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ABSTRACT

Glomus jugulare tumours are extremely rare, slow-growing, hypervascular tumours
that arise within the jugular foramen of the temporal bone and frequently involve the
lower cranial nerves. We performed a retrospective study for patients treated
between January 2005 and December 2019, reviewing clinical and radiological data
for 91 cases of glomus jugulare tumours. Data were available for 91 patients
presenting with 96 tumours. Surgery was 1st intention of treatment for 13 cases, the
endovascular approach was 1st intention for 6 cases and GKRS was primarily
performed in 72 cases. Combined treatment options were used in 19 cases. The
median age at the time of treatment was of 57 years. The tumour volume varied
between 0.5 and 73.4 cm3 with a median value of 8.3 cm3. For the cases treated with
GKRS, the peripheral dose ranged between 8 and 35 Gy on the 35% to 65% isodose,
with a median of 14 Gy on the 45% isodose. The average follow-up was 38 months
with a maximum of 94 and consisted of contrast-enhanced MRI every six months in
the first year after the procedure and every 1 to 2 years afterwards. Overall tumour
control rate was of 95.6% using multimodal treatment options for glomus jugulare
tumours. Multimodal treatment for glomus jugulare tumours offers the patient the
chance for the best possible outcome and long-term survivability. Individual
treatment approach for this kind of very rare head and neck tumour (0,6% of all head
and neck tumours) is recommended to choose the best risk-versus-benefit treatment
option.

BACKGROUND

Glomus jugulare tumor is a benign neuroendocrine tumor that arises
from the jugular foramen. This tumor is characterized by a slow-
growing pattern. Paragangliomas, also known as chemodectomas
represent benign tumors with the origin from neural crest derivates
also known as the parangalia '"'2M31 These tumors are highly
vascularised. They can receive blood supply from both from the
external carotid artery and internal carotid artery. The localization of
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these tumors can widely vary, from carotid
bifurcation to the auricular branch of the vagus
nerve. The most frequent localization is the carotid
body, accounting for almost half of the tumors B!l
whereas glomus jugulare tumors represent 24% of
them . Even though they are benign tumors, the
symptomatology can be the cause of the mass effect
2

Usually, these tumors are diagnosed in the fourth
to sixth decade of life, with a moderate female
predilection. Most of the glomus jugulare tumors are
isolated lesions but around 20% of them present
hereditary components [4]. The inherited tumors are
usually bilateral and the onset of the symptoms is
reported to be earlier than the onset
symptomatology of the sporadic tumors. The
reported malignancy of these tumors is less than 5%
@

Around 25% of the paragangliomas remain silent
and are incidentally discovered. The symptoms
caused by these tumors depend on their location.
Lower cranial nerves impairment is reported in more
than 10% of patients ®. The most common
neurological deficits reported are tongue deviation,
hoarseness, facial palsy, dysphagia, and shoulder
weakness AU Additionally, patterns of cranial
nerve palsies were described and these include '

® Vernet syndrome that represents motor paralysis
of cranial nerves IX, X and XI; ©!

e (ollet- Sicard syndrome described as the palsy of
cranial nerves IX,X,XI and XlI; "0

e Horner syndrome - oculosympathetic palsy. ['"

Due to its slow-growing pattern and the complex
anatomy of the skull base and neck, observation of
the patient is considered a good treatment
alternative. In more than 60% of the cases, tumor
volume remains stable or decrease in size ',
However, if the tumor tend to be symptomatic,
surgical excision or stereotactic radiosurgery will be
take into account.

CASE SERIES
We performed a retrospective study for patients
treated between January 2005 and December 2019,
reviewing clinical and radiological data for 91 cases
of glomus jugulare tumors. Data were available for
91 patients presenting with 96 tumors.

Surgery was the treatment of choice for 13 cases,
endovascular embolization was performed as first

intention treatment for 6 cases and GKRS was
primarily performed in 72 cases.

Treatment approach

=

72,79%

Surgery Endovascular GKRS

Figure 1. Distribution of the treatment option

Combined treatment options were used in 19 cases
(1 surgery with GKRS, 18 endovascular with GKRS). 44
glomus jugulare tumors were identified on the right
side, and 47 on the left side. In the study group, we
had 23 male patients and 63 female patients. 11
patients were in the 15-39 age group while 80
patients were older than 40 yrs. The median age at
the time of treatment was of 57 years. The tumor
volume varied between 0.5 and 73.4 cm3 with a
median value of 8.3 cm3.

GENDER DISTRIBUTION

Figure 2. Gender distribution of the patients

For the cases treated with GKRS, the peripheral dose
ranged between 8 and 20 Gy on the 35% to 65%
isodose, with a median of 14 Gy on the 45% isodose.
The average follow-up was 38 months with a
maximum of 94 and consisted of contrast-enhanced
MRI every six months in the first year after the
procedure and every 1 to 2 years afterward. Overall



tumor control rate was 95.6% using multimodal
treatment options for glomus jugulare tumors.

Tumour localisation

52%

Left Side

Right Side

Figure 3. Tumour localisation

COMORBIDITY
Lower cranial nerves deficits

Dizziness

Tinnitus

Hearing impairment

Hemorrhages

Hydrocephalus

Hemiparesis

Table 1. Most common comorbidities

Comorbidities were noted in 37 patients (40.6%) and
consisted of lower cranial nerves deficits (26.4%),
dizziness, tinnitus, partial or complete hearing loss in
21.9% of cases, 2 hemorrhages, 2 secondary
hydrocephalus, and 1 hemiparesis. 23 patients
(24.3%) presented recurrences: 13 after surgery, 6
after embolization, and 4 after GKRS. However, the
mortality rate was 0.

Reccurence

_ 7
Fmhnliz . €

Gamma Knife

r 10 20 2N an 5N

Figure 4. Recurrence cases based on the therapeutical
approach

Multimodal treatment of glomus jugular tumours

Caste 1

The first case is represented by a female patient of
53 years old, whose symptoms are vertigo, hearing
loss, and pulsating tinnitus. Soon it is discovered the
typical aspect of “salt and pepper” for a glomus
tumor with temporal localization, millimetric
extracranial extension into jugular vein lumen and
damage to the structures of the inner ear. 9 years
after GKRS, a cerebral MRI was performed, which
showed that the irradiated tumor volume has been

reduced in circumferential dimensions, with a
homogeneous intake of contrast substance
("densified" appearance due to sclerosis and

obliteration of intratumoral blood vessels) without
adverse reactions due to irradiation. No new

neurological deficits were recorded after GKRS.

Gamma Knife

Figure 6.
Radiosurgery

Postoperative aspect after
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CASE 2

The second case is represented by a 62 years old
female patient, whose symptoms onset with injury to
multiple cranial nerves (VII, VIII, IX, XI, Xll). The
diagnosis was represented by a large glomic tumor
with an important intracranial component with a
mass effect on the brainstem.

A cerebral MRI was performed 4 years post GKRS,
showing a marked reduction in the size of the
irradiated tumor, especially in the intracranial
component, with a significant decrease in the mass
effect, without perilesional reactive edema.

No new neurological deficits were recorded. 18
months after irradiation, a complete remission of
facial paresis has been noticed and other cranial
nerves neurological status remained stationary.

Gamma Knife

Figure 8.
Radiosurgery

Postoperative aspect after

CASE3

For the third case, we have a 35 years old male
patient, who presented with glomic tumor located in
the temporal bone, onset with hearing disorders
(hearing loss and pulsating tinnitus).

6 years after GKRS, a periodic follow-up MRI has
been performed. the inferior recurrence in the
lumen of the jugular vein was identified outside the
irradiation field with a volume of 4.6 <m3,

asymptomatic. The decision is made in order to
irradiate the recurrence with 14 Gy on 47% isodose.

i N Sdiny SN 2
£ ?“5#‘}“.% M Mg !
) )

3 »

Figure 9.
Radiosurgery

Preoperative aspect before Gamma Knife

Figure 10. The reccurence aspect, 6 years afte GKRS

DISCUSSIONS

The best treatment option for glomus jugulare
tumors is yet to be debated. Due to their localization,
surgical treatment does not represent the gold
standard because of the complex anatomy of the
region, high rates of morbidity, subtotal resection,
and the alternative behavior of the tumors that could
be very aggressive in some cases. In 2003, Roberto
Pareschi et al [15] described their experience in the
surgical treatment of glomus jugulare tumors. 42
patients with glomus jugulare tumors were
identified, 3 of them previously undergone surgery
for this pathology, and 3 patients presented bilateral
temporal lesions. The otoscopic evaluation revealed
in 80% of the patients the typical red middle ear
mass. 70% of the cases had no preoperative cranial
nerve deficit. 37 seven patients were elected for
surgical intervention. In 33 cases, infratemporal
fossa approaches were used and in 4 cases,
conservative jugulopetrosectomy was performed, in
order to preserve the facial nerve. In 20% of the
cases, cranial nerves IX and X were injured. No
recurrence after total resection was reported. An
extensive dissection of the posterolateral skull base
is required for surgery of glomus jugulare tumors
[15]. Even though cranial nerve preservation is an



extremely important goal in the surgical approach, in
22% of the cases facial nerve is sacrificed [15]. The
authors concluded that the focus should drift away
from total resection to increasing the quality of life of
the patient, a philosophy that our clinic shares. Only
14% percent of our cases were surgically treated, in
order to avoid the decrease in the quality of
patient s life.

Endovascular treatment is an alternative
treatment approach for patients with glomus
jugulare tumors. In 2017, Kocur et al [17] presented
their experience and the outcome of embolization in
3 cases of glomus jugulare tumors. They described
the technical difficulty of achieving complete
obliteration of the glomus jugulare tumors and
concluded that increased risk of revascularization is
not beneficial compared to the diminished clinical
symptoms. In our clinicc only 6 endovascular
treatments were performed.

A promising approach for this pathology is
represented by radiosurgery. Due to the high degree
of accuracy, rapid radiation dose falloff at the
periphery of the target tumor, and their high
precision, radiosurgery became a popular treatment
choice. In their meta-analysis, Guss etal [13] included
19 studies, compounding 335 glomus jugulare
patients. They reported a reduced or unchanged
tumoral volume after radiosurgery, sustained by
imagistic findings. Clinical control was reported as
improved or unchanged after radiosurgery in 95% of
the cases. The authors emphasized the effectiveness
of this treatment option. In our clinic, 72 patients
benefited from radiosurgery.

CONCLUSIONS

Multimodal treatment for glomus jugulare tumors
offers the patient the chance for the best possible
outcome and long-term survivability. Individual
treatment approach for this kind of very rare head
and neck tumor (0,6% of all head and neck tumors) is
recommended to choose the best risk-versus-benefit
treatment option. GKRS in these kind of tumors
seems to be the option of choice, considering that in
our experience, has the lowest comorbidity,
reccurence rate and mortality.
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ABSTRACT

The stent-assisted coiling technique is more and more used for the anterior
communicating aneurysms (AcomA) treatment due to the increasing incidence of
complex and wide-necked aneurysms at this level. Different arrangements of a single

stent for assisted coil embolization have been described. The transverse-

. , : " Keywords
configuration from A1-Acom-Contralateral A1 stent-assisted coiling procedure was transverse-configuration,
previously reported as a feasible, effective, and relatively safe endovascular stent assisted coiling technique,
technique used to treat wide-necked complex AcomA aneurysms. In this article, we intracranial aneurysm

presented a technique involving transverse stenting through the AcomA via the
dominant A1 and discuss some particular technical difficulties.
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INTRODUCTION asi, Romania

The anterior communicating artery (AcomA) was reported to be one of chiriac_a@hotmail.com
the most common location of ruptured aneurysms over the last

decades. These lesions are of significant importance due to their higher

incidence but also to their complex anatomical features, often

associated with a wide neck, difficult vascular angles and a variety of

abnormalities. The use of self-expanding stents under various Scan to access the online version
arrangements in coil assisted embolization technique can help to
optimally treat aneurysms with this location and to achieve more long-
term results. Also, due to the numerous disadvantages and technical
difficulties specific to double stenting, the single stenting technique
seems to be the first option considered in the case of anterior
communicating artery aneurysms. In our study we describe the use of
a single stent-assisted coiling technique in a transverse configuration
for the treatment of double communicating artery aneurysm. The
efficacy and limits of this technique were also discussed referring to the
few cases already presented in the literature [1,2].




Single stent transverse-configuration in assisted coiling treatment of a double anterior commmunicating aneurysm

CASE PRESENTATION

A 51-year-old male patient was transferred to our
neurosurgical department from a local hospital for a
subarachnoid haemorrhage revealed on cranio-
cerebral CT scan. At admission he was conscious,
confused, agitated, accusing severe headache. The
family declare the onset of symptoms four days ago
with progressive evolution and a history of
medication-treated hypertension. The brain CT
angiography demonstrated a double sac complex
AcomA aneurysm as source of hemorrhage. The
patient was proposed for an immediately
endovascular aneurysm occlusion. A written
informed consent was signed by patient family after
discussions with the operating team.

The procedure was performed on a biplane
angiography system (INFINIX, Toshiba, Canon
Medical System) with the patient under general
anesthesia. Both carotid arteries were evaluated and
a large complex double AcomA aneurysm was
angiographicaly documented. A slight right side A1
dominance with a better contrast enhancement of
the two aneurysmal sac was noticed. The 3D DSA
reconstruction image showed wide-neck involving
the entire anterior communicating artery segment.
A single stent support technique in a transversal
configuration was deemed necessary for a safe
endosaccular coiling with all anterior communicating
artery complex branches preservation (Fig 1).

Figure 1. AB - Brain CT diagnosis highlighting SAH and post
interventional brain CT control; C,D,E -; D,E -DSA from the right
and left ICA showing the double AcomA aneurysm; F,G,H,IJ-
Intraprocedural DSA images and the final DSA control from
both ICA injection.

The patient received 150 mg aspirin before
procedure and 5000 IU bolus dose of intravenous
heparin was administered after 6F femoral sheath
(Merit Medical) placement. A 6-Fr Chaperon guiding
catheter was placed at the proximal cervical internal
carotid artery carefully advanced over 0.035
glidewire. 3D angiographic imaging working
projection was used for the guidance on roadmap
images. We use a transvers-configuration stent-
assisted coiling technique with step by step trans-
stent catheterizing of both aneurysmal sac to avoid
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multiple catheter maneuvering through the right A1
arterial segment.

A Prowler Select Plus microcatheter (Codman J&J)
was then very carefully advanced over a 0.014
Transed microwire (Boston Scientific) via the right A1
through the AcomA into the middle part of
contralateral A1. A 4/30 mm Enterprise 2 stent is
then deployed from the middle part of the left A1
over the aneurismal neck through the AcomA until
the middle part of right A1. After the full deployment
of the stents, a Prowler 10 microcatheter is placed
through the stent into the large sac aneurysm. Its
complete angiographic coil occlusion was followed
by the microcatheter repositioning in to the smaller
aneurysm and continued coiling until no further coils
could be safely deployed within the aneurysm sac.
The control DSA images demonstrated a “Raymond
class 1" complete aneurysm occlusion with no neck
remnant, coil herniation, clot formation or branch
occlusion, and with no perioperative or postopective
complications. A bolus dose of 5 ml of nimodipine
(Nimotop, Bayer Health Care AG) diluted in 15 ml of
0.9% NaCl solution was infused through the
microcatheter in to the proximal part of right A1 for
10 minutes to combat procedural vasospasm. The
patient evolution was favourable, and he was
discarded home after 17 days of hospitalization.

DiscussION

The large clinical trial studies showed that AcomA is
the most common location of ruptured intracranial
aneurysm. Treatment of wide-neck AcomA
aneurysms with complex anatomy such as double
sac aneurysm usually requires a stent assisted
coiling technique for a safety and optimal occlusion.
The difficulties and complications described for
double stenting techniques as insufficient wall
apposition and endothelialisation, and increased risk
of acute or chronic thromboembolism have made
the single stenting technique to be considered as the
first option. However, the most used single stenting
configurations through the dominant A1 to the
ipsilateral or contralateral A2 may not provide
sufficient neck coverage for a double wide-necked
AcomA aneurysm, resulting in a coil protrusion and
normal branches occlusion. For such particular
anatomical cases an A71-AcomA-contralateral A1
stenting could be performed. This particular
transverse stenting configuration may successfully
prevent the aforementioned inconveniences with

optimal results on long-term aneurysmal occlusion
[2.3,4].

The few reports in the literature on the use of
single transverse-configuration stent assisted coiling
for AcomA aneurysms have mentioned beside the
success of using this technique, the difficulties
encountered in its implementation. The technical
challenges with possible related complication such
as suboptimal stent deployment, dissection and
thrombosis may be increased by difficult navigation
through even curved and smaller calibre arteries
[3.4,5].

Rhoton's publications have shown a higher
probability of AcoAnt aneurysm developing as bigger
the diameter difference between the bilateral A1
segments. Thus, due to hemodynamic influence,
most AcomA aneurysms appear to arise from the
dominant A1 segment of the anterior cerebral artery
and form as junction aneurysms between the
dominant A1, AcomA and A2 ipsilateral. Yasargil
reports that 81.3% of ACoAnt aneurysms usually
occurred at the junction of the dominant A1 and
AcomA and only 18.7% occurred in the middle of the
AcomA. This correlate with the fact that only 22% of
cases have comparable diameters of A1 segments of
the bilateral anterior cerebral arteries, suggesting a
relatively low percentage of patients with AcomA
aneurysms who may benefit from the application of
single stent assisted coiling technique with stentin a
transverse A1 to A1 configuration [2,3,6].

Another aspect of the application of the single
stenting technique in the transversal configuration is
related to the need for a dual femoral approach with
double guidance for a retrograde approach through
AcomA. Even if there are many reports of this type of
approach, we believe that the use of a single guide
catheter and a single femoral puncture is sufficient
in many of these cases for both stent and coils
delivery and a clear view of the lesion and
surrounding vascular shaft [2,3].

CONCLUSIONS

Any of the strategies for placing a stent for the
treatment of an AcomA aneurysm are dependent on
the configuration of the aneurysm, the feasibility of
incorporating the neck of the aneurysm into the
implant, the difficulty of microcatheter crossing of
the AcomA channels, and the degree of hypoplasia
of one of the A1 segments. The placement of a single
transverse-configuration stent via the dominant A1



across the AcomA into the contralateral A1 can be a
feasible, efficient and relatively safe endovascular
technique for the treatment of a wide-necked double
AcomA aneurysm. This could offer a good long-term
occlusion rates with reasonable complication rate.
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ABSTRACT

Spinal dural arteriovenous fistulas (AVFs) are rare spine vascular malformations. We
report a case of AVF in the epidural space of T10 and degenerative medial
osteophytes leading to clinical symptoms of severe spinal stenosis operated with
good evolution.

Object: Our report's objective is to present a particular, extremely rare
case of spinal stenosis at T10-T11 level, mostly on the right side, result
of the cumulative effect of a vertebral postero-lateral AVF, medial
degenerative osteophites and a synovial cyst at the same level. The AVF
is the main cause of the spine stenosis.
Case Report: A 69 year-old man presented for 5 years' pain in the
thoracal spine, intermitent paresthesias on the right leg. From one
week he complains of painful paresthesias on both legs (predominant
on the right side), gait with progressive difficulty.
On examination we observed incomplete paraplegia (Frankel C+/E),
sensory examination revealed hypoesthesia with sensitive level T10,
knee and ankles reflexes increased bilaterally with predominance on
the right side, Babinsky sign present bilateral.
On MRI imaging: Thoracal spine stenosis T10-T11, by degenerative
osteophites T10-T11 predominant on the right side, synovial cyst in the
lateral recess who severelly compresses the dural sac and the spinal
cord.

The patient was operated (Laminectomy T10 and T11 on the right
side, microsurgical complete resection of a heterogenous extradural
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lesion (bony and vascular, intensively bleeding),
severely compressive over the spinal cord.

The postoperative evolution was favorable: the
incomplete paraplegia has improved (ASIA C+ on the
right side,
diminished.

D on the left side), hipoesthesia

Figure 1. Coronal T2.: Dorsal spine stenosis T10-T11, by
degenerative osteophytes T10-T11 predominant on the right
side (Blue arrow) who severely compress the spinal cord.

Figure 2. Sagittal T2: Severe spine stenosis produced by
degenerative osteophytes T10-T11 and synovial cyst (green
arrow).

Figure 3. Axial contrast T1: Dorsal spine stenosis T10-T11, by
medial degenerative osteophytes T10-T11 predominant on the
right side (red arrow).

THE HISTOLOGICAL EXAM
Material and method: The probe was sent fresh with
a cold ischemic time of 20 minutes, then it was
paraffined embedded.

The conventional slides (Haematoxylin - eosine
stained) revealed a conjunctive tissue with coiled
vessels, some dilated, some collapsed, attached on a
spinal node

Immunohystochemical method was done on
Ventana platforme GX, with antibodies CD34 (CLONA
QBENd10); WT1 (CLONA 6FH2)

COMMENTS

Wilms' tumor-1 (WT-1) was originally described as a
tumor suppressor gene based on its mutational
inactivation in a subset of Wilms' tumor. It plays an
essential role in haematopoiesis and angiogenesis
by regulating vascular endothelial growth factor,
angioproteins, nestin, and proliferation of vascular
smooth muscle cells1 Human skin vasculature shows
cytoplasmic WT1 protein expression, detected by an
antibody recognizing the C-terminal of the protein
(6F-H2). Reports have demonstrated that WT-1
protein is expressed in a variety of vascular
anomalies. Defects in WT1 signalling might underlie
the inability of endothelial cells in vascular
malformations to undergo physiological apoptosis
and remodelling
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CD34 - Commonly used marker of hematopoietic
progenitor cells and endothelial cells; Also called
hematopoietic progenitor cell antigen CD34; CD34+
stromal cells are called dendritic interstitial cells;

CD34: Membranous stain

WT1: nuclear stain

Endothelium of normal vessels acts as a positive
internal control

In our case, the positive reaction was noted in a
greater number of vessels to CD34 than to WT1, so
the interpretation, correlated with clinical and
imagistic data, was of a vascular spinal fistula with
loss of WT1 expression (as in AVMs). We couldn't find
other reports about WT1 expression in spinal AVFs.

Figure 5. Cd34, ob 10x; positive in endothelial cells and in some
interstitial dendritic cells

Figure 6. Wt1 positive in a normal vessel, negative in other
vessels

Postoperative control was favourable

Figure 7. Postoperative CT scan

FOLLOW UP AT 6 MONTHS

Discussion: Extradural (or epidural) AVFs are
relatively uncommon malformations characterized
by anomalous communication between an
extradural branch, usually of a radicular artery, and
the epidural venous plexus?.

Spinal arteriovenous malformations (AVMs)
(constituting 3-4% of all spinal cord space occupying
lesions).

After Lim the symptoms of epidural AVFs are
related to the pattern of venous drainage*. If they are
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exclusively epidural, they may present with local pain
or radicular pain or with progressive myelopathy*.

Spetzler et all®> proposed a modified classification
of the spine/spinal cord arteriovenous lesions to
arteriovenous malformations (AVMs) and
arteriovenous fistulas (AVFs). AVFs areclassified
according to their location as intradural and
extradural. According to Geibprastert et all®, dural
AVFs are classified on anatomical bases in ventral
group (most of them) and dorsal epidural group

The dorsal group of dural AV fistulas is related to
veins that normally drain the spinous process and
lamina at the spinal level’. Patients with dural AV
fistulas within this space typically present with
spontaneous  epidural hematomas.  These
symptomatic lesions are extremely rare’. Spinal
dural AV fistulas are fed by the radicular arteries
and/or the surrounding vertebral branches’

After classification of Spetzler et al° there are
extradural AV fistulas ventral or dorsal, with single or
multiple feeders. There is no gender predilection
(male 52.9%) of AVFs.2

Common to unruptured AVFs are symptoms of
myelopathy and pain, such as lower or upper
extremity weakness, abnormal sensory, disturbance
of gait, back pain, and bladder and/or bowel
incontinence®.Most cases of ruptured AVFs are
manifested as spontaneous epidural hematoma
(64.7%)%. Typically, initial symptoms of spinal
epidural hematoma are rapid development of
excruciating back pain, with or without neurological
deficit, followed by rapidly progressive severity of
myelopathy, such as abnormal sensory, disturbance
of gait, bladder and/or bowel incontinence, lower or
upper extremity weakness/paralysis due to the
location of hematoma®

After Steinmetz'® there are two options in the
treatment of spinal dural AV fistulas; surgical
occlusion of the intradural reflux vein, and
endovascular therapy employing embolic material
into the fistula. Surgery is a relatively simple and safe
intervention, resulting in long-term shunt occlusion
in 98% of cases™. Any AVFs with progressive
myelopathy have to be treated as soon as diagnoses
are made. After Lim# surgical disconnection of the
intradural radicular vein is the curative method, so is
endovascular occlusion of the fistula and proximal
part of its venous drainage with liquid embolic
material. Prompt diagnosis and emergency surgical
treatment are crucia'’.

The best management for AVFs is still surgical
operation,

Our case illustrates a severe compression of the
thoracal spinal cord produced by a combination of
degenerative  lesion  (medial = degenerative
osteophites T10-T11) and posterior extradural AVF.
We have realized a correct treatment of these lesions
with good results.

CONCLUSIONS
Surgical treatment was the mandatory method of
healing of the AVF and decompression of the dorsal
spinal cord.

The delay in diagnosis left residual incomplete
paraplegia.
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ABSTRACT

Background: Diffuse gliomas are the most frequent primary central nervous system

(CNS) neoplasms, originating from the parenchyma itself, oligodendrogliomas

accounting for approximately 10% of cerebral gliomas. For the past 20 years, the

study of genetic/molecular mechanisms of gliomagenesis and progression has Corresponding author:

gradually come into focus. However, the biological and clinical significance of these G. Popescu

mutations is still to be completely characterized. The purpose of this article is to
describe our clinical experience with oligodendrogliomas and to review the current
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literature, in order to better describe the characteristics of the molecular/genetic Bucharest, Romania

oligodendroglioma subgroups.

Methods: We performed a single-institution retrospective study that included 66 george_popescuzg@yahoo.com

patients with oligodendrogliomas operated in our department between January 2011
and December 2018.

