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Case Report

INTRODUCTION

Traumatic pneumocephalus is a common complication following 

traumatic head injury, and is characterized by the abnormal en-

trapment of air within the intracranial space after injury to the 

meninges [1,2]. With the exception of cases with leaking cerebro-

spinal fluid (CSF), pneumocephalus itself can be expected to im-

prove with close follow-up. However, tension pneumocephalus 

often requires emergency surgery if the volume of intracranial air 

continually increases due to a check valve system, because of the 

risk of neurological symptoms and loss of consciousness resulting 

from increased intracranial pressure [2]. 

Communicating hydrocephalus is characterized by obstructed 

CSF flow in the subarachnoid space while CSF flow in the ven-

tricular system is normal, and this can result from not only a con-
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genital defect but also acquired causes like infection, hemorrhage, 

and inflammation [3,4]. Because the enlarged ventricular system 

continuously compresses the brain, the condition should be diag-

nosed and treated as early as possible, before irreversible changes 

occur in the brain [4]. Tension pneumocephalus following trau-

matic brain injury is a relatively rare disease, and communicating 

hydrocephalus following surgery for tension pneumocephalus 

has so far never been reported. Thus, the authors report the case 

of a 65-year-old patient who developed communicating hydro-

cephalus after undergoing surgery for tension pneumocephalus. 

CASE REPORT

A 65-year-old male patient came to the hospital with multiple 

traumatic brain injuries caused by a motorcycle accident. He had a 

history of diabetes and asthma, for which he had been pharmaco-

logically treated for several years. He also had a history of open 

surgery to treat peritonitis 3 years before. Upon arrival at the hos-

pital, he was in a lethargic state (Glasgow coma scale; E3V5M5), 
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department of plastic surgery. On cranial CT performed 2 weeks 

postsurgery, pneumocephalus was no longer observed (Fig. 3A). 

Subsequently, the patient did not have any specific abnormal 

symptoms and was discharged in a favorable condition. Two 

months after surgery for tension pneumocephalus, however, the 

patient returned to the hospital with primary complaints of mem-

ory loss, problems in walking, and urinary tract dysfunction. On 

cranial CT taken at that time, a communicating hydrocephalus 

was observed with an Evans ratio of 41% (Fig. 3B). Ventriculoperi-

toneal shunting was performed, after which the symptoms greatly 

improved. The skull and abdominal X-rays and cranial CT per-

formed post surgery confirmed that the shunts were well posi-

tioned in the ventricles and the abdomen (Fig. 4). The patient again 

returned to the hospital approximately 4 weeks after the proce-

dure, due to a swelling at the shunt insertion site on the right side of 

the abdomen. An abdomen CT revealed that the shunt had moved 

from the intraperitoneal space into the abdominal subcutis, and 

formed a pseudocyst filled with CSF (Fig. 5). Surgery was per-

with a loss of direct and indirect light reflexes due to damage to the 

right optic nerve. Skull X-ray and cranial computed tomography 

(CT) showed comminuted fractures of the skull and multiple areas 

around the skull base, a Le Fort type II fracture of the facial bones, 

multiple comminuted fractures of the nose and around the orbit, 

and a small amount of pneumocephalus in the anterior recess (Fig. 

1). Plastic surgeons decided to delay operating on the facial frac-

tures because of severe edema of the face and orbit, and the patient 

was treated conservatively at the bedside. On day 8 following the 

trauma, the patient complained of severe headache and nausea, 

and CT performed on day 8 revealed a large tension pneumoceph-

alus with a tented configuration and noticeably enlarged shadows 

of air compressing both sides of the frontal lobe (Fig. 2). As an 

emergency treatment, a rupture of the dura mater in the area of the 

right anterior cranial fossa was sutured using a subfrontal ap-

proach, and fixation surgery was performed on fragments of the 

comminuted fractures. Four days later, open reduction and fixa-

tion surgery were performed on the multiple facial fractures in the 

Fig. 1. Skull X-ray (A) and cranial computed tomography (B–E) images showing comminuted fractures on sphenoid and mid facial bones (Le-fort 
type II fracture), multiple fractures on right frontotemporal bone, nasal bone, right lacrimal bone, and right orbital wall and fissure suggest the right 
lacrimal gland and optic nerve injuries, and multiple anterior basal skull fractures with small amount of pneumocephalus (black arrows).
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DISCUSSION

Pneumocephalus suggests communication between the intracra-

nial and extracranial spaces, and mostly occurs after trauma. 

