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ABSTRACT
Background. Decompressive craniectomy (DC) is a common neurosurgical procedure involving the removal of part of the skull 
vault combined with subsequent duroplasty. The goal of DC is to produce extra space for the swollen brain and/or to reduce 
intracranial pressure. In the present study, DC was performed in order to create space for the swollen brain. 

Aim of the study: 
1. to compare the volume alteration of selected intracranial fluid spaces before and after DC,

2. to evaluate the volume of post-decompressive brain displacement (PDBD) and the largest dimension of oval craniectomy 
(LDOC), and

3. to assess the early clinical effects of DC.

Material and methods. The study group consisted of 45 patients with traumatic brain injury (four females and 41 males, mean 
age 54.5 years) who underwent DC (not later than five hours after admission to hospital) due to subdural haematomas and/or 
haemorrhagic brain contusions localised supratentorially and diagnosed by computed tomography (CT). The mortality rate in 
the study group was 40%. Study calculations were performed using Praezis Plus software by Med Tatra, Zeppelin and Pax Station 
by Compart Medical Systems. For statistical analysis, IBM SPSS Statistics software was used.

Results. The DC-related additional space was responsible for a statistically significant increase in the volume of preoperatively 
compressed intracranial fluid spaces. The mean volume of extra space filled by the swollen brain was 42.2 ml ± 40.7. The best 
early treatment results were achieved in patients under the age of 55.

Conclusions. DC has limited effectiveness in patients aged over 70 years. In every patient with clamped basal cisterns, a skin 
incision enabling appropriate LDOC should be planned before surgery. DC should be as large as possible, and the limits of its 
dimensions should be the limits of anatomical safety.
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Introduction 

Traumatic brain injury (TBI) is one of the main unresol-
ved health problems around the world. The long-term effects 
of TBI are a very important challenge for patients because 

of their suffering and disability. TBI is also a challenge for 
healthcare systems and involves a huge financial burden both 
for the families of the sick and for the general population [1]. 

The number of cases of TBI is high in poorly-developed 
and moderately-developed countries. The most common 
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causes here are traffic accidents and injuries experienced 
during physical exertion [2]. In well-developed countries, 
where the populations are older, the most common cause 
of TBI is falls [3]. Heavy TBIs are quite common in soldiers 
involved in warfare and in civilians who have been victims of 
terrorist attacks [4, 5]. The quality of life of people who suffer 
from severe TBI is quite low. The remaining life expectancy 
of these people is two to three times shorter than for the rest 
of the population [6]. 

Additional intracranial volumes resulting from injury 
(haematoma, cerebral oedema) lead to raised intracranial 
pressure (ICP), increased ischaemia, and hypoxia of the brain. 
One treatment option in this group of patients is to create 
additional space surgically by decompressive craniectomy 
(DC) (Fig. 1). Performing DC can also be necessitated by the 
intraoperative situation when the brain tissue bulges over the 
dura surface. Some neurosurgeons also perform DC when 
brain tissue initially does not enter the intraoperative lumen, 
but the occurrence of such a situation in the short term after 
surgery is anticipated.

Extensive knowledge of the pathophysiology of TBI, 
unfortunately, has not translated into significantly better 
outcomes for patients.

Aim of the study

• To evaluate clinical outcomes after performing DC with 
regard to the age of patients. 

• To assess the alteration in volume of both the ambient and 
quadrigeminal cisterns before and after DC of different 
sizes, with regard to the age of patients. 

• To evaluate the volume of post-decompressive brain 
displacement (PDBD) and the largest dimension of oval 
craniectomy (LDOC).

Material and methods

Out of 500 consecutive patients with TBI treated surgically 
in the Neurosurgery Department, 45 patients were enrolled in 
the study (four females, 41 males, mean age 54.5 years). DC 
was performed on patients with a post-traumatic haematoma 
and/or a haemorrhagic brain contusion, both localised supra-
tentorially and diagnosed by computed tomography (CT). 
After removal of a haematoma, DC was performed as a result 
of increased intraoperative brain volume or as a result of the 
high probability of postoperative raised ICP. Craniectomies 
with LDOC below 11 cm were performed for haematoma 

Figure 1. Post-decompressive brain displacement — computed tomography
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removal, and were not enlarged because no brain bulging 
was observed intraoperatively. The area of dura incision was 
tightly sealed using the autogenous periosteum of the skull. 
Plastic surgery of the dura was performed firstly to create 
additional space for the bulging brain tissue, secondly to 
provide a suitable barrier to isolate the brain, and finally to 
prevent postoperative CSF leakage. 