Results: Our study included 26 female patients (39%) and 40 male patients (59%).
The mean age at presentation was 39.9year-old (range 26-59year-old). The tumours
were located predominantly in the right hemisphere (53%), the majority being
situated in the frontal lobe (59%). 64% of the patients had signs of mass effect on the
imaging studies, 13% presented with brain herniation syndromes, 16 % of the
surgically treated patients had a relapse with regrowth and malignant transformation
of the tumour. The most common complaint that the patients had at admission was
headaches. Seizures were the second most common symptom that determined the
patients to seek medical attention.

Conclusion: The expanding knowledge regarding the genetic alterations of
oligodendroglial tumours could lead to significant changes in treatment strategies.
However, the utility of each particular marker in planning the treatment has yet to be
established. Emerging data will, most likely, improve outcome prediction and
adjuvant therapy strategies through identifying the patients most likely to benefit
from a particular treatment.
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INTRODUCTION

Diffuse gliomas are the most frequent primary
central nervous system (CNS) neoplasms, originating
from the parenchyma [1]. About 75% of gliomas in
adults are astrocytic, two-thirds being glioblastomas,
the most malignant form. Oligodendroglial tumors
account for than 10% of the gliomas [2]. For the
largest part of the last century, the diagnosis of
oligodendrogliomas has been based on
histopathological aspects alone. For the past 20
years, the study of genetic/molecular mechanisms of
glioma genesis and progression has gradually come
into focus. The 2021 World Health Organization
(WHO) Classification of Tumors of the CNS includes
molecular features for diagnosis and further
classification of oligodendroglioma into IDH-mutant
and 1p/19qg-codeleted [3]. The biological and clinical
significance of these mutations are still to be
completely characterized. The purpose of this article
is to describe our clinical experience with
oligodendrogliomas and to review the current
literature, in order to better describe the
characteristics of the molecular/genetic
oligodendroglioma subgroups.

MATERIALS AND METHODS

We performed a single institution retrospective
study that included the patients of the 4th Clinical
Department of Neurosurgery of the Bagdasar-Arseni
Clinical Emergency Hospital.

We retrospectively reviewed the case files of 66
patients with oligodendrogliomas operated in our
department between January 2011 and December
2018. We only included patients operated for
oligodendrogliomas with a positive
anathomopathological examination for a “classical”
oligodendroglioma. Exclusion criteria were diagnosis
of primary glioblastoma, oligoastrocitoma with
important oligodendroglial compound or patients
with a high suspicion for oligodendroglioma, that
refused surgery or biopsy for diagnosis. Data were
obtained by studying patient files.

RESULTS

Our study included 26 female patients (39%) and 40
male patients (59%). The mean age at presentation
was 39.9year-old (range 26-59year-old). The tumors
were located predominantely in the right
hemisphere (53%), the majority being situated in the
frontal lobe (59%). 64% of the patients had signs of

mass effect on the imaging studies, 13% presenting
with brain herniation syndromes (Figure 1).

@

36%

B With Without Brain herniation syndrome

Figure 1. Distribution of patients based on the
presence/absence of mass effect on imaging studies

16 % of the surgical treated patients had a relapse
with regrowth and malignant transformation of the
tumor (Figure 2).

@No DOGrade IV - Glioblastoma

Figure 2. Distribution of the patients based on the
presence/absence of relapse with malignant transformation

The most common complaint that the patients had
at admission was headache. Seizures were the
second most common symptom that determined
the patients to seek medical attention (Figure 3).
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Figure 3. Distribution of the patients based on the clinical
symptoms at admission
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ILLUSTRATIVE CASE

A 30-year-old male with no significant medical
history was referred to our clinic for intense
headache, progressively worsened during the month
prior to admission. Clinical examination showed no
neurological deficit. Gadolinium-enhanced MRI scan
revealed a right fronto-temporal tumor, measuring
9.5 c¢m in diameter, compressing the adjacent
structures and producing mass effect on the right
lateral ventricle (Figure 4).

Figure 4. Gadolinium enhanced MRI scan, axial section,
showing a right fronto-temporal tumor, measuring 9.5 cm in
diameter, compressing the adjacent structures with
inhomogenous enhancement

We performed a gross total resection through a
pterional approach (Figure 5, Figure 6).

Figure 5. Intraoperative aspect showing the yellow-grey

tumour

Figure 6. Intraoperative aspect showing the resection cavity

The patient was discharged 7 days later, with no
postoperative neurological deficits. Control CT scan
showed a gross total resection of the tumor (Figure
7).

Figure 7. Postoperative CT scan showing the resection cavity
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Histopathological examination showed arciform

vascularization (figure 8), “boiled egg cells” (figure 9)
and high fibrilarity (Figure 10).

Figure 8. Histopathological specimen showing arciform
vascularization

Figure 9. Histopathological specimen showing “boiled egg
cells” aspect

Figure 10. Histopathological specimen showing high fibrillarity

MLPA analysis of the tumor sample identified a
codeletion of 1p19qg and a ¢.395G>A (p.R132H)

mutation in the exon 4 of IDH1 gene. The analysis
was negative for mutations of exons 11 and 15 of
BRAF gene, EGFRvIIl, MGMT promoter methylation
and TERT promoter mutation.

The patient had a favorable evolution, with no
neurological deficits and was discharged in the
seventh postoperative day.

DiscussION

Under the generic term “oligodendroglioma” is a
heterogenous group of tumors, with a variable
response to adjuvant therapy. This variance
highlights the need for markers that can guide the
clinical decision-making. Codeletion of 1p19q occurs
in 50 to 76% of oligodendrogliomas [4] [5]. EORTC
26951 and RTOG 9402 studies proved that
combining radiation therapy with procarbazine,
vincristine and lomustine chemotherapy protocol
drastically increased overall survival in 1p19q
codeleted anaplastic oligodendroglioma patients
compared to radiotherapy alone [6] [7]. The EORTC
26951 trial investigated the adding of six cycles of
standard procarbazine, vincristine and lomustine to
radiation therapy of 59.4 Gy in 33 fractions in
anaplastic oligodendroglioma patients and reported
a significant difference in overall survival [7] [8].
Patients with 1p19q codeleted oligodendrogliomas
benefitted more from the addition of chemotherapy
to radiotherapy, the risk reduction in patients with
non-codeleted tumors being significantly lower [7].
Regarding both trials, it is also notable the fact that
patients with 1p19q codeleted oligodendrogliomas
who were treated with adjuvant radiotherapy alone
initially, had a lower survival rate at progression,
despite  being administered a heightened
chemotherapy regimen [4] [7]. The CODEL trial has
been designed to compare administration of
adjuvant therapy consisting of either radiotherapy
alone, themozolomide alone or radiotherapy
combined with themozolomide. The analysis from
the initial study design showed that themozolomide-
alone patients experienced a significantly shorter
progression free survival, compared to either one of
the radiotherapy arms [9]. The study has been
subsequently redesigned to compare radiotherapy
combined with procarbazine, lomustine and
vincristine to radiotherapy and themozolomide
regimens and is still ongoing.

Mutations of IDH1 and IDH2 seem to occur in
about 70% of oligodendroglioma tumors, mainly
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affecting amino acid 132 of IDH1 or IDH2 [10] [11].
IDH1 is known to function as a tumor suppressor, its
mutational inactivation leading to tumorigenesis,
partially through the induction of the HIF-1 pathway
[12] [13]. IDH mutations have been reported in
several studies to produce a favorable prognostic
impact [7] [10] [14]. However, despite the more
favorable prognosis of patients with
oligodendrogliomas harboring IDH mutations, it
hasn't been proven yet that the treatment strategy
should be changed regarding the IDH status.

CONCLUSIONS

The expanding knowledge regarding the genetic
alterations of oligodendroglial tumours could lead to
significant changes in treatment strategies. However,
the utility of each particular marker in planning the
treatment has yet to be established. Emerging data
will, most likely, improve outcome prediction and
adjuvant therapy strategies through identifying the
patients most likely to benefit from a particular
treatment.
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ABSTRACT

Intracranial haemorrhage is a devastating complication of immune
thrombocytopenic purpura [1]. The occurrence of a spontaneous subdural
hematoma in immune thrombocytopenia (ITP) is rare [2], affecting 1% or less of
patients [3]. In ITP contrary to traumatic SDH the brain parenchyma is well preserved
[3]. We present the case of a patient with immune thrombocytopenia, subdural
haemorrhage and asymptomatic parietal parasagittal meningioma. Neurological
parameters were closely monitored, including the level of consciousness, pupillary
size, motor or sensorial deficit. He was managed successfully medically (platelet-rich
plasma and steroids) and then surgically (craniotomy, subdural hematoma
aspiration).

INTRODUCTION
We present tha case of a patient with imune thrombocytopenia
intracerebral hemorhage and parietal parasagital meningioma.

CASE REPORT

We present the case of a patient who suferred a head trauma in
unccleared conditions. He acuse mild left hemiparesis (ASIA 4/5),
intense headache VAS 8/10, vomiting and diziness, from 3 days. Few
purpuric spots were noted on all the four members.

Medical datas revealed chronical ITP, without continous treatment
Hemoglobine: 14,20 g/dl, TLC 4000/cm3. Coagulation tests were
normal.

Clinical exam revealed mild hemiparesis (ASIA 4/5), osteotendinous
reflexes diminished on the left side, Babinsky on the left side, purpuric
lesions on all the four members. Glasgow scale 15.

CT scan of the head revealed hyperdensity in the subdural space in
the temporo parieto occipital region on the right side, and in the
subdural area in right posterior part of the sagital sinus,left parasagital
meningioma.
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Figure 1. Temporoparietooccipital acute subdural hematoma
(blue arrow). Acute subdural interemispheric (falx cerebri) (Pink
arrow). Parietal parasagital meningioma (orange arrow).

The patient was treated with Dexametazone 40
mg/day and platelet transfusion.

After 4 days her platelet count rose to

130000/mm3 who allowed surgical intervention.
Clinical status was stationary : intense headache (VAS
7/10), left hemiparesis (ASIA 4/5), vomiting 1-2/day,
GCS 15.

The patient was operated (frontotemporo-
parietoociipital craniotomy, complete evacuation of
the subdural hematoma).

Figure 2. Complete
evacuation of the subdural
hematoma

Clinical postoperative evolution was very good with
healing of hemiparesis, of headache, vomiting and
diziness. Persisted only slight left pyramidal
syndrome.

DISCUSSION

Essential thrombocitopenia is revealed by constant
diminution of the platelets without any cause. (Denis,
Hayem, Frank. ) ITP was first described by Werlhofin

Management of nontraumatic intracranial haemorrhage

1735% as an aquired disorder which leads to immune
mediated destruction of platelets characterised by
low platelet count and normal coagulation studies®.
intracranial hemorrhage is a  devastating
complication of ITP'*, The occurence of a
spontaneous subdural hematoma in immune
thrombocytopenia (ITP) is rare?, affecting 1-2% or
less of patients®*>. The clinical features are mainly
headache, hemiparesis, signs of raised intracranial
tension, altered consciousness®. Usually, subdural
hematoma occurs, when are associatecd with ITP
around the the top and side of the frontal and
parietal lobes, in the posterior cranial fossa, near the
falx cerebri and tentorium cerebelli*

CONCLUSIONS

- Medical treatment enabled us to achieve an
adequate hemostasis wich was esential to be able to
perform surgery in proper time.

- Combination between medical treatment of imune
thrombocitopenia and surgical treatment of acute
subdural hematoma was mandatory for a good
clininical and neurological evolution.
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ABSTRACT

Background: The incidence of fractures in the upper cervical spine is a common
entity among elderly patients. The incidence depends on the health care system and
the adopted protocols for a computer tomogram in the emergency unit, in order to
assure an easier and earlier detection. Injuries to the vertebral artery could occur with
devastating consequences, due to this type of fracture. The aim of the current surgical
strategies is to stabilize the fractures and avoid further injuries to the vertebral
arteries.

Methods: We adopted a previously hypothesized method for intraoperative imaging
of the vertebral artery when performing an O-Arm navigated cervical osteosynthesis.
Three patients were included in this group: one patient with dens fracture type Il after
Anderson and D'Alonzo, one patient with a complex C1/C2 fracture and dissection of
the vertebral artery on the left side and one patient with a kyphotic deformity due to
Larynx carcinoma Metastasis in C4-C6. After positioning the patients, a 100 ml
contrast was applied prior to the primary O-Arm scan, thus obtaining real-time
imaging of the vertebral artery in the navigational CT series.

Results: A total of 18 screws were placed. None of the screws bridged the vertebral
canal. The average operative time was 174 mins. No new neurological deterioration
was observed in the postoperative period.

Conclusions: With the development of this technique, it is possible to reduce the
surgery-related injury of the vertebral artery to 0%. Further studies are necessary to
assess the feasibility of this technique. This technique could be especially helpful in
the cases of distorted anatomical relations.

INTRODUCTION

The incidence of fractures in the upper cervical spine in elderly patients
(>65 years) after trauma lies between 1,26% and 3% (Squarza, Uggetti
et al. 2019). The precise incidence of those fractures is hard to be
determined because it depends on the health care system in every

Keywords

vertebral artery,
cervical osteosynthesis,
hangman fracture,
spinal fractures,

spine,

cervical vertebrae

Corresponding author:
Orlin Pavlov

Klinikum Krefeld Helios,
Department of Neurosurgery,
Krefeld, Germany

orlinpavlov88@gmail.com

Scan to access the online version




Novel technique for intraoperative imaging of the vertebral artery

country and the adopted protocols for emergency
computer tomogram (CT) in every emergency
department. Robinson et al. reported an increase in
the incidence of C2 fractures from 3 to 6 per 100 000
from 1997 to 2014 (Robinson, Olerud et al. 2017),
which corresponds to the development of strict
protocols for emergency CT of cervical spine in the
elderly population. CT has turned to be golden
standard for detection of fractures of the upper
cervical spine with ability to detect up to 99% of the
fractures (Acheson, Livingston et al. 1987). Due to the
alternations of the in the upper cervical spine,
including reduced bone density and increased
rigidity, upper cervical spine is more susceptible to
flexion, extension, rotation traumas.

The incidence of the vertebral artery injuries (VAI)
after trauma is reported to be between 0, 5% and
88% (Willis, Greiner et al. 1994, Gleizes, Jacquot et al.
2000, Fassett, Dailey et al. 2008, Mueller, Peters et al.
2011) The majority of those VAI remain clinically
silent, but this injury could lead to major stroke and
neurological deterioration. The mortality rate
following VAI reported in the literature varies from
8% to 18% (Fusco and Harrigan 2011). Up to 70% of
the traumatic VAl have an associated cervical spine
fracture (Miller, Fabian et al. 2001). Three major
diagnostic methods are available for detection of VAI,
including duplex ultrasonography (sensitivity 38,5%,
specificity 100%), magnetic resonance angiography
(sensitivity 43%, specificity 97%) and computer
tomography angiography (CTA) (sensitivity 53%,
specificity 99%) (Eastman, Chason et al. 2006,
Harshavardhana and Dabke 2014), whereas the
duplex ultrasonography is not reliable for detection
of intimal tears. The treatment options of VAl
include: 1. Observation, 2. Anticoagulation, 3.
Surgery (Nizare, Abdelali et al. 2013, Harshavardhana
and Dabke 2014).

The treatment modalities for upper cervical spine
fractures (c-spine) vary from halo-fixation to surgery,
including fixation with hooks and rods, wiring,
transarticular screws fixation, lateral mass screw
fixation or ventral fusion (Vergara, Bal et al. 2012).
For the treatment of C1/C2 fractures, the lateral
screw fixation (Goel/Harms technique) and the
transarticular screw fixation (Magerl technique) have
shown a superior fusion rate, thus gaining more
acceptances among the spine surgeons. Both of
these techniques could be performed free-hands,
with C-arm fluoroscopy or with navigation for 3D

imaging (O-Arm, C-Arm with integrated navigation).
The postoperative complications rate in Goel/Harms
technique is reported up to 10,6% and in Magerl
technique up to 21%(Neo, Sakamoto et al. 2005). The
risk for vertebral artery injury, when performing
either of both techniques is between 8% and 9,5%
(Yeom, Buchowski et al. 2013, Pavlov, Mirchev et al.
2020) when using C-Arm fluoroscopy. To our
knowledge, the incidence of vertebral injury during
dorsal stabilization with O-Arm navigation or free-
hands is unknown.

We already suggested a possible novel technique
for the intraoperative visualization of the vertebral
artery using hybrid technique from two visualization
modalities: O-Arm navigation and CT-Angiography
(CTA) (Weller, Rossitch et al. 1999). The core of this
technique lies in the administration of intravenous
contrast (as for a common CTA) before the
intraoperative CT, which is performed by the O-Arm
navigation. The aim of this hybrid technique is to
bring the intraoperative injuries of the vertebral
artery to 0% (Pavlov, Mirchev et al. 2020). To our
knowledge, this technique has not been published
up to the date of the submission of this paper and
we would present the first three cases, utilizing this
method.

MATERIAL AND METHODS

In our pilot group, three patients were included:
Casel, Case 2 and Case 3. A number of possible
contraindications have to be considered: known
allergic reaction to contrast, uncooperative patients
and pregnant patients. In none of the patients,
contraindications for this hybrid technique were
found. Consent of the patients was obtained prior to
surgery. To perform this surgical technique, the
following protocol was used(Pavlov, Mirchev et al.
2020):

1. Indications/Contra-indications for this technique,
careful anamnesis has to be taken for allergies
against contrast.

2. Prone positioning, patient is positioned in the
carbon Mayfield clamp, in order to reduce the
artifacts from the intraoperative CT

3. O-Arm navigational system positioning over the
targeted area, the position is saved and the O-
arm needs to be brought to parking position, in
order to ensure a maximal working space for the
surgeon.
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4. Surgical approach to the target area (C1/C2
complex or upper cervical spine)

5. Re-positioning of the O-Arm navigation over the
area of interest

6. Bolus manual application of contrast-100ml
through central line, 5 seconds before the
intraoperative scan for optimal visualization of
the vertebral artery and eliminating the venous
contrast artefacts.

7. Ventilation pause and carrying out an
intraoperative CT scan, then the data is
transferred to the surgeon’s monitor

8. Screws insertion under 3D guidance with
intraoperative visualization of the vertebral artery

8. Ventilation is paused and another intraoperative
CT scanis carried out to verify the correct position
of the screws.

9. Wound closure

CASE 1

Diagnosis: Dens fracture Type Il Anderson and
D'Alonzo

Surgical strategy: Dorsal
Goel/Harms technique C1-C2
Brief summary of the patient’s history: A 95-years
old patient, in a good clinical condition, presents
herself in our emergency room after falling from her
sofa backwards. She complained pain in the dorsal
region of the c-spine without neurological deficits.
The anamnesis showed pre-existing strokes in the
left and right medial cerebral artery.

osteosynthesis in

Figure 1 and 2. 3D Data with intraoperative imaging of the
vertebral artery

The trauma scan depicted dens fracture type Il after
Anderson and D'Alonzo classification. The surgery
was indicated and after obtaining patient's consent,
the surgery was carried out on the 2nd day after the
admission of the patient.

The indication for applying contrast, during the
surgery, in this patient was based on the pre-existing
strokes, suggesting progressive atherosclerosis, and
a sufficient kidney function (glomerular filtration
rate- 71ml/min and creatinine 1,3 mg/dl).

The application of contrast allowed a good
intraoperative imaging of the vertebral artery,
optimal length of the screws was chosen without
risking a vascular injury (Fig 1-3).
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Figure 3. 3D Intraoperative navigation with direct imaging of
the vertebral artery

CASE 2

Diagnosis: Complex C1 fracture (Jefferson fracture
)/ C2 fracture (Hangmann fracture) and a.
vertebralis dissection links

Surgical strategy: Dorsal fusion in Goel/Harms
technique C1/C2 and massa lateralis screws in C3
Brief summary of the patient's history: A 79-year
old patient presented at our emergency room after a
6 fall from a roof. The patient complained pain in the
dorsal region of the cervical pain without
radiculopathy or myelopathy. The neurological
examination showed normal neurological status.
The anamnesis depicted no pre-existing health
issues.

The trauma scan depicted a complex C1/C2
fracture, where the consecutive CTA showed a
dissection of the vertebral artery on the left side.
Because of the dissection of the vertebral artery, the
patient was put on antiplatelet therapy with aspirin.
Surgery was indicated and after obtaining the
patient’s consent, it was carried out on the 7th day.

The indication for applying a contrast in this
patient was based on the previous traumatic injury
of the vertebral injury on the left side and preserved

kidney function (glomerular filtration rate- 69ml/min
and creatinine 1,5 mg/dl.

During surgery, after the application of contrast
and after carrying out the intraoperative CT, the
occlusion of the left vertebral artery was still visible
(Fig. 4).

U AR

Figure 4. Intraoperative CT Navigation with contrast,
performed with O-Arm, where dissection of the left vertebral
artery is still visible

Polyaxial screws on both sides in massa lateralis and
in the pedicles were placed. The postoperative
condition of the patient deteriorated due to
postoperative delirium, which was treated with
atypical antipsychotic (Risperidone) and
Benzodiazepines (Diazepam).

The postoperative c-spine CT showed an optimal
placement of all screws.

CASE3

Diagnosis: Larynx carcinoma Metastasis C4-C6,
cervical instability and kyphotic deformity C4-C6
Surgical strategy: Dorsal osteosynthesis (massa
lateralis and pedicle screws) C3-D1

Brief summary of the patient's history: The case of
the 57-years old patient with larynx carcinoma was
discussed at Neuro-Oncological Board due to a new
metastasis in the c-spine with progressive deformity.
The patient complained pain in the middle cervical
spine with irradiation of the pain in shoulders. The
neurological examination showed intact
neurological status. The patient had tracheostoma
because of the larynx carcinoma, making a ventral
approach to the C-Spine not possible.
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An MRI and CT of the c-spine showed destructive
process in C4 to C6 with kyphosis, without tumour
bridging in the spinal canal. After interdisciplinary
discussion of this case, regarding life-expectancy,
neurological outcome and patient’s will, surgery was
indicated.

After obtaining patient’s consent, the surgery was
carried out on the 3rd day after admission.

The indication for applying intraoperative contrast
was based suspicion of tumour infiltration on left
vertebral canal C4-Cé6.

The intraoperative CT-navigation with contrast
depicted a tumour mass from C4 to C6, infiltrating
the left vertebral canal, without pressuring the
artery.

Figure 4. Tumour infiltration in the left vertebral canal C5

After the screw insertion, a second scan was carried
out. The second scan depicted a perfect positioning
of the screws, unfortunately the vertebral artery was
not visible any longer (94 minutes after the initial
scan) Fig.8.

Postoperatively the patient recovered well and
was discharged on the 7th day.

RESULTS

A total of 18 screws were placed (massa lateralis or
pedicle screws). None of them breached the walls of
vertebral canal. The average operative time was 174
minutes in the three surgeries.

Using this imaging technique, the vertebral artery
was depicted from segment V1 to segment V3,
without discontinuity in any of the vertebrae levels.
On the second scan, in none of the cases, the
vertebral artery was visible any longer.

DiscussION

The interest of fusion techniques in intraoperative
neuroimaging exists for a long time, especially when
vascular structures are involved. Leng et al. were the
first to describe the fusion between intraoperative
three-dimensional rotational angiography and flat
panel detector computed tomography for
cerebrovascular navigation.(Leng, Rubin et al. 2013)
In this case report, the treatment of a patient
harbouring two aneurysms was described, using this
fusion/hybrid technique. Although, it is not
obligatory to use this technique, this method adds to
the arsenal of surgical strategies, which could be
used for intraoperative support. Since both the c-
spine trauma and the stabilisation technique
independently add up to the risk of VAl it is
mandatory to utilize all the possible techniques to
preserve the functional vertebral artery, in order to
avoid further neurological deterioration. In all
patients, where VAl is suspected, aggressive actions
need to be taken, in order to confirm the diagnosis
because of its therapeutic significance.

The preoperatively obtained CT/CT-Angiography
is a valid method for intraoperative navigation in
trauma cases. Fiorenza et al. conducted a
retrospective study in a series of 21 patients, who
underwent a posterior upper cervical spine fixation
using a navigational system with intraoperative
single level vertebral registration on preoperative
CT/CT-Angiography (Fiorenza and Ascanio 2019). No
neurovascular damage occurred in any of the
patients. In the treatment of upper cervical trauma
cases, however, it is not mandatory to conduct a
preoperative CT-Angiography (Lockwood, Smith et al.
2016). The development of strict protocols for CT-
Angiography in trauma patients is still in
development. Lockwood et al. presented one of the
most significant studies for CT-Angiography in
patients with upper cervical spine, up to date
(Lockwood, Smith et al. 2016). Using the Denver
Criteria (Biffl, Moore et al. 1999, Kerwin, Bynoe et al.
2001, Cothren, Moore et al. 2003, Parks and Croce
2012) for high risk fracture pattern, the authors
analysed 1435 patients, where only combined C1-C2
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fractures, subluxations and transverse foramen
involvement were predictive for VAI. The odds for
developing of VAl were 3,8, 4,8 and 6,3 respectively.
Of the 1435 patients with cervical spine fractures,
only 10 (0,7%) suffered from posterior circulation
stroke(Lockwood, Smith et al. 2016).

The preoperative CT-Angiography gives the
surgeons valuable information about the position of
the vertebral artery and its position the osseous
structures. However, it is interesting to point out, that
many studies have shown, that VAl shown in
preoperative  CT-Angiography and  applying
treatment (anticoagulation or antiplatelet therapy)
does not prevent stroke (Eastman, Chason et al.
2006, Scott, Sharp et al. 2014, Lockwood, Smith et al.
2016). This data would suggest that the obtained CT-
Angiography would not have any effect on the
neurological outcome of the patients after trauma.
The use of our suggested technique shows a real-
time intraoperative visualization of the vertebral
artery. One must consider that the patient's head is
fixated in a rigid collar for the CT-Angiography and
prior to the operation, the collar is taken off and
patient's head needs to reclined and fixated in
Mayfield for the posterior fixation. In this
manoeuvre, the position of the vertebral artery does
not change in respect to the osseous anatomy,
however its blood flow could be changed because of
kinking due to fractures (George and Carpentier
2001, Berti, Zafar et al. 2018). Our suggested
technique could provide the surgeon with certainty,
that prior to the screw insertion, that both of the
vertebral arteries are intact. O-Arm navigation has
also shown to reduce the operative time, in
comparison with the preoperative scans with image
guidance (Costa, Cardia et al. 2011) and to reduce the
radiation exposure compared to fluoroscopic
guidance(Costa, Cardia et al. 2011, Nottmeier, Pirris
et al. 2013). Performing intraoperative CT at the end
of the procedure, reduces the need to return the
patients to the operating room.(Van de Kelft, Costa
etal. 2012)

Associated atlas and axis fractures account for 3%
of acute cervical spine lesions and 12% of the upper
cervical spine lesions (Jung, Jung et al. 2010), where
the normal anatomy of the C1/C2 complex is altered,
with possible displacement of the vertebral artery. In
those cases, even with conventional O-Arm
navigation, an injury of the vertebral artery is

possible, even with 99,9% accuracy of the screw
positioning(Bydon, Martin Ma et al. 2014).

