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Summary
The analysis of efficacy of diagnostic methods in 

lumbar disc herniations

The authors analyzed results of operative management of 170 
patients (100 male and 70 female) with lumbar disc herniations. 
The management outcomes depended on great number of factors 
were thoroughly taken in consideration and studied.

Key words: Lumbar disc herniations, surgical 
management, management outcome, recurrences.
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Introduction. Traumatic head injury is an important cause 
of intracranial hypertension [1]. The aims of the management of 
traumatic intracranial hypertension are the control of intracranial 
pressure (ICP), and the maintenance of cerebral perfusion 
pressure (CPP) and cerebral blood flow (CBF) to prevent 
cerebral ischemia. Severe intracranial hypertension does not 
respond to medical management in 10 to 15% of head injured 
patients [1, 16, 23] and decompressive craniectomy appears 
to be a reasonable alternative treatment in these patients, but 
the long-term functional outcomes of this method when used 
to treat an elevated ICP (ICP > 20 mmHg) remain unknown. 
Nevertheless, several authors have reported a gradual decrease 
in mortality and an increase in the proportion of patients that 
achieve a good outcome after decompressive craniectomy [1] 
and others have concluded that surgical decompression may 
improve oxygen delivery to brain tissue, cerebral compliance, 
CPP, and CBF, and reduce swelling, and thus, improve 
clinical outcomes [3, 8, 19, 26, 28]. The surgical method is 
relatively straightforward, but postoperative complications 
can severely affect clinical outcome. Here, we retrospectively 
analyzed complications following decompressive craniectomy 
in patients with traumatic brain injury (TBI) and sought to 
identify the clinical risk factors related to poor outcome.

Material and methods. Study characteristics. We 
retrospectively investigated the medical records on patients 
with TBI who underwent decompressive craniectomy between 
February 2007 and February 2012.

Surgical indications and procedure. Surgical indications for 
decompressive craniectomy were included : 1) the appearance 
of unilateral or bilateral brain swelling and a midline shift of 
at least 5 mm on CT scans with a poor initial GCS score (≤ 
8); 2) neurological worsening (a decrease of GCS score of ≥ 
2 points) and aggravation of pupillary response to light during 
initial medical therapy; 3) bilateral fixed pupils with an intact 
brain stem reflex; 4) therapy-resistant increases in ICP to > 25 
mmHg in patients undergoing ICP monitoring; 5) a swollen 
brain despite hematoma evacuation. Surgical decompression 
was not performed in any patient without brain stem reflex.

Patients received decompressive craniectomy, hematoma 
removal, augmentative duraplasty, and decompressive 
lobectomy if necessary. Decompressive craniectomy 
was performed by removing a large portion of the 
frontotemporoparietal cranium (> 12 cm) for lesions confined 
to one cerebral hemisphere. Patients with bifrontal or anterior 
cranial fossa lesions underwent bilateral frontal craniectomy 
from the anterior cranial fossa to the coronal suture. After 
craniectomy, epidural hematoma (EDH) and subdural 
hematoma (SDH) were evacuated when present. Brain 
parenchymal hemorrhagic contusion was removed in cases 

with persistent and significant brain swelling after craniectomy 
and hematoma evacuation.

Diagnosis of complications. Several complications 
occurred after decompressive craniectomy, such as, contusion 
expansion, postoperative epilepsy, external cerebral herniation, 
intracranial hematoma contralateral to the craniectomy defect, 
subdural effusion, CSF leakage through the skin incision, 
postoperative infection, post-traumatic hydrocephalus, and 
syndrome of the trephined.

The following criteria were used to diagnose these 
complications following decompressive craniectomy. 
Contusion expansion was defined as an enlarged non-
hemorrhagic or hemorrhagic contusion ipsilateral or 
contralateral to the decompressed hemisphere on serial 
cranial CT scans. Subdural effusion was defined as a newly 
appearing subdural fluid collection on serial cranial CT scans. 
External cerebral herniation was defined as more than 1.5 
cm of herniated brain tissue through the craniectomy in the 
center of the skull defect, as previously described by Yang et 
al. [26]. Post-operative epilepsy was defined as one or more 
postoperative epilepsy attack. Post-traumatic hydrocephalus 
was defined as; 1) ventricular dilation not due to brain atrophy; 
2) onset within 6 months after surgery; and 3) neurological 
deterioration. Syndrome of the trephined was defined as the 
following profile; 1) newly appearing symptoms including 
headache, irritability, memory problems, mood disturbances, 
or neurological deficits following decompressive craniectomy; 
with 2) a sunken parenchymal contour on the skull defect side 
by brain CT.