In the study group, decompressive craniectomy was not 
a method of treating previously confirmed high ICP. The mean 
score according to the Glasgow Coma Scale (GCS) to qualify 
for surgery was 7, with a standard deviation of 3.8. The mean 
time between admission to the emergency unit (EU) and the 
start of anaesthesia for surgery was 127 minutes, and the 
shortest time was 20 minutes. 

Criteria for exclusion of patients from the study group 
were: penetrating brain injury, brain stem injury, no intrac-
ranial haematoma, extradural haematoma and posterior fossa 
haematoma.

Cases were analysed taking into account a division into 
groups depending on age and state of consciousness before 
performing DC. Depending on age, four groups were iden-
tified. The first group consisted of 10 patients aged 40 years 
or below, the second of 15 patients aged 41–55, the third of 
12 patients aged 56–70, and the fourth of eight patients aged 
71 or above. For these four groups, the mean GCS score before 
DC was respectively: 9.0, 7.0, 6.5, and 6.5 and the mortality 
rates were 30.0%, 26.7%, 41.2%, and 75.0%. Acute subdural 
haematoma was found in five (out of 10) patients of Group 1, 
11 (out of 15) patients in Group 2, eight (out of 12) patients in 
Group 3, and in all eight patients in Group 4. Haemorrhagic 
brain contusion was diagnosed in three, three, two, and one 
patient respectively, and acute subdural haematoma coexisting 
with haemorrhagic brain contusion in two, one, two, and two 
patients respectively.

The DC complications were analysed in the study group. 
Subcutaneous haematoma following DC was found in 8.9% 
(4/45) and parafalcine haematoma in 2.2% (1/45). Three of 
these five (60%) patients required reoperation due to mass 
effect or neurological deterioration. The rate of superficial 
wound healing complications was 4.4% (2/45).

The control group, which was used to compare the normal 
volume of selected intracranial CSF cisterns with the volume 
of the cisterns in the study group, consisted of 50 randomi-
sed patients who had reported to EU with severe headache 
of unknown origin without a prior history of TBI. In these 
patients, computed tomography of the head and neurological 
examination showed no abnormalities.

Upon admission to EU, computed tomography of the head 
was performed to visualise intracranial traumatic changes. 
Clinical status was assessed using a standard neurological 
examination. The GCS was used to evaluate patient reactivity. 
Patients were subjected to standard dehydration, analgesic 
and anticonvulsant therapy, and perioperative antibiotic 
prophylaxis was initiated. Patients were operated immediately 

after the indications for surgery were established. On average, 
on the second day after DC, a control computed tomography 
of the head was performed. On the 14th postoperative day, 
patients were assessed by neurological examination and the 
Extended Glasgow Outcome Scale (GOSE). The results of the 
digital version of computed tomography of the head were used 
for calculations. The volume of the intracranial structures 
and LDOC calculations were performed using the computer 
programs Praezis Plus by Tatra Med, Zeppelin and Pax Station 
by Compart Medical Systems. 

Praezis Plus was used to evaluate the PDBD volume and 
LDOC. For unification, the volume measurements were made 
in each case by means of scans from convexity of the skull to 
the level of foramen magnum.

Pax Station was used to evaluate the volume of the 
cerebrospinal fluid (CSF) in selected structures. The area 
corresponding to the CSF on a computed tomography image 
of the head was assumed to be grayscale pixels in the range 
of 0-18 Hounsfield units. Fluid volume calculations were 
performed on three head CT scans of a total thickness of 
7.5 mm. For the purpose of standardising measurements, in 
each case they were made 2.5–10.0 mm below the pineal gland. 
Using this method, the CSF volume in both the ambient and 
quadrigeminal cisterns before and after DC was calculated. 
The collected research material was analysed using the IBM 
SPSS Statistics software package. 

