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Abstract 
Background: Subdural posttraumatic collections are called usually Traumatic Sub-
dural Hygroma (TSH). TSH is an accumulation of cerebrospinal fluid (CSF) in the 
subdural space after head injury. These collections have also been called Traumatic 
Subdural Effusion (TSE) or External Hydrocephalous (EHP) according to liquid 
composition, or image features. There is no agreement about the pathogenesis of 
these entities, how to define them or if they are even different phenomena at all. 
Case Description: We present a case of a complex posttraumatic subdural col-
lection, the role of cranioplasty as definite solution and review the literature related 
to this complication. 
Conclusion: Patients who undergo decompressive craniectomy (DC)  have a risk 
of suffering a subdural collection of 21-50%. Few of these collections will become 
symptomatic and will need evacuation. When this happens, cranioplasty might be 
the definitive solution.
Key Words: Cranioplasty, decompressive craniectomy, subdural effusion, 
subdural hygroma, traumatic head injury 

INTRODUCTION

The incidence rate of subdural collections after head 
trauma is between 7 and 12%.[17] The incidence of this 
complication rises to 21-50% of head injury patients 
if a decompressive craniectomy (DC) is performed.[25] 
Subdural collections are fluid accumulations with 
higher or lower protein content, which are normally 
asymptomatic, and course with spontaneous resolution. 
Nevertheless, they become occasionally symptomatic due 
to mass effect. In those cases it is important to know 
the characteristics of the collection, its etiology, and 
natural history in order to apply the right treatment. We 

present the case of a symptomatic subdural collection, 
in a patient in whom a decompressive craniectomy was 
performed, which was resolved by the repair of the skull 
defect. 

CASE REPORT

A 28 year-old male was admitted to the trauma 
Intensive Care Unit (ICU) of '12 de Octubre' Hospital 
after having suffered a traffic accident. He had been 
run over by a car suffering a severe head trauma, and 
deteriorated to Glasgow Coma Scale (GCS) 3 and 
bilateral reactive mydriasis. He was transferred to 
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the hospital hemodynamically stable, and presented 
a GCS of 3 and bilateral reactive mydriasis. A head 
Computed Tomography (CT) was performed, showing 
a left frontotemporal subdural hematoma 11 mm 
width, collapsed quadrigeminal cistern and a 3 mm 
midline shift [Figure 1]. A left fronto-parieto-temporal 
craniotomy was performed and a subdural hematoma 
was evacuated. Due to intraoperative brain swelling, the 
bone flap was not replaced. A control CT scan showed 
improvement of visualization of basal cisterns and 
resolution of the midline shift. He was treated under 
the Brain Trauma Foundation guidelines,[2] showing 
good intracranial pressure (ICP) control. His condition 
gradually improved, and 25 days after trauma the patient 
was tracheostomized, partially recovering from a right 
hemiparesis and presented a GCS of 11. During the 
following days, several CT scans were performed, showing 
a growing liquid collection under the skin flap [Figure 1]. 
The patient was scheduled for cranioplasty, but before 
the operation could be performed, the patient’s condition 
deteriorated to a GCS of 4 (M2). Dysautonomic changes 
in patient’s vital signs occurred, along with bilateral 
decerebration posture and bilateral reactive mydriasis. A 
new CT scan was obtained, showing a greater subdural 
hygroma, with a left to right midline shift of 13 mm 
[Figure 1]. A subdural catheter was placed percutaneously 
to evacuate this collection. This catheter was linked to a 
pressure gauge, which showed pressures between 0 and 5 
mmHg at all moments. Subdural collection biochemistry 
analysis showed high levels of protein (1.96 g/L), without 
decreased glucose. Patient condition improved, and 
draining was stopped, but patient condition started to 
deteriorate again, therefore it was decided to keep it 
draining until cranioplasty was eventually performed. 
During surgery, a depressed brain parenchyma was found 
with neomembranes with thick vessels [Figure 2]. Those 
membranes were removed but brain did not recover to 

its normal volume. On the assumption that the patient 
could present another episode of deterioration, a closed 
subdural drainage was kept in place for 5 days [Figure 1]. 
It didn´t have to be open at any time. The cranioplasty 
completely resolved the subdural hygroma, and the 
patient´s condition improved drastically, so that he 
could be discharged with GCS 14 and very mild right 
hemiparesis. At 6 months follow up the patient had 
recovered and could independently carry out his basic 
daily activities. Control Magnetic Resonance Image 
(MRI) showed only subcortical white matter lesions 
related to diffuse axonal injury, and no recurrence of the 
hygroma.

