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Abstract. Detai ls  of  25 cases of  neonata l  systemic air 
embol ism,  including three  of  ou r  patients,  are 
reviewed. This rare  compl ica t ion of  respi ra tory  dis- 
tress syndrome  (RDS)  was observed  in 21 p rema tu re  
infants and 4 ful l term newborns ,  of  w h o m  23 
required  in termit tent  posit ive pressure  vent i la t ion 
( IPPV).  In  21 of  these pat ients  air embol i sm was 
p receded  by  p u l m o n a r y  interstitial emphysema ,  
pneumomedias t inum,  p n e u m o t h o r a x  and /o r  pneu-  
moper icard ium.  Ai r  embol ism occur red  be tween  3 
and 288 hours  after  delivery. The  ou t c om e  was lethal 
in 24 cases, only  one  pat ient  survived. T wo  main  
pa thogenic  mechanisms are discussed; en t rance  of  air 
f rom rup tu red  alveoli into the lung capillaries and 
in t roduct ion  of  air via catheters  in umbilical  vessels. 
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Life th rea ten ing  condi t ions  m a y  deve lop  dur ing posi-  
tive end-exp i ra to ry  pressure venti lat ion for  treat-  
m e n t  of  respi ra tory  distress synd rome  when  air leaks 
f r o m  rup tu red  alveoli into the  p u l m o n a r y  interstitial 
tissue. Such leakage can result  in p u l m o n a r y  intersti- 
tial emphysema ,  pseudocysts ,  pneumomedias t inum,  
pneumothorax ,  p n e u m o p e r i c a r d i u m  and /o r  pneu -  
m o p e r i t o n e u m  [2, 3, 4, 8, 9, 13, 20, 29, 30]. W e  
repor t  the recent  observa t ion  of  air embol i sm in 
three p rema tu re  infants with respi ra tory  distress syn- 

* Dedicated to Prof. Dr. E. Willich on occasion of his 60th 
birthday 

d rome;  descript ion of  two of  these cases is given in 
detail. These  three  cases are set against a review of  
22 cases repor ted  in the l i terature to  date.  

Case Reports  

Case 1 

The female infant was bom to a 29 years old, 0 Rh-positive gravida 
3 mother, para 1. There had been two previous abortions at 20 and 
26 weeks of gestation, respectively. Exactly 8 weeks before the 
estimated date of delivery premature labor began. A trial of 
tocolysis failed. The premature infant was a breech delivery, using 
Bracht's manoeuvre. The birth weight was 1000 gin, length 39 cm, 
head circumference 26 cm. Apgar score at one minute was 4. 
Because of respiratory insufficiency the infant was intubated 
immediately after birth and controlled positive pressure ventila- 
tion was initiated. Admission to the neonatal intensive care unit 
took place three hours later. On physical examination there was 
generalized pallor, extensive hematomas of the buttocks and 
diminished breath sounds. The clinical gestational age was esti- 
mated at 33 weeks by the Finnstr6m-scale [7]. According to the 
intra-uterine growth charts of Usher and McLean [26] the patient 
was classified as a small-for-date premature infant. 

Laboratory Data: Blood type 0 Rh-positive, direct Coombs test 
negative. Hemoglobin 7.5gm/100ml, red blood cells (RBC) 
1.98 mill/crn 3, white blood cells (WBC) 7000/cm 3, platelet count 
105.000. Blood gases (FIO 2 1.0): pH 7.30, PCO 2 37, bicarbonate 
18, base excess -8 ,  PaO 2 48. 