Assessment of neurological outcomes. Neurological 
outcomes were evaluated using the Glasgow outcome scale 
(GOS) as follows: 1) death; 2) vegetative state; 3) severe 
disability; 4) moderate disability; and 5) good recovery. 
Clinical outcomes were analyzed with respect to initial GCS 
score, age, pupillary response to light, and the midline shift 
by cranial CT scan at admission. In addition, we compared the 
incidences of complications among different patient subgroups 
to identify risk factors affecting complications.

Statistical analysis. Data were analyzed using SPSS 14.0 
for Windows (SPSS, Inc.). Pearson’s chi-square test, Fisher’s 
exact test and logistic regression analysis were used to calculate 
the significances of differences. Statistical significance was 
accepted for p values of < 0.05.

Results. Eighty-nine patients (79 men and 10 women), 
mean age of 51.4 years old (range, 4-82 years old), underwent 
decompressive craniectomy. The most common cause of head 
injury was fall (n = 53, 59.5%), and other causes were motor-
vehicle accidents (n = 28, 31.5%) and violence (n = 8, 9%). 
The mean preoperative GCS score was 7/15 (range, 3-14). 
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Bilaterally dilated unreactive pupils were seen in 39 patients 
(43.8%), a dilated unreactive pupil was seen in 19 patients 
(21.3%), and bilaterally reactive pupils were seen in 31 patients 
(34.8%). The midline shift of ≤ 10 mm on initial cranial CT 
scans was seen in 24 patients (27.0%).

Complications associated with decompressive craniectomy 
occurred in 48 of the 89 patients (53.9%), and 21 (23.6%) 
patients developed more than one complication. Each 
complication following decompressive craniectomy showed a 
tendency to occur within a specific time window after surgery. 
We divided complications into three subgroups according to 
onset time after surgery; early (within 1 week), late (from day 
8 to 30) and delayed (> 1 month).

Early complications. Hematoma contralateral to the 
decompressive craniectomy defect occurred in 5 patients and 
was the earliest complication to develop (1.5 ± 0.9 days). 
Reoperation was performed in 2 patients due to significant 
mass effect and neurological deterioration.

Contusion expansion occurred in 11 of 48 patients (2.2 ± 1.2 
days) and 4 of these underwent hematoma evacuation to reduce 
ICP. Furthermore, despite preventive antiepileptic medication, 
post-traumatic epilepsy occurred in 3 patients (2.7 ± 1.5 days).

External cerebral herniation occurred in 13 patients (5.5 ± 
3.3 days) and CSF leakage in 2 patients (7.0 ± 4.2 days). These 
complications resolved spontaneously.

Late complications (from postoperative 8 to 30 days)
Postoperative infection occurred in 4 patients (9.8 ± 3.1 

days) and was treated by antibiotics. Subdural effusion occurred 
in 29 patients within 15 days (10.8 ± 5.2 days) and was the 
most common complication encountered. Most of these lesions 
resolved spontaneously. However, surgery was necessary on 
one case because of the neurological deficit.

Delayed complications. Post-traumatic hydrocephalus 
occurred in 10 patients (49.2 ± 14.1 days) and a 
venticuloperitoneal (VP) shunt was placed in all. Syndrome of 
the trephined occurred in 8 patients (79.5 ± 23.6 days), and 
these patients improved after cranioplasty.

