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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

KiaroueBbie cjoBa: IpbDKM  TMOSCHUYHBIX JUCKOB,
XUPYPrU4eCKOe JeUEeHHE, UCXO/bI JICUEHUS, PELIUIUBBI.

Summary
The analysis of efficacy of diagnostic methods in
lumbar disc herniations

were thoroughly taken in consideration and studied.
Key words: Lumbar disc herniations,
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
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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).



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
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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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TYWUIH

Bac cyiiek-Mu :kapakaTbl Ke3iHJe JeKOMIpecCHsi
KPAaHUIKTOMMSCHIHBIH Kelepriiepi

Aprop 2007 xpoiman 2012 >xeorFa geiiin Mepsimae 89
HayKacTapza 06ac cyHek-Mu XKapakaTbl Ke3iHe AEKOMIIPECCHs
KPaHMAIKTOMUSCBIHBIH ~ KeJepriepleH  KeHiH  Taimansl.
JlexoMnpeccuss  KPaHUIKTOMMSCBIHAH  KEHIH  casgapiibIK
keaeprizep 89 emmenyminepniy 48-iame (53,9%) Oaiikammpl.
Tinti, Oyn Kemeprijiep omnepauust >kacaraHHaH KeWiH
MOJIIIEpIli YaKbIT apKbUIbl JSHEKTI TYple AaMBbIAbI: MHIBIH
3aKbIMIAJIBIHFAH OLIAKTHIH YJIKeroi, (2,2 £ 1,2 KyH), Kapchl
KaKKa CyOaypaibl HEeMece 31Uy pallibl FeMaTOMaHBbIH naiina
6omnysr (1,5 £ 0,9 xyH), KOSHIIBIKTBIH Oaca kekreynepi (2,7 +
1,5 kyH), OacTaFrbl jKapakarT apKbUIbI MIDKYJIBIH CYHBIFBIHBIH
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arbin ketyi (7,0 + 4,2 KyH) )KoHE MU JKapbIKTHIH Naiaa 0orybl
(5,5 +3,3 xyn). LLIKT GofisiHIIa HAYKACTHIH axyaibl xkoHe (< 8)
JKOHE KaChl > 65Kac KOFapblIa alThUIFaH Kelepriepaid 6ipiH
JaMmyblHa Oelimzeiini. ABTOpIapIblH aJbIHFaH HOTHKENepi
HeWpoxupyprapra kexepri OormkayblH —Oalikayra, yKcac
KeAEPrijiepaiH AaMy TOYCKETiHIH TOMEHACTYI YIIH eMICyaiH
CTpAaTerusIChIH  OHAIPYl JKOHE KIMHUKAIBIK HOTIDKENepiH
KaKcapTa aTyblHa KOMEKTECyi Kepek.

Tyiin ce3aep: Jlekommpeccuss KpaHMIKTOMUSCHI, Oac
CYHEK-MU >Kapakarhbl, KeAepri.

PE3IOME

OcoKHeHNs1 1eKOMIIPECCHOHHOH KPAHMIKTOMUHU IPH
YyepenHo-Mo3roBoii TpaBMe

ABTOpHI aHaJIM3UPOBAITH OCIIO)KHEHHS nocie
JIEKOMITPECCHOHHOH KPaHUAKTOMUH pu YepenHo-
MO03roBoil TpaBMme y 89 GonmbHBIX 3a mepuon ¢ 2007 mo 2012
IT.  BropuuHbBIe OCIOXHEHUS IOCIE JEKOMIIPECCHOHHOMN
KpaHM3KTOMHH OoTMedeHbl y 48 m3 89 (53,9%) naunmentos.
Bonee Toro, 3T OCIIOKHEHUSI Pa3BUBAINCH MOCIEA0BATEIBHO
Yyepe3 OMpe/eICHHOE BPEeMs I1OCJIE BBITIONHEHUS OICpalvy:
YBEJIMYEHHE OYara ymmoba rojJoBHOro mo3ra (2,2 + 1,2 nus),
MOSIBJICHHE CYOAYypalbHOM WJIM JIHUAYPAIBHOH I'eMaToMbl
Ha TpOoTHBOMONOKHOU ctopoHe (1,5 + 0,9 mHs), mpucTymbl
snunencun (2,7 = 1,5 aHs), ucTedeHne nepedpoCIUHATLHON
JKHJIKOCTH 4epe3 paHy rojiossl (7,0 + 4,2 days) u nmosiBieHue
MO3T0BOH rpeDKH (5,5 £ 3,3 nust). Cocrosiaue 6ompHOTO 110 LITKT
(< 8) u Bo3pact > 65 net npeapacnoaraii K pa3BUTHIO OJJHOTO
13 BBIIICYKa3aHHBIX oOcJOKHEHUH. [loxydeHHBIE aBTOPOM
pe3ynbTaTel JOJDKHBI MIOMOYh HEWPOXHPYpraMm IpPeIBUACTH
BO3MOXKHBIE OCJIO)KHEHUSI, BBIpAaOOTaTh CTPATETHIO JICYCHUS
JUTS. CHVDKCHUS PUCKAa Pa3BUTHS TMOMOOHBIX OCIOXKHCHHHA W
YIAy4YUIUuTh KIMHAYECKHUE UCXO/IbI.

KaioueBrbie ciioBa: J[ekoMITpecCHOHHAS! KPaHUIKTOMHUS,
YepeITHO-MO3T0Basi TPAaBMa, OCIIOKHEHHE.

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.

Keywords: Decompressive craniectomy, traumatic brain
injury, complication.

75