The chest film showed hyaline membrane disease stage IV 
(Fig. 1). Immediately after admission an umbilical venous catheter 
was inserted into the inferior vena cava. The infant received a 
transfusion of 25 cc of packed cells. Antibiotic treatment was 
started with arnpicillin 100 mg, oxaciUin 50 mg and tobramycin 
4 mg per kg bodyweight because rupture of membranes had occur- 
red more than 24 hours before birth. Positive pressure ventilation 
was continued with a neonatal time cycled ventilator and the fol- 
lowing initial setting: frequency 30/min., peak inspiratory pressure 
28 cmH20, positive end-expiratory pressure 5 cm H20 (PEEP), 
inspiratory time 1.1 sec, FIO 2 1.0. During the next 10 hours the 
frequency was reduced slowly to 20/rain., the inspiratory peak 
pressure to 25 crn H20 , positive end-expiratory pressure to 4 cm 
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Ng. 1. Case 1. RDS stage IV 

Fig. 2. Case 1. Extensive bilateral pulmonary interstitial emphy- 
sema 

Fig. 3. Case 1. Intracardiac and intravascular air in the vena cava 
inferior, portal venous system, subclavian and jugular veins 

Fig. 4. Case 1. Air in the cerebral ventricles and cisterns 

H20 and FIO 2 to 0.8. The inspiratory time was prolonged up to 2.0 
Sec, 

During this time PaO2 was 58 mm Hg and PCO 2 82 mm Hg. 
No further improvement of the premature infant's condition was 
achieved and severe metabolic acidosis following hypoxia with 
right to left shunting persisted. At  14 hours of age the chest film 
showed interstitial emphysema (Fig. 2), 

Three hours later air bubbles were observed leaving the 
umbilicus. Careful evaluation of the infusion system and the 
umbilical catheter revealed no defects. The roentgenogram 
showed progression of the interstitial emphysema, a pneu- 
momediastinum and a relative microcardia. Furthermore massive 
gas embolism was detected in the heart, jugtflar veins, subclavian 
veins and portal venous system (Fig. 3). Circulatory collapse 
occurred 2 hours later and the infant died after a total of 17 hours. 
Post mortem x-ray studies also revealed air in the cerebral ven- 
tricular system (Fig. 4). 

Case 2 

The patient was a 1670 g white male infant (body length 42 cm, 
head circumference 29 cm). It was the second child of a 26 year- 
old mother. Because of bleeding placenta praevia the child was 
delivered by Caesarean section at 32 weeks of gestation. The 
Apgar scores were 1 at one minute, then 2 at five, ten and fifteen 
minutes. From the very outset the child was cyanotic and 
hypotonic. There was no improvement despite immediate intuba- 
tion and assisted ventilation. A right-sided pneumothorax was 
detected and needle aspiration improved the child's condition. The 
infant was placed on a respirator, receiving 100% oxygen at 32 cm 
of water inflation pressure (PIP) with a respiratory rate of 40 per 
minute. 

The chest radiograph showed a right tension pneumothorax 
and features of the respiratory distress syndrome in the lung. Fol- 
lowing drainage the right lung expanded, the cyanosis disappeared. 
Ten minutes later there were clinical and radiological signs of a left 
tension pneumothorax; this was drained and there was some 
improvement. 

The child remained cyanotic and very ill and when attempting 
an intracardiac injection, instead of blood, only gas was aspirated. 
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Fig. 5 a and b. Case 2. Widespread air embolism, 
intracardiac and within blood vessels 

Fig. 6. Case 2. Postmortem angiocardiography. No vascular leakage was 
revealed. Compare the anatomy of the arteries and veins with Fig. 5. 
Intrahepaticaily the veins of the portal system can be differentiated from 
the hepatic veins 

Since an arterial umbilical catheter could not be placed properly, 
venous umbilical catheterisation was performed. While cutting the 
umbilicus, foamy blood escaped from the umbilical vessels. Only 
gas could be aspirated through the catheter. A chest film at 3 hours 
showed gas within the heart and numerous vessels (Fig. 5). The 
child died five hours after birth. No autopsy was performed. Post- 
mortem angiocardiography did not reveal any leakage from the 
heart or the major arteries and veins (Fig. 6). Postmortem 
tracheobronehography also failed to show any defect. 

Case 3 

A further case of air embolism has been encountered and details 
may be found in the table. 