Relations between complications and clinical factors. 
Patients were divided into three groups according to initial 
GCS score; group 1 (GCS 3-8), group 2 (9-12) and group 3 (≥ 
13). Group 1 contained 57 (64.0%) patients, group 2 contained 
22 (28.1%) and group 3 contained 7 (7.9%). We also divided 
patients into three groups by age; group I (< 40 years old) 
contained 57 (64.0%), group II (40-64 years old) 25 (28.1%) 
and group III (≥ 65 years old) 7 (8.9%) patients. It was found 
that patients with lower GCS score at ad-mission (p = 0.048) 
and older patients (≥ 65; p = 0.042) had significantly higher 
complication incidence rates. Furthermore, 41 patients without 
complications achieved functional recovery (GOS 4-5) after 
surgery (p = 0.048).

Clinical outcome. The clinical outcomes were determined 
using GOS score. Final outcomes were evaluated at 
postoperative 6 months or at death. Twenty-one of 89 patients 
who underwent decompressive craniectomy died within 1 month 
of surgery (GOS 1). Of these, 15 patients died of intractable 
intracranial hypertension and six patients succumbed to other 
medical problems. Of the 68 survivors after decompressive 
craniectomy, 42 patients achieved functional recovery (GOS 
4 & 5) and 26 non-functional recovery (GOS 2 & 3). Our 
analysis showed that patients with the poor GCS score (≥ 8) at 
admission (p < 0.001), older patients (≥ 65, p = 0.010), patients 
with the midline shift exceeding 10 mm (p < 0.05) and patients 
with bilaterally unreactive pupils (p < 0.005) showed worse 
clinical outcome rates.

We performed univariate and multivariate analysis to 
examine relations between postoperative outcomes and 
postoperative complications. Complications with a p value 
of < 0.1 by univariate analysis were subjected to multivariate 

analysis. Contusion expansion (p = 0.010) and age (p = 0.016) 
were found to be significantly predictive of postoperative 
death, and subdural effusion (p = 0.012) was found to be 
significantly associated with low risk of postoperative death. 
However, multivariate analysis revealed that only contusion 
expansion and subdural effusion were significantly associated 
with clinical outcome.

Discussion. Traumatic brain injury is one of the most 
common causes of death among young people in the 
industrialized countries [6, 24]. Marked ICP elevation, which 
causes cerebral ischemia and secondary brain damage, is difficult 
to treat by medical management alone [6, 20, 21] and thus, in 
these cases, neurosurgeons generally perform decompressive 
craniectomy to reduce ICP and prevent additional brain damage. 
Furthermore, many studies on decompressive craniectomy 
have shown that it improves clinical outcomes [1, 2, 7, 11, 13, 
14, 17, 18, 25]. Nevertheless, there is no prospective controlled 
randomized trial to establish that decompressive craniectomy 
for TBI actually improve quality of life [29] and long-term 
functional outcomes following this procedure for intractable 
intracranial hypertension have not been proved.

The purpose of treating traumatic brain injury is to prevent 
secondary injury and the establishment of a vicious cycle. 
However, decompressive craniectomy can be accompanied 
by several complications, which can adversely affect clinical 
outcome. The majority of these complications develop from 
normal pathophysiologic changes in ICP, CSF circulation and 
CBF following the removal of a large portion of skull. Several 
surgical complications were examined in the present study, 
whereas the majority of previous studies have concentrated on 
the management of increased ICP and clinical outcome, and 
relatively few have detailed the complications of decompressive 
craniectomy [1, 15, 27, 29, 30]. In previous studies, the most 
common complication of decompressive craniectomy for TBI 
was subdural hygroma, and the majority of patients affected 
resolved spontaneously [1, 15, 27, 29, 30] which concurs with 
our findings.

Early complications. Contusion expansion or a new 
intracranial hematoma could develop after decompressive 
craniectomy contralateral or remote to the decompressed 
hemisphere. This complication may occur because of a 
reduction or loss of the tamponade effect [10, 22, 27] and 
may develop early after decompression [27, 29]. Appropriate 
management based on close monitoring and early detection is 
the key to proper management.

The mechanism of postoperative epilepsy is still not fully 
understood, but graded increases in hyperexcitability and a 
reduced epileptogenic threshold have been suggested to be 
potential causes of seizure [5]. Prophylactic antiepileptics 
may prevent postoperative epilepsy, and we adopted this 
management strategy. As has been reported previously [29], 
3 of our patients (3.4%) developed postoperative epilepsy. 
However, this complication disappeared in all after increasing 
the dosage and/or adding other antiepileptics.