Results

In the study group, 45 unilateral DCs were performed. 
The mortality rate in the study group was 40%.

The relationship between the LDOC  
of unilateral DC and the PDBD volume  
consumed by the swollen brain (Fig. 2).

The smallest value of LDOC, i.e. 8.4 cm, was associated 
with the formation of 25.6 ml of PDBD. Larger craniectomies, 
in the LDOC range of 8–10 cm, 10–12 cm and 12–14 cm, 
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Figure 2. Post-decompressive brain displacement (r = 0.48,  
n = 45)
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provided mean volumes of 25.9 ml, 41.7 ml and 90.6 ml of 
PDBD respectively; the largest DC with an LDOC of 13.5 cm 
had a volume of 148.9 ml of PDBD. Pearson’s correlation coef-
ficient for the examined features was r = 0.48. The correlation 
was statistically significant (p < 0.05). It is notable that, in 
some patients, the decompression area remained depressed af-
ter surgery; therefore PDBD values on the graph are negative.

Analysis of alteration in CSF volume  
of the selected basal cisterns — the ambient and 

quadrigeminal cistern, before and after DC
The results are shown in Table 1 and compared with the 

control group.
 Prior to operation, the cisterns were most often clamped 

and their volume was about 0.5 ml, and this was three times 
smaller than in the control group. After surgery, the volume of 
the cisterns nearly doubled, reaching a mean volume of about 
1 ml (Fig. 3). This change of volume was statistically significant 
(p < 0.001). The selected basal cistern volume (SBCV) after DC 

was also statistically significantly different from the control 
group (p < 0.001). In order to compare SBCV in the study 
group vs the control group, statistical calculations using the 
t-test (Student’s t-test) for independent groups were perfor-
med. The t-test for dependent (paired) groups was used to 
compare the SBCV in the study group before and after the DC.

Analysis of changes in the mean volume of CSF 
within selected basal cisterns before and after 
surgery in different age groups (Groups 1–4) 

The t-test for dependent (paired) groups was used for 
statistical calculations. In Group 1, the selected basal cisterns 
were preoperatively clamped to the greatest extent and their 
mean volume was 0.32 ml. After surgery, the decompressed 
cisterns filled up with CSF and reached a volume of 0.84 ml, 
which was statistically significant (p < 0.01) relative to the 
baseline values. In Groups 2, 3 and 4, there was also a signi-
ficant postoperative increase in SBCV (p < 0.001, p < 0.001, 
and p < 0.01, respectively). All results are shown in Table 2. 

An age-specific analysis of the early effects  
of the applied treatment and an assessment  

of the neurological condition of patients 14 days 
after surgery (Groups 1–4) 

The best outcomes evaluated on the 14th day after surgery 
were those in Group 1. Very good or good condition of the 
patients was found in 70% (GOSE = 7 or GOSE = 8), while 
death was reported in 30% of the patients (GOSE = 1). In 
Group 2, the results of the evaluation were respectively GOSE 
= 7 or GOSE = 8 in 53% of the patients and GOSE = 1 in 27% 
of the patients. In Group 3, GOSE = 7 or GOSE = 8 in 33% of 

Figure 3. Selected basal cistern volume before and after decompressive craniectomy — computed tomography

A B

Table 1. SBCV in the test group before and after surgery and in the control 
group (mean, SD, p, median)

SBCV before 
DC  

(n = 45)

SBCV after 
DC  

(n = 45)

SBCV in the  
control group  

(n = 50)

Mean (ml) 
± SD

0.50 ± 0.56 0.98 ± 0.66 1.54 ± 0.58

p < 0.001

Median 0.33 0.81 1.48
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the patients and GOSE = 1 in 42% of the patients. In Group 
4, very good or good condition of the patients (GOSE = 7 or 
GOSE=8) was found only in 12.5% of the patients while 75% 
of the patients died (GOSE = 1). The results of the above 
analysis are shown in Figure 4. 