Tumours of the craniocervical junction (CC))
represent a challenging entity for the
neurosurgeon(Bydon, Martin Ma et al. 2014). Bydon
et al. showed that the rate of vertebral artery
involvement significantly effects the rate of radical
resections of the tumours, located in the CCJ. The
patients without involvement of the artery had a
total resection, statistically significant to those with
involvement of the vertebral artery. Pirotte et al. and
Talacchi et al. showed that aiming for a total
resection of the tumors in CCJ, which involve the
vertebral artery, is related to many postoperative
complications, including lateromedullary infarction,
respiratory failure, cranial nerve palsy, etc.(Pirotte,
Brotchi et al. 2010, Talacchi, Biroli et al. 2012). With
this technique for intraoperative imaging of the
vertebral artery, it could be possible to increase the
percentage of tumor resection, extending the life-
expectancy, tumor-free period. Kern et al. were the
first to use O-Arm navigational system in 2014 for
resection of a chordoma in CCJ, however no
angiography was performed at the time(Kern, Indro
et al. 2014). Because of the distortion of the normal
bony structures due to the tumor, it is difficult to
appreciate intraoperatively many important
landmarks. The use of O-Arm navigation has proven
to be a valuable tool in the tumor resection process.

The developed in John Hopkins University
algorithm by Sciubba et al.(Sciubba, Mavinkurve et al.
2006), proved successful in treatment of
hemangioblastomas in the cervical spine. 3D digital
subtraction angiography provides high-resolution
images of the vascular structures, however often it
does not provide reliable anatomical information
about the nearby osseous structures, or in the cases,
when it does, resolution of the vascular anatomy in
the immediate vicinity of bone sacrificed. (Sciubba,
Mavinkurve et al. 2006) The authors used a novel
angiographic reconstruction by combining two
separate sequences of images of bone and blood
vessels in a single 3D Fusion Imaging series.
Although, only two case reports were presented by
the authors, the need for a better osseous
intraoperative imaging is noted. Su et al. already
used this fusion technique between O-Arm and on-
table angiography for the resection of the
occipitocervical tumor in 12/2020, independently
from our published hypothetical usage of this
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method in 02/2020(Pavlov, Mirchev et al. 2020, Su,
Prezerakos et al. 2020). This facilitates safe resection
by mapping the surgical field occult to direct vision.

There are two major factors for injury of the
vertebral artery, when performing a cervical
osteosynthesis: High riding vertebral artery (HRVA),
as an anatomical variant and narrow pedicle of the
C2 vertebrae(Wang, Xia et al. 2013, Wajanauvisit,
Lertudomphonwanit et al. 2016). Both of these
factors could be present in the setting of spinal
trauma or tumor in the CCJ.

Morin et al. demonstrated the close relationship
between traumatic brain injury (TBI) and the cervical
spine involvement (Morin, Langevin et al. 2016) and
thus the neurological outcome. Outcomes from TBI
can be temporary or permanent dysfunction of
cognition, motor function, physiology, and
psychology (Blennow, Hardy et al. 2012) and post-
TBI neurological disorders such as posttraumatic
epilepsy, chronic traumatic encephalopathy and
dementia (Papa, Mendes et al. 2012, Cotter, Kelso et
al. 2017). The resulting costs for the treatment of
these patients are increased exponentially. The
patients with extracranial involvement (c-spine
fractures, lung contusion, etc.) have worse outcome,
compared to the patient without additional
injuries(Konar, Pavlov et al. 2020).

The learning curve for a posterior fixation in the
upper cervical spine represents a steep due to the
complex anatomy of the C(J, subaxial spine and its
neurovascular relations (Heo, Lee et al. 2019). The
proposed technique could improve the learning
curve, making the posterior fixation easier for the
young  neurosurgeons.  With  the  better
understanding of the anatomic relations of the
bones to the neurovascular structures, one would
improve the operating time and minimize the blood
loss.

CONCLUSIONS

With the development of this technique, we do not
aim to set it as a “golden standard” for the treatment
of pathologies in the c-spine. We would suggest that
this technique would be “good to know” in the cases,
where it is needed. Since we present only a technical
note, no statistical analysis is carried out.

In the setting of polytrauma or multitrauma,
where a cervical dorsal osteosynthesis is required, all
measures for reducing the risk for additional injuries
need to be considered. The procedure-associated

risk for additional neurological deficit, due to injury
of the vertebral artery, must be kept as low as
possible. This technique offers the possibility for a
real-time intraoperative imaging of the vertebral
artery and thus protecting it.

This is a pilot cohort of patients with very
promising results. Further studies will be carried out
to confirm the diminished rate of VAI, to compare the
average blood loss, operation time, perioperative
mortality and morbidity between the patients
undergoing c-spine dorsal osteosynthesis with and
without this technique.

DISCLOSURES
No disclosures

REFERENCES

1. Acheson, M. B., et al. (1987). "High-resolution CT scanning
in the evaluation of cervical spine fractures: comparison
with plain film examinations." American Journal of
Roentgenology 148(6): 1179-1185.

2. Berti, A. F., et al. (2018). "Recurrent posterior circulation
infarcts secondary to vertebral artery external
compression treated with endovascular deconstruction."”
Interventional neuroradiology journal of
peritherapeutic neuroradiology, surgical procedures and
related neurosciences 24(2): 178-182.

3. Biffl, W. L., et al. (1999). "Optimizing screening for blunt
cerebrovascular injuries." AmJ Surg 178(6): 517-522.

4. Blennow, K., et al. (2012). "The neuropathology and
neurobiology of traumatic brain injury." Neuron 76(5):
886-899.

5. Bydon, M., et al. (2014). "Surgical outcomes of
craniocervial junction meningiomas: a series of 22
consecutive  patients."  Clinical neurology and
neurosurgery 117:71-79.

6. Costa, F., et al. (2011). "Spinal navigation: standard
preoperative  versus intraoperative computed
tomography data set acquisition for computer-guidance
system: radiological and clinical study in 100 consecutive
patients." Spine (Phila Pa 1976) 36: 2094-2098.

7. Cothren, C. C., et al. (2003). "Cervical spine fracture
patterns predictive of blunt vertebral artery injury." ]
Trauma 55(5): 811-813.

8. Cotter, D., et al. (2017). "Genetic biomarkers of
posttraumatic epilepsy: A systematic review." Seizure -
European Journal of Epilepsy 46: 53-58.

9. Eastman, A. L., et al. (2006). "Computed tomographic
angiography for the diagnosis of blunt cervical vascular
injury: is it ready for primetime?" ] Trauma 60(5): 925-929;
discussion 929.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Novel technique for intraoperative imaging of the vertebral artery

Fassett, D. R, et al. (2008). "Vertebral artery injuries
associated with cervical spine injuries: a review of the
literature." ] Spinal Disord Tech 21(4): 252-258.

Fiorenza, V. and F. Ascanio (2019). "Safety and Efficacy of
Posterior Atlanto-Axial Stabilization Using Intraoperative
Navigation System with Preoperative Computed
Tomographic Scan." World Neurosurg 129: 110-119.
Fusco, M. R. and M. R. Harrigan (2011). "Cerebrovascular
dissections: a review. Part II: blunt cerebrovascular
injury." Neurosurgery 68(2): 517-530; discussion 530.
George, B. and A. Carpentier (2001). "Compression of and
by the vertebral artery." Operative Techniques in
Neurosurgery 4(4): 202-218.

Gleizes, V., et al. (2000). "Combined injuries in the upper
cervical spine: clinical and epidemiological data over a 14-
year period." European spine journal : official publication
of the European Spine Society, the European Spinal
Deformity Society, and the European Section of the
Cervical Spine Research Society 9(5): 386-392.
Harshavardhana, N. S. and H. V. Dabke (2014). "Risk
factors for vertebral artery injuries in cervical spine
trauma." Orthopedic reviews 6(3): 5429-5429.

Heo, Y., et al. (2019). "The Learning Curve of Subaxial
Cervical Pedicle Screw Placement: How Can We Avoid
Neurovascular Complications in the Initial Period?" Oper
Neurosurg (Hagerstown) 17(6): 603-607.

Jung, S. H., et al. (2010). "Tailored surgical approaches for
benign craniovertebral junction tumors." | Korean
Neurosurg Soc 48(2): 139-144.

Kern, H. G., et al. (2014). "The use of intraoperative
navigation for complex upper cervical spine surgery."
Neurosurgical Focus FOC 36(3): ES5.

Kerwin, A.J., et al. (2001). "Liberalized screening for blunt
carotid and vertebral artery injuries is justified." ] Trauma
51(2): 308-314.

Konar, S., et al. (2020). "Critical Appraisal of Traumatic
Brain Injury and Its Management." Indian Journal of
Neurotrauma 17(02): 079-084.

Leng, L. Z, et al. (2013). "Fusion of intraoperative three-
dimensional rotational angiography and flat-panel
detector computed tomography for cerebrovascular
neuronavigation." World Neurosurg 79(3-4): 504-509.
Lockwood, M. M., et al. (2016). "Screening via CT
angiogram after traumatic cervical spine fractures:
narrowing imaging to improve cost effectiveness.
Experience of a Level | trauma center." Journal of
neurosurgery. Spine 24(3): 490-495.

Miller, P. R., et al. (2001). "Blunt cerebrovascular injuries:
diagnosis and treatment." ] Trauma 51(2): 279-285;
discussion 285-276.

Morin, M., et al. (2016). "Cervical Spine Involvement in
Mild Traumatic Brain Injury: A Review." Journal of Sports
Medicine 2016: 1590161.

Mueller, C-A., et al. (2011). "Vertebral artery injuries
following cervical spine trauma: a prospective
observational study." European spine journal : official
publication of the European Spine Society, the European

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Spinal Deformity Society, and the European Section of
the Cervical Spine Research Society 20(12): 2202-2209.
Neo, M., et al. (2005). "The clinical risk of vertebral artery
injury from cervical pedicle screws inserted in
degenerative vertebrae." Spine (Phila Pa 1976) 30(24):
2800-2805.

Nizare, E. F., et al. (2013). "Upper cervical spine injuries: a
management of a series of 70 cases." The Pan African
medical journal 15: 57-57.

Nottmeier, E. W., et al. (2013). "Operating room radiation
exposure in cone beam computed tomography-based,
image-guided spinal surgery." Journal of Neurosurgery:
Spine 19(2): 226-231.

Papa, L., et al. (2012). "Mild Traumatic Brain Injury Among
the Geriatric Population." Current Translational
Geriatrics and Experimental Gerontology Reports 1(3):
135-142.

Parks, N. A. and M. A. Croce (2012). "Use of computed
tomography in the emergency room to evaluate blunt
cerebrovascular injury." Adv Surg 46: 205-217.

Pavlov, O., et al. (2020). "A possible novel technique for
intraoperative imaging of the vertebral artery during
arthrodesis of the upper cervical spine." Medical
hypotheses 140: 109641.

Pavlov, O., et al. (2020). "A possible novel technique for
intraoperative imaging of the vertebral artery during
arthrodesis of the upper cervical spine." Medical
hypotheses 140: 109641.

Pirotte, B. )., et al. (2010). "Management of anterolateral
foramen magnum meningiomas: surgical vs conservative
decision making." Neurosurgery 67(3 Supp! Operative):
ons58-70; discussion ons70.

Robinson, A-L., et al. (2017). "Epidemiology of C2
Fractures in the 21st Century: A National Registry Cohort
Study of 6,370 Patients from 1997 to 2014." Advances in
Orthopedics 2017: 6516893.

Sciubba, D. M., et al. (2006). "Preoperative imaging of
cervical spine hemangioblastomas using three-
dimensional fusion digital subtraction angiography.
Report of two cases." Journal of neurosurgery. Spine 5(1):
96-100.

Scott, W. W., et al. (2014). "Clinical and radiological
outcomes following traumatic Grade 1 and 2 vertebral
artery injuries: a 10-year retrospective analysis from a
Level 1 trauma center." ] Neurosurg 121(2): 450-456.
Squarza, S. et al. (2019). "C1-C2 fractures in
asymptomatic elderly patients with minor head trauma:
evaluation with a dedicated head CT protocol." Radiol
Bras 52(1): 17-23.

Su, Z., et al. (2020). "Novel use of intraoperative cone-
beam imaging with on-table angiography for excision of
an occipitocervical tumour: A technical note and its
feasibility." Interdisciplinary Neurosurgery 22: 100784.
Talacchi, A, etal. (2012). "Surgical management of ventral
and ventrolateral foramen magnum meningiomas:
report on a 64-case series and review of the literature."
Neurosurg Rev 35(3): 359-367; discussion 367-358.



O. Pavlov, N. Mirchev, A. Ruiz et al.

40.

41.

42.

43,

Van de Kelft, E., et al. (2012). "A prospective multicenter
registry on the accuracy of pedicle screw placement in
the thoracic, lumbar, and sacral levels with the use of the
O-arm imaging system and StealthStation Navigation."
Spine (Phila Pa 1976) 37(25): E1580-E1587.

Vergara, P., et al. (2012). "C1-C2 posterior fixation: are 4
screws better than 2?" Neurosurgery 71(1 Suppl
Operative): 86-95.

Wajanavisit, W., et al. (2016). "Prevalence of High-Riding
Vertebral Artery and Morphometry of C2 Pedicles Using
a Novel Computed Tomography Reconstruction
Technique." Asian spine journal 10(6): 1141-1148.

Wang, J., et al. (2013). "An anatomic consideration of C2
vertebrae artery groove variation for individual screw

45.

46.

implantation in axis." European spine journal : official
publication of the European Spine Society, the European
Spinal Deformity Society, and the European Section of
the Cervical Spine Research Society 22(7): 1547-1552.
Weller, S. J., et al. (1999). "Detection of vertebral artery
injury after cervical spine trauma using magnetic
resonance angiography." ] Trauma 46(4): 660-666.

Willis, B. K., et al. (1994). "The incidence of vertebral artery
injury after midcervical spine fracture or subluxation."
Neurosurgery 34(3): 435-441; discussion 441-432.

Yeom, J. S., et al. (2013). "Risk of vertebral artery injury:
comparison between C1-C2 transarticular and C2 pedicle
screws." Spine J 13(7): 775-785.



Romanian Neurosurgery (2022) XXXVI (1): pp. 39-42
DOI: 10.33962/roneuro-2022-007
www journals.lapub.co.uk/index.php/roneurosurgery

Spontaneous acute spinal subdural

hematoma in patient on oral anticoagulant

therapy. A rare case report

Svetlana Koci¢', Vuk Aleksié?, Milenko Stani¢?,
Aleksandra Zivkovi¢®, Radisa Vojinovié¢?,
Igor Popovic?

' Department of radiology, Clinical hospital center Zemun, Belgrade,
SERBIA

2 Department of Neurosurgery, Clinical hospital center Zemun,
Belgrade, SERBIA

3 Department of Anaesthesiology, Clinical hospital center Zemun,
Belgrade, SERBIA

4 Department of Radiology, Clinical center of Kragujevac, Kragujevac,
SERBIA

ABSTRACT

Introduction: Spontaneous spinal subdural hematoma as a result of coagulation
deficit is a very rare and serious condition, with an overall incidence of less than 1%.
Symptoms can vary according to the level of the bleed. Prompt recognition of the
presence of spinal subdural hematoma is crucial for treatment. MRI is the
investigation of choice for diagnosis as well as for planning the surgery. The
differential diagnosis includes abscess, lipomatosis, significant discal hernia and
tumours. There are no definite guidelines for the management of spinal subdural
hematomas. In cases with serious neurological deficits, prompt surgical evacuation
may lead to the resolution of symptoms and complete neurological recovery.

Case report: We present a case of a 75-years-old man with bilateral lower limb
radiculopathy, paresthesias, and spinal claudications for four days, progressing to
bilateral paraplegia with urine incontinency. The patient was diagnosed with cauda
equina syndrome due to spontaneous spinal subdural hematoma in the region from
Th12 to L2. He was immediately operated and the subdural hematoma was
evacuated. Minimal recovery was achieved and the patient was referred for further
rehabilitation with severe paraparesis and urine incontinence.

Conclusion: Early diagnosis of spinal subdural hematoma is essential for treatment.
Any delay of correct diagnosis can lead to a devastating neurological deficit.
Spontaneous spinal subdural hematoma is one of the rare conditions where an
emergency MRl is indicated and crucial for diagnosis.

INTRODUCTION

Spinal subdural hematoma (SSDH) is exceedingly uncommon condition
with incidence lower than 1%. Even rarer finding is spontaneous SSDH.
Spinal subdural hematomas are usually associated with trauma,
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lumbar puncture, anticoagulant therapy (cause of
spontaneous SSDH) or spinal surgery. The
prevalence of subdural hematoma in the thoracic
and lumbar region as a result of coagulation deficit is
a rare cause of spinal cord compression. Symptoms
can vary according to the level of the hematoma
including pain, lower limb weakness, radiculopathy,
paresthesias, paraplegia, and urine incontinency.
Prompt recognition of the presence of SSDH is
essential for successful treatment (1, 2). MRI is the
diagnostic modality of choice for diagnosis as well as
for planning the surgical procedure. The differential
diagnosis includes severe discus hernia, lipomatosis,
abscess, and tumors (1).

We present the case of 75-years-old man with
bilateral lower limb radiculopathy and paresthesias
lasting for four days and progressing to cauda
equina syndrome due to spontaneous subdural
hematoma at thoracolumbar junction level.

CASE REPORT

A 75-years-old man presented with progressive
bilateral lower limb radiculopathy, paresthesias and
lower back pain progressing to paraplegia and urine
incontinency in 4 days, after which he was admitted
to our institution with complete cauda equina
syndrome. There was no history of trauma. However,
the patient had aortic valve prosthesis inserted 5
years prior to admission to our institution and was
on anticoagulant therapy (Figure 1). His initial
international normalized ratio (INR) was 6.020. An
initial thoraco-lumbar computed tomography (CT)
was performed in another institution two days after
the onset of symptoms, and except for L1 vertebral
body compression fracture without signs of
dislocation, no other pathological finding was
described (Figure 2). After neurological deterioration
to cauda equina syndrome, patient was referred to
our institution. Upon admission MRI of thoraco-
lumbar junction as well as lumbosacral spine was
performed and revealed a subdural lesion at the
thoraco-lumbar  junction level which was
hyperintense on T1W imaging and hypointense to
spinal cord on T2W image. The STIR sequence
showed hyperintensity to spinal cord, so
presumptive diagnosis of subdural hematoma was
made (Figure 3). Patient was immediately operated
and Th12, L1 and L2 laminectomies were performed.
The underlining dura was blue, tense, and without
pulsations. Upon opening the dura with linear

incision semi-liquid, dark blood clot came out under
high pressure (Figure 4). The subdural space was
irrigated after which flow of liquor was obtained. The
dura was sutured watertight and the operation was
finished in usual fashion. Postoperatively the patient
was painless with minimal improvement of lower
extremities strength. No improvement of urine
incontinence was obtained. Patient was referred for
further rehabilitation 7 days after the operation.
Unfortunately, no significant improvement was
achieved 2 months after the operation.

Figure 1. Chest X ray showing condition after heart valve
replacement as indirect evidence that the patient is on
anticoagulant therapy (arrow is pointing at artificial heart
valve).

=il

Figure 2. Spine CT scan. Arrow is pointing at L1 vertebral body
compression fracture without signs of dislocation. No other
pathological finding was found.
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Figure 3. Spine MRI perofrmed 4 days after the onset of symptoms. (A) Sagittal TTW image showing Th12-L2 isointense subdural
hematoma; (B) Sagittal T2W image showing Th12-L2 hyperintense subdural hematoma; (C) Sagittal STIR sequence showing
hyperintense signal of SSDH; (D) Axial T2W showing the “Y” shaped sign of the SSDH at the level of L1; (E) Axial T2W showing SSDH

at the level Th12 causing absolute spinal stenosis.

Figure 4. Intraoperative finding of SSDH

DISCUSSION

SSDH is a rare condition, and most often these
hematomas are associated with trauma, lumbar
puncture or spine surgery (1). Spontaneous SSDH is
exceedingly uncommon finding. De Beer et al. give
classification of SSDH into: (1) posttraumatic, (2)
iatrogenic (following spinal surgery or lumbar
puncture), and (3) spontaneous (associated with
underlying vascular malformations or coagulation
deficits) (3). We presented a case of spontaneous
SSDH due to coagulation deficit with INR 6.020, since
the patient was on anticoagulant therapy because of
heart valve replacement.

Clinical ~ presentation of spinal subdural
hematoma is not specific (1). Severe back pain with a
radicular component is often the first complaint. The
pain followed by the development of weakness and
numbness progressing to a complete sensorimotor
paraplegia over a few hours to days is typical clinical
finding since most of SSDH are located in thoracic or
lumbar region (3). According to study of Dampeer,

spontaneous SSDH are most often located in the
thoracic region and presenting with paraparesis or
paraplegia, sensory level and pain, and more than
40% are due to coagulation deficit (3, 4). In our case
patient had typical clinical picture for lesion located
in thoraco-lumbar junction level (Th12-L2) with
complete cauda equina syndrome.

MRI is the imaging modality of choice for
diagnosis SSDH. The most important factor to
distinguish SSDH from other spinal lesionsis
identification of blood products on MRI. Also, MRI
gives better visualization of the longitudinal extent
and size of the hematoma. Subdural hematoma can
be divided into hyperacute, acute and chronic. The
hyperacute bleed is iso/hypointense on TI1W
sequence and hyperintense on T2W sequence. The
acute hematoma is hypo-/isointense on T1W images
and hypointense on T2W images. In early subacute
hematoma the T1W image is hyperintense and
hypointense on T2W images. The late subacute
hematoma is hyperintense on TI- and T2- weighted
images. The chronic hematoma is usually
hypointense on T1W and T2W images (5, 6). Our
patient had acute SSDH from Th12 to L2 spinal
segment. CT is the workhorse for emergency cases
and is usually done before. Unfortunately, SSDH can
easily be missed in the acute setting. After having
identified a subdural hematoma on MR, it is good
practice to revise the CT scan in an attempt to
identify the SSDH (7). In our case initial CT scan was
performed in another institution, and except for L1
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vertebral body compression fracture, no other
pathological finding was described. We revised CT
scan after obtaining MRI finding that was suggestive
of SSDH, however, no consensus has been reached
among 9 neurosurgeons in our department. SSDH is
one of the rare conditions where emergency MRI is
indicated and crucial for diagnosis. It is important to
distinguish between SSDH and other spinal subdural
space occupying lesions such as empyema,
hygroma, lipomatosis, tumors, and arachnoiditis.
The “Y" shaped sign we noted, is similar to the
“Inverted Mercedes Benz" sign described by Kasliwal
et al. This sign is a result of the encasement of blood
around arachnoid lined neural structure. This helps
to differentiate between an epidural and subdural
location of the hematoma (8).

There are no definite guidelines for management
SSDH. The location and symptoms are the most
important factors for treatment decision. Treatment
involves conservative management in cases with
preserved neurology or laminectomy and drainage
in cases with serious neurological deficit. Cervical
and thoracic SSDH mostly require surgical treatment,
while SSDH below the conus medullaris can be
treated conservatively. In general SSDH at the
cervical or thoracic level are associated with poor
outcome. Apart from the location, the duration of
symptoms is one of important prognostic factors (9).
In cases of spontaneous SSDH due to coagulation
deficit, anticoagulant therapy should be stopped
immediately (10). Our patient had complete cauda
equina syndrome, so laminectomy and evacuation of
SSDH was performed immediately after obtaining
the diagnosis with MRI. However, due to long
duration of symptoms, functional recovery was
minimal. In our case we can modify famous
neurological maxima “the time is brain” into “the time
is spine”.

CONCLUSION

Early diagnosis of SSDH is essential for treatment. So,
in patients with cauda equina syndrome and severe
back pain, and especially if there is information and
evidence of anticoagulant therapy, spine MRI should
be performed. If SSDH is confirmed in patient with

any neurological deficit we suggest prompt surgical
decompression and hematoma evacuation,
although there are no definite guidelines for
management SSDH and personalized medical
approach is always reasonable. Patient's clinical
symptoms, the location of the SSDH, the amount of
spinal canal narrowing, and duration of symptoms
are the most important factors which should be
taken into account when choosing the most
appropriate treatment.
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ABSTRACT

Study design: Prospective hospital-based study.

Background: Annual incidence of bilateral chronic subdural hematoma (CSDH) is
increasing due to an increase in the ageing population, associated medical
comorbidities such as haemodialysis, anticoagulant and/or antiplatelet therapy.
Objectives: 1. To determine the socio-demographic and clinical profile of bilateral
CSDH patients. 2. To determine treatment outcome and its association with the socio-
demographic profile.

Method: A prospective hospital-based study was carried out on 100 confirmed
patients of bilateral CSDH. Information of patients such as socio-demographic profile,
clinical presentation and laboratory investigation, along with treatment and outcome
were recorded and analysed.

Results: Among 100 patients, male and female were 74% and 26%. The mean age of
patients was 63.03+13.57 years. A history of head injury was reported by 49% of
patients. The mean Glasgow coma scale (GCS) was 12.14+2.38. Common presenting
symptoms were hemiparesis (69%), headache (58%), aphasia (18%) and complete
loss of consciousness (16%). Clinical improvement was observed in 81% while 09%
had no change, 06% shows clinical deterioration and 04% of patients die during
treatment.

Conclusion: Bilateral CSDH is common in the elderly and prognosis is poor with
increasing age however gender has no association with poor outcomes. More than
80% of patients recover with timely interventions.

Key message: Surgery leads to achieving good outcomes in cases of bilateral chronic
SDH, but not all such patients will recover completely. Similarly, good functional
outcomes can also be achieved in those presented early after symptom onset when
managed promptly.

