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VVITH CLINICAL AND PATHOLOGICAL NOTES BY 

LIEUTENANT-COLONEL 1. G. W. HILL AND MAJOR R. WALMSLEY, 

Royal Army Medical Corps. RoJ'al Army M cdical Corps. 

CASES of intracranial aeroccele or pneumoccele diagnosed during life 
do not occur commonly in clinical practice and certain features of the case 
described, in addition to the infrequency of the condition, appear to us to 
warrant its publication. 

Case History.-Officer (aged 43 years). Little information is available 
regarding the original injuu and the patient's progress during the three 
months preceding his admission to this hospital.' During the Greek campaign 
in April, 1941, a parachute landmine exploded a short distance in front 
of the truck in which he was riding. He sustained a fractured skull and 
was evacuated to a hospital in Egypt where an operation was performed. 
His progress was such that he was discharged to a Convalescent Depot 
on July 3, 1941, with a recommendation for 10 days' rehabilitation before 
return to duty. While at the Convalescent Depot he complained of general 
debility, of headache and of loss of taste and smell. His discharge was 
accordingly delayed. His condition appeared to worsen as time went on 
so that by July 22 he was suffering from severe headaches and was noted 
to suffer from occasional lapses of memory.' It was proposed to send him 
back to the hospital from, which he had come but a rapid mental and 
physical deterioration led to his admission to this hospital as an emergency 
on July 23. The provisional diagnosis was of a functional ("NYDN") 
condition. 
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102 A Case of Intracranial Aeroccele 

On admission he was disorientated in time and place, restless and inclined 
to wander aimlessly about the wa!1i. He did not complain of headache 
at this time. Physical examination revealed little: a linear vertical scar on' 
the forehead, some 4 inches long; some weakness of the orbicularis oculi; 
a doubtful left extensor plantar reflex; sc;attered rales in the chest. He was 
examined by the Specialist in Psychiatry (Major J. ]. M. Jacobs, R.A.M.C.) 
who reported that the mental changes were due to an organic lesion and 
not of functional type. . 

The day after admission (July 24, 1941) he developed sharp pyrexia 
(101'8° F.), without localizing signs and without.1eucocytosis (w.b.c.=8,700 
per c.mm.). No malarial parasites were found in blood films. 

Jt1ly 25: Fever and' disorientation persisted. Patient very restless, 
constantly attempting to get out of bed, and incontinent. 

By the evening of that day, the patient presented the clinical picture of 
a meningitis, with extreme restlessness and irritability, stiffness of neck 
muscles and bilateral Kernig's sign. No focal signs were found on examina·, 
tion of the central nervous system and, both plantar reflexes were definitely 
flexor. 
, Lumbar puncture yielded a turbid, xanthochromic fluid, under slightly 

increased' pressure; microscopically there were numerous polymorphs in 
various stages of degeneration but no bacteria were seen in films and 
culture of the cerebrospinal fluid was sterile. 

During the next two days the clinical picture changed little. Fever and 
signs of meningitis persisted. Examination of the fundi showed slig'ht 
blurring of the nasal margins of the discs, considered by the Ophthalmo
logist (Major 1. C. Michaelson, R.A:M.C'.) to be physiological. At this 
time the provisional diagnosis was a possible cerebral abscess as a late 
sequel to the fracture of the skull three months before. 

On July 28, the case was seen by Major P. B. Ascroft, R.A.M.C., 
and Major M. Kremer, R:A.M.C., of No. 1 Mobile Neurosurgical Unit. 
On their advice X-ray of the sk i.tll , which had been delayed on account of 
the grave condition of the patient, was carried out. A detailed account 
cif the technical aspects of the examination is given below. The examination 
revealed a stellate fracture of the frontal bone, involving the frontal sinuses, 
and the presence of air within the cranial cavity. ' 

In view of the c'ontinued signs of meningitis and despite the sterile 
cerebrospinal fluid and also since signs of basal pneumonia were now 
appearing. sulphapyridine was administered (1 gramme intravenously, 
followed by 1 gramme orally every two hours)., Next day his mental state 
appeared rather better, though signs of meningitis persisted and he was 
still incontinent. The chest condition was, however, worse and his general 
condition grave. After sinking gradually for forty-eight hours he died on 
July 31. 

Radiato gical Examination.-The customary technical difficulties asso
ciated with carrying out the examination of a'n unconscious patient were 
experienced. In addition the amount of head retraction caused by meningeal 
irritation rendered a true P-A view impossible to obtain. In the films 
taken certain cranial structures were thrown largely behind the orbits. 

The X -ray unit available was of medium power. necessitating an exposure 
of several seconds. During this period the patient had to be kept as still as 
possible. ' 

,In spite of these drawbacks, however, reasonably good films were 
obtained which showed the following: - . 