DISCUSSION

DC is increasingly being used as a life saving procedure 
in head injury and brain ischemia. However, it is not 
a procedure without complications. The incidence of 
CSF circulation derangements is high after DC, as 
hydrocephalus and the presence of subdural collections 
are frequent complications after this procedure. Natural 
history of subdural collections has been described by 
Arabi et al.,[1] They appear along the first week, reach 
their peek volume by 4th week, and disappear around 
the 17th week. 92% of patients who have undergone DC 
harbor the TSH ipsilateral to the surgery side.[10,19,23,24,27] 

High dynamic accidents and diffuse traumatic brain 
injuries have been pointed out as risk factors for a 
subdural hygroma (SDG)  following DC.[6-8,10,12,16,18,23,25] On 
the other hand, duraplasty at the time of DC has been 
observed to lower the incidence of TSH.[1,17,23] Most of 
these collections resolve spontaneously,[1,24,25] as the need 
for surgical evacuation of the collection is low in different 
series ranging from 30 to 8%. It seems more likely the 
collection will need to be drained if it is contralateral to 
DC, since it is more likely to become symptomatic.[1,17,20,23] 

Figure 1: Evolution of Subdural Collection through sequential computed tomography scans. The collection reaches its peak volume by 
day 31, then, a subdural catheter is placed by day 32. By day 35, cranioplasty is performed and then the collection steadily decreases until 
complete resolution by day 56
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In those cases, burr hole drainage resolve most of them, 
a subduroperitoneal shunt being the choice if it is 
recurrent. To the best of our knowledge, the resolution of 
these collections after cranioplasty have been suggested,[7] 
but never documented before.

The etiology of these collections is not clear. Three 
different physiopathological mechanisms have been 
proposed as responsible for their production and 
maintenance: 
1. A subarachnoid - dura interface tear produced 

either by shear stress generated by kinetic energy 
or by surgical injury, allowing unidirectional pass of 
CSF (valve effect) could create and perpetuate the 
collection.[1,6,12,18,23] 

2. The presence of a vascular or parenchymal injury 
could originate the effusion to the subdural space. 

3. An increased arachnoid permeability due to physical 
disruption or higher transmembrane pressure.

Zanini et al. proposed a new classification of 
TSH according to the presence of mass effect and 
hydrocephalus.[26,27] They divided TSH into group I 
without mass effect, and II with mass effect. A subdivision 
was made in group I into Ia without hydrocephalus, and 
Ib with hydrocephalus. They proposed a continuum of 
CSF absorption impairment as the origin of the different 
types of collections, the group Ia showing a disruption of 
subarachnoid membrane without absorption impairment, 
Ib with impairment, and II the most severe cases, 
presenting with marked mass effect. They did not 
correlate this classification with CSF composition.

Stone et al. stated that the protein content of the 
subdural collection was higher than CSF,[18] and, based 
on that, Miranda et al. classified them into TSH if 
composition was similar to CSF, and Subdural effusion 
(SEF) if it had a higher protein content.[14] According 
to cisternography and gammagraphic studies,[11,18] TSH 

presents communication with CSF, while SEF presents 
tracer activity after vascular injection but not after lumbar 
puncture injection [Table 1]. Summarizing what have 
been exposed, we think Zanini classification is useful 
and it might have a histological and physiopathological 
correlation. Type Ia and Ib would be what other called 
TSH as a result of subarachnoid injury, either traumatic 
or surgically. Type Ib would be a result of a more severe 
injury so the CSF absorption mechanism is impaired. 
Type II would be even a more severe injury affecting 
the vessels also. These vessels would leak proteins that 
would induce an inflammatory reaction, which distorts 
the already altered permeability, perpetuating the process. 
This increase in protein content will raise the oncotic 
pressure, thus drawing water from the space with lower 
oncotic pressure, the CSF.