INTRODUCTION
A subdural hematoma (SDH) is collection of blood between the dura
and the arachnoid membranes. SDH has been classified into three
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verities i.e. acute, sub-acute and chronic types. Acute
SDH is usually caused by head injuries and is
symptomatic within 24 hours of injury.”The Chronic
subdural haematoma (CSDH) are usually
characterized by history of trivial head trauma.’
CSDH is an encapsulated collection of old blood,
which can be liquefied and located between the dura
mater and arachnoid. CSDH patient become
symptomatic more than 2 weeks after the initial
injury.* It was first described by Virchow in 1857 as
“pachymeningitis haemorrhagica interna”.

Incidence of bilateral CSDH is about 1-5.3 cases
per one lac population. The incidence is increasing
due to increase in aging population, associated
medical comorbidities such as hemodialysis,
anticoagulant and/or antiplatelet therapy.'%®

The presentation of CSDH could vary from no
symptoms to focal neurological signs such as
hemiplegia, seizures, confusion, decreased memory,
and signs of raised intracranial pressure such as
headache, vomiting, and papilledema. Patients may
present with difficulty in speech, swallowing, and
walking. There may be weakness or numbness of
arms, legs, and face.’®'® CSDH is usually diagnosed
by CT scan. Hematomas usually present as
hypodense lesions, but sometimes isodense or
mixed density lesions can also be observed. They are
concavo-convex, but rarely may mimic acute
epidural hematomas.

CSDH can be surgically treated, which has the
potential for significant improvement or even
resolution of symptoms postoperatively although
multiple surgeries may required which leads to
multiple hospitalization and deterioration of
activities of daily living.5'8 There is lack of uniformity
about the treatment strategies, such as the role of
burr hole, twist drill, craniotomy, etc., in CSDH
amongst various surgeons. There is also disparity
regarding use of drain, irrigation, and steroid. In
addition, bilateral CSDHs are operated unilaterally or
bilaterally  depending  on symptoms  or
hematomavolume.'” Bilateral sites of CSDH are
identified as a risk factor for recurrence by some
researchers."

MATERIALS AND METHODS

Study design: A prospective hospital-based study.
Study setting: Neurosurgery department of RNT
Medical college, Udaipur, Rajasthan, India

Study period: From July 2013 to June 2021.

Study Population: All patients of bilateral CSDH
admitted at neurosurgery department during study
period.

Inclusion criteria: Patient of bilateral CSDH showed
isodense to hypodense hematomas with respect to
the adjacent brain at Computerized tomography (CT)
scan.

Exclusion criteria: 1. Patient had concomitant
occurrences of other types of traumatic brain injury;
2) CSDH had resulted from complications or history
of prior neurosurgical procedures, such as
craniotomy or cerebrospinal fluid shunting.

Sample size: 100

Study tools: 1) Individual case sheet. 2) CT scan
report.

Method

A prospective hospital-based study was conducted at
neurosurgery department on patients of bilateral
CSDH admitted during July 2013 to June 2021. Based
on inclusion and exclusion criteria, records of 100
bilateral CSDH patients were assessed and analysed.
Information of socio-demographic profile, clinical
presentation at the time of admission, associated
medical comorbidities, routine investigation along
with neuro-image findings, treatment and outcome
were assessed. All informations were entered in
individual case sheet. Ethical permission was taken
from Institutional Ethic Committee before starting of
study.

Statistical analysis

The collected data were compiled and tabulated
using MS Excel 2010 and analyzed using statistical
software SPSS trial version 20. Appropriated tables
and figures were generated. The results were
expressed in percentages. Chi-square test was
applied to determine association. P value of < 0.05
was considered statistically significant.

RESULTS

Records of 100 patients with radiologically confirm
cases of bilateral CSDH were reviewed. Among 100
patients, 74 (74%) were male and 26 (26%) were
female. Mean age of patient was 63.03+13.57 years.
History of head injury was reported by 49% of
patients. Underlying medical condition such as
hypertension, diabetes mellitus, stroke and End
Stage Renal Disease (ESRD) with hemodialysis was
found among 58%, 38%, 19% and 04% of patients



respectively. Total 19% of patients were on
antiplatelet therapy and 8% were on anticoagulant
therapy at the time of admission. Glasgow coma
scale (GCS) was assessed for each patient at
admission and mean GCS was 12.14+2.38. (Table 1)

Table 1. Socio-demographic and clinical characteristic of study

participants

. Female
Variables Male (n=74) (n=26) Total
Mean age 63.81+12.3 | 60.80£16.6 | 63.03+13.5

3 9 7
Age (years)
<40 04 (5.4%) 02 (7.7%) 06
41-60 25 (33.8%) 10 (38.5%) 35
61-280 42 (56.8%) 10 (38.5%) 52
>80 03 (4.1%) 04 (15.4%) 07
History of
head injury
Yes 37 (50%) 12 (46.15%) | 49
No 37 (50%) 14 (53.85%) | 51
Underlying
medical
condition
) 35(47.29%) | 23(88.46%) | 58

Hypertension
Diabetes

. 21(28.38%) | 17(65.38%) | 38
mellitus
Stroke 09(12.16%) | 10(38.46%) | 19
Antiplatelet | oo 15 16%) | 10(38.46%) | 19
therapy
Anticoagulan | 05 (6.76%) 03(11.53%) | 08
t therapy
::;2 dial;\git: 02 (2.70%) 02 (7.69%) 04
Alcoholism 11(14.86%) | 02(7.69%) 13
Mean GCS at | 1 soi044 | 12826232 | 12142238
admission

Table 2. Neuro-image findings of study participants at

Bilateral chronic subdural hematoma

Density of hematoma (HU) 34.82 +10.38
Mean total hematoma volume in

178.8+71.4
cm?

Neuro-image findings shows midline shift (12%),
mass effect (89%), presence of layering (22%) and
multiplicity of hematoma cavities (21%) among
patients of bilateral CSDH. Mean thickness of
hematoma was 32.09+ 11.72 mm, mean density of
hematoma was 34.82 + 10.38 HU and mean total
hematoma volume was 178.8 + 71.4 cm3 among
patients. (Table 2).

All patients of bilateral CSDH were treated by
Biparietal burrhole with subgaleal drain placement.
Mean duration of hospital stay was 18.12+8.34 days.
At the time of discharge, 81% patient shows clinical
improvement, 09% had no change in condition while
06% shows clinical deterioration and 04% patients
die during treatment. During follow up, 4% of
patients shows recurrence of SDH.

Table 3. Treatment and outcome of study participants

Variables Numbers (%)
Treatment

Surgical 100 (100%)
Conservative 00 (0%)
Outcome (at discharge)

Improved 81 (81%)
No change 09 (9%)
Worsened 06 (06%)
Death 04 (4%)
Mean hospital stay (day) 18.12+8.34
Recurrence during follow up 04 (4%)

Table 4. Association of treatment outcome with Socio-
demographic variables

admission

Neuro-image findings Numbers (%) /
MeantSD

Midline shift 12 (12%)
Mass effect 89 (89%)
Presence of layering 22 (22%)
Multiplicity of hematoma

N 21 (21%)
cavities
Thickness of hematoma (mm) 32.09+11.72

Variables Improved | Others Total P
(n=81) (no (n=10 | value
change, 0) *
worsen
and
death)
(n=19)
Age (years) 0.013
<40 06 (100%) | 00 (0%) 06
41-60 31 04 35
(88.57%) (11.43%)
61-80 42 10 52
(80.76%) (19.24%)
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>80 02 05 07
(28.57%) (71.42%)
Gender 0.53
Male 61 13 74
(82.43%) (17.57%)
Female 20 06 26
(76.92%) (23.08%)
Antiplatelet
therapy
Yes 12 07 19 0.06
(63.16%) (36.84%)
No 69 12 81
(85.18%) (14.52%)
Anticoagula
nt therapy
Yes 05 (62.5%) | 03(37.5%) | 08 0.35
No 76(82.6%) | 16(17.4%) | 92
Presence of
layering
Yes 16 06 22 0.26
(72.73%) (27.27%)
No 65 13 78
(83.33%) (16.67%)
Multiplicity
of
hematoma
cavities
Yes 14 07 21 0.059
(66.67%) (33.33%)
No 67 12 79
(84.81%) (15.19%)
Thickness of | 31.6£10.5 | 34.16x11. | 32.09+ | 0.35
hematoma 6 88 11.72
(mm)
Density of | 34.61+10. | 35.66+10. | 34.82 0.69
hematoma 20 76 +
10.38
Mean total | 174.28+68 | 196.6+72. 178.8 0.20
hematoma 2 22 +71.4
volume in
cm?

*Chi square and student t test were used as test of significance.

For analysis purpose, outcome of patients was categorized into
improved and others (no change, worsen and death).
Statistically significant (p=0.013) association was observed with
age as outcome is favourable with younger age. No association
was found  between  gender(p=0.53), antiplatelet
therapy(p=0.06), anticoagulant therapy (p=0.35), presence of
layering (p=0.26) and treatment outcome of bilateral CSDH.
Association of multiplicity of hematoma cavities (p=0.059),
thickness of hematoma (p=0.35), density of hematoma (p=0.69)
and mean total hematoma volume (p=0.20) was insignificant
with outcome of CSDH.

Symptoms

Hemiparesis
Complete loss of...

Dual incontinence

Unsteady gait (ataxia)

Aphasia

Slurred speech

Quadriplegia

Focal seizures

Convulsions

Confusion

Nausea or vomiting

Headache

0 20 40 60 80

Figure 1. Symptoms of study participants at admission

Patients of bilateral CSDH were present with multiple
symptoms at admission. Among them most common
symptom was hemiparesis (69%) followed by headache (58%),
aphasia (18%) and complete loss of consciousness (16%)
excreta. (Figure 1).

DISCUSSION

The increasing global incidence of bilateral CSDH
because of an aging population has a great disease
burden.® Clinically, patients often present with a
history of gradually increasing altered level of
consciousness and/or focal signs. A relatively simple
neurosurgical treatment can improve functional
outcome; however, high mortality is still observed in
patients.’

In present study, a prospective study was
planned on 100 radiologically confirm cases of
bilateral CSDH. Among 100 patients, 74% were male
and 26% were female. Age of patients varies from 35
years to 95 years with mean age of 63.03+13.57
years. Head injury was precede CSDH among 49% of
patients. Patients were present with multiple
symptoms at admission such as hemiparesis (69%),
headache (58%), aphasia (18%), complete loss of
consciousness (16%) excreta. Total 19% of patients
were on antiplatelet therapy and 8% were on
anticoagulant therapy at the time of admission. Yuji



Agawa et al’> study 368 cases of bilateral CSDH.
Average age at onset of disease was 74.2+12.8 years
and 246 (66.8%) patients were male and 122 (33.2%)
were female. Motor weakness (74.45%) was the most
common clinical presentation followed by headache
(19.56%). Forty-one patients (11.1%) had warfarin
use, 67 (18.2%) patients had a history of malignancy,
46 (12.5%) had dementia and 16 (4.3%) had history
of depression. Nina Christine et al'> observed 291
patients of bilateral CSDH and find that out of 291
patients, 71.1% were male and 28.9% were female.
Age is between 40 to 98 years, with a mean age of
73.0 years for males and 76.7 years for females. A
history of head trauma was obtained in 53.3%
patients. Approximately half of the study population
(47.8%) received anticoagulant or antiplatelet
therapy upon admission.

In this study, midline shift (12%), mass effect
(89%), presence of layering (22%) and multiplicity of
hematoma cavities (21%) was found in neuro-
imaging. Mean thickness, density and mean total
hematoma volume was 32.09+ 11.72 mm, 34.82 +
10.38 HU and 178.8 + 71.4 cm?among patients. In
neuro imaging of 25 patients of bilateral CSDH, Yu-
Hua Huang et al?® found midline shift (12%), mass
effect (96%), presence of layering (20%) and
multiplicity of hematoma cavities (20%) among
patients of bilateral CSDH. Mean thickness of
hematoma was 32.16 +10.81 mm, mean density of
hematoma was 35.80+11.30 HU.

In present study, management of all patients of
bilateral CSDH were remain surgical. Mean duration
of hospital stay was 18.12+8.34 days. At the time of
discharge, clinical improvement was shown in 81%
patient while 04% patients die during treatment.
Treatment outcome was significantly associated with
age but not with gender of patient. Nina Christine
treat 264 (90.7%) patients surgically while 27 (9.3%)
patients conservatively. Sakina Mehboob Rashid
found improvement in 53.3%, worsening of
condition among 6.6%, no change in 16.7% and
deceased in 23.3% of patients. Similar to our study,
Yuji Agawa observed poor clinical outcome among
03 (5.7%) patients and Yu-Hua Huang observed
death among 01 (04%) of patients with bilateral
CSDH. Olufemi Babatola et al'* studied 73 patients
with age range was 24 to 82 years. Among 73
patients of bilateral CSDH, in majority outcome was
favourable (91.3%) in patients with a recurrence rate
of 12.5% and mortality rate of around 6.3%. David

Bilateral chronic subdural hematoma

Kitya et al® assess 205 patients of bilateral CSDH and
found that 202 patients underwent surgical
intervention with burr holes and drainage and 22.8%
(46) were admitted to the ICU. Two patients had a
recurrence, 5 suffered postoperative wound
infection, and 18 died. GCS score on admission was
a significant predictor of the discharge GCS score (p
= 0.004), ICU admission (p < 0.001), and death (p <
0.001). Presenting symptoms differed by age.
Hundred patients of bilateral CSDH was managed by
Malaya Patel et al,'> among them Burr hole drainage
was carried out in 94 patients (94%). Primary
craniotomy along with membrane excision was
carried out in about 5 patients. Secondary
craniotomy was performed in 1 patient. With all
efforts, total five deaths were reported.

CONCLUSION

Bilateral CSDH are one of the most rewarding among
neurosurgical procedures. Bilateral CSDH is
common in elderly and prognosis is poor with
increasing age however gender has no association
with poor outcome. Head injury was preceding in
bilateral CSDH among 49% of patients. Patients were
present with multiple symptoms at admission. With
timely diagnosis and management, improvement
was observed in more than 80% of patients.

Conflicts of interest
The authors declare no conflict of interest.

Informed consent
Informed consent was obtained from all individual participants
included in the study.

REFERENCES

1. Adhiyaman V, Asghar M et al. Chronic subdural
haematoma in the elderly. Postgrad Med ] 2002;78:71-
75.

2. Agawa Y, Mineharu Y et al. Bilateral Chronic Subdural
Hematoma is Associated with Rapid Progression and
Poor Clinical Outcome. Neurol Med Chir (Tokyo) 56, 198-
203, 2016.

3. Babatola O, Salman A et al. Chronic subdural
haematoma: clinical presentation, surgical treatment
and outcome at the lagos university teaching hospital.
African Journal of Neurological Sciences 2011 - Vol. 30, No
1.

4. Balser D, Farooqg S, Mehmood T, Reyes M, Samadani U.
Actual and projected incidence rates for chronic subdural
hematomas in United States Veterans Administration
and civilian populations. ] Neurosurg 2015;123:1209-15.



Yadav Kaushal, Jaiswal Gaurav, Lodha Krishna Govind et al.

10.

11.

12.

13.

Bankole OB, Yusuf AS, Kanu OO, Ukponwan E, Nnnadi
MN, Arigbabu SO. Chronic subdural haematoma: clinical
presentation, surgical treatment and outcome at the
Lagos university teaching hospital. Afr | Neurol Sci
2011;30:10-7.

Dekker M{J, Urasa SJ, Howlett WP. Neurological letter
from Kilimanjaro. PractNeurrol. 2017;5:412-6.

Jobse IC, Feitsma MT. Presentation of chronic subdural
hematoma in the elderly. TijdschrGerontolGeriatr.
2011;42:139-43.

Karibe H, Kameyama M, Kawase M, Hirano T, Kawaguchi
T, Tominaga T. Epidemiology of chronic subdural
hematoma. No ShinkeiGeka. 2011;39:1149-53.

Kitya D, Med M et al. Causes, clinical presentation,
management, and outcomes of chronic subdural
hematoma at Mbarara Regional Referral Hospital.
Neurosurg Focus Volume 45:0ctober 2018.

Krupa M. Chronic subdural hematoma: A review of the
literature. Part 1. Ann Acad Med Stetin. 2009;55:47-52.
KurokawaY, Ishizaki E, Inaba K. Bilateral chronic subdural
hematoma cases showing rapid and progressive
aggravation. SurgNeurol 2005;64(5):444e9.

Malaya Patel et al., Clinical Presentation and Surgical
Outcome in Chronic Subdural Haemorrhage Patients.
Journal of Clinical and Diagnostic Research, 2021 Mar,
Vol-15(3): PCO8-PC12.

Mayer S, Rowland L. Head injury. In: Rowland L, editor.
Merritt's neurology. Philadelphia: Lippincott Williams &
Wilkins; 2000. p. 401.

14.

20.

Miller JD, Nader R. Acute subdural hematoma from
bridging vein rupture: a potential mechanism for growth.
J Neurosurg. 2014;120(6):1378-84.

Nina Christine Andersen-Ranberg et al. Bilateral chronic
subdural hematoma: unilateral or bilateral drainage. )
Neurosurg 126:1905-1911, 2017.

Rashid S M , Deliran S S et al. Chronic subdural
hematomas: a case series from the medical ward of a
north Tanzanian referral hospital Egyptian Journal of
Neurosurgery (2019) 34:29.

Santarius T, Lawton R, Kirkpatrick PJ, Hutchinson PJ). The
management of primary chronic subdural haematoma: A
questionnaire survey of practice in the United Kingdom
and the Republic of Ireland. Br] Neurosurg. 2008;22:529-
34.

Takahashi S, Yamauchi T et al. Proposal of Treatment
Strategies for Bilateral Chronic Subdural Hematoma
Based on Laterality of Treated Hematoma. Asian Journal
of Neurosurgery | Volume 13 | Issue 4 | October-
December 2018.

Yadav Y R, Parihar V et al. Chronic subdural hematoma.
Asian | Neurosurg. 2016 Oct-Dec; 11(4): 330-342.

Y.-H. Huang et al. Bilateral chronic subdural hematoma:
What is the clinical significance? International Journal of
Surgery 11 (2013) 544e548.



Romanian Neurosurgery (2022) XXXVI (1): pp. 49-51
DOI: 10.33962/roneuro-2022-009
www journals.lapub.co.uk/index.php/roneurosurgery

Spontaneous height restoration of cervical
traumatic non-pathological vertebral
compression fracture. Short report
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ABSTRACT N o ' . Keywords
Spontaneous regaining of radiological normal shape with vertebral compression cervical spine,

fracture is very uncommon in the cervical spine; conducting confusion regarding the neuro-trauma
presence of a potentially surgical lesion. We report the case of 48 years old man ) '
without past medical history who presented post traumatic compression fracture comprgssmn fraotgre,
that resolved spontaneously after transcranial traction. The patient was operated on height restoration
with a good outcome. This report aims to confirm the presence of such phenomena
already reported in the dorso-lumbar spine.

I Corresponding author:
NTRODUCTION Khelifa Adel

Vertebral compression fracture is a common lesion in the cervical spine

trauma; characterized by a loss of the vertebral height. Spontaneous DEREEM O NEUTOSUEERT

Mohamed Lamine Debaghine

regaining of the initial radiological normal shape is very uncommon in University Hospital (BEO);
the cervical spine; conducting to confusion regarding the presence of Algiers - Algeria
potentially surgical lesion. drkhelifaadel@gmail.com

CASE REPORT

The patient is a 48 years old man without past medical history victim of

road traffic accident. The clinical exam at the admission found a

conscious patient without neurologic deficiency presenting neck pain. Scan to access the online version
The patient is scored E on the ASIA Impairment scale. Initial X-rays
performed in standing position objectified C6-C7 bilateral facet joint
dislocation and distraction; with anterior compression fracture of the
C7 body causing an angulation of 40°; without body listhesis; resulting
in a significant regional kyphosis (Figure A). With slight careful
distraction-extension movement while putting the cervical collar the
spine CT performed in supine position objectified partial facet joint
reduction (Figures B, C and D). Cervical spine MRI objectified no
significant intervertebral disk hernia and no spinal compression (Figure
E and F). The patient was put under transcranial traction using Gardner-
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Wellstongs, gradually to 6 Kg (1/10 the boy weight).
Impressionably per-operativefluoroscopy at the
operating room objectified not only a total reduction
offacet joint dislocation, but also C7 spontaneously
regained totally a normal height. Through a Smith
Robinson approach; a C6-C7 and C7-D1 discectomy
were performed with partial corpectomy of C7,
autografting and C6-D1 fixation. Postoperatively, the
patient preserved his neurologic integrity.

A: initial lateral X-rays; showing the degrees of angulation
caused by C7 compression lesion and the arrow is showing the
amount of facet joint initial dislocation. B: Sagittal CT, the arrow
is showing the slightimprovement in vertebral height in supine
position. C&D: Parasagittal CT passing through left and right
facet joints, the arrow is showing the partial reduction of facet
joint dislocation. E&F: Spinal MRI in sagittal T1 and T2 WIs, the
arrow is showing the pre-vertebral hematoma. G: per-
operative lateral fluoroscopy, the arrow is showing a total
reduction of C7 body height. H: Post-operative lateral X-rays.

DISCUSSION

McKiernanet al.described on dorso-lumbar levels;
the phenomena of “Dynamic Mobility of Vertebral
Compression Fractures” in osteoporotic patients
where a postural height reduction was noted in
many patients candidates for vertebroplasty!". In our
case -although a slight normalization in vertebral
height was noted in CT performed in supine position
compared to X-rays performed in standing position-
we explain height restoration by the transcranial
traction force applied on the superior end plate of
the inferior vertebra transmitted by an undamaged

disk. In fact, based on the relatively healthy disk
aspect on MR, the absence of body listhesis and the
per-operative harmonious aspect of the disk; we
think that the relatively integrity of the disk
contributed to this phenomena. In the presented
case the compression fracture was associated with
bilateral facet joint dislocation and thoughthe
mechanism is hyperflexion, posterior distraction and
anterior compression?. In such cases closed
reduction with transcranial traction is highly
indicated; and giving the absence of significant disk
hernia it is without risks. Although the patient is
neurologically intact and kyphosis has been
corrected; the lesion is still highly instable, giving the
facet joint dislocation®, sign of sever ligamentous
damage BLWith reduced bilateral facet joint
dislocation, anterior fixation is our choice; it offers
the possibility of rigid fixation with both arthrodesis
and osteosynthesis, allows to perform a discectomy
and especially in that case to perform a corpectomy.
In fact although preoperative X-rays body aspect
seemed to be normal we insisted on corpectomy and
body reconstruction using graft, because we think
that histological architecture of the body has been
severely damaged and though will not be able to
support the force transmitted by head and neck
weight. We find this rational in dorso-lumbar
compression fractures where vertebroplasty is
performed with best outcome in patients with
spontaneous height reduction after hyperextension
positions "4

CONCLUSION

In this report we confirm the presence of
spontaneous height restoration of compression
fractures in cervical spine. This radiological
normalization should not hold back body
replacement in case of surgical management.
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ABSTRACT
Clinical practice guideline on anticoagulation is intended to manage patients MMInstitutelgf Mediia[SCie”CGS&
undergoing neurosurgical procedures for the best possible short and long-term Muuanaiifnatrvcaté), el
outcomes. In the clinical office practice, anticoagulation is offered to prevent
thromboembolism with Warfarin, Heparin, Novel Oral Anticoagulants. The dramitagrawal@gmail.com

management approach starts with the mitigation plans from a reversal of pre-
procedural anticoagulants for impending neurosurgical procedures by estimating
procedural bleeding risk on the patients. The haemorrhage criteria and the timing of
procedures are best assessed by the proceduralist during and after the intervention,
standing on ground situations. Yet, intra- and post-procedure anticoagulant therapy
should induct a multidisciplinary consultation paradigm for the best outcome in any
emergent scenario. Further, each anticoagulation event should be monitored closely
with competence in the optimum reversal process. Different neurosurgical
procedures also should be weighed for their inherent hazards along with the
probabilities of the bleeding and thromboembolism. The treating team should also
concur to suggest a resumption of the pre-procedure anticoagulant therapy which
may have been in place for altogether different morbidities. Regarding the
anticoagulant agent, there are special conditions and recommendations to bear in
mind in the daily medical practice for patient management. In the clinical practice
guidelines for neurosurgical procedures, decisions about initiation and continuation
of anticoagulants require experience and thorough internalization of the planned
procedure, to avoid the risks of inherent risks of bleeding and thromboembolism.

Scan to access the online version
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INTRODUCTION

Human brain has poor tolerance to constant
bleeding and major hemorrhage of brain occurs
from non-compressible locations. In ER, the
physicians are confronted with the challenging
scenario of patients, requiring surgical treatments,
under anticoagulant, antiplatelet or thrombolytic
medications; these therapies interfere with
operative hemostasis (pre-, intra-, or post-operative
hemostasis). The anticoagulant therapy is the
cornerstone of the standard clinical care practice to
avoid of thromboembolic episodes caused by
diseases viz. atrial fibrillation (AF), pulmonary
embolism (PE), heart disease or deep venous
thrombosis (DVT) 7. Intracranial hemorrhages and
the higher bleeding risks, are higher incident to the
Emergency Room (ER) irrespective of the trauma
characteristics (minor or high impact trauma) in
those patients on anticoagulant (or over
anticoagulated) 7. Thus, anticoagulation in
neurosurgical patients represents two major
implications, firstly, healthcare cost, and secondly,
safety as well as prognosis . Rapid identification and
optimum interventions of  anticoagulated
neurosurgical patients are related to less healthcare
and system cost with improved outcomes and good
prognosis & The purpose of this study was to review
the current literature about anticoagulation therapy
before, during and after the neurosurgical
procedure, while considering the co-morbidities and
patient current status.

OVERVIEW

Anticoagulant medications increased due to higher
atherosclerosis prevalence among the elderly?°&?
who are also at higher risk of Traumatic Brain Injuries
(TBI) and Intracranial Hemorrhage (ICH) from falls or
violence ' causing huge burden of mortality,
morbidity, and disability. Devastating consequences
and fatal sequel have been reported after these
traumas, especially when they are wunder
anticoagulant therapy &', So, before neurosurgical
interventions, it is important to reverse or counteract
the effect depending on the type of anticoagulant’, if
the patient is under anticoagulation therapy. Those
who are under oral anticoagulants therapy, have
worse outcomes as reversal agents for these drugs
are largely not available 2.