The mechanism of external cerebral herniation has been 
attributed to brain edema [27]. External cerebral herniation 
may cause cortical vein compression and cause cortical 
laceration resulting in venous infarction of herniated brain 
tissue [27, 29] and cortical damage. Large craniectomies with 
augmentative duraplasty allow the brain to expand outward 
without constriction, and thus, minimize the risk of venous 
infarction [27, 29]. In the present study, this complication 
occurred in 13 patients (14.6%) although craniectomy of larger 
than 12 cm in diameter had been performed. However, surgical 
intervention, such as, decompressive lobectomy, was not used 
in any patient because of the lack of postoperative neurological 
deterioration, medically responsive ICP, and a CPP of larger 
than 70 mmHg. Furthermore, external cerebral herniation 
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disappeared in all with time without surgical intervention. In 
addition, our analysis revealed that external cerebral herniation 
is unlikely to affect postoperative outcome, especially when a 
large craniectomy is performed.

CSF leakage occurred in 2 patients (2.2%) through 
small wound dehiscence, but was resolved by simple suture 
placement.

Late complications. Subdural effusion is known to be 
caused by traumatic rupture of the dura-arachnoid interface and 
a resultant change in the dynamics of the CSF circulation [4, 
27, 29, 30]. In a recent report [29], subdural effusion occurred 
at 13.3 ± 9 days postoperatively and was the most common 
complication after decompressive craniectomy, which concurs 
with our findings. In our series, this complication resolved 
spontaneously in 28 of the 29 patients affected; the other patient 
had progressive neurological deterioration but recovered after 
surgical intervention.

Postoperative CNS infection can increase morbidiy and 
mortality. S. epidermidis which is a major inhabitant of the 
skin has been reported to be the pathogen most commonly 
associated with postoperative infections and [31]. As 
previously described, clean skin preparation and prophylactic 
antibiotics are important for preventing these infections [31]. 
In the present study, 4 patients developed this complication and 
all responded to antibiotics.

Delayed complications. Posttraumatic hydrocephalus 
develops when CSF flow is perturbed and the CSF circulation 
fails to normalize [27, 29]. In the present study, 10 patients 
(11.2%) developed this complication and all underwent a VP 
shunt operation.

The syndrome of the trephined was first described by 
Grant and Norcross in 1939, who detailed its symptoms of 
headache, seizures, mood swings and behavioral disturbances 
[12]. After decompressive craniectomy, the scalp above the 
bone defect sinks because of a lack of bone support, which 
transmits atmospheric pressure directly to the brain, reduces 
the subarachnoid space, and exerts pressure on the underlying 
cortex, which perturbs CSF circulation and cerebral blood 
flow. Cranioplasty is beneficial in cases with syndrome of 
the trephined, and early cranioplasty after decompressive 
craniectomy has been recommended [27, 29, 30]. In the 
present study, 8 patients (9.0%) developed this complication 
and symptoms in all were much improved after cranioplasty.

In the present study, multivariate analysis showed patients 
without complications were more likely to achieve functional 
recovery (GOS 4-5) after surgery, and that the development of 
contusion expansion significantly indicated worse outcome. 
Therefore, it is important to prevent these complications and 
to detect them at the earliest opportunity after decompressive 
craniectomy.

The retrospective, non-randomized, non-controlled nature 
of this study, and the small number of patients recruited limit our 
ability to draw firm conclusions. Nevertheless, this study does 
show that complications following decompressive craniectomy 
have specific onset times and that some complications can 
affect postoperative outcome.