(1) Two fissures in the frontal bone, starting in the mid-line and passing 
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downward s and outwa rds. The le ft crack apparently passes into the left 
frontal sinus \"hi lc the right misses the corresponding fro ntal sinus but 
involves the roof of the right orbit. 

(2) Immediately behind th e front al sinuses, and apparently locali zed to 
tbis region, a small acroccele can be seen in the lateral vie \-,' . 

(3) Air is present in at least onc lateral ventricle and in the third ventricle. 
The somew11at unsatisfactory P -A view referred to above renders exact 
determination of the extent of ventricular involve ment difficul t. 

(4) Xo communication is apparent between the cerebral ventricles and 
the aeroca::le behind the frontal sinuses. 

jJOst-11tOrte1r1- E:ramination.- Th e post-mortem examinat ion ,vas made 
approximately three hOllrs after death. 

The body was that of a \vell-developed middle-<I.ged man a nd shO\ved no 

Fit;. I.-P-A vit:w of sku ll showing 
fr <i cture of fronta l bone. 

F IG. I I.- Late ral view of skull showin~ 
aeroccele behi nd f rontal sin uses and air 

in cerebra l ven tricles. 

evidence of was tin g. Rigo r mortis was present in the ja\v and <I.lso, t o a 
less exte nt, in the limbs. There was a slig ht tleg-ree of post-mortem lividity. 

External Ex:amination : Immedia tely to the right of th e mid-line of the 
brow the re was Cl. vert ical scar about 10 cm . lon g : the lower end of the sca t 
was a t the root of the nose . 'The scar was completely healed. 

Skull: 1\0 ol)\";otls fracture of the skull \VaS to be seen a fter removal of 
1hc sca lp. , 

I n removing the vault of the skull the outer table and the diploe \vere 
..,aV,111 th rou g h a nd the inner table was fractured with chi sel and hammer . 
This technique t·esulted in a part of the posterior wall of the left frontal sinus 
-whi ch was below the level of the saw cut- being remo ved along \\'ith th e 
.:okull vault. The line of the ununited fracture of the frontal bone was in 
the form of a V with each limb of the V being about 2·5 CI11. long and the 
apex at the cribriform pla tes of the ethmo; d. The cribriform plates o f the 
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104 A Case of Intracr{lnial Aer.oca:le 

. ethmoid (carrying with them the crista galli) were depressed about 5 mm. 
belo~ the level of the orbit'al plates of the frontal bone. The left side of the 
plate, moreover, was formed of fibrous tissue, in which were several fora
mina, the largest of which had an antero-posterior length of 5 mm. The 
other foramina were larger than those normally present. No other patho
logical changes were observed in the skull. The left frontal sinus appeared 
healthy. . 

Dura Mater: This membrane was deficient over the foramina in the 
cribriform plate and a probe passed up through the left nasal cavity passed 
easily through the largest foramina. No other definite pathological defici
ences of the dura mater were present. 

Subarachnoid Space and Arachnoid: A little purulent fluid was present 
iri the basal cisterns around the' interpeduncular fossa and optic chiasma but 
there was no general involvement of the leptomeninges. 

Brain: Both frontal lobes were firmly adh~rent to the fibrous tissue and 
the dura mater over the region of the cribriform plates. The olfactory bulbs 
could not be dissected free of the frontal lobes and appeared to be involved 
in the general pathological change in this region. The other parts of the 
superficial surface of the brain appeared normal. 

The entire brain was divided in the sagittal plane through the corpus 
callosum, etc. Large bubbles could then be made to appear on the exposed 
surface of the lateral ventricle by the application of pressure Cin the surround
ing brain. There did hot appear to be an enlargement of the ventricles. 

The brain, after this preliminary examinatiOll, was fixed for four days in 
10 per cent formalin. A connexion was then demonstrated between the 
anterior horn of the left lateral ventricle and the region of the left olfactory 
bulb where the brain had been cut through during its removal. This con
nexion passed downwards and slightly forwards from the ventricle, and had 
a maximum antero-posterior length of 1'7 cm.; the lateral walls bounding 
the connexion were about 1 mm. apart. . 

The continuity of the connexion between ventricle and brain surface was 
verified by the free, passage along the channel of coloured fluid injected 
through the ventricular end. . 

Microscopic examination of the channel showed its wall was formed of an 
extremely fine lamina of connective tissue surrounded by a zone of degener
atedtissue.· Three small vessels appeared to be running along the cleft and 
these, as well as the vessels lying in the adjacent tissues, showed a well-
marked perivascular infiltration of round cells. . 

DISCUSSION. 