TYPE OF ANTICOAGULANT

Warfarin

Warfarin, inhibits Vitamin K dependent coagulation
factors viz. Il, VII, IX, and X -3; takes 3 days to achieve
complete inhibition of the factors in the order of VI,
IX, X, and Il; effect reversion also takes 3days after
stoppage of doses, and is not an option when the
patient needs an urgent neurosurgical procedure '
and is linked to hematoma expansion in the ICH
patient with consequent poor prognosis'?. Warfarin
advice require strict monitoring of Internationally
standardized Ratio (INR) and, has known drug
interactions & °, INR value reflects anticoagulant
effect: <1.0= non-anticoagulant effect; 2-3 indicates
active effect, >3= hemorrhage risk & 7 1315 INR
increase is exponential depending on the dose and
individual patient response . Clinico-social factors
also affect these levels viz. female gender, advanced
age, black race, heart diseases, substance use,
psychiatric disorders, and frequent hospitalizations
6. 17 Further, in presence of or with risk of
intracranial bleeding, Prothrombin Time (PT) is
strictly kept below 17, INR >1.2 provides poor
outcomes as in ICH or a TBI " & in neurosurgical
patients a target minor of 1 to 1.5 (or 1.3) of the INR
is recommended ©.

Heparin

This parenteral anticoagulant act as prophylaxis of
DVT, by binding with plasma proteins and affect
molecular configuration '. Heparin antithrombin
complex rapidly interacts with circulating thrombin
to inhibit the coagulation enzymes and reduce
platelet aggregation by the inhibition of the Von
Willebrand Factor '. The efficacy of heparin is
measured by the partial thromboplastin time (PTT) to
be 1.5-2.0 times of the patients baseline value "
reversal effect after stoppage of dosage
administration takes up to 1 hour which is also huge
time gap to start an emergency neurosurgical
intervention '; protamine is used reversal at the dose
of 1 mg per 100 units of heparin when an urgent
surgery is contemplated.

Novel Oral Anticoagulants (NOACs) versus Direct
Oral Anticoagulants (DOACs)

These are of two types: A) direct factor Xa inhibitors
(Endoxaban, Apixaban, Rivaroxaban) and B) direct
thrombin inhibitors (Dabigatran) & used as first-line
therapy in atrial fibrillation. There is need to review



Quifones-Ossa G.A, Angulo-Marifio S.L, Garcia-Ballestas E. et al.

the clinical history in absence of clear information on
anticoagulant intake’® as these increase the bleeding
risk or the progression of the ICH 8, Research groups
reported reduction of venous thromboembolic
episodes of NOACs used as chemoprophylactic
anticoagulation therapy in TBI patients within 24
hours without Computed Tomography (CT)-Scan
changes *. NOACs are safer and simpler alternative
compared with Warfarin with shorter half/life with
predictable therapeutic rapid onset effects and do
not require continuing monitoring® °, change the
dietary pattern, less drug interactions; issues with
lack of specific antidotes 3 and reversal antidotes are
still evolving 8. Few studies reported worse prognosis
than Warfarin with higher progression rate of ICH
and mortality after TBI®, while others, noted lower
risks against vitamin K antagonist ¢'2. NOAC used
with a low aspirin dosage was reported safer and
more effective than Warfarin by other researchers in
preventing strokes and intracranial hemorrhage ° '8,
During use of Dabigatran (direct thrombin inhibitor),
the normal ranges of Thrombin Time (TT) or the
dilute TT (dTT) is rider for associated anticoagulation
effect ¢ “safe-zone” for TT before surgical
interventions is <30 ng/ml; in case of a higher values
(> 30 ng/ml) or with heavy bleeding, the antidote
must be administered ©.

Activated Partial Thromboplastin Time (APTT) help
approximate time since the last dose™ as
prolongation result due to the anticoagulant effect®
and suggest risk of bleeding if the value is twice the
normal ratio’®; not done in lupus syndrome or
clotting factors deficiency disorders due to the
intrinsic prolonged effect of APTT that may mask the
true effects®. Reversal with Idarucizumab depends
on the available tests; in absent of testing facilities
and with active bleeding doses have to be repeated
6, Studies reported rapid hematoma expansion and
bad prognosis in ICH patients with NOACs intake
even with minor intracranial bleeding & 227, For the
X-factor inhibitor, anticoagulants activity evaluation
involves Anti-activated factor X (Anti-Xa) calibrated to
LMWH or the corresponding “xaban” available on
limited scale®. NOACs usage has increased in a
colossal way in the last years replacing conventional
anticoagulants especially in patients with trauma in
ER8. Patients with ICH, regardless of the origin, under
Dabigatran require urgent reversal, should be
treated with idarucizumab?; on factor Xa inhibitors
intake to be treated with PCC 3. NOACs use may need

observation %in circumstances viz. normal CCT-Scan
and GCS, an open head injury with injured scalp
reflecting normal coagulation status and with
unilateral chronic subdural hematoma without
neurological deterioration or red flags or minimal
neurological symptoms®.

MANAGEMENT APPROACH IN ANTICOAGULATED PATIENTS

ER personnel should assess clinical status, triage and
neurosurgical intervention with review of clinical
records for co-morbidities, medications and
anticoagulant use in TBI cases or with ICH suspects
followed by Cranial Computed Tomography (CCT) as
the anamnesis or neurological status in
anticoagulated patients is usually attributed to
vascular origin®. The latter has high sensitivity for
extent of intracranial damage with acute onset of the
hemorrhage © contrast enhanced CT helps to
identify the risk of bleeding expansion within the
hematoma (spot signs)®. The prognosis of ICH varies
on age, clinical status, volume of hematoma and
degree of anticoagulant activity’. Regardless of the
type of bleeding and anticoagulant agent, every life-
threatening hemorrhage should be managed initially
with basic ABC resuscitation protocol®; no uniform
recommendation in the primary ICH exists for
NOACs,? ICH is 11times worst compared to
extracranial with VKA therapy 3. Even with normal
CCT on anticoagulant medication, patients should be
observed in-hospital for 24 hours to exclude delayed
intracranial hemorrhage; repeat CCT scan needed in
neurological  deterioration®,  with intubation,
sedation, neurological concomitant disease, follow-
up to be made by CCT-Scan ®.

There is need to optimize neurosurgical
procedure, reversal agents, risk of
thromboembolism versus anticoagulation and re-
induction of anticoagulation after procedure 3
correct management of blood pressure is related to
a less neurological damage, hematoma expansion
and unfavorable outcomes including improvement
in functional recovery®. Total correction of VKA is
achieved with a PCC infusion (20 Ul/kg) or a bolus of
25 IU/kg and a single dose of 5 mg of Vitamin K in
order to get a value from 1.2-1.5 with an
approximate 6hours effect ' neurosurgical
procedures require INR <1.3 '®, [Table 1] The surgical
procedures can be unscheduled invasive surgery or
emergency surgery, semi-urgent, relative delayable
surgery, urgent diagnosis procedures (e.g. lumbar
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puncture) or scheduled invasive procedures than
can present high or moderate risk of hemorrhage,
each needs special recommendations (Table 2.)'

Table 1. Major hemorrhage criteria'®

e  Excessive/fatal bleeding
e Symptomatic hemorrhage with a critical organ

compromise  (intracranial, spinal, intraocular,
pericardial, intramuscular hemorrhage with a
compartment syndrome, retroperitoneal
hemorrhage).

e Adrop in hemoglobin levels that requires transfusion
of more than two units of packed red blood cells or
whole blood compounds.

e Damaged organ or special location (intracranial,
spinal, digestive, thorax, pericardium, abdominal
cavity).

e Massive hemorrhage that cannot be managed with
conventional procedures.

e Requirement of invasive treatment
interventional radiology or endoscopy).

(surgery,

Table 2. Recommendations according the timing of the
procedure (8)

Type of Recommendation
procedure
Emergency Administration of PCC is effective in

surgery the first 30 minutes after
administration and could last for 5
hours. In this case, is important to
measure the INR after 5 hours after
the initial dose. In neurosurgical
procedures - recommended to
achieve an INR <1.3.

If it is performed within 24 hours the
recommended values are still under
1.3 of the INR, but because of the
allowed delayed time a single dose of
Vitamin K (5 to 10 mg) might be
effective to achieve the hemostatic
safety threshold.

Thrombotic and hemorrhage risk
should be considered, in these types
of procedures, if the bleeding can be
controlled with local pressure there is
no need to revert the anticoagulation
effect.

In these cases, is recommended to
stop VKA treatment 5 days before the
procedure and monitorization the
INR levels.

Semi-urgent
surgery

Invasive
unscheduled
procedure with a
high risk of
hemorrhage (e.g.
lumbar puncture)
Scheduled
invasive
procedures with
moderate/ high
bleeding risk

MINIMAL AND HIGH-RISK PROCEDURES
Neurosurgical patients under anticoagulant therapy

have inherently higher risk of hemorrhages (ICH) '°
though the thromboembolic event also carry of 3-
43% risk 2223 which should be kept in mind as 50-50
chance in order to assess the risk versus benefit 2223,
Neurosurgical procedures can be invasive and non-
invasive, the emergency procedures with other types
and sub-types 2.

A. Lumbar puncture

Lumbar Puncture (LP) is useful for therapeutic and
diagnostic use in daily medical practice to help
analyze Cerebrospinal Fluid (CSF) especially for
suspected neuroinfection?* 2%, biomarkers for TBI
prognosis ' 2628 to diagnose elevated Intracranial
Pressure (ICP) (syn. Intracranial Hypertension) 2+ 2°,
After LP multiple complications can occur viz.
epidurals, subarachnoid or subdural hematomas
(trivial or massive) as Traumatic Lumbar Puncture
(TLP) due to a direct puncture in the radicular vessels
and the sliding of the arachnoid on the dura3®32 The
diameter of needle and catheter add higher risk of
bleeding, when the patients are under anticoagulant
therapy 3% 3, The spinal hemorrhages can lead to
irreversible complications like paraplegia or
paraparesis of lower limb34, medullar or compressive
radicular syndrome (due to exacerbated fibrinolytic
property of the CSF related to a higher red blood cells
count after the TLP) 3. It is recommended to avoid
anticoagulation therapy with Enoxaparin 24 hours
before LP and 48 hours if under NOACs therapy 3.

B. Decompressive craniectomy

Decompressive Craniectomy (DC) is commonest
treatments in treatment of high ICP since last century
to maintain intracranial equilibrium3 in high ICP
from cerebral tumors, neuroinfections, TBI, ICH
(whether spontaneous or traumatic)**3° to avoid
neurological complications, secondary insults, brain
herniation and unfavorable outcomes including
death 4041, There is a high risk of DVT after DC that
need antithrombotic measurements and imaging
studies 2% patients under anticoagulation should
have coagulation profile; if abnormal, suspend the
therapy and/or restore the coagulation time within
48 hours" 22 as damaged tissues and platelets
produce excessive thromboplastin and
vasoconstrictors that might produce acidosis status
and ischemia 22. The preventive management are
recommended to avoid hypercoagulation and
thrombosis episodes, initiate mechanical
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compressive; reinitiating of anticoagulant therapy
done after 15 days if there is pulmonary embolism in
the postoperative period 2> 4% anticoagulation
therapy are also used by others within first 24 hours;
yet there is no clear consensus of the timing of the
anticoagulation therapy after the surgical
procedure®> 4, In impending risk of Cerebral Venous
Thrombosis (CVT), neurological monitoring and
imaging studies considered; risk of intracranial
bleeding and hematoma expansion should be

thought in patients under anticoagulant therapy?® '>
43-45

C. Craniotomy in Tumor Resection

Cerebral tumors have frequent post-operative
complications due to high risk of DVT (27-45%) or
prothrombotic status related to the tumor itself 22,
Tumors predispose to a venous stasis and
atherosclerosis by the intimal dysfunction,
disturbance of vessels and major procoagulant
factors?®> 4 add higher risk of thromboembolic
events. The enoxaparin or NOACs treatment lead to
major ICH; it is better to use mechanical
measurements to prevent thrombosis to decrease
post-surgical bleeding?> 4. Chronic anticoagulant
treatment has not been associated with a post-
surgical hemorrhage recurrence within first 72 hours
compared to non-anticoagulated patients® 47,
LMWH usage in the first 48 hours after the procedure
as a prophylactic therapy is recommended to avoid
the thrombotic complications* 47,

D. Ventriculoperitoneal Shunt and
Ventriculostomies

Ventriculoperitoneal shunt (VPS) is used treat high
ICP  especially in hydrocephalies®. External
Ventricular Drainage system drains CSF and reduces
ICP; the hemorrhage risk is 7% but a significant
hemorrhage reported in minority (0.8%); Heparin is
recommended in VPS %4950

Dose adjustment

No clinical practice guideline can replace clinical
acumen and judgment on ground situations though
many standard office procedures are based on 2012
ACCP guidelines for antithrombotic therapy and
discussions are needed regarding different
qualitative and quantitative approaches .

Warfarin

In Warfarin over-anticoagulated patients with high
INR, 5-10mg Vitamin K (oral or intravenous) is
administered; takes up to 24 hours to full reversal "
6, Thus in ER, Vitamin K as antidote or reversal agent
is not recommended in hemorrhagic TBI or urgent
surgery; useful as an adjunct therapy®. Prothrombin
Complex Concentrate (PCC) dosage depends on
initial INR value, has the advantage of immediate
reversal effect, Vitamin K can be used to maintain
effect 8 Plasma transfusion therapy require high
volumes and can lead to circulatory overload,
pulmonary edema, congestive heart failure and
immune-suppression; also takes longer time
compared to PCC to reverse and normalize INR®,
Warfarin use causes higher postoperative bleeding
than NOACs3.

Pre-operative and peri-operative
thromboembolism vs. bleeding risk prediction

At first, bleeding versus embolism risk stratification
needed using CHA2DS2-VASc and HAS-BLED scores
are user-friendly for rapid assessment of thrombotic
and hemorrhagic risk respectively >5253, Additionally,
we have to consider risk factors of ICH viz. older age,
hypo- or hypertension, micro-bleeds on echo-
magnetic resonance imaging gradient, and ICH in
lobar location®. To reach at correct treatment
strategy, every patient under anticoagulation
treatment requires an evaluation and categorization
on urgency of the invasive procedure with a special
consideration of thrombotic and hemorrhagic risk ¢;
otherwise carry risk of thrombosis or pulmonary
embolism (PE) in 25-60% °2. Other researchers prefer
initiation of thromboembolism prophylaxis after first
24 hours only in radiographically and neurological
stable TBI ¢ restart of antithrombotic prophylaxis
within first 72 hours has lower incidence of DVT and
PE .

Post-operative management - when to restart
anticoagulation therapy?

Intracranial bleeding represents a special condition
for resumption of anticoagulation as in hemispheric
location of hemorrhage the VKA therapy should be
permanently  discontinued®  Resumption  of
anticoagulation regimen is a clinical dilemma in ICH
or any neurosurgical procedure®9; after hemostasis
achieved and ICH has stopped, the resumption of
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anticoagulants can add risk of bleeding or a future
re-bleeding in TBI ®. ICH management guidelines
indicates that therapeutic anticoagulation should be
reinitiated after 2 weeks post-trauma with stable
injury and high cerebral ischemia risk secondary to
mechanical valve prosthesis or atrial fibrillation with
a high a CHA2DS2VASc score® > 55; with low risks of
thromboembolism, anticoagulation therapy are
reinitiated after 8 weeks ©. Literature reports that
VKA's therapy might be initiated within 7 days and
with heparin after 3 days in ICH without re-bleeding
complications®® but others recommend
anticoagulation therapy after the first 2 weeks to
avoid hemorrhagic complications®. Restarting the
anticoagulation with Warfarin within 14 days is
associated with an increased hemorrhagic
complications, thus anticoagulation after 2weeks is
recommended'®; some studies reported as ideal
time to reinitiate Warfarin after a week of the
procedure® 38,

Strategies to reduce the thromboembolism risk
and non-pharmacological treatment

Thrombosis and embolism episodes are global
public health problem with increasing mortality with
co-morbidities the risk and incidence is doubled®.
Risks of impending thromboembolism are well
assessed by the treating physician though the
multidisciplinary and integral paradigm of
prevention and medical approach. Adoption of
healthy lifestyle with good dietary habit, reduction of
alcohol and  tobacco  consumption, oral
anticonceptives, hormone replacement therapy is
recommended ¢ with non-pharmacological therapy
for the patients management viz. pneumatic
intermittent compression, compression stockings
and drugs®?. The prevention may start even before
the surgical intervention regardless the concomitant
pathologies that predispose to DVT or pulmonary
embolism 2% %°. Graduated Compression Stocking
compress the lower extremities, graduated from the
bottom (more intense) to the top (less compressive)
to increase blood-flow; advised to use them from
early deambulation till 2 years post- procedure®’-©2,
the Intermittent Mechanical Compression increases
blood flow in the veins of the lower limbs and is
superior to graduated compression stocking to
significantly reduce DVT by 7.3% and pulmonary
embolism 1.2-2.8%; recommended to use it jointly
with pharmacological prophylaxis. &'

Current issues with the anticoagulant therapy in
anticoagulated neurosurgical patients

Anticoagulants inhibits the coagulation factors
metabolism to avoid thrombotic complications
including that of post-neurosurgical interventions %%
6, The bone of contention here is decision of precise
moments of interruption or resumption of
anticoagulantion after neurosurgery 5% %> % where
the risk-benefit analysis of the associated factors,
choice of drugs, type of procedure and
neurosurgeons criteria must be taken into account®?
67, Regarding INR measurement to analyze the effect,
Thromboelastometry (viscoelastic analysis method
that qualitatively assesses coagulation and
fibrinolysis through rates of clot formation,
resistance and degradation, and interaction of
coagulation factors) is useful, yet, not established for
neurosurgical use 2870,

Further, human inherent anticoagulation genetic
factors with two allelic variants (2C9*2 and 2C9*3) of
the CYP2C9 enzyme 7' 72 usually require a minor
anticoagulant dosage. On the other hand, the variant
of Vitamin K Epoxide Reductase Isoenzyme 1 (VKERI-
1) generates resistance to the VKA agents requiring
higher dosages o achieve the therapeutic effect 7374,
Non-genetic factors are associated to personal
habits, adherence to therapy, preference for
alternative treatments, dosage mistakes and co-
morbidities the confounding variables V7.

Among the complications previously mentioned,
one of the most important is the intracranial
bleeding >, followed by thrombosis that increase 2.5
times daily in anticoagulated patients whose therapy
is interrupted for neurosurgical intervention; in
addition the risk of developing hypercoagulability
increases due to the limitation in postoperative
ambulation 7678,

Several studies recommend to avoid resumption of
anticoagulation before 24 hours due to the risk of
reactivation of bleeding in the intervened area, yet
early restart between 4-7 days is the ideal time, with
lesser complications compared to 14-day late restart,
which increases the risk of cardioembolic infarction
and ischemic stroke %% 76, Heparin use may be
recommended after intracranial surgery within 24
hours with the intention to reduce DVT and PE 78,
The considerations to restart anticoagulant therapy,
itisimportant to recap type of medication, possibility
of control or not with INR, cognitive deterioration or
diseases associated with memory disorders, labile
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INR, high risk of stroke” 8, and risk of bleeding or
thromboembolic disease associated with non-
surgical scores such as CHA2DS2-VASc and HAS-
BLED 538", In addition, certain precautions should be
taken in patients suffering from CKD (Chronic Kidney
Disease), patients over the age of 65, on treatment
with macrolides and the use of antifungals such as
ketoconazole and itraconazole 8082,

CONCLUSIONS

There is a widespread concern on the outcome of
neurosurgical procedures while the patient is on
anticoagulant therapy. A multipronged approach is
needed involving specialities and sub-specialities
ranging from Haematology, Biochemistry, Pathology,
Pharmacy services, Internal Medicine, Emergency
Medicine, Family Medicine, Anaesthesiology,
Nephrology, and Pre-hospital consult services roped
in for specific patients who need more complex
continuum of care with dosing and monitoring of
anticoagulant medications. There is urgent need to
develop consensus guidelines for the health care
professionals regarding management of
anticoagulation which may be playing as double
aged sword in both risk factor and outcome. Basic
rules should be, while a more specific reversal agent
of anticoagulant is available and approved to be used
in the medical practice, antiplatelet agents can be
continued throughout the perioperative period.
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ABSTRACT

In neurotrauma, diagnostic imaging plays a fundamental role in the early detection
of treatable injuries or the mitigation of secondary injuries. Currently, the routine
imaging techniques used in the setting of a head trauma patient include non-contrast
computed tomography (CT), computed tomography angiography (CTA), conventional
magnetic resonance imaging (MRI) with T1, T2 or diffusion imaging. Of the above
mentioned, CT is superior to MRI in terms of speed of examination, due to the greater
access to portable equipment in the patient's environment, which reduces the risk of
secondary complications at the time of transfer to the radiology department.
Nevertheless, MRI provides a much higher quality of images than CT. MRI is not
indicated for the diagnosis of acute brain injury, but if the results of CT without
contrast are normal, and neurological manifestations are present, itis indicated. As a
result, CT should be the first study requested to the imaging service by the medical
team in charge of the patient during the acute phase of the traumatic brain injury.
The main objective of this review is to present some of the advantages and
disadvantages offered by the different diagnostic imaging methods when
approaching and managing brain-injured patients, with emphasis on the acute phase
of trauma.
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INTRODUCTION

The improvements in the technology have provoked
a modern advent of the image analysis to establish
clinical variables at different scales, so that the
interpretation of these can create a very powerful
diagnostic approach [1]. Diagnostic images play an
important role in the detection of treatable lesions
and prevention or mitigation of secondary injuries
[2]. Currently, imaging techniques routinely used in
the context of neurotrauma include computed
tomography (CT) without contrast, computed
tomography angiography (CTA) and conventional
magnetic resonance imaging (MRI) with T1, T2,
susceptibility or weighting diffusion [3]. Other
studies exist but have minimal impact.
Neuroimaging may allow for better characterization
of patients for both treatment decisions, and the
improved selection for clinical trials [4].

Despite its limitations, the Glasgow Coma Scale
(GCS) is a practical, reliable and objective method to
assess the level of consciousness. Patients are
scored according to their best response in three
categories (eye opening, verbal responses and motor
score), and classified as mild, moderate and severe
[5]. GCS is one of the most frequently used methods
to identify patients that benefit from imaging studies
[5]. In 2007 the Traumatic Head Injury Guide
produced by NICE, replaced the head plain X-ray as
the primary imaging modality for traumatic brain
injury (TBI) by computerized axial tomography, which
at first caused an increase in the cost of attention to
the destabilization of the system; therefore, with the
intention of balancing clinical benefit with costs, as
well as exposure to radiation, strict criteria have
been established for its realization [6]. The following
are the imaging investigations used for the
management of patients with TBI, their indications
and relevant findings.

METHODS

A bibliographic search was carried out in the
databases PubMed and Science Direct and in the
Google Scholar search engine using the following
terms: Brain injuries, Neurotrauma, Cerebral
hemorrhage,  Skull  Fractures, Tomography,
Traumatic brain injury. Articles in English language
were included, emphasizing the importance of
neuroimaging for a correct approach to the patient
with acute brain injury, through different studies
where CT stands out as the main imaging method
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that allows to cover a wide range of pathologies that
may go unnoticed or not be identified by other types
of imaging during the acute phase. A total of 185
articles were identified, including original articles,
subject reviews, systematic reviews, letters to the
editor, case reports and case series. 43 articles were
selected that matched the aim of the article.

RESULTS
Plane X-rays
Plane X-ray (SR) of the head (skull) has no indication
for the initial evaluation of the patient with traumatic
brain injury. Even tough skull fractures are
associated to brain injuries, its sensitivity is quite low
and, in many instances, increase the chances of
diagnostic failure. Thus, both the Centers for Disease
Control and Prevention (CDC) and the practice
guidelines of the American College of Emergency
Physicians (ACEP) no longer recommend the use of
plain head x-rays for acute traumatic injuries [3].
Hitesh et al. studied the effectiveness of plain x-
rays for the identification of skull fractures and
compared to CT scan, autopsies and SR and TAC. The
SR eluded skull fractures by 19% and CT by 11.9%.
Thus, the SR has no advantage and little benefit with
respect to the CT, leads to the delay in the diagnosis
of the injury and exposes the patient to unnecessary
and harmful radiation [7].

Computed tomography

CT is the neuroimaging that is requested in the first
instance in cases of TBI [8,9] (Figures 1-2). It is
superior to the MRI in terms of the speed of the
examination, due to the greater accessibility to
portable equipment that can be located around the
patient, reducing the risk of complications secondary
to transfer to radiology services. In addition, most
institutions have tomographic equipment and to a
lesser extent have resonators, so the initial
examination is the CT scan. However, the resolution
quality of the images is lower than the data offered
by the MRI [8]. Computed tomography provides
important prognostic predictors of severe head
injury in children too [10]. At present, the head
fixation frame of most CT scanners has certain
limitations. the width cannot be effectively adjusted
and texture is hard, so the head cannot be effectively
fixed. The patient's intentional and unintentional
movements cause head movements. Furthermore,
the noise during CT operation also causes the test
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subject to be agitated to a certain extent. Once the
head movement coefficient is too large, it will
significantly affect the image data quality. This has
forced medical workers to repeat CT scanning, which
could expose patients to increased radiation doses
and increase the workloads of medical and
paramedical staff and machines, leading to
increased costs and less efficient emergency service
[11]. Current organization-specific practice involves
placing the patient for observation and obtaining a
repeat CT scan within 24 hours of initial imaging. This
requires increased utilization of health care
resources with increasing costs and potentially an
increase in hospital-related adverse events and may
also place a burden on patients and their families.
We hypothesize that the vast majority of patients
with low-mechanism closed head trauma who
receive direct oral anticoagulant without abnormal
initial cephalic CT findings will not have a late
intracranial rebleed and, in fact, will not benefit from
a prolonged hospital stay or repeat imaging [12].

Figure1.a, b.
Computed
tomography image
showing skull
fracture of the
frontal bone

Indications: Some guidelines state that simple CT
should be performed in patients with moderate or
severe trauma (GSC <13) due to the higher incidence
of acute intracranial hemorrhage, however different

studies have shown that from 16% to 21% of patients
with GCS 13 to 15 have acute intracranial
hemorrhage so the CT scan should be performed
[13].