The Spearman rho correlation coefficient (ρ Spearman) 
showed a statistically significant negative correlation between 
age and the clinical state of patients evaluated with the GOSE 
scale 14 days after surgery (with increase in age, GOSE score 
decreased, ρ45 = −0.407, p < 0.01).

The correlations between pre- and postoperative SBCV 
and the volume of the PDBD and neurological condition of 
patients on the 14th day after surgery were estimated. There 
was no statistically significant correlation between SBCV and 
the neurological status of patients on the 14th postoperative 
day or between PDBD and the status of patients evaluated 
on the GOSE scale (Fig. 5). The only statistically significant 
correlation was found for the relationship between postope-
rative SBCV and the status of patients evaluated according 
to the GOSE scale on the 14th day after surgery in the age 
group up to 40 years (r = 0.623, p < 0.05). Pearson’s correlation 
coefficient was used for calculations.

Discussion 

This study presents volume changes of selected intrac-
ranial fluid spaces prior to and after DC, and the usefulness 
of PDBD space in patients after TBI. These parameters have 
been linked to the clinical state of patients 14 days after 
surgery, also taking into consideration their preoperative 
neurological condition and age. There have only been a few 
published studies concerning changes in the volume of the 
brain, herniating above the skull surface in TBI patients after 
DC. Single publications have reported that PDBD may be 
a good prognostic factor and that the decompression effect 

can be evaluated by measuring PDBD volume [7, 8]. However, 
this was not definitely confirmed in our current study. Severe 
traumatic brain injury has a poor prognosis regardless of the 
treatment method used. Evaluation of the volume change of 
the CSF cisterns before and after DC has also been rarely 
presented in the literature. No publication has been found 
on this subject concerning patients operated due to intracra-
nial haematoma. The only text evaluating the volume of the 
basal CSF cisterns in patients after head injury is the study 
by Głowacki et al. [9]. The authors found that selected basal 
cisterns significantly reduce their volume after TBI, which 
was also confirmed in our current study. Based on the results 
of many publications, it is known that DC immediately, and 
in the long term, decreases ICP in a statistically significant 
way. It should also be noted that a reduction of the ICP is 
associated with an enlargement of the CSF space, but this 
does not mean an improvement of the neurological condi-
tion in every patient. The coefficient of correlation between 
preoperative cistern volume and the condition of patients on 
the 14th day after surgery was rather low for the whole study 
group. However, in our study we found that the volume of 
intracranial CSF cisterns increased significantly after DC in 
each age group. Therefore, this may be a good indicator of 
intracranial tightness.

The use of DC for the treatment of head injuries has a long 
history, but it remains controversial. Previous research has 
shown that DC results in lower ICP and increases cerebral 
perfusion pressure (CPP) [10–14]. However, there are many 
conflicting findings in the literature concerning treatment 
results. Some authors have reported good outcomes in less 
than 20% of patients [15], while others have reported good 
outcomes in more than 70% [16]. Further research should 
define the optimum criteria for decompressive craniectomy. 
However, it should be noted that too small a bone window, 
with LDOC less than 12 cm, has been confirmed to increase 

Figure 4. Clinical state of patients on the 14th day after DC 
in different age groups according to the GOSE scale (n = 45, 
ρ45 = −0.407) 
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Figure 5. SBCV before DC and the clinical state of patients on 
the 14th postoperative day according to the GOSE scale (n = 45,  
ρ45 = 0.224, p = 0.122)
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the chance of brain injury and poor outcome [17]. As yet, 
there are no clear guidelines for treating TBI. In everyday 
clinical practice, the benefits of DC must be thoroughly 
weighed against the risks. The long-term outcome of DC 
in TBI patients is not fully understood and it is difficult to 
interpret due to a variety of factors that may influence the con-
dition of patients. Identification of these factors can improve 
treatment methods and life quality of head injury patients 
[10, 18–23]. Severe TBI is usually associated with a poor 
prognosis [14, 24–27]. Outcomes of DC have been described 
by some authors [28, 29], but the available studies were not 
randomised and were mostly based on small patient groups 
limited to individual centres. In this context, of particular 
interest are the results of RESCUE-ASDH – a multi-centre, 
pragmatic, parallel group randomised trial conducted by A. 
G. Kolias from the University of Cambridge’s Department of 
Clinical Neurosciences. RESCUE-ASDH aimed to compare 
the clinical and cost-effectiveness of decompressive craniec-
tomy versus craniotomy for the management of adult patients 
with head injuries undergoing evacuation of an acute subdural 
haematoma (ASDH).