Frequency.-The presence of air within the cranial cavity as a sequel to 
fracture of the skull is a well-recognized though rather rare complication of 
such injuries. 'Coleman [1] recorded four cases in a series' of 940 head
ii1jury cases of which 87 had basal fractures of the skull. Cases are also 
recorded by Cairns [2] and by Eden [3] and the condition is described 
in standard textbooks of surgery (e.g. rChristopher [4]). 

Location.-The location of the air within the skull varies from case to 
case. In some, the air lies in the subarachnoid space (Coleman [1]: 
Cairns [2]); in others it is pocketed in the substance of the frontal lobes 
(Coleman [1]; Christopher [4]); and in some cases air has been described 
in the lateral cerebral ventricle (Coleman [1 J). A combination of these 
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locations may occur as in the case here described where a subarachnoid 
collection and air in the ventricular system co-existed. 

Portal of Entry.-In such cases air may enter the skull through a fracture 
involving ,an external surface where this is associated with an under
lying dural tear. Fractures of the cribriform plate of the ethmoid and 
those involving the inner wall of an accessory sinus (usually frontal) have 
been present in the majority of the cases described in the references above. 
The mechanism of the entry of the air in the skull is debatable: It is held 
by some that air is forced through the dural rent from the sinus when a 
rise of pressure in the cavity is produced by sneezing or coughing. Ascroft 
[" 5] believes that a simple replacement of cerebrospinal fluid by air may 
occur. From the nature of the lesion, leakage of cerebrospinal fluid is 
possible and, in practice, cerebrospinal rhinorrhcea is ,a frequent clinical 
featme of these cases (Coleman [1 J; Cairns [2]; Eden [3J). 

In the case here described the presence of air in the subarachnoid space 
and w'ntricular cavities was demonstrated radiographically; fractures of 
the frontal bone were also seen to be present. The post-mortem examina
tion re\"eaIed, in addition, traumatic lesions in the cribriform plate of the 
ethmoid bone, deficiencies in the overlying' dura mater and a pathological 
connection between these deficiencies and the anterior horn of the left 
lateral ventricle. A small tear in the dura mater was observed at post
mortem over the fractures i~ the frontal bone but it was not possible- to 
s.tate with 'certainty whether or not this wa& produced.during the process 
of removal of the brain. The loss of the sense of smell which was noted 
about one month before death is in keeping with the pathological picture 
found around the olfactory bulbs at post-mortem. The reactive and 
degenerative processes around the traumatic cleft iri the left frontal lobe 
also denoted a lesion of some standing. 

The portal of entry of air into both subarachnoi& space and ventricular 
system seems therefore in this case to be well established. The direct 
communication between the external nares and the ventricular cavity affords 
a route of air entrance independent of any foramina in the roof of the 
fourth ventricle-foramina whose presence has been denied. 

Latent Period.-All writers are agreed that there may be a consider
able latent period between the occurrence of fracture and the onset of 
symptoms of the clinical diagnosis of aeroccele. In, the case described it 
will be noted that some three months elapsed between the trauma and the 
recmrence of unfavourable symptoms. It will be recalled that on his 
discharge from hospital-some eight weeks after the injury-the patient's 
condition was such that he was expected to be fit for duty in fourteen 
days' time. 

• 
Radiological Aspects.-The diagnosis of aeroccele ana its localization 

are only possible radiographically. In the rare cases where air is demon
strated within the skull, valuable aid may be afforded'to the surgeon in his 
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106 A Case of Intracranial Aerocrele 

decision whether or not to operate on a case of persistent cerebrospinal 
rhinorrhcea and in localizing the precise area requiring repair. , 

The chief point of practical importance in the radiological examination 
lies in the detection of an aeroccele. This, if small and if not accompanied 

- by ventricular involvement, may well be overlooked. It is emphasized 
that such a small aeroccele may well be mistaken for a normal skull marking. 
Radiologists would be greatly assisted by having their attention drawn to 
the possibility of such a condition when cases of this 'nature are sent for 
investigation. 

Psychological Sympt01ns.-In the case described, puzzling psychotic 
symptoms were an early and prominent feature of the terminal phase, 
symptoms which in fact led to the case being referred to us as one of 
functional disorder. Mental deterioration has also been described in one 
case by Eden [3]. Apart from the psychological symptoms, the clinical 
picture in our case was confused and the diagnosis was reached only after 
X-ray demonstration of the condition'. It is suggested that the possibility 
of aeroccele be kept in mind when dealing with similar cases. 

SUMMARY. 

A case of traumatic intracranial aeroccele with extension to the cerebral 
ventricles is described, together with radiological and post-mortem findings. 

The importance of radiological examination in cases showing late 
neurological and psychotic symptoms following head injuries is mentioned. 
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