Discuss ion 

Mechanical ventilation with positive end-expiratory 
pressure is the t rea tment  of choice for infants with 
severe respiratory distress syndrome. Its extended 

use in the ventilation of p re te rm infants results in 
high airway pressures which have been associated 
with an increase of pulmonary  complications [13, 20, 
29, 30]. The most  frequent lesion following respira- 
tory therapy is pulmonary interstitial emphysema.  Its 
pathogenic factors and its common  sequelae were 
described by Macklin [18, 19]. Air  embolism, how- 
ever, is a rare complication of pulmonary interstitial 
emphysema.  To  our knowledge only 22 cases of this 
condition have been published [2, 3, 8, 10, 12, 15, 
17, 21, 22, 23, 25, 28]. Since the condition has such 
life threatening connotations we considered it impor-  
tant to review these cases alongside our own three 
cases. 

Clinical Data 

Twenty-one  of the described cases were p remature  
infants and four fullterm newborns (Table 1). Female  
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Table 1. Clinical data of newborns with air embolism 

Reference Sex and Gestational Diagnosis 
birth age (WK.) 
weight (g) 

Respiratory Associated Occurence time Umbilical 
treamaent complications of air embolism catheters 

(h) 

Gregory s 1700 31 RDS a 
(1970) 
Vinstein ~ 2100 Premature RDS 
(1972) 

Vinstein ~ 1 9 0 0  Premature RDS 
(1972) 

Gwinn Cf 1000 Premature RDS 
(1973) 

Bowen ~ 1740 33 RDS 
(1973) 

Pont6 ~ 1400 38 Sepsis 
(1974) meningitis 
Pont6 ~ 2350 40 Meconium 
(1974) aspiration 
Quisling - 830 26 RDS 
(1974) 

Quisling - 1240 29 RDS 
(1974) 

Quisling - 1060 27 RDS 
(1974) 

Quisling - 760 26 RDS 
(1974) 

Shook ~? 1 1 6 4  Premature RDS 
(1975) 

Lubens Cf 800 26 RDS 
(1976) 

Brown ~ 3110 Fuilterm Congenital 
(1977) virus 

pneumonia 
Pinckney Cf 1100 Premature RDS 
(1977) 

Gandilo ~ 1270 28 RDS 
(1977) 

Kogutt ~ 1190 27 RDS 
(1978) 

1500 30 RDS 

pipb: 54 Arterial 
40-55 cmH20 Pneumopericard and venous 
PIP: Pulmonary 24 Arterial 
80 cmH20 interstitial 
PEEPr emphysema 
7 cmH20 
PIP: Pulmonary 288 Not reported 
40-55 cmH20 interstitial 
PEEP: emphysema 
3-5 cmH20 
Assisted Pulmonary 48 Arterial 
mechanical interstitial 
ventilation emphysema 
PIP: Pneumo- 142 Arterial 
45-50 cmH20 mediastinum, 
PEEP: bilateral 
9 cmH20 pneumothorax 
PIP: - 36 Venous 
20 emil20 
No assisted - 75 Arterial 
ventilation and venous 
PIP: Air-leak Not reported Arterial 
50 cmHzO not 
PEEP: specificied 
0 cmH20 
Bag and Pulmonary Not reported Arterial 
mask interstitial 
ventilation emphysema 
PIP: Pneumo- Not reported Arterial 
83 cmH20 mediastinum 
PEEP: pneumopericard 
5 cmH20 
PIP: - Not reported Arterial 
30 clnH20 
PEEP: 
2 cmH20 
PIP: Pulmonary 14 Arterial 
85 crnH20 interstitial and venous 

emphysema 
PIP: Pulmonary 20 Arterial 
50 cmH20 interstitial 
PEEP: emphysema 
7 cmH20 
Assisted Pneumo- 120 Arterial 
mechanical mediastinum 
ventilation pneumopericard 
PIP: Pneumo- 5 Arterial 
35 cmH20 mediastinum 
PEEP: pneumothorax 
6 cmH20 
PIP: Pulmonary 86 Arterial 
38 cmH20 interstitial and 
PEEP: emphysema venous 
8 cmH20 
PIP: Pulmonary 6 Not 
9([cmH20 interstitial reported 
PEEP: emphysema 
10 cmH20 
Mechanical Unilateral 26 Not 
ventilation pneumothorax reported 
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Table 1 (continued) 