Figure 2. Computed tomography image showing skull fracture
secondary to a firearm

Most  relevant  findings:  Skull  fractures,
hemorrhages, bruises, or cerebral edema,
commonly determine the impact of the lesions on
adjacent brain tissue (the mass effect, the

compressed ventricle), as well as the extent and
location of the injuries [6]. The main objective for the
CT scan is to identify lesions can be treated by
surgery, but also to monitor the patients to prevent
or early identify the appearance of phenomena
compatible with injuries secondary to trauma [3,7].

Skull fractures
CT Linear fractures, such as those of the groove of
the middle meningeal artery, may be associated with
epidural hematoma while temporal bone fractures,
due to the bone lesser stiffness and the intracranial
venous sinuses.

Depressed skull fractures are defined by the
concavity of the affected bone, and is associated with
severe complications such as hemorrhages, seizures
and neuroinfection [14]. When penetrating fractures
are detected, the presence of factors related to a
complex prognosis should be ruled out. Basilar
fractures may be missed by the CT scan, and should
be suspected when facial bones fractures such as



ethmoid, sphenoid, lamina cribrosa, occipital or
petrous area of the temporal fractures are identified
[15]. The detection of skull fracture on CT can be
interpreted not only as an objective indicator of
primary injury but also as a factor causing secondary
damage, including the release of neuroinflammatory
cytokines and coagulopathy [16]. While computed
tomography plays an essential role in the
management of these particular patients, there is
currently no supportin the literature to suggest rapid
repeat imaging in this population.

There are several risk factors that may be
associated with worse outcomes in the setting of
depressed skull fractures. These predictors include
the GCS score at presentation, fracture site, and
fracture type. Fractures involving more than one
area and those associated with other intracranial
injuries have also been shown to worsen outcome
and increase the need for surgical intervention [17].

Intracerebral hemorrhage

CT can also show us the existence or not of bruising.
Brain contusions are also detected by CT. The
imaging characteristics are related to the time of
establishment of the lesion and the presence or
absence of bleeding. They are usually located in the
frontal and temporal lobes [1,8]. Acute intracranial
hemorrhage appears on CT as a region of increased
density owing to the linear relationship between
attenuation and hematocrit, predominately owing to
hemoglobin concentration [18]. With the widely used
of the CT, clinicians and researchers are able to

qualitatively and quantitatively describe the
characteristics of a hemorrhage to guide
interventions and treatments. Among these
characteristics, the volume of intracranial

hemorrhage is an important diagnostic indicator of
stroke severity, long-term functional outcome, and
mortality [19].

Extra axial hemorrhage

The epidural hematoma classically is characterized
by a biconvex morphology, with location outside the
axial plane and hyperdensity in the images [1,8]. The
majority of patients with acute subdural hematomas
have concomitant parenchymal brain injuries. The
acute subdural and epidural hematomas are
adequately diagnosed with CT and almost never
reach the MRI room [20]. While the subdural
hematomas have a semilunar appearance.

Acute phase of traumatic brain injury

Traumatic subarachnoid hemorrhages are usually
located in convex areas such as cisterns [8]. The
subarachnoid hemorrhage (SAH) occurs in the space
between the arachnoid membrane and the pia. The
most common cause of SAH is trauma. In 85% of
non-traumatic cases, SAH is caused by ruptured
aneurysms, while 10% fit the pattern of so-called
non-aneurysmal perimesencephalic hemorrhage.
The remaining 5% is due to various rare diseases,
such as cocaine abuse [21]. Sources of SAH in trauma
include tearing of pial vessels, extra-axial extension
of a hemorrhagic contusion, and redistribution of
intraventricular hemorrhage caused by damage to
subependymal  veins.  Often the highest
concentration of SAH occurs contralateral to the side
of direct impact [22].

The quantitative evaluation of the data provided
by the CT has not been widely studied, however, the
implementation of computer-aided diagnosis
technology in the measurement of injuries seems to
be very promising. Some studies have shown that
the quantification of midline displacement from the
day of injury and the volume of bleeding correlate
significantly with morbidity and mortality in severe
TBI [9].

Other findings
Pathological findings in CT with poor prognosis [9]:

= Herniation

» Injury affecting several lobes

» Intraventricular or subarachnoid
hemorrhage

» Injury that compromises the entire brain

There is convincing evidence that TBI increases the
incidence of stroke and some epidemiological
evidence that stroke outcomes are worse in patients
with a history of TBI. Given the very large number of
TBI that occur annually it is critically important that
we determine why this population is at a greater risk
for both more strokes and worse outcomes [23].
Intraventricular hemorrhage on early cT
independently predicts poorer short- and long-term
outcome in TBI. These findings may help guide
intervention, and prognosis when intraventricular
hemorrhage (IVH) is present on acute CT imaging.
Evidence suggesting that IVH observed on CT may be
a surrogate marker for white matter injury warrants
further study with MRI imaging [24].
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Magnetic Resonance Imaging

Beyond CT and MRI has proven particularly effective
in identifying brain regions involved with TBI. In
addition, diffusion imaging of white matter (WM)
fiber pathways in blast-exposed military veterans
who show no visible symptoms of injury sequelae
has proven to be a useful diagnostic tool [25]. In
complicated mild TBI, magnetic resonance is
superior to computed tomography without contrast
in  diagnosing  subarachnoid  hemorrhages,
contusions and axonal lesions. The sequences used
for the TBl are T1, T2, T2-FLAIR, T2-GRE and image by
diffusion [26]. Recent contributions to the body of
knowledge on TBI favor the view that multimodal
neuroimaging using structural and functional
magnetic resonance imaging (MRI and fMRI,
respectively) as well as diffusion tensor imaging (DTI)
has excellent potential to identify new biomarkers
and predictors of TBI outcome (27). MRI is the study
of choice to further characterize intracranial
hemorrhage, offering greater sensitivity in the
detection of hemorrhage during all stages
of hematoma evolution as well as the ability to more
accurately assess the temporal evolution of
hemorrhage. MRl also  allows  more  specific
investigation of the etiology of intracranial
hemorrhage [18].

Indications: MRI is not indicated during the initial
management of acute mild TBI. It is indicated when
the results of the computed tomography without
contrast are normal, and there is persistence of
neurological manifestations [28]. MRI can diagnose
subcortical lesions that are missed by other imaging
techniques [14].

Main findings: Diffuse axonal injury (DAl) is present
in a high proportion of patients with severe TBI. MRI
has a greater sensitivity/specificity than CT scan for
identifying DAI [1,21]. In a study by Cicuendez et al.
comparing conventional MR and the diagnosis of
DA, found that the T2, FLAIR, and T2-GRE sequences
provide the best visualization in more than 80% of
the cases. In addition, with the FLAIR sequence, the
hemispheric DAl was better evidenced at the
subcortical level while the T2-GRE distinguished
hemorrhagic DAI. Therefore, they recommend
carrying out MRI in the subacute period of a severe
TBI for the accurate diagnosis of DAI, using the
sequences T2, FLAIR and gradient echo [29]. Other

radiological findings, such as a midline shift, epidural
hemorrhage, subarachnoid hemorrhage, and the
volume of the hematoma could be additional
variables to account for in predicting DAI prognosis
[30]. MRI allows the precise quantification, of the size
of the lesions as well as, clinically useful prognostic
information [28]. The disadvantages of magnetic
resonance include prolonged time being a long test
and the lower probability of diagnosing fractures
[29].

For subacute to chronic TBI, magnetic resonance
is the test of choice due to its high sensitivity for the
detection of cerebral atrophy [28]. Actually, the
modified ultrafast MRI protocol for brain imaging
demonstrates clinically acceptable image quality in
four out of five sequences and has high accuracy in
diagnosing normal and clinically significant
abnormalities when compared against the standard
MRI protocol for brain imaging. It could potentially
benefit a select group of pediatric patients who
require neuroimaging [31] routine clinical use of
synthetic MRI can be feasible for neuroimaging in
daily practice because the overall image quality and
conspicuity of anatomical details were acceptable. In
addition, the two attending neuroradiologists had no
significant challenge during radiologic assessment of
all synthetic images.

In previous clinical studies using synthetic MRI,
the synthetic images had a similar diagnostic utility
with sufficient or better image quality when
compared to conventional MRI scans [32]. Also, MRI
and CT brain imaging may be equally accurate for
detecting acute brain hemorrhages in people with
acute focal stroke symptoms. However, MRI may be
more accurate than CT imaging for detecting chronic
brain hemorrhages [33].

Functional neuroimaging: A variant deserving
mention is proton MRI spectroscopy, which
evaluates metabolic and biochemical alterations in
patients with TBI. The detection of different
metabolites allows the diagnosis of anomalous
neurometabolic profiles such as the reduction in the
levels of N-acetylaspartate (NAA), NAA/choline and
NAA/Creatinine. The metabolite reduction persists
for weeks to months and is evident both in
apparently healthy white matter tissue and in
perilesional areas, even though conventional MRI
does not show such structural alterations.
Biochemical alterations due to neural structural



deformation  caused by TBI  imbalances
neurotransmitters release that can affect the cellular
sodium-potassium (Na*-K*) pump and results in
distribution of membrane homeostasis [34]. The
advantage of this imaging tool is to allow correlation
with the functional outcome by 6 months after TBI
[13]. Recent meta-analysis showed that significant
changes in the ratios NAA / Creatinine and Choline /
Creatinine and in the absolute values of NAA are
associated with clinical outcome in TBI [35].

Future perspectives

Progress in the advancement of strategies and
models to improve sensitivity and specificity in the
use of neuroimaging is one of the fields of radiology,
neurology and neurosurgery studies with the
greatest impact today [36-38]. The investment in
robotic neurosurgery and the deepening of
neurosurgical education during undergraduate, are
objectives to be reinforced in low- and middle-
income countries, in order to promote in-hospital
care of patients with neurosurgical pathology and, in
particular, patients with neurotrauma [39-41].
Translational research in neurosurgery, through the
search for biomarkers and gene expression
(currently known as  neurogenomics and
neuroimaging genomics), can substantially improve
the diagnosis, management and prognosis of this
type of patients, by improving the diagnostic
accuracy and management of intervention times [41-
43]. It is necessary to continue working from the
global neurosurgery, to the approach of strategies
that help the technological and academic
development of neurosurgery in third world
countries [37].

CONCLUSION

TC scan is the imaging test of choice for the early
evaluation of TBI patients. The primary objective is to
diagnose injuries amenable to surgery, and have
been shown to reduce mortality. Plane head X-rays
are no longer indicated. For patients suspected of
harboring vascular injuries, computed tomography
angiography or magnetic resonance angiography
are indicated. MRI is used at a later phase of
managing TBI patients and most often for the
diagnosis of a diffuse axonal lesion and prognosis
determination.
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ABSTRACT
Primary Intracranial Malignant Melanoma (PIMM) is a very rare neoplasm and Keywords
accounts for 1% of all melanomas and 0.1% of all intracranial tumours. It carries a melanoma,
poor prognosis with overall poor survival. Diagnosis on mere imaging findings of an primary intracranial malignant
intracranial melanoma is a daunting task. Multimodality treatment with surgery melanoma,
followed by chemotherapy and radiotherapy have proved to be effective inimproving PIMM
clinical outcome in these patients. , . '
intracranial melanoma case
report,

intracranial melanoma

INTRODUCTION literature review

Primary Intracranial Malignant Melanoma (PIMM) is a very rare
neoplasm and accounts for 1% of all melanomas [5]. It accounts for
0.1% of all intracranial tumours [5]. PIMMs are derived from
melanocytes that are normally present in the leptomeninges. It is more

common in males and has a poor survival rate overall. Pathologically it Corresponding author:

is of two types, diffuse type which infiltrates pia-mater and the Diwakar Shankar
subarachnoid space (SAS); and the solitary type which is present as Dir. Bam Memeliar Lefia Insiiivie of
nodular mass. Treatment of choice is complete resection followed by Medical Sciences, Lucknow,
radiotherapy and chemotherapy. We here present a case of PIMM in a India

35-year-old male presenting with signs and symptoms of a left deviz3diwakar@gmail.com
cerebellar hemisphere malignant melanoma with leptomeningeal

spread.

CASE DISCUSSION

A 35-year-old male presented to our institute with a complaint of Scan to access the online version
headache, decreased hearing in the left ear, difficulty in walking, and
diminished vision bilaterally for the past 2 years. Non-contrast
computer tomography (CT) head revealed a hyperdense lesion in the
left cerebellar hemisphere with associated perilesional edema (Figure
1, A). Contrast-enhanced MRI brain revealed a 4.5cm x 5cm x 3.5cm
homogenous mass lesion in the left cerebellar hemisphere which was
hyperintense on T1 and hypointense on T2 with mass effect and
perilesional edema (Figure 1, B, C, D). Radiographic features were
suggestive of meningioma. No evidence of hemorrhage on the GRE
sequence was seen.




The patient was taken for surgery and complete
excision was done through the left retro-mastoid
suboccipital approach. Meningeal spread of the
tumor was evident from the dark-colored dural after
removal of the bone flap (Figure 2, A). Intraoperative
observation revealed a firm, well-demarcated, highly
vascular, dark brown, 5cm x 4cm sized lesion with
dural attachment (Figure 2, B, C).

Histopathological examination confirmed
melanocytes on H and E stains. The tumor consisted
of polygonal to spindle-shaped cells disposed of in
sheets with abundant dark melanin pigment
deposits in the cytoplasm. These cells stained
positively with human melanin black-45 (HMB-45)
antibody, S-100, and Melan A. It was reported as
malignant melanoma.

The patient was evaluated for the alternative site
of melanoma but no such sites were found. The
postoperative period was uneventful and the patient
was discharged on the tenth postoperative day.

Figure 1. Preoperative CT Non-contrast (CT) and Contrast-
Enhanced MRI images. (A) CT images revealed a hyperdense
lesion in the left cerebellar hemisphere with associated
perilesional edema. (B) Axial view, contrast-enhanced T1WI
MRI. (C) Sagittal view, contrast-enhanced T1WI MRI. (D) Coronal
view, contrast-enhanced T1WI MRI. Contrast-enhanced MRI
brain revealed a 45cm x 5cm x 3.5cm intra-axial
heterogeneous mass lesion in the left cerebellar hemisphere
which was hyperintense on T1 and hypointense on T2 with
mass effect and perilesional edema.

Primary intracranial malignant melanoma

Figure 2. Intraoperative images showing gross total resection
of the dark-colored lesion with leptomeningeal involvement
and dural attachment.

DISCUSSION

Primary Intracranial Malignant Melanoma (PIMM) is
a very rare neoplasm and accounts for 1% of all
melanomas [5]. It accounts for 0.1% of all intracranial
tumors [5]. PIMMs are derived from melanocytes
that are normally present in the leptomeninges. It is
more common in males and has a poor survival rate
overall [4].

In humans, melanocytes are found in skin,
mucous membrane, uvea, etc. There are many
theories for the origin of primary intracranial
melanomas. The endodermal theory states that
some aberrant embryonic ectodermal cells in the
central nervous system produce melanin pigment.
The neurogenic theory states that the neural crest
gives rise to pigment cells. Neural crest later
develops into mesodermal and neural elements. The
mesodermal theory proposes that the mesodermal
pigment cells reach the central nervous system
through pial vessels.

Hayward proposed a few features of a primary
intracranial melanomal[3]. He suggested that for a
PIMM, there should be no malignant melanoma
outside the CNS, evidence of leptomeningeal
involvement, hydrocephalus, intramedullary spinal
lesions, tumor located in the pituitary, or pineal
region, and a single intracerebral lesion.

Gibson et al divided intracranial melanomas into
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two pathological types [1]. The diffuse type which
infiltrates pia-mater and the subarachnoid space
(SAS); and the solitary (discrete) type which is present
as nodular mass. The diffuse type was more
prevalent in younger patients (mean age 26-years). It
presented with clinical features of intracranial
hypertension, cranial nerve deficit, or meningism.
Solitary type is more common in adults (mean age
44-years). Most of the solitary tumors are
supratentorial. Leptomeningeal involvement is
frequently seen in solitary melanoma. Our patient
has a solitary lesion.

Symptoms included headache, vomiting
(especially due to raised intracranial pressure),
hydrocephalus (43%), focal neurological deficit (due
to mass effect, 35%), and convulsion or
subarachnoid hemorrhage (16%). Headache and
focal neurological deficit were present in our case.
Intracranial hypertension and hydrocephalus are
more commonly seen in diffuse types. The presence
of congenital melanocytic nevus increases the risk of
malignant melanoma. 25% of patients with primary
intracranial melanomas have congenital nevus. This
was not the case with our patient. Extracranial
metastasis of PIMM is rare.

It is difficult to differentiate primary central
nervous system (CNS) melanomas from metastatic
melanomas based on imaging alone. Melanin cells in
cerebrospinal fluid (CSF) analysis helps in the
diagnosis. 86-97% melanocyte tumors are positive
for HMB-45 Antigen. Other commonly used tumor
markers are S100 and Melan A. All three were
positive in our patient.

Treatment of choice for the intraparenchymal
melanocytic tumor is complete resection and
postoperative chemoradiotherapy. Survival in adults
can be up to 17 years and 8 months in pediatric
patients[2]. Mean survival was found to be better
(19.6 months) in patients in whom complete
resection was done as compared with those where
partial resection was done (9.3 months). Also, the
prognosis of secondary melanoma was poorer than
PIMM. There is 95% mortality in secondary
intracranial melanomas.

Initially, radiotherapy (RT) was not offered to
patients of PIMM as melanomas were radioresistant
tumors but recent studies showed that it was
effective in controlling tumor growth. Stereotactic

Radiosurgery (SRS) along with  whole-brain
radiotherapy (WBRT) has been shown to reduce
recurrence and improve survival. A high dose of 5000
centigray as SRS in small lesions (size less than 3cm)
gave better tumor control in almost 80% of cases.
Hydrocephalus caused by the leptomeningeal
spread of the disease has been shown to respond
well to WBRT.

Dacarbazine is commonly used in the treatment
of PIMMs after surgery or radiotherapy. It has 16-
20% effectiveness. Other agents are temozolomide
and Dimethyl-triazeno-imidazole-carboxamide
which is common in use.

Despite optimum treatment, median survival is
less than a year. The leptomeningeal spread has a
median survival of 10 weeks.

CONCLUSION

Primary Intracranial Malignant Melanoma (PIMM) is
a very rare neoplasm and accounts for 1% of all
melanomas and 0.1% of all intracranial tumors. It
carries a poor prognosis with overall poor survival.
Diagnosis on mere imaging findings of an
intracranial melanoma is a daunting task. It is best
diagnosed intraoperatively due to its characteristic
appearance as well as during preoperative clinical
examination. Postoperative chemoradiotherapy
plays an important role in preventing recurrence as
well as improving overall survival. Collaboration of
large-scale data from many such small case series
from centers all over the world can confirm findings
suggested in this paper and formulate guidelines to
improve clinical outcomes.
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ABSTRACT

Background. Anterior cervical discectomy and fusion is accepted as the standard
surgical treatment of cervical spondylotic myelopathy. Cervical disc arthroplasty has
gained widespread acceptance as an alternate choice for ACDF. We intend to present
the clinical and radiologic outcomes of patients who underwent ACDF in our
department.

Methods. Designed as a retrospective study, the primary objective was to assess the
nonunion in patients undergoing ACDF and Anterior cervical Corpectomy and fusion.
The article discusses the outcome for the discectomy group. All patients who
underwent ACDF for CSM from January 2014 to December 2018 were included.
Patients who underwent posterior fusion in addition to anterior approach, revision
surgery and congenital anomalies of the spine were excluded. Of the 230 eligible
patients,46 subjects were part of the study. They underwent neurologic and
radiographic examination and their past records were examined. Neurologic
outcome was assessed using Nurick grade and mJOA score. Dysphagia was assessed
using the Bazaz score. Neck radiographs were analyzed for fusion, Adjacent segment
Disease, subsidence, cervical and segmental lordosis.

Results. The overall response rate was 25.65%. The mean follows up duration was 4
years. The mean age of the population was 47.1 years. The most common operating
level was C5/6. The neurologic status of patients improved from the baseline. There
was mild transient dysphagia in 5(10.9%) patients. The overall rate of fusion was
91.3%. Subsidence was seen in 10.9%. Degenerative changes were noted in postop x
rays of 67.4% of patients. There was no mortality.

Conclusion. ACDF achieves thorough decompression thereby resulting in neurologic
improvement. It produces effective and sustained neurologic improvement.
Preoperative adjacent segment degenerative changes were significantly associated
with the development of ASD during follow up. This is can due to the progression of
the disease. Though the procedure improves the lordosis, it tends to decrease with
follow up.
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INTRODUCTION

Anterior cervical discectomy and fusion( ACDF ) was
pioneered by Cloward and Smith and Robinson
separately in 1950s for the surgical treatment for
patients with cervical spondylotic myelopathy(1,2,3)
.Thorough and direct decompression of the
pathology and subsequent bony fusion of the
involved levels , as advocated by the Cloward forms
the fundamental principle of the surgery(2). Anterior
approach have became the standard treatment for
Cervical Spondylotic Myelopathy. Anterior Cervical
Corpectomy and Fusion ( ACCF) was introduced by
Whitecloud and LaRocca to circumvent graft failure

following discectomy  following multilevel
discectomy.( 4)
Though anterior cervical discectomy and

corpectomy are excellent in achieving the
decompression of the spinal cord and restoring the
lordosis ; they are not without complications.
Variously reported complications include graft
subsidence, graft migration , graft collapse |,
nonunion, loss of lordosis and adjacent segment
disease (ASD) (5,6,7,8 ). Injury to neurovascular
structures and oesophagus though rare have been
reported (5,7) .The design of the Anterior cervical
plates introduced in 1980s to address the problem of
graft migration and nonunion has evolved to the
presently popular translational plates(9).The
translational plates achieve graft loading by
permitting controlled subsidence, a prerequisite for
fusion (10). Adjacent segment degeneration a
described complication of fusion surgeries , was
further elaborated by Hilibrand et al as occurring at
a rate of 2.5% per yr with cumulated rate of 25.9 % at
10yrs (11).

The hypothesis that fusion increases the stress at
the adjacent levels and subsequently accelerates
degenerative changes at those levels ,brought back
motion preserving surgery in to surgeon’s
armamentorium. Originally introduced by UIf
Fernstorm in 1966, artificial cervical disc was a
stainless steel ball bearing device ,which was
discontinued due to high failure rate (12,13) . The
next era in motion preserving implants happened
with introduction of Frenchay ( Prestige ) and Bryan
artificial disc .However both the devices were of
different designs(14,15 ).First decade of 21 st century
saw many arthroplasty devices completing trials and
getting approval for use in Cervical Spondylotic
Myelopathy concurrent with expanding indications

for their use(16). Accruing evidence from long term
results of RCTs and multiple meta analyses
suggested superiority of CDA(Cervical Disc
Arthroplasty) over ACDF in overall outcome ,
adjacent segment degeneration and secondary
surgery at the index and adjacent levels(17,18) .
Dynamic Cervical Implant(DCI), developed by Dr G
Matge et al is a U shaped single piece implant with
teeth for fixation into adjacent endplates, with U -
limb of the implant facilitating controlled flexion and
extension, while preventing axial rotation and lateral
bending ,thereby reducing the stress on facet joints.
.Matge et al reported excellent short term neurologic
outcome and motion preservation in majority of the
patients (19).

Though present day neurosurgical literature is
replete with high quality evidence from many RCTs
which suggest better overall outcome of CDAs over
ACDF all these trials however were nonblinded
.Recent analysis from a single blind trial for CDA vs
ACDF found comparable results for PROM( Patient
Reported Outcome Measures ) as well as clinical
adjacent segment disease(20).Results of two double
blinded trials comparing CDA with ACDF and ACD,
NECK (NEtherlands Cervical Kinematics Trial )and
PROCON trial reported no advantage of CDA over
ACDF in either patient outcome variables or in ASD.
Data from the same trials show the incidence of
Heterotopic ossification( HO) in 68%-85% of patients
,with half of them being motion restricting severe HO
( 21). Above all CDA is the not the panacea for all
patients needing anterior cervical fusion with only 47
% of all patients undergoing ACDF for various
indications being candidates for CDA (22,24).
Regarding DCl ,the outcomes reported by Matge et al
were not replicated in other series(23).

The present article discusses results of the
subgroup analysis of the study conducted in the
department to determine the rate of nonunion in
patients undergoing anterior cervical fusion for
spondylotic myelopathy including anterior cervical
discectomy and corpectomy . The radiologic and
clinical outcome of the discectomy and fusion
subgroup is presented here.

MATERIALS AND METHODS

Patient population

The study was designed as a retrospective design
and was approved by Institutional Ethics Committee.
The primary objective was to determine the rate of
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nonunion in patients undergoing anterior cervical
fusion for cervical spondylotic myelopathy and
included both discectomy and corpectomy
subgroups. The patients operated between January
2014 to December 2018 in our Department and
willing to be part of study were included .Those with
history of previous cervical spine surgery , with
congenital anomalies of spine and those who
needed posterior approach in addition to anterior
surgery were excluded. The patients underwent a
detailed neurologic examination and radiographic
examination with X rays of the Cervical Spine. Their
hospital records, previous images , and records of
the follow up visit were examined. Of the 256 eligible
patients 59 patients who were willing to be part of
the study and with complete data were included in
the study. Of these 46 patients had undergone
discectomy while 13 had received corpectomy. The
baseline data of the patients are summarised in
Table-1.