Conclusion. Complications following decompressive 
craniectomy for TBI were found to occur at specific times, 
and the poor GCS score (≤ 8) and the older age (≥ 65) were 
found to be related to the occurrence of these complications. 
In addition, the lack of complications was found to be 
significantly associated with functional recovery (GOS 4-5) 
after surgery, and contusion expansion was found to affect 
postoperative outcome significantly. These results should 
allow neurosurgeons to better anticipate when complications 
are likely to develop and adopt to appropriate management 
strategies.
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Түйін
Бас сүйек-ми жарақаты кезінде декомпрессия 

краниэктомиясының кедергілері
Автор 2007 жылдан 2012 жылға дейiн мерзiмде 89 

науқастарда бас сүйек-ми жарақаты кезінде декомпрессия 
краниэктомиясының кедергiлерден кейiн талдады. 
Декомпрессия краниэктомиясынан кейін салдарлық 
кедергiлер 89 емделушiлердiң 48-iнде (53,9%) байқалды. 
Тiптi, бұл кедергiлер операция жасағаннан кейiн 
мөлшерлi уақыт арқылы дәйектi түрде дамыды: мидың 
зақымдалынған ошақтың үлкеюi, (2,2 ± 1,2 күн), қарсы 
жаққа субдуралды немесе эпидуралды гематоманың пайда 
болуы (1,5 ± 0,9 күн), қояншықтың баса көктеулерi (2,7 ± 
1,5 күн), бастағы жарақат арқылы мижұлын сұйығының 

ағып кетуi (7,0 ± 4,2 күн) және ми жарықтың пайда болуы 
(5,5 ± 3,3 күн). ШКГ бойынша науқастың ахуалы және (≤ 8) 
және жасы ≥ 65жас жоғарыда айтылған кедергiлердiң бiрiн 
дамуына бейiмдейдi. Авторлардың алынған нәтижелері 
нейрохируртарға кедергi болжауын байқауға, ұқсас 
кедергiлердiң даму тәуекелiнiң төмендетуi үшiн емдеудiң 
стратегиясын өндiруi және клиникалық нәтижелерін 
жақсарта алуына көмектесуi керек. 

Түйін сөздер: Декомпрессия краниэктомиясы, бас 
сүйек-ми жарақаты, кедергi.

Резюме
Осложнения декомпрессионной краниэктомии при 

черепно-мозговой травме
Авторы анализировали осложнения после 

декомпрессионной краниэктомии при черепно-
мозговой травме у 89 больных за период с 2007 по 2012 
гг.  Вторичные осложнения после декомпрессионной 
краниэктомии отмечены у 48 из 89 (53,9%) пациентов. 
Более того, эти осложнения развивались последовательно 
через определенное время после выполнения операции: 
увеличение очага ушиба головного мозга (2,2 ± 1,2 дня), 
появление субдуральной или эпидуральной гематомы 
на противоположной стороне (1,5 ± 0,9 дня), приступы 
эпилепсии (2,7 ± 1,5 дня), истечение цереброспинальной 
жидкости через рану головы (7,0 ± 4,2 days) и появление 
мозговой грыжи (5,5 ± 3,3 дня). Состояние больного по ШКГ 
(≤ 8) и возраст ≥ 65 лет предрасполагали к развитию одного 
из вышеуказанных осложнений. Полученные автором 
результаты должны помочь нейрохирургам предвидеть 
возможные осложнения, выработать стратегию лечения 
для снижения риска развития подобных осложнений и 
улучшить клинические исходы. 

Ключевые слова: Декомпрессионная краниэктомия, 
черепно-мозговая травма, осложнение. 

Summary
Complications after decompressive craniectomy for 

traumatic brain injury
The authors reviewed and analyzed complications 

following decompressive craniectomy for the management 
of TBI. A total of 89 consecutive patients who underwent 
decompressive craniectomy for TBI between 2007 and 2012 
were reviewed retrospectively. Complications secondary to 
decompressive craniectomy occurred in 48 of the 89 (53.9%) 
patients. Furthermore, these complications occurred in a 
sequential fashion at specific times after surgical intervention; 
cerebral contusion expansion (2.2 ± 1.2 days), newly appearing 
subdural or epidural hematoma contralateral to the craniectomy 
defect (1.5 ± 0.9 days), epilepsy (2.7 ± 1.5 days), cerebrospinal 
fluid leakage through the scalp incision (7.0 ± 4.2 days), and 
external cerebral herniation (5.5 ± 3.3 days). A poor GCS 
score (≤ 8) and an age of ≥ 65 were found to be related to 
the occurrence of one of the above-mentioned complications. 
These results should help neurosurgeons anticipate these 
complications, to adopt management strategies that reduce the 
risks of complications, and to improve clinical outcomes.
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