143 

Reference Sex and Gestational Diagnosis Respiratory 
birth age (WK.) treatment 
weight (g) 

Associated 
complications 

Occurence time Umbilical 
of air embolism catheters 
(h) 

Oppermann 
(1979) 

Cf 880 25 Not PEEP: 
specificied 40 cnlH20 

Cf 1300 28 RDS PIP: 
30 cmH20 
PEEP: 
7 cmH20 

CY 1860 34 RDS PIP: 
28 cmH20 
PEEP: 
7 cmH20 

Cf 1100 31 RDS PIP: 
20 cmH20 
PEEP: 
6 cmH20 

1000 33 RDS PIP: 
28 cmI-I20 
PEEP: 
5 cmH20 

Cf 1670 32 RDS PIP: 
32 cmH20 

2670 37 Congenital PIP: 
alveolar 28 cmH20 
dysplasia PEEP: 

4 cmH20 

Pulmonary 
interstitial 
emphysema 
Subcutaneous 
emphysema 
Pneumopericard 

10 

27 

Not 
reported 

Not 
reported 

18 Not 
reported 

Pneumo- - 14 
mediastinum, 
unilateral surviving/ 
pneumothorax 
Pulmonary 17 
interstitial 
emphysema 
pneumomedia- 
stinum 
Bilateral 3 
pneumothorax 

Not 
reported 

Venous 

Pneumothorax 46 Venous 

a RDS = respiratory distress syndrome 
b PIP = peak inspiratory pressure 
c PEEP = positive end-exspiratory pressure 

patients predominated. In most of the cases ventila- 
tory assistance was necessary because of primary lung 
disease and there were 20 patients who had the 
respiratory distress syndrome. One fullterm infant 
suffered from congenital viral pneumonia. In one 
case only, ventilatory support was started because of 
respiratory insufficiency due to sepsis with menin- 
gitis. Air embolism occurred spontaneously in a full- 
term newbom with massive aspiration and without 
ventilatory treatment being started. Another fullterm 
infant died because of congenital alveolar dysplasia. 
Twenty-two of the 25 cases required intermittent 
positive pressure ventilation (IPPV). Thus, air 
embolism may be a complication of mechanical ven- 
tilation just as other types of air leaks into tissues. 

But air embolism is rare. We have seen it only 
three times in 436 mechanically ventilated newborns. 

We have analysed the type of assisted ventilation in 
14 patients who needed high peak inspiratory 
pressure (PIP), (more than 30 cm H 2 0 ) ,  to  achieve 
appropriate ventilation. The positive endexpiratory 
pressure (PEEP) ranged from 3 to 9 cm H 2 0 .  Infor- 
mation about the type of pediatric respirator used, 
the respiratory frequency, the inspiration-expiration 
ratio and duration of inspiratory time are incomplete. 
Therefore, the hypothesis of a possible relation be- 
tween respiratory therapy and air embolism should 
be considered critically. 

However, in the literature it is noteworthy that 
other forms of air leaks, such as pulmonary intersti- 
tial emphysema, pneumomediastinum, pneu- 
mothorax and pneumopericardium preceded air 
embolism in 20 patients. In view of this fact, air 
embolism may occur when air from ruptured alveoli 
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enters the pulmonary interstitial tissue, dissects along 
the vascular sheaths and may cause alveolar-capillary 
fistulae. Boros and co-workers point out that optimal 
settings of airway pressure, expressed as mean airway 
pressure (MAP), may avoid alveolar overdistention 
and rupture [1]. The spontaneous occurrence of sys- 
temic air embolism in a newborn with aspiration syn- 
drome can be explained by the vigorous respiratory 
efforts associated with this disorder. This accords 
with the frequent complication of air leakage follow- 
ing massive meconium aspiration. On the other hand 
it is interesting that in 17 patients umbilical vessel 
catheters were used. Therefore, introduction of air 
into the systemic circulation via the umbilical vein or 
artery cannot be excluded. Twenty-four of 25 neo- 
nates with air embolism following respirator therapy 
died. Recently Kogutt reported the first neonate to 
survive air embolism [15]. In this patient it seems 
interesting that air embolism was not preceded by 
clinical symptoms. The diagnosis was made by 
radiographic findings only. An accidental intrave- 
nous injection of air was excluded. 