While the DC procedure is technically straightforward, 
according to the literature it exposes a patient to risk com-
plications which can negatively impact outcome. Such com-
plications can be divided into three groups: a) haemorrhagic 
(postoperative haematoma, recurrent ipsilateral haematoma, 
contralateral haematoma, haemorrhagic transformation of 
brain contusion or ischaemic area), b) infectious/inflamma-
tory (wound healing complications, meningitis and ventri-
culitis, abscess formation and epidural/subdural empyema), 
and c) CSF compartment disorders (hydrocephalus, subdural 
hygroma or CSF leak/fistula formation). Other complications 
of DC are syndrome of the trephined, paradoxical herniation, 
and falls on an unprotected cranium [30]. 

It should be remembered that in DC patients further 
cranioplasty is required in the future which may also be 
associated with complications similar to those found in DC, 
although some complications are characteristic for cranio-
plasty e.g. bone flap resorption/depression and cosmetic 
defects [30].

In our study, however, we did not find that DC com-
plications were frequent and the procedure was not very 
risky, although it does not protect against all common 
risk of injury. It should be remembered that some of the 
above-mentioned situations (haemorrhagic transformation 

of brain contusion or ischaemic area, hydrocephalus, me-
ningitis and ventriculitis, abscess formation and epidural/
subdural empyema, especially in the case of penetrating 
injuries) can be a natural consequence of TBI, and can occur 
without surgery. 

To summarise, despite the method limitations, decom-
pressive craniectomy is a valuable treatment option for trau-
matic brain injury (TBI) management. That it helps to reduce 
post-traumatic intracranial volume disorders was confirmed 
in this study and this is in agreement with the results of other 
studies. However, the study group was heterogeneous and 
some factors could have influenced the final study results (e.g. 
patient age diversity, different initial neurological status, ad-
ditional physician load). Moreover, even promptly performed 
DC remains an ineffective procedure in patients with very 
severe brain damage, which itself leads to a poor prognosis, 
regardless of the method of treatment. 

DC is considered to be an effective method in selected 
post-traumatic cases in combination with conservative phar-
macological treatment. Qualifications for operations should 
be determined on a case-by-case basis. 

Conclusions

A statistically significant increase in the volume of pre-
operatively clamped intracranial CSF cisterns was observed 
in each age group after DC.

DC increases the volume reserve for the enlarged post-
-traumatic brain depending on the size of the removed skull 
vault.

The best early results of TBI management using DC were 
obtained in patients under the age of 55. It has limited effec-
tiveness in the over 70 years old group.

If herniation of the brain tissues follows haematoma re-
moval, the LDOC should be enlarged to a diameter of more 
than 12 cm. DC should be as large as possible, and the limits 
of its dimensions should be the limits of anatomical safety.

In every patient with clamped basal cisterns, a skin inci-
sion enabling appropriate LDOC should be planned before 
surgery.

Conflict of Interest: The authors declare that they have no 
conflict of interest.
Ethical approval: The local bioethics committee approved the 
research project upon which this study was based.

Table 2. SBCV before and after DC in relation to age (mean, SD, p)

Group 1 (n = 10) 2 (n = 15) 3 (n = 12) 4 (n = 8)

Age (in years) up to 40 41–55 56–70 71+

SBCV (mean (ml)±SD) before DC after DC before DC after DC before DC after DC before DC after DC

0.32 ± 0.24 0.84 ± 0.63 0.55 ± 0.73 0.90 ± 0.75 0.32 ± 0.24 0.84 ± 0.63 0.55 ± 0.73 0.90 ± 0.75

p < 0.01 < 0.001 < 0.001 < 0.01
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