Table 1 Demographic details of patients

Age inyears Mean

Sb 47.1 £10.7
Sex (M/F) 32/24
Presence of other 16 (34.8)
comorbidities( %)

History of Smoking( %) 14 (30.4)
Single level affected 31(67.4)
(%)

Presence of MRI T2 19 (41.3)

hypertintensity (%)

Surgical procedure

The involved levels were approached using an
oblique neck incision after identifying the level
preoperatively with C arm. The Caspar retractor
system was used to retract the great vessals of the
neck and the tracheoesophageal complex. The
longus colli was detached from anterior vertebral
surface. Subsequent to reconfirming the level
annulotomy and discectomy was done with
microscopic assistance. The disc space spreader was
used to widen the disc space during discectomy.
After complete discectomy PLL( Posterior
Longitudinal Ligament ) was inspected for any defect
and disc fragments posterior to the PLL was

removed. The osteophytes were thinned using drill
and removed using Kerrison punches and was
confirmed using C arm. After satisfactory
decompression of the cord, the endplates were
prepared and appropriately sized cages or
standalone cages made of Titanium filled with locally
harvested bone pieces were impacted in to the disc
space while avoiding overdistraction. The standalone
cages have a side flange with a screw hole which
allowed placement of a single screw in to the
adjacent vertebral bodies. For those with
conventional plates, a contoured plate of
appropriate length was placed over the adjacent
segment and fixed using 4 screws,2 each in to
adjacent bodies. For patients undergoing
Corpectomy, the upper and lower discs were
removed followed by median corpectomy.
Osteophytes were drilled thin and removed with
punches .Once decompression was confirmed,
adequately sized Titanium cages were impacted
after filling them with bone harvested from the
removed vertebra.

Patients were wusually discharged on 5 th
postoperative day. Patients were given a cervical
collar for 6 weeks. The follow ups were at 6 weeks,3
months,6 months and 1 year and annually thereafter
At 3 months,6 months and at 1 year f/u ,they
undergo C Spine x rays .

Clinical and radiologic outcome assessment

Nurick grade and mJOA (modified Japanese
Orthopaedic Association ) score were used to assess
the neurologic outcome . Radiologic assessment was
done using plain and dynamic x rays . Bazaz criteria
was used for assessing dysphagia. The criteria used
for fusion was absence of movement of >2 mm
between spinous processes of the fused segment
and absence of radiolucency between the implant
and the bony surface and absence of bridging bone
between the fused vetebrae. Subsidence was
interpreted as migration of the cage more than 2mm
in to the adjacent bodies(25). The criteria proposed
by Chung et al was used to assess ASD (26).The
implant complications included - screw pullout,
screw breakage, plate loosening and plate breakage.
Global Cervical Lordosis was measured using Cobb
Angle between inferior endplate of C2 and inferior
endplate of C7(27).Segmental angle was defined as
the angle between the superior endplate of superior
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vertebra and inferior endplate of inferior vertebra
(23)

Statistical methods

Categorical and quantitative variables were
expressed as frequency (percentage) and mean + SD
respectively. Chi-square test and Fisher's exact test
were used to find association between categorical
variables. Mann-Whitney U Test was used to
compare selected quantitative parameters between
type of surgery. For all statistical interpretations,
p&It;0.05 was considered the threshold for statistical
significance. Statistical analyses was performed by
using a statistical software package SPSS, version
20.0

RESULTS

The discectomy subgroup included 46 patients.The
demographic data of the patients is given in Table 1.
Mean duration of follow up was 4 years. 31 (67.4%)
% of patients had pathology affecting one level while
32.6% had pathologies at multiple levels. The details
of the levels is given in Table 2. Cord signal changes
ie, T2 hyperintensity were present in 41.3 %. Plate
extending in to adjacent disc space was present in
30.4 % patients in postop x ray . Among patients with
plate overlap majority of the overlap was at the
cranial level (90.5%) and in 9.5% of subjects overlap
was at the inferior level. Degenerative changes at
adjacent levels were present in preop x rays in 43.5
% of patients. Regarding the height of cage most
commonly used was 6 mm cages in 47.8% of
patients, 7 mm in 34.8 %, 8 mm in 10.9% and 5 mm
in 6.5% patients.

Table 2. Level Affected

Primary level Count
C3/4 8(17.4)*
C4/5 11(23.9)*
C5/6 19 (41.3)*
ce/7 8(17.4)*

( )*-in Percentages

Neurologic status of patients improved after surgery
as reflected by the improvement in Nurick grade and
mJOA score ( Table 2) and this improvement was
sustained till final follow up. Mild transient dysphagia
occurred in 5 (10.9%) patients which improved in all
during the postop period. Regarding radiologic
outcome the overall fusion rate was 91.3%( Figure 1).

Degenerative changes were noted in postop x rays of
67.4% patients , 3 patients had implant related
complications 2 had screw breakage and one
suffered loosening of the screw.There was no
mortality in the group.One patient had deteriorated
neurologically in immediate postop period due to
haematoma and required evacuation , following
which patient improved gradually .

98.0
NORM/DIS2D/SH/FIL
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Figure 1. A - Sagital T2 image showing cord compression due
to the disc. B -Axial Image .C ,D and E - Lateral radiographs -
preop ,Postop and at 2 years f/u respectively . 2 yr radiograph
shows solid fusion of the operated level.

The lordosis both cervical and segmental angle
improved after surgery , but there was partial loss of
this improvement over the follow up period ( Table 3
). Subsidence occurred in 5 patients .All of them had
undergone fusion with standalone cage (p = 0.026)

The degenerative changes on X rays had
increased from 43.5% in preop x rays to 67.4% in
post op xrays. The affected level, no of operated
levels, plate extending to the adjacent disc space ,
height of cage were not associated with postop
degenerative changes .However preop degenerative
changes had a significant association with postop X
ray changes (p=0.025).

Table 3 Cervical Lordosis and Segmental Angle comparison

Median .
Mean + SD (IQR) Pair ]

Cervical Pre Op 18.2+6.5 18 (15 - 23) - -
lordosi Post Op 226+75 23 (18 - 26) Pre Vs Post p<0.01
Follow up | 19.8+6.5 20 (15 - 23) Pre Vs Follow up 0.007

Segmental Pre Op 35+23 3(2-5) - -
angle Post Op 4.7+22 5(3-6) Pre Vs Post p<0.01
Followup |[3.5+2.2 3(2-5) Pre Vs Follow up 0.351
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Table 4.
Mean Media | Pair p
+SD n (IQR)
31
PreOp | 1.1 3(2-4) | -
Nurick Post 24 + Pre Vs
Op 14 2(1-4) | Post p<0.01
grade
Pre Vs
Follow | 1.4 Follow
up 0.9 1(1-1) | up p<0.01
122 + | 13(11-
PreOp | 3.2 14) -
Post 128 + | 13(11- | Pre Vs
M JOA Op 3.5 15) Post p<0.01
Pre Vs
Follow | 157 + | 17(15- | Follow
up 3.1 18) up p<0.01
DISCuUSSION

The participation rate in the study was (25.65%) .The
travel restrictions imparted due to COVID and the
patient reluctance to attend the hospital OPD which
was a dedicated COVID treatment centre might have
contributed to low participation rate.

Anterior Cervical Discectomy and fusion remains
as a standard surgical option for patients with
Spondylotic myelopathy despite the popularity of
cervical disc arthroplasty . Evidence from control arm
of CDA -IDE( Cervical Disc Arthroplasty -
Investigational Drug Exemption) trials provide high
quality evidence about the outcome and
complications of ACDF (29).The fusion rate 97 % -98%
along with excellent clinical outcome in 94% reported
by Cloward in his series of more than 2000 patients,
operated for various pathologies underscores safety
and efficacy of the procedure as well as the sound
scientific basis of this procedure(3). The ability to
achieve thorough decompression of the offending
pathology and restoration of lordosis are the
inherent advantages of the procedure .This is
reflected in the neurologic outcome after fusion
surgeries ,which shows a sustained improvement in
neurologic function on long term follow up (30,31,32
). A recent study by Karim et al concluded that the
neurologic improvement in all groups ie, mild
,moderate and severe myelopathy , though the
improvement was more pronounced in severe group
(33).In our study population the mean mJOA score
improved from the 12.8 (SD 2.5) to 16.5 (SD 1.9) at
final follow up which is similar to the result from the

past studies. All these results point to the efficacy of
the procedure.

Postop dysphagia is a frequent complication
reported after anterior cervical fusion with reported
incidence ranging from 12% -35% (34).This subsides
in majority of the patients though it can be
troublesome for a minor group of patients Various
proposed etiological factors for dysphagia include
design of the plate, female sex, number of levels
operated and use of conventional plate
(35,36,37).Mild Dysphagia for solid food present in
10.9% of our patients during immediate postop
period resolved in follow up.

Cloward in his article stressed the role of fusion in
ACDF as equally important as decompression. He
had used variously shaped allografts in his patients
with an excellent fusion rates of up to 97% (3).
Though studies variously use absence of relative
motion between the spinous processes of fused
segments , the presence of bridging bone and
absence of radiolucency between the endplate and
implant as the criteria for fusion there is no
uniformity in the definition for fusion. Fraser et al in
a metanalysis reported reported an overall fusion
rate of 89.2% for anterior fusion surgeries which also
included noninstrumented fusion and
corpectomies(38). For instrumented ACDF, the
fusion rate varied from 82.5% for multilevel to 97.1%
for single level(38). However information on fusion
rates stratified according to the implant type was not
availbale. Noordhoek et al reported comparable
fusion rates of >90 % for Titanium and PEEK cages
(38,39). Our study population using Titanium cages
had a fusion rate of 91.3% . The cohort of patients
who didn't achieve radiologic fusion in our group
were neurologically stable and were free of
symptoms. (Figure 2).
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Figure 2. A - Nonunion after C5/6 fusion- Lateral Radiographs
(A) preop, (B) Postop,(C) at 2 yrs,(D) Extension and (E) Flexion
images .Flexion pronounces defect in the bridging bone and
radiolucency around the implant.

Adjacent segment degeneration after anterior
cervical fusion was noticed by several authors as the
the procedure gained widespread
popularity(40,41,42).Hilibrand et al in a series of 409
patients followed up to 21 years reported the annual
incidence of adjacent segment degeneration of 2.5%
per year . Using a survivorship analysis they
estimated cumulative incidence of 25.9 % at 10 years.
Authors however had distinguished between
adjacent segment disease and symptomatic
adjacent segment disease which occured in 14.2
%.They recognized single operated level and C5/6 or
C6/7 as risk factors for development of ASD(11) .The
etiology of the adjacent segment disease is the
subject of a hitherto unsettled discussion. Hllibrand
et al after comparing the occurrence of ASD in
anterior and posterior surgery groups concluded
ASD as outcome of natural history of disease rather
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than an outcome precipitated by treatment(43).
Other risk factors emerged from further studies
includes Plate extending to the adjacent disc space -
plate to disc distance <5 mm (44), kyphotic postop
sagittal alignment in patients with ASD (45) ,preop
needle localization at wrong level (46 ). 0.5 to 1 fold
distraction on the other hand has been found to be
protective against ASD(47) .In our patient population
the number of levels operated, plate overlap in to
adjacent disc space and height of the cage were not
associated with development of degenerative
changes in postop x rays .However degenerative
changes in pre op x rays( 43%) was significantly
associated with development of further changes in
post op x rays(67% )( p = .025).This finding supports
the argument that the ASD is an outcome of the
natural history of the disease rather than a
complication of the treatment. The height of the cage
, an indirect marker of distraction had no association
with the ASD in our study .

Subsidence of the cage in to the adjacent
vertebral body is not an infrequent phenomenan
with the use of metal cages .There have been
contrasting reports of subsidence unfavourably
affecting clinical outcome(48,49) and having no
impact on clinical outcome( 50,51). Various authors
have reported patient related, technique related a
and implant related factors associated with
subsidence.The risk factors include age, sex ,preop
cervical alignment ,bone mineral density (52,53,54).
Truumees et al reported overdistraction and damage
to endplates positively correlated with occurrence of
subsidence(55).Cage height and Titanium cages ,
standalone cages were also reported to be
significantly associated with subsidence (56).In our
patients five developed subsidence ,all of them had
undergone fusion with standalone cage compared to
conventional cage and plate ,which was significant (
p=.026).However all the patients with subsided cages
eventually attained fusion. Both group had similar
clinical outcome despite the subsidence. The finding
in our patients possible might be due to 2 factors -
Titanium cages and greater graft loading with
standalone cages compared to conventional cages.
Titanium cages have greater modulus of elasticity
compared to PEEK and bone , with the resultant
modulus mismatch playing a role in subsidence (57).

Restoration of lordosis is one of the advantages
of the ACDF over posterior procedures. The
improvement in lordosis is reported to be associated

with improvement NDI scores and JOA recovery rate
.The impact of the correction of lordosis on
improvement of JOA score is less clear as to whether
this being a result of decompression or directly
related to restoration of lordosis (58). Katsuura et al
reported the occurrence of local kyphosis in 43% of
patients undergoing multilevel discectomy which
was a predisposing factor for ASD(59). Reports differ
on the long term maintenance of the postop lordosis
(60,61).Multilevel procedures tend to lose the
lordosis compared to fewer operated segments. In
our study the post op cervical lordosis(22.6 degrees)
and the segmental angle (4.7 degrees ) increased
significantly compared to preop levels ( 18.2 and 3.5
) .Though the gain in the lordosis was partially lost
over the follow up duration ,the final cervical
lordosis( 19.8) was higher compared to preop levels
and was significant for cervical lordosis ,though not
segmental angle at final follow up. We attribute this
to the progression of the degenerative disease which
was present in 67% of our patients radiologically at
final follow up. Thus the occurrence of ASD and loss
of lordosis is closely related. However whether this
loss of lordosis was due to the progression of the
degenerative pathology couldnt be conclusively
verified from our study.

CONCLUSION

Anterior Cervical Discectomy and Fusion is an
effective option for the treatment for Cervical
Spondylotic Myelopathy . It produces a sustained
neurologic improvement .Preoperative adjacent
segment degenerative changes was significantly
associated with development of ASD during follow
up. This is can due to the progression of the disease
rather being precipitated by the procedure. Though
the procedure improves the lordosis, it tends to
decrease with follow up.
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Osteochondroma of axis vertebra treated
with en bloc resection and arthrodesis. A
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ABSTRACT
Osteochondromas are capped benign bony neoplasm that forms on the outer Keywords
surface of the bone. They are most commonly found in appendicular skeletal but rare
in the spine. The cervical spine is commonly involved in spinal osteochondromas.
Here we discuss a case of a 24-year-old male with osteochondroma arising from the
posterior arch of C2 (axis) vertebra presenting with myelopathy. Most of the cases
are asymptomatic needing only observation. Surgery is needed in case of progressive .
neurologic deficit. It is recommended to do an en bloc resection of the lesion along posterior arch
with cartilage cap to prevent recurrence and spinal stabilization with arthrodesis to osteochondroma
avoid postoperative kyphosis.
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INTRODUCTION

Osteochondromas are the most common benign primary tumor of
bone constituting 20-50% of all benign bone tumors and 10-15% of all
bone tumors [5]. According to World Health Organization (WHO), Dr. Ram Manohar Lohia Institute of
osteochondromas are capped benign bony neoplasm that forms on the Medical SC'?Q&ES‘ Lucknow,
outer surface of the bone. Tumor originates from the ends of the bone

near the growth plate where metaplastic cartilage undergoes
endochondral ossification with subsequent proliferation. It is most
commonly found in the appendicular skeleton but rare in the spine [6].
More than 50% of spinal osteochondromas are found in the cervical
region [4]. Here we discuss a case of a 24-year-old male with
osteochondroma arising from the posterior arch of axis vertebra SER 19 AeEEEs e @lfIne VEEEn
presenting with myelopathy.
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CASE REPORT

A 24-year-old male patient presented with complaints of progressively
increasing difficulty in walking with weakness in the right upper and
lower limbs for the last year. There was no history of trauma. There
was no family history of MHE. His neurological examination revealed
weakness (Medical Research Council, MRC muscle power grading - 4/5)
of the right upper and lower limbs. Deep tendon reflexes across major
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joints were brisk. Bilateral plantars reflex were
extensor. Bilateral Hoffmann signs were positive. No
involvement of bladder and bowel was seen. Sensory
modalities were intact. The breath-holding time was
42s. The modified Japanese orthopedic association
(mJOAS) score was 16/18.

Plain radiographs and computer tomography (CT)
cervical spine revealed lobulated circumscribed bony
growth along inner margin of right lamina of the axis
(C2) vertebra with extension anteriorly into the spinal
canal and producing marked canal stenosis (Figure
1). MRI cervical spine showed a large extradural mass
lesion arising from axis vertebral lamina causing
major compression at C2 vertebral level with
myelopathic changes in the cord which was co-
related to the clinical complaints and examination of
the patient (Figure 2).

The patient was taken for surgery. Preoperative
positioning was as per standard guidelines.
Fluoroscopic guidance was used for surgery.
Intraoperative en bloc resection of the lesion along
with bilateral C2 vertebral lamina was done (Figure
3). Bilateral C1 and C3 vertebra lateral masses were
fixed with titanium screws and rods system. Onlay
autologous bone grafts were placed between C1 and
C3 lamina. The postoperative CT cervical spine
showed complete removal of the lesion with an
increased effective canal diameter at the level of the
C2 vertebral body (Figure 4). Pathologic examination
was consistent with osteochondroma. The patient
had significant improvement in his symptoms and
was discharged with a hard cervical collar for three
months. In six months, follow-up patient was
improved.

Figure 1. Preoperative computer tomography (CT) images with
the 3D reconstruction of the cervical spine showing

pedunculated circumscribed bony growth along the inner
margin of the right lamina of axis (C2) vertebra with extension
anteriorly into the spinal canal and producing marked canal
stenosis.

Figure 2. Preoperative magnetic resonance imaging (MRI) of
the cervical spine showed a large extradural mass lesion arising
from the right C2 vertebral lamina causing major compression
at C2 vertebral level with myelopathic changes in the cord.

Figure 3. Intraoperative image showing en bloc resection
specimen of the osteochondroma along with C2 (Axis) vertebral
lamina.

Figure 4. The post-operative computer tomography (CT) of the
cervical spine showed complete removal of the lesion with an
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increased effective canal diameter at the level of the C2
vertebral body.

DiscussiON

Osteochondromas are the most common benign
primary tumor of bone constituting 20-50% of all
benign bone tumors and 10-15% of all bone tumors
[5]. It is twice more common in females. The usual
age of presentation is 20-30 years. According to
World Health Organization (WHO),
osteochondromas are capped benign bony
neoplasm that forms on the outer surface of the
bone. It arises from epiphyseal growth plate where
microtrauma can lead to fibroblastic proliferation
and the formation of new bone. Osteochondromas
can present in two forms, Solitary Exostosis (SE) and
Multiple Hereditary Exostosis (MHE). Solitary
Exostosis is the sporadic form of the disease and
constitutes 85% whereas MHE occurs as Autosomal
Dominant syndrome which constitutes 15% of all
osteochondromas. Osteochondromas can be sessile
or pedunculated. Our patient had a solitary
pedunculated lesion over the right lamina of the axis
vertebra.

It is most commonly found in the appendicular
skeleton including femur, proximal tibia and
humerus, and pelvis but rare in the spine[1]. Spinal
osteochondromas constitute 1-9% of all cases[4].
More than 50% of spinal osteochondromas are
found in the cervical region[4]. This is due to
increased mobility leading to the displacement of
cartilage and resulting exostosis. Osteochondromas
most commonly originate from the posterior
element where ossification centers are present. The
Axis vertebra is the most common site of
osteochondroma in the spine as was in our case
followed by the C3 and C6 vertebra [2].

Most of the cervical osteochondromas are
asymptomatic as they commonly grow outwards
away from the spinal cord. Inward growth causes
myelopathy and radiculopathy which is seen in 0.5-
1% cases[1]. Other symptoms include pain,
weakness, numbness, neck mass, etc. As
osteochondroma grows slowly, the patient may
develop progressive symptoms. Sometimes it may
present early after a trauma leading to compression
of the spinal cord.

Plain skiagram and CT scan can be used for
establishing the diagnosis. CT is the imaging modality
of choice[9]. On CT scan there is a direct continuity of

lesion with the cortical and medullary cavity of the
underlying bone. Magnetic resonance imaging (MRI)
is useful in assessing the degree of spinal cord
compression as well as malignant transformation.

The most common treatment modality for
asymptomatic cases is observation. Symptomatic
patients with pain or progressive neurological deficit
require surgery. Also, surgical excision may be done
to establish the diagnosis[3]. Previously surgical
decompression without fusion was popular but it
was associated with postoperative kyphotic
deformity, cervical instability, late neurological
deficit. Hence, a shift towards en bloc resection with
arthrodesis has been seen in recent times. Complete
surgical excision of the cartilaginous cap is critical to
prevent recurrence[4]. Sclubba et al in their study
found that the recurrence rate increased from 11%
after en bloc resection to 33% after intralesional
resection. There is no role of neoadjuvant or
adjuvant radiotherapy or chemotherapy.

Recurrence is seen in 2-11% of postoperative
cases[4,8]. Malignant transformation, mostly into
chondrosarcoma, is seen in 1% of SE and 3-15% of
MHE cases. Features of malignant transformation
are rapid growth, growth after skeletal maturity,
cartilage cap thickness >3mm, recurrence after
complete resection[7]. In our case, complete
resection with arthrodesis was done which is found
to be more effective than resection alone.

CONCLUSION

Osteochondromas are the most common benign
primary tumor of bone. Most of them are found in
the appendicular skeletal but rare in the spine. C2
vertebra is the most commonly affected vertebra.
Most of the cases are asymptomatic needing only
observation. Surgery is needed in case of progressive
neurologic deficit. It is recommended to do an en
bloc resection of the lesion along with cartilage cap
to prevent recurrence and spinal stabilization with
arthrodesis to avoid postoperative kyphosis.
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ABSTRACT

Background. Cervical spine myelopathy occur due to compression of the spinal cord
is present is quite common with a prevalence of around 90. Diagnosis of in the early
stages of the condition, the patient may be symptomatic as neck pain, myelopathy or
radiculopathy signs clinical examination findings, correlated by MRI findings.

Aims and objectives. To study the clinic-radiological correlation between these
clinical signs and radiological imaging in patients with early cervical spondylotic
symptoms.

Methods and measures. A minimum of 100 cases shall be considered in this study.
All the patients of either sex above the age of 12 years with early cervical spondylotic
symptoms of SJMCH during the study period will be considered in this study
Thorough clinical history including past medical, treatment and personal history is
taken. The following clinical signs are assessed in them: clonus, Hoffman'’s, Trémner,
Wartenberg's sign, Deep tendon reflexes, Plantar reflexes The results of these tests
are tabulated. MRI cervical spine is performed and cervical myelopathy is graded. MRI
findings are correlated with the clinical signs and thus sensitivity, specificity and
accuracy of each of these tests is calculated.

Results. Four clinical diagnostic tests were found to have been quite reliable. None
of the tests was self-diagnostic. Among various diagnostic tests Babinski, clonus sign
has the highest specificity but low sensitivity.

Conclusion. This study denotes those 6 tests used to diagnose myelopathy are
interdependent, none is fully diagnostic.

INTRODUCTION

Degenerative cervical spondolytic myelopathy (CSM) is a progressive
disease of the spinal cord. The clinical signs, symptoms and radiology
play a key role in diagnosis.1 In the early stages diagnosis is difficult due
to subtle signs . various clinical test considered for diagnostic
purpose.MRI cervical spine is considered the best method for diagnosis
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Accuracy of special clinical tests in diagnosing compressive myelopathy

of cervical stenosis, cord compression, or
myelomalacia elements .Spondylosis is common
ageing process seen between age of 25 to old age .
Most patients are asymptomatic most common
symtoms are : neck pain ,cervical radiculopathy, and
cervical myelopathy.

Neck pain may be due to degenerative disc or
facet changes. Cervical radiculopathy can be acute,
subacute, or chronic. Radiculopathy may be due to
disc or osteophyte which causes motor or sensory
deficits2 Cervical myelopathy due to long tracts
involvement due to various static, dynamic factors
and ischemic changes. early subtle signs like
hyperreflexia, Babinski's sign, Hoffman'’s
reflex,Tromner's sign and/or clonus other
characteristic signs and symptoms include weakness
of the hands, hand parathesia,gait disturbances
,bowel and bladder involvement. Signs of LMN at site
of lesion and UMN at below level.

CLINICAL TESTS

Various clinical tests have been used to diagnose
cervical myelopathy - hyperreflexia, Hoffman'’s,
tromners, the Babinski sign, wartenbergs sign,
clonus.3 Controversy is there regarding reliability of
these tests. Sensitivity and specificity of these tests
depends on various factors like inter observer
variation ,stage of disease,age of patient,associated
comorbidities .Positivity of these tests in normal
people not known.Combination of these tests are
more reliable then single test.

Hoffmann's sign 4 - stabilise proximal ip joint
followed by flicking nail with thumb positive
response is flexion of fingers and thumb.

Deep tendon reflex tests - In Biceps tendon testing,
the patient is in sitting position ,examiner strikes
bicep tendon on his thumb normal response is
flexion of elbow.

Babinski sign 5 -patient in sitting position ,strike foot
from lateral to medial ,positive response is fanning
of fingers and dorsiflexion of thumb.

Tromner sign - on flicking volar apect of middle
finger flexion of thumb and index finger.
Wartenberg sign 6-involuntary abduction of little
finger when hands r outstretched due to unopposed
Action of extensor muscles digiti minimi,digitorum
communis.

Clonus7 -on rapid passive dorsiflexion of foot,
repititive foot movement due to stretch on Achilles
tendon.

RADIOLOGICAL STUDIES

The radiological diagnostic workup often includes
static or dynamic plain cervical x-rays, magnetic
resonance imaging (MRI) [8].

Magnetic Resonance Imaging (MRI)
MR is useful for evaluating the spinal canal diameter,
spinal cord, intervertebral discs,and vertebral
ligaments Signal changes on T2-weighted MRI scans
at the level of spinal compression are often
increased in patients with cervical spondylotic
myelopathy. This represents edema, inflammation,
ischemia, myelomalacia, or gliosis .9

In DCM, the following are 3 key characteristics
that indicate the severity of disc degeneration: loss of
T2WI hyperintensity of the nucleus pulposus and
resulting loss of delineation between the nucleus
pulposus and annulus fibrosus on T2WI, narrowing
of the IVD space, and migration of disc material into
the spinal canal10.

METHODS

This is a descriptive prospective study conducted
department of neurosurgery at SJMCH bengaluru
and KMC, Kota

Study period: 2018 to 2020

Study Population/Sample Size/

Inclusion/Exclusion Criteria

Minimum of 100 cases shall be considered in this
study.All the patients of either sex above the age of
12 years with early cervical spondolytic symptoms of
during the study period will be considered in this
study. Children less than 12 yrs and other non
spondylotic cause of myelopathy.