Pathophysiology 

The exact mechanism of air entering the pulmonary 
veins is not known, but some hypotheses are under 
discussion. Macklin [19] believes that air from rup- 
tured alveoli enters lung capillaries. Chin [5] and 
others suggest a laceration of the lung parenchyma 
with following bronchopulmonary venous fistula as a 
cause of embolism. In experimental studies they 
found a pressure gradient between air-spaces and 
pulmonary veins. With increasing intrabronchial 
pressure the pressure in the veins rises less, resulting 
in a pressure gradient. Van Allen and co-workers 
[27] showed the transit of air into the lung capillary 
bed experimentally as early as 1929. Further experi- 
mental studies of intravascular gas embolism as an 
extension of interstitial pulmonary emphysema have 
been performed by Lenaghan and co-workers [16] in 
otherwise normal dogs and dogs with shock lung. 
Grosfeld and co-authors [111 produced intravascular 
embolization of gas by inflating the cat's lungs with 
continuous positive pressure. Death occurs either by 
massive systemic gas embolism itself or hilar com- 
pression of pulmonary veins by subadventitial gas. 
Gregory and Tooley [10] discuss three routes of air 
entering the vascular system: 1) insufflation of gas 
into pulmonary veins during positive pressure venti- 
lation; 2) spread of inadvertently "injected" gas at 
infusion via the inferior vena cava, thence to the fora- 
men ovale and/or ductus arteriosus; 3) entry of gas 
into the umbilical vein catheter caused by spontane- 
ous ventilatory movement and pressure change. 

In our cases we believe that high pressure ventila- 
tion was the most important factor in the develop- 
ment of gas embolism, but air-passage along umbili- 
cal vein or arterial catheter could not be excluded in 
one patient and other authors had similar problems 
[10, 12, 271. 

Radiology 

The roentgenologic diagnosis of systemic air embol- 
ism was made in 13 patients during lifetime and in 12 
cases after death. Air collects in the cardiac chambers 
and in the pulmonary and systemic arteries and veins. 
Furthermore, air may accumulate in the hepatic and/ 
or portal venous systems. Precisely which of these 
systems contains air may be differentiated by the type 
of intrahepatic vessel arborization - the intrahepatic 
veins are widest at the surface of liver (peripherally), 
whereas the portal veins are widest at the liver-hilus 
(centrally) [28]. If a roentgenogram of the skull is 
taken, systemic air embolism involving the central 
nervous system may also be detected; air accumula- 
tion may occur within the ventricular system possibly 
due to the rupture of the choroid plexus. 

As in most reported cases, the postmortem roent- 
genograms of our patients showed massive interstitial 
pulmonary emphysema, pneumomediastinum and air 
in the heart, jugular veins, subclavian veins and hepa- 
tic/portal venous systems [3, 10, 12, 22, 28]. The last 
mentioned feature is found as a common .complica- 
tion of necrotizing enterocolitis [3, 14, 24] which was 
excluded in our patients at the autopsy. Furthermore, 
we found gas in the cerebral ventricles, as have other 
authors in patients with air embolism [22, 23]. We 
suggest that the air entered via ruptured plexus ves- 
sels into the cerebral ventricles. 

Since it is well known that after death absorption 
of oxygen occurs rapidly the diagnosis of systemic air 
embolism could be overlooked. Therefore, in our 
opinion in each case of pulmonary interstitial emphy- 
sema immediate postmortem radiographs and if 
possible angiocardiography should be performed for 
evaluating added pulmonary complications and 
elucidating possible air-routes and dissections. 
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