However, it may also occur, albeit rarely, following sinus surgery, 

brain surgery, or lumbar puncture, or due to a secondary bone 

defect such as infection caused by gas-forming bacteria or osteo-

myelitis [1,2]. Regarding the mechanism, one hypothesis suggests 

that air enters the skull cavity to compensate for a decrease in in-

tracranial pressure due to a CSF leak, while another explanation is 

that air enters a defect in the skull and dura mater when sinus 

pressure increases, such as during a sneeze [5,6]. In most cases, 

pneumocephalus involves low pressure and resolves spontane-

ously within days. However, if air continually accumulates due to 

the presence of a check valve system in the damaged area, tension 

formed to reinsert the shunt into the intraperitoneal space, and 

currently (3 months after the last procedure), the patient does not 

have any abnormalities and is in good condition.

Fig. 2. Skull X-ray (A) and cranial computed tomography (B) images 
obtained 8 days after admission showing significant increase amount of 
large pneumocephalus on both frontal areas with tented configuration 
(black arrows).

Fig. 5. Axial (A) and coronal (B) abdominal computed tomography 
showing localized pseudocyst contained distal shunt catheter in right 
lower abdominal wall. 

Fig. 3. (A) Cranial computed tomography (CT) image obtained 14 days 
after operation showing normal size of ventricles without significant 
pneumocephalus. (B) CT image obtained 14 days after operation 
showing increased size of all ventricles with periventricular hypolucency 
suggesting communicating hydrocephalus (Evans ratio 41%).

Fig. 4. Skull and abdominal X-rays (A, B) and cranial computed tomography (C) showing well locations of shunt catheter on ventricle and 
abdominal cavity. 
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peat surgery performed in the presence of complications can be a 

primary cause of increased morbidity and mortality and care 

should be taken [3].

In our patient, communicating hydrocephalus occurred fol-

lowing tension pneumocephalus. The presence of a significant 

hematoma in the subarachnoid space was not confirmed, but we 

suspect hemorrhage resulted from the basilar skull fracture. Dry-

ness or damage over a relatively large area of the subarachnoid 

space and arachnoid villi due to tension pneumocephalus would 

have contributed to dysfunctional CSF flow. Until now, commu-

nicating hydrocephalus following traumatic tension pneumo-

cephalus had not been reported and is a very rare complication, 

but tension pneumocephalus can be acquired after communicat-

ing hydrocephalus. Therefore, we suggest that patients should be 

continuously followed up and examined neurologically following 

surgery for tension pneumocephalus.
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pneumocephalus can occur, although rarely, with a serious mass 

effect [1,5]. It is an acute condition that can sometimes cause seri-

ous neurological complications, and therefore an accurate diag-

nosis and prompt treatment are required [2]. It has been reported 

that tension pneumocephalus in the subdural space with a vol-

ume of air over 65 cm3, as seen in the patient reported in this case 

study, occurs in under 8% of patients with basilar skull fractures 

including fracture of the sinuses [6,7]. On CT images, tension 

pneumocephalus in the subdural space typically shows a tented 

configuration in which trapped air located in the front compress-

es both frontal lobes (Fig. 2) [6].

In general, hydrocephalus is characterized by an enlarged ven-

tricle resulting from dysfunctional CSF flow, either because the 

CSF pressure is excessively high or CSF pathways are obstructed 

[4,8]. Depending on the mechanism, hydrocephalus is classified 

either as non-obstructive hydrocephalus caused by CSF overpro-

duction due a choroid plexus tumor for instance, or as obstructive 

hydrocephalus caused by dysfunctional CSF flow. Most cases of 

hydrocephalus are obstructive hydrocephalus, which is further 

classified depending on the location of the obstruction, as either a 

non-communicating hydrocephalus in which intraventricular 

obstruction occurs or as communicating hydrocephalus in which 

obstruction occurs in an area below the fourth ventricle. Com-

municating hydrocephalus occurs mainly due to subarachnoid 

hemorrhage or meningitis, whereas non-communicating hydro-

cephalus occurs due to an obstruction in the ventricular system 

caused by intraventricular tumor, hematoma, or brain herniation 

[8]. Hydrocephalus following traumatic brain injury was first re-

ported in 1914 by Dandy. The incidence rate varies widely with a 

range of 8%–72%, and it has been reported that 1%–4% of cases 

require shunting [8-10]. For many years, shunting has been a uni-

versal surgical procedure for hydrocephalus [3], but complications 

can occur such as a blockage in the shunt, change in the location 

of the shunt, a mechanical defect like a problematic valve, slit ven-

tricle syndrome, infection, intestinal perforation, subdural hema-

toma, or the formation of a pseudocyst around the peritoneum 

[3,8]. Our patient developed a pseudocyst, as the shunt moved to 

the abdominal subcutis due to intestinal adhesions following past 

surgery for peritonitis. He underwent a second procedure, but re-