Waziri et al. pointed out that decompressive craniectomy 
flattens the normal dicrotic ICP waveform.[21] Since 
the arachnoid granulations are believed to function as 
pressure-dependent one-way valves from the subarachnoid 
space to the draining venous sinuses,[3] it is possible 
that disruption of pulsatile ICP dynamics secondary 
to opening the cranial vault results in decreased CSF 
outflow. It has been documented by Welch and Friedman 
from light microscopic studies that arachnoid villi opens 
at a CSF pressure of 2-5 cm H2O,[3,22] thus implying that 
the normal dicrotic ICP waveform might be necessary 
for CSF reabsorption. This would explain why, once 
the collection is formed, it is not reabsorbed [Figure 3], 
and how cranioplasty might play a role resolving most 
symptomatic effusions. We believe that is the situation 
in our case. The high containing protein liquid in the 
subdural space draws water from the CSF, dehydrating 
the brain parenchyma. The pressure inside the collection 
was always lower than 5 mmHg, but, based on Waziri  
et al. suggestions, it can be speculated that if pressure had 
been higher, then hydrostatic pressure would have pushed 

Table 1: Traumatic Subdural Hygroma and subdural 
effusion differences

Traumatic subdural 
Hygroma

Subdural Efussion

Mechanism Subarachnoid tear 
permeability increase

Parenchymal and 
vascular injury

CSF comunication Direct Isolated
Protein content Low as CSF Higher than CSF
Density low High
Histology Torn layers of normal 

meninges
Neomembranes. 
Cells with active 
pinocytosis

Cisternografy Contrast influx No contrast pass 
from CSF

Contrast enhancement. 
MR or CT

Do not enhance Enhance

CSF: Cerebrospinal fluid

Figure 2: Surgical view: Brain parenchyma is depressed, and 
neomembranes are seeing in the operative field with thick vessels
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water away into the vessels. It is remarkable that, at the 
time of patient deterioration, no asymmetric neurologic 
signs were observed. Decerebration posture was bilateral 
from the beginning, and no pupil asymmetries were 
present. It can be speculated that patient condition could 
have been caused by a relatively local ionic disturbance 
due to parenchyma dehydration. The fact that patient 
hemiparesis, prior to the deterioration episode, was 
slowly recovering despite the growing subdural effusion 
reinforces this opinion.

Electron microscopy studies have indicated that there 
is no dead space between the dura and arachnoid  
layers.[5,15] If either the trauma or the surgery breaks 
the inner layer of the dura, CSF will fill a virtual space 
between the aforementioned dura and arachnoid 
layers. Separating these layers will alter its permeability 
properties. The higher permeability will perpetuate the 
process. Normal permeability will not be restored until 
those layers are put together again. It can be hypothesized 
that cranioplasty reduces compliance and increases 
the amplitude of the dicrotic ICP waveform,[1,4,7,9,13,17,23] 

leading to reabsorption, progressive reduction of the fluid 
collection, and restoration of normal microanatomy, and 
thus permeability.

CONCLUSION

The incidence rate of subdural collections in head trauma 
is between 7 and 12%, and it is between 21 and 50% after 
DC. 92% of them are ipsilateral to the DC. Most of them 
resolve spontaneously, but are more likely not to resolve 
if they are contralateral to DC. Few subdural collections 

will become symptomatic and will need evacuation. 
Symptoms might be due to the mass effect or local 
ionic disturbances. When they become symptomatic, 
cranioplasty might be the definitive solution. Further 
studies are needed to assess the role of cranioplasty in 
the resolution of these collections. Further validation 
of this classification and nomenclature is needed, and 
detailed understanding of underlying pathogenesis will be 
helpful to predict what patients will develop a subdural 
collection, and which ones will require aggressive 
treatment.
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Commentary

A subdural/galeal fluid collection following decompressive 
craniectomies is a known occurrence. Most resolve, while 
some become symptomatic and require either repeated 
tapping and drainage or rarely a shunting procedure. 
Resolution of subdural/galeal fluid collections after 
cranioplasty has been claimed,[29] but no case report has 
been published documenting this happening. The authors 
in their article “Normal Pressure Subdural Hygroma 
with Mass effect as a Complication of Decompressive 
Craniectomy” present what may be the first case 
report of resolution of a persistent subdural/galeal fluid 
collection after cranioplasty. The authors review the 
possible explanations for the production, maintenance, 
and resolution of the subdural hygroma in their case, 
which the readers should find interesting.

What is not known is what, if any, role did removal of the 
membranes play in the resolution of the subdural fluid 
collection. Did the repeated drainage of the subdural 
fluid collection pre-cranioplasty affect the resolution of 
the subdural fluid collection post-cranioplasty? Of note 

is a recent article by Beauchamp et al.,[28] in which the 
timing of cranioplasty after decompressive craniectomy 
did not affect the outcome. Although hygroma formation 
was noted as a known complication of decompressive 
craniectomy, it was not mentioned as an issue in their 
analysis.

The authors should consider a prospective study; others 
who have had similar experience should publish their 
cases.
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