170) 
И  1974 (162)

í 1250 1251- 1501- 2001->2500g 
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Birth weight

Gestational age

Small for dates :
1973 (114) = 24
1974 (108) =22

Г ш . 1 B irth w eight and gestational age o f  newborn infants w ho died in 1973 and 1974. 
Top: percentage values; bottom : num ber o f  babies. Only the num ber o f  infants is given  

in  the lower part o f  th e  figure (gestational age distribution).

of extracranial and extrapulmonary 
haemorrhage remained unchanged (14 
in 1973 and 16 in 1974).

On Table III, clinical data of 
MPH cases are shown. It can be 
seen that except oxygen therapy, 
the various parameters showed a

similar frequency in the two groups 
of infants. The duration of oxygen 
therapy calculated per patient was 
significantly (%2 =  5.64; p <  0.02) 
longer in 1974 than in 1973. Similarly 
as that for all deaths in the two test 
periods, a relative rise in the frequency

Pulmonary atelectasis

Pulmonary atelectasis and 
intraventricular (or su b ­
ependymal) haemorrhage
Congenital malformations 

Perinatal infections

Miscellaneous

■  = 1973(170)
E3 = 1974 (162)

0 10 20 30 40 50 V.

F ig . 2 Gross postm ortem  findings in new born infants who died during th e  tw o periods. 
R ight: percentage values; left: number o f  infants.
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Ta b le  I

Clinical d a ta  o f newborn infants who died in 1973/1974

1973 1974

No. per cen t No. per cent

N um ber of pa tien ts 170 1 0 0 162 100
Pathological pregnancy 74 43.6 63 38.9
Delivery by Caesarean section, or breech

presentation or forceps 34 20.0 31 19.2
Perinatal a sphyxia 121 71.1 118 72.8
H ypotherm ia on adm ission

< 34 °C 87 51.1 84 51.8
34.0-35.0 °C 15 8 .8 23 14.1
35.1 -  36.0 °C 37 21.7 31 19.1

In fu s io n  therapy 151 8 8 .8 149 91.9
within 24 hours
prior to death 142 83.5 142 87.6

Plood transfusion therapy 39 22.9 55 33.9
within 24 hours prior to death (*) 13 7.6 21 12.9

* p  -= 0 .0 5

T a b le  11

O xygen therapy in newborn infants who died in 1973 1974

D u r a t io n  o f  o x y g e n  
t h e r a p y  ( d a y )

H e a d - b o x  — F iO 2^> 4 0 % C P A P  - -  F iO 2^ 4 0 % r P P V  — 60 1 0 0 %  o x y g e n

1 9 7 3 1974 1 9 7 3 197 4 197 3 1974

1 82 54 — 50 _ 18
2 29 20 - 21 - 7
3 10 1 1 - 10 - 3
4 6 14 - 2 - -

5 6 7 - 2 —

6 7 14 - - -

1973
1974

1.9 days/patient
2.5 days/patient
1.6 days/patient 
1.3 days/patient

H ead-box (14,0 patients) 
H ead-box (120 patients) 
CPAP ( 85 patients) 
IP P V  ( 23 patients)
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T a b le  111
ClinicaTiiata o f newborn in fants who «Heil o f MPH

197:1 1974

Number of patients 14/170 20/102
Perinatal asphyxia 9/14 20/20
Prematurity 12/14 27/20
Small for dates 3/14 5/20
H ypothermia 1 1/14 23/20
Respiratory distress syndrome 0/14 15/20
Postasphyxic syndrome 4/14 0/20
Perinatal infection, septicaemia 1/14 1/20
Rhesus haemolytic disease 1/14 1/20
Congenital heart malformation 0/14 0/20
I nfusion therapy 14/14 27/20
Blood transfusion therapy 4/14 10/20
Oxygen therapy

Head-box F i02 >  40 % (days) 30/14 40/20
CPAP FiOj 40 % (days) 0/14 30/20
IPPV «0- 1 <7(1 ()2 (days) 0/14 11/20

] iostmortern find ings
Pulmonary atelectasis 0/14 7/20
Pulmonary atelectasis associated with intra-

ventricular or subependymal haemorrhage 4/14 19/20
Septicaemia 1/14 1/20
Rhesus haemolytic disease 1/14 1/20
Hyline membrane (histology) 3/14 5/20

of intraventricular and subependymal 
haemorrhage could be observed in 
1974 among MPH patients too.

D isc u ssio n

A causal relationship between oxy­
gen therapy and MPH had first been 
suggested by Khanklin and Wolfson 
[281 on the basis of clinical obser­
vations. Kistler et al. [19] observed 
damage of pulmonary capillary endo­
thelium in subjects breathing high 
concentration oxygen which favours 
transudation and oedema formation. 
Increased capillary pressure due to 
left ventricular failure has also been 
suggested to have a role in the 
capillary endothelial damage and dis­
seminated intravascular coagulation

was found in rats kept in 100% 
oxygen [31]. Boothby and deSa [7] 
concluded that the increased frequen­
cy of pulmonary haemorrhage was 
probably related to the use of oxygen 
at high concentration and F i0 2 >  
80% for longer than 24 hours may 
be dangerous. Recently Kotas et al. 
[20] have reported on extensive intra- 
alveolar and interstitial pulmonary 
haemorrhage in newborn animals 
evoked by high environmental oxygen 
concentrations. They emphasized the 
role of reduced alveolar collateral 
ventilation due to pulmonary imma­
turity ar.d also of the higher absorp­
tion coefficient of oxygen in com­
parison with that of air.

In spite of evidence of the role of 
oxygen in causing or predisposing to 
MPH, the argument could not be
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rejected that the grave pathological 
condition per se would lead to MPH. 
If this is correct, MPH should be 
considered a ‘preterminal syndrome’. 
After all, in the light of the work 
of Adamson et al. [2] and Cole et al.
[13] it seems much more likely that 
cardiorespiratory and circulatory 
changes caused by asphyxia play 
the primary role and the local effect 
of oxygen is probably only one, 
though not an insignificant, addition­
al factor.

The results of the present study 
support the probability of a causal 
relationship of intensive oxygen ther­
apy and pulmonary haemorrhage. 
The two compared populations of 
newborn infants were closely similar 
in respect of all parameters but 
oxygen therapy. The fact should, 
however, be emphasized that the 
severity and duration of asphyxia 
and the effect of treatment could 
not be evaluated in this study. Por 
this reason the pathogenetic role of 
oxygen therapy can only be assumed 
but not regarded as proven.

The rise in frequency of intraventri­
cular and subependymal haemor­
rhages in the total population studied 
and among babies with MPH in the 
year of intensive oxygen therapy is 
puzzling. The effect on cerebral cir­
culation of a hyperoxyemia or of 
CPAP and IP PV hasnotso far been 
elucidated. It may, however, be sup­
posed that CPAP with a pressure 
of less than 12 H 20  cm does not 
reduce cardiac output in general, but 
can be dangerous in patients with hy- 
povolaemia and/or heart failure [18].

The risks of oxygen therapy are 
well known. The present results draw 
attention to the possibility of a less 
widely known complication and em­
phasize the need for a strict indication 
and control of oxygen administration.
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