Procedure
Patients presenting with symptoms of neck pain,
radiating pain to upper limbs, paraesthesia,
weakness & stiffness in the limbs and fulfilling the
inclusion criteria are included in this study.Thorough
clinical history including past medical, treatment and
personal history is taken.The following clinical signs
are assessed in them : clonus ,Hoffman'’s, Tromner
,Wartenberg's sign, Deep tendon reflexes, Plantar
reflexes.

The results of these tests are tabulated.MRI
cervical spine is performed and extent of cervical
myelopathy changes are graded.MRI findings are
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correlated with the clinical signs and thus sensitivity,
specificity, accuracy of each of these tests is
calculated .The following parameters will be
assessed -Patients age and sex, Occupation,
Complete Symptomatology ,Co morbidities like
HTN,DM, thyroid disorder, RA, AS etc MRI cervical
spine and assessing for degree of cord compression
Correlating MRI findings with the clinical signs.

Statical Evaluation

As this is a descriptive study, all the mentioned data
will be collected and analysed using the parameters
described above. Specificity and sensitivity of the
clinical tests analysed through the collected data.

RESULTS
100 Patient studied from 2018 t02020, who satisfied
inclusion criteria conformed by mri. Mri taken on
basis of presence of clinical signs. Among total
patients majority 55 females and 45males,with 35
patients associated with various comorbidities .
patient included having symptoms of radiculopathy,
myelopathy, and cervical strains. 73%admitted with
complains of neck pain ,64%admitted with diagnosis
hand numbness and gripping weakness and 45
%admitted with gait disturbances.

Four tests are highly diagnostic : Hoffmann's sign
, deep tendon reflexes ,tromner and clonus sign.
Other 2 wartenbergs and Babinski sign have
moderate diagnostic capacity. Most frequent level
affected in mri are C5-C6 and C6-C7 levels.
Combining clinical examination tests provided
significant improvements in the diagnostic accuracy
of the clinical tests. Patient associated with various
comorbidities has higher positive value of sensitivity
and specificity of clinical tests.

Age Gender Presence Of Comorbidities {35
Patients}

30 TO 80 | Male =46 | Male =15

YRS

Mean Age | Female Female=20

50 =54

Neck pain 73
Loss of hand dexterity and medial numbness 64
Clumsiness  while  walking and  gait | 45
disturbances

Clinical test Sensitivity Specificity
Hoffmann Test 43 76
Tromners Sign 45 77
Deep Tendon Reflex 43 70
Babinski Reflex 32 93
Clonus 15 96
Wartenberg Sign 18 78
DISCUSSION

There is high level of agreement for these clinical
tests in two examiners .Among these 4 tests highly
substantiates diagnosis and other 2 with moderate
efficacy. Mri is used to confirm diagnosis,presence of
myelomalcia,cord signal changes are highly
diagnostic. Tromner sign more sensitive to Hoffman
as Hoffman elicited by nipping of nail having no
nerve endings while tromner elicited by tapping volar
aspect of skin at terminal phalynx of middle finger.™
As more nerve endings present at volar aspect .most
widely accepted explanation for clonus is that it is
hyperactive tendon reflexes caused by self
excitation. it is caused by interruption of UMN fibres,
having low sensitivity but high specificity.

Babinski sign having low sensitivity but high
specificity indicates high chances of correctly
diagnose cervical myelopathy."Vatenbers sign also have
low sensitivity value but good specificity.?

CONCLUSION

Our various clinical test shows moderate reliability to
diagnose cervical myelopathy. This means these
tests may be false negative in presence of
myelopathy.There accuracy may be increased by
using multiple tests for diagnosis.

LIMITATIONS

There are chances of interobserver variability of
diagnosing clinical sign ,some interpretations may be
wrong .There are chances of variability of signs
according to age ,some signs may be more ominous
with old age. There is variability in timing of mri in
different patients with different symptom profile.
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ABSTRACT

Traumatic brain injury is still a major cause of mortality and morbidity in the world
and is considered a public health problem that needs to be well attended to. Cerebral
oedema due to brain injury compromises the delivery of essential nutrients and
alters normal intracranial pressure, whose increase has been shown to be strongly
associated with poor neurological outcomes and mortality for patients with head
trauma. Intravenous fluids are a fundamental component of trauma care and fluid
management influences patient outcomes. Thanks to advances in the research of
osmotic agents, mortality has been reduced and there has been greater control in
intracranial pressure. The osmotic agents most used for the control of intracranial
pressure in patients who have suffered severe brain trauma are mannitol and
hypertonic saline. However, in recent years have been studying the benefits that
sodium lactate can generate in these cases. It has been found that sodium lactate has
generated a greater decrease in intracranial pressure values and lower mortality
rates with respect to mannitol and hypertonic saline. This still has been disputed as
an application of mannitol, hypertonic saline or sodium lactate for treating patients
who have suffered some head trauma. This review aims to show the advantages,
disadvantages and recommendations of the different hyperosmolar solutions
mentioned previously based on current evidence.
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INTRODUCTION

Severe traumatic brain injury (TBI) initially causes an
injury to the brain by an impact as force propagates
towards the cranial cavity, resulting in a stretching
and loosening of neural and vascular structures.
These direct injuries into the brain parenchyma or
blood vessel, prompt inflammation or edema which
can be accompanied by bleeding; all these factors
ultimately result in an increase in intracranial
pressure (ICP) (1,2).

Fluid resuscitation in patients with severe head
trauma is vital because of the need to avoid
hypotension and secondary neurological injury (3).
The increased ICP can generate several
consequences. On one hand, as the ICP increases,
the cerebral perfusion pressure (CPP) (initially
conserved by regulatory mechanisms) when
stopping the self-regulating capacity, the CPP will
decrease, which implies a risk of secondary hypoxic
brain injury. Moreover, the brain can herniate
between intracranial compartments and can also
lead to secondary brain injury compression and
territorial arterial ischemia or by direct compression
of the brainstem, becoming in a very mortal issue (1).
The main objective of osmotherapy is to preserve or
restore the physiology and minimize secondary
brain damage, through conservation of CPP and
decreased ICP. Moreover, the brain tissue tension of
oxygen (PbtO2) has emerged adds as an additional
therapeutic goal in the treatment of these patients
(3-5).

Osmotherapy has limited efficacy, so prophylactic
use should be avoided and must be carefully
removed after the maximum period of edema (6). In
addition, it is important to pay attention to signs of
rebound edema (7). The major hyperosmolar
solutions used in patients with traumatic brain injury
include hypertonic saline, mannitol and sodium
lactate (2). In view of the above, the objective of this
review is to synthesize evidence on the use of
osmotherapy in the management of patients with
traumatic brain injury and related aspects.

METHODS

Abibliographic search was carried out in the PubMed
and Science Direct databases and in the Google
Scholar search engine using the following terms:
“Osmotherapy”; “Traumatic Brain Injury”;
“Intracranial Pressure”; “Mannitol"; “Sodium Lactate”;

Osmotherapy in patients with severe brain trauma

“Hypertonic Saline Solution”. Articles in Spanish and
English were included, emphasizing in the benefits of
different osmotic agents in the treatment of severe
brain trauma, regardless of the publication date. A
total of 325 articles were identified from original
articles, topic reviews, systematic reviews, letters to
the editor, case reports, and case series. 41 articles
were selected (3 in Spanish and 38 in English) that
were adjusted to the objective of the article.

RESULTS
Mannitol

Mannitol is an osmotic agent associated with the
treatment of intracranial hypertension (IH), used for
clinical purposes in 1962 (3). Currently it is
highlighted among its indications decreasing
refractory ICP, elevated ICP, oliguria and in some
cases of acute renal failure. Concentrations ranging
from 5% g/100 ml at 25% g/100 ml at an osmolality
between 274 and 1372 mOsm/I. As for the dose, it
was observed a significant reduction in ICP and more
durable responses to treatment when doses are
administered between 0.5 and 1.4 g/kg (8,9). The
objective is to maintain osmotherapy normal
volemia or mild hypervolemia, and maintain serum
osmolality between 300 and 320 mOsm/l, so
particular vigilance is required to treatment (3,10,11).
Mannitol acts on IH after about 20 minutes to be
administered and reaches its maximum effect in the
brain 30 minutes after; effect duration ranging from
90 minutes to 6 hours depending on the etiology. By
decreasing the blood viscosity and the hematocrit
and increase the flow of oxygenated blood brain
leads to vasoconstriction of cerebral arterioles, and
this in turn leads to a reduction in ICP and increasing
the CPP. Broadly speaking, also generates a
reduction in systemic vascular resistance (and
afterload) combined with a transient increased
preload and a slight positive inotropic effect,
therefore, it improves cardiac output and ventilation
(3,12). However, osmotic diuresis with mannitol can
cause intravascular dehydration and hypotension
(7). In the brain, the mannitol remains in the vascular
fluid compartment (13); after prolonged use, it may
cross the blood brain barrier and accumulate in the
brain tissue, causing an inverse osmotic change,
which increases ICP (rebound phenomenon) (7).

Mannitol is filtered at the glomerulus and
reabsorbed in the nephron as an osmotic diuretic, it
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is excreted unchanged (3). It can induce acute renal
failure (ARF) due to renal vasoconstriction, decreased
intravascular volume and hyperosmolarity (4).
Usually it produces no permanent injury; then
removing the drug this is reversed. Several studies
report the lowest total dose of mannitol that can
cause ARF is 200 g/day (3). Other side effects include
electrolyte disorders (hyponatremia, hypochloremia,
hyperkalemia), acidosis, heart failure and pulmonary
edema (3,7). Restrict the use of mannitol in patients
with signs of trans-tentorial hernia or progressive
neurological deterioration causes not attributable to
extracranial (14).

Hypertonic saline

Hypertonic saline (HS) was used in clinical practice
for the first time in 1926 by Silver, who used a 5% HS
to treat Burger's disease. Currently, it is positioned as
the most popular osmo-agent for hyperosmolar
therapy, this due to the multiple complications
associated with the wuse of mannitol (3,15).
Continuous HS can be early to reduce brain swelling
and IH (16). It is also used in cases of subarachnoid
hemorrhage, stroke and liver failure. It is used as
adjunctive therapy with mannitol or as an alternative
treatment in those patients who failed prior therapy
with mannitol (3,7,17).

It is offered in different concentrations (2%, 3%,
7.5% and 23.4%) and is recommended to administer
via a central line and should be used at a
concentration > 2%, avoiding the risk of
thrombophlebitis and peripheral venous thrombosis
(3). It is commonly administered as a bolus of 30 ml
saline 23.4% (7) or in addition to continuous infusion
therapy, decreasing the ICP over a period <72 hours,
but this effect extended not maintained for a while
(3). Similar to the action of mannitol, HS causes the
liquid passage from the parenchyma into the
intravascular  space, reduces the rate of
cerebrospinal fluid (CSF) production and having a
lower diuretic effect causes expansion of the
intravascular volume, increasing cerebral blood flow
and reducing the ICP at the same time. also it has an
anti-inflammatory  effect reducing leukocyte
adhesion (3,18,19). Continuous and frequent use of
hypertonic saline lead to the development of
hyperchloremic metabolic acidosis, which can be
prevented by using hypertonic Sodium/Acetate
(7,20). Other problems include ARF, arrhythmias,
hemolysis and acute pulmonary edema (3).

Mannitol vs. hypertonic saline

Mannitol and HS are the two most commonly used
hyperosmolar solutions (7). No Class | evidence
showing the superiority of one over another in the
treatment of cerebral edema and intracranial
hypertension of different etiologies in critically ill
patients (3,21). In 2012, Mortazavi et al. (22)
performed a meta-analysis studying the results of HS
for the management and control of IH. This review
included 36 articles; of these, 9 showed that HS
controlled IH better, compared to mannitol. In 6
articles, a reduction in ICP values was present when
HS was administered after the use of mannitol.

The potential advantages of hypertonic saline
include intravascular volume expansion, to produce
less osmotic diuresis, maintains a more stable
patients with brain injury systemic and cerebral
hemodynamics, and not only decreases the ICP and
maintains the CPP, but also increases PbtO2
(7,23,24). As for intracranial hemorrhage have in the
acute phase there is an elevated ICP, suggesting a
poor prognosis in these patients. Currently it is not
known which of these two agents has better
performance in this condition (3,25). There are no
strong recommendations on which of the two
hyperosmolar agents should be used. Mannitol is
most often used as first line therapy for IH caused by
cerebral trauma, as second line therapy the HS is
used when no response to the first. Several authors
report that both agents have a similar effect in
equimolar dose, and others affirm that the HS is
more efficient and safer than mannitol to decrease
ICP in severe traumatic brain injury (3,26).

Although the evidence regarding these solutions
and their impact on patients is low, there have been
studies that have examined various aspects of these
fluids with significant results. Pelletier et al.
performed a meta-analysis which determined that
when comparing the use of HS with other solutions
such as mannitol, Ringer's lactate, hypertonic
sodium and 0.9% saline, it was found that there is no
difference in mortality and maintenance of the ICP
27).

Sodium lactate

To control the elevated ICP as a result of severe brain
trauma, it is necessary to use safe and effective
osmotic agents. One of these has been mannitol,
which has been for many years, solving lesson (27);
however, there have been various adverse effects



attributable to this solution. Within these adverse
effects are: hypovolemia, hypotension, renal failure,
a transient effect, among others (28). Meanwhile,
hypertonic saline emerged showing high efficacy in
the management of patients neurocritical ill; some of
the benefits that this solution is the easy monitoring
of its infusion, its high potency and longer duration
of effects, his great role as a stabilizer and systemic
hemodynamics intracranial, among  others.
However, HS can cause negative effects that could
limit their use; within these it has generated
hypernatremia (independent marker of mortality in
critically ill patients), osmotic nephropathy, phlebitis,
hypokalemia, rhabdomyolysis, and many more
(28,29). Therefore, in recent years it has been
emerging hypertonic fluid promising for the
treatment of severe IH associated with cerebral
trauma, sodium lactate. To wunderstand the
mechanism of action sodium lactate, it is important
to analyze the pathophysiological mechanism by
which brain damage occurs in severe brain trauma.
This causes trauma injuries dividing two phases:
primary and secondary; said phases depend on the
time elapsed since the trauma occurred (29,30). The
primary stage is given the exact time when the brain
injury is generated, and will be characterized by
presenting vascular damage, followed by a bleeding
in the brain tissue, generating a mass effect in the
brain and subsequent IH. As late consequences, at
this stage an imbalance of the neurotransmitter
regulation, axonal damage and cell death occurs (30).
In the secondary phase will be altered cerebral
autoregulation mechanisms; generating power
failures, which are to be supplied momentarily by
increased glycolysis and oxidative phosphorylation;
out of ATP stores, anaerobic metabolism begins until
this process is unsatisfactory (30,31).

There is a theory that suggests that astrocytes use
the process of glycolysis to lactate production; once
said lactate enters neuronal cells, this is transformed
into pyruvate by the action of lactate dehydrogenase,
and thus involved in oxidative metabolism and
energy generating (27,32). Under physiological
conditions, lactate contributes 8% of the energy
required by the brain; however, in cases where there
is brain damage, and decreased levels of glucose,
lactate can contribute over 60% (31). For this reason,
sodium lactate has been a very promising method in
controlling the IH in cases of severe brain trauma,
requiring more research that yield firm conclusions

Osmotherapy in patients with severe brain trauma

about the use of this solution with respect to the
other, analyzing their effects beneficial and adverse
effects. Sodium lactate acts primarily by decreasing
the blood viscosity by increasing plasma volume,
resulting in an increased blood flow and brain tissue
oxygenation (31). Once increased perfusion of the
brain tissue, vasoconstriction occurs reflects which
contributes to decrease ICP by limiting blood supply
to the brain. Due to its hypertonic properties, sodium
lactate causes an increase in the osmotic pressure
within the blood vessels and a great extent of
osmotic gradient between the intra- and
extravascular spaces. As a result, decrease the
edema fluid introduced in the intravascular space,
helping equally to decrease ICP (32,33).

Sodium lactate vs. mannitol

In 2009, Ichai et al. (34) compared the mannitol and
sodium lactate in 34 patients who had suffered
traumatic brain injury and had IH; in this study it was
determined that sodium lactate compared to
mannitol, ICP decreased more (p = 0.016), longer (p =
0.009) and performed with greater success patients
(p = 0.053). In 2013, Ichai et al. (35) conducted a
double-blind, randomized and controlled 60 patients
who received a continuous infusion of 0.5 ml/kg/h for
48 hours sodium lactate or normal saline (control
group). The results obtained showed that the sodium
lactate reduced IH episodes compared to control
group (p <0.05); this suggests that sodium lactate can
be used as an alternative treatment for preventing
post IH traumatic brain injury. Moreover, in patients
receiving sodium lactate, better urine output and an
optimal fluid balance she was found (4,31).

Within the future perspectives on osmotherapy in
patients with TBI, it is necessary to mention that the
use of one agent or another will vary according to the
availability and level of complexity of the hospital
where the patient is located (35-38). Therefore, many
more studies are needed to evaluate the outcomes
of the use of osmotic agents for the management of
IH, according to the context of each country, team of
professionals and hospital institutions (39,40). This
research should be promoted more strongly in low-
and middle-income countries, where there is a high
incidence of neurotrauma cases, and where high-
tech tools that have been shown to further improve
neurosurgical outcomes of neurotrauma are not
available (35,41).
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CONCLUSIONS

Traumatic brain injury is a public health problem
worldwide. Management and control of intracranial
hypertension back to this type of trauma has been
being an aspect in which health professionals need
to improve as the years pass. Osmotherapy has been
a very important mechanism for achieving this
objective using fluids such as mannitol and
hypertonic saline, which have had great results for
patients; however, there have been multiple adverse
effects that affect their health. In search of better
methods to treat this condition has been introduced
as sodium lactate osmotherapy, which has proved
very effective in counteracting the secondary
damage generated by the traumatic brain injury.
Similarly, it has shown better results regarding the
cognitive effects after injury. However, conducting
research on which these solutions are compared
with respect to the benefits and disadvantages that
can generate in patients is necessary.
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ABSTRACT

Aim: To study the utilization patterns of anticoagulant and antiplatelet medications
among geriatric patients with neurosurgical conditions in the neurosurgical
department at Khoula Hospital, Muscat, Sultanate of Oman.

Introduction: Anticoagulant and antiplatelet presumption is a worry in neurosurgical
patients, that suggests a subtle balance between the risk of thromboembolism
against the risk of peri- and postoperative haemorrhage. Patients taking those
medications were found to have an increased risk of bleeding from traumatic and
traumatic events.

Materials and Methods: A retrospective study of geriatric cases admitted to the
Neurosurgery Department in Khoula Hospital (KH) as an example of a neurosurgical
center in Sultanate of Oman, from January 2016 to 31st December 2019. Patients
demographics, diagnosis, length of hospital stay (LOS), Glasgow Coma Scale (GCS),
length of ICU admission, and treatment proposed were recorded.

Results: The most common diagnostic category was trauma (35.4%). 16.0 % of the
patients were taking anticoagulant medications. Patients with traumatic brain injury
(TBI) were found to have a higher rate of using anticoagulant medications (36.6%).
There was a significant difference between the LOS, type of intervention, ICU
admission, and the usage of anticoagulant and antiplatelet drugs (p<0.05).
Enoxaparin was the most commonly used anticoagulant agent. 19.6 % of the patients
were taking antiplatelet medications. This study was showed that aspirin is the most
commonly used antiplatelet agent among different neurosurgical pathologies.
Conclusion: Patients with TBI were found to have a higher rate of using anticoagulant
medications. Decisions regarding prescription and resumption of anticoagulants and
antiplatelet medications should be taken on a case-by-case basis involves
multidisciplinary and holistic approaches.

INTRODUCTION
Anticoagulant presumption is a worry in neurosurgical patient that
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suggests a subtle balance among the risk of
thromboembolism against the risk of perioperative
and postoperative hemorrhage (1). The ageing
populace has resulted in an alteration in the
demographics of trauma (2). Numerous of these
patients are undergoing anticoagulation therapy and
are also at high risk of falls and sustaining injury with
possibly serious hemorrhagic complications (2). The
main risk of systemic anticoagulation is bleeding,
including intracranial hemorrhage, which must be
well-adjusted against the recommended chronic
anticoagulation for at least the duration of active
cancer (3). Clinicians often face a patient with a brain
tumor who requires anticoagulation for a deep
venous thromboembolism (DVT) or pulmonary
embolism (PE) or for cardiac reasons, such as atrial
fibrillation or peripheral vascular disease. (3). Head
injury “embodies one of the most important and
recurrent traumatic pathology in the emergency
department (4). Among the diverse risk factors,
preinjury use of warfarin has received considerable
attention in trauma literature. Several studies were
undertaken to elucidate the effect of warfarin
anticoagulation on the mortality rate and risk of
development of intracranial hemorrhage (ICH) in
adult patients with minor head injuries (4). The risk
of mortality in a patient anti-coagulated on warfarin
with an ICH after head injury ranges in the literature
from 16-80% (5). The Food and Drug Administration
-USA- projected that 2 millions of people each year
start using vitamin K antagonist. The use of
anticoagulants is predicted to continue growing in
the near future (1). Warfarin is a vitamin K antagonist,
and works by inhibiting the enzyme vitamin K
epoxide reductase. This is essential for calcium
binding, allowing the linking to phospholipids
surfaces to promote clotting (5).

Platelets are small, irregularly shaped subcellular
fragments that are derived from megakaryocytes
and play a major role in the maintenance of
haemostasis (6). Antiplatelet agents are frequently
being used in the management or prevention of
cardiovascular disease (7) such as; deep venous
thrombosis, atrial fibrillation, pulmonary embolism
and coronary artery disease. They are also given
postoperatively for prosthetic heart valves or stent
placement (8). Patients taking these medications
found to have an increased risk of bleeding from
traumatic and traumatic events (7). Therapeutic
mechanisms of antiplatelet agents include inhibition

of platelet aggregation, so normal haemostasis is
impaired, which may lead to an increased incidence
of ICH and enlargement of hematomas in TBI,
potentially increasing mortality and morbidity (9). For
instance, patients taking an antiplatelet agent, with
ICH occurring in approximately 3.6%-67.3% of
patients on antiplatelet therapy and 1.6%-50.5% of
patients not on this therapy (7). Also, posttraumatic
ICH is associated with a mortality rate of 21% in
patients on antiplatelet therapy. (6). Antiplatelet
agents are necessary for patients undergoing
neuroendovascular procedures, due to it is
preventative effect against thromboembolic
consequences (9). Aspirin is the most common used
drug  while undergoing  neuroendovascular
procedures. Aspirin is typically initiated at least 3-5
days prior to some vascular procedures such as
carotid or intracranial stenting (9). Clopidogrel is the
other most common antiplatelet drug used while
undergoing neuroendovascular procedures.
Variation in individual response to clopidogrel has
sparked a great deal of research and controversy in
the cardiovascular and neuroendovascular areas.
The incidence of clopidogrel hyporesponsiveness
has varied from 21% to 53.1% in patients undergoing
neuroendovascular procedures (9).

This study is conducted to investigate the prevalence
of therapeutic antiplatelet and anticoagulant
medications among geriatric patients admitted in
neurosurgical department at Khoula Hospital,
Muscat, Sultanate of Oman, which is the first of its
kind in the region, to the best of our knowledge. The
health care services in Oman are considered as
having one of the best health care systems in the
world according to World Health Organization
reports (10,11). The Department of Neurosurgery in
our hospital is the main neurosurgical center in the
country with an average annual admission of 1600
patients (12,13) In this study, we chose a cut of 65
years and older according to the local definition,
taking into account the increase in life span
throughout the last decades as well as the
improvement in the quality of life.

METHODS

Study group

This is a retrospective study conducted at Khoula
Hospital located in Muscat, Sultanate of Oman. The
study was approved by the Research Ethical
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Committee at Khoula Hospital/ Ministry of health
(PRO122020072). Medical records of 696 patients
who are above the age of 65 and admitted to the
neurosurgical ward January 2016 to 315 December
2019 were included. The study includes both Omani
and non-Omani patients. Patients with the following
features are excluded: non elderly patient (below 65
years), non-neurosurgical conditions, outside the
study period (from 1st January 2016 to 31th
December 2019), Patients with missing or
incomplete data.

Data collection

Data was obtained from the health information
system included: patient demographics. diagnosis,
length of hospital stay (LOS), Glasgow Coma Scale
(GCS), length of ICU admission and treatment
proposed. Then the information classified into
continues and categorized variables and analysed
accordingly.

Data analysis

Research database was analysed and processed
using the statistical package for the social sciences
(SPSS) software (version23). The categorized
variables were cross-tabulated using frequency
tables. Chi-square test was used to obtain the
significance of the association between categorized
variables, using a P value of < 0.05 as the cut-off for
significance.

RESULTS

The demographic characteristics of the included
cases in the present study is represented in table 1.
We have total of 669 patients with mean age of 73.3
admitted in the neurosurgical department at KH in
Muscat the capital city of Sultanate of Oman in four
years ‘period (from 2016 to 2019). 2019 accounted
for the highest number of admitted patients
(30%).61.9% of the study cohort were more than 75-
year-old. Male to female ratio was (1.63:1). Most of
the patient were having GCS score of 14-15 (72.3%).
The most common diagnostic category was trauma,
accounted for 35.4% of the study cohort followed by
oncology and vascular equally (16.3%).16.0 % of the
patients received anticoagulant medications.19.6%
of the patients received antiplatelet medications.
Most of the patients underwent surgical intervention
(73.1%). Majority of the patients stayed in the
hospital less than 15 days (77%).

Table 1. Demographic characteristics of the patients

Category Number of patients

(%)

Number of patients admitted

each year

2019 202 (30.0%)
2018 172 (25.7%)
2017 154 (23%)
2016 141 (21.3%)
Total 669

Age

>=75 414 (61.9%)
<75 255 (38.1%)
Gender

Female 255 (38.1%)
Male 414 (61.9%)
GCS on arrival

15-14 484 (72.3%)
13-12 49 (7.3%)
11-9 36 (5.3%)
<8 100 (15%)
Diagnostic category

Oncology 109 (16.3%)
Trauma 237 (35.4%)
Vascular 109 (16.3%)
Spine and Peripheral nerve 176 (26.3%)
diseases

Infection and functional 13 (2%)
Hydrocephalus 25 (3.7%)
Anticoagulant

drugs

Yes 107 (16.0)
No 562 (84.0)
Type of interventions

Surgical 489 (73.1%)
Observational 180 (26.9%)
Length of stay (LOS)

<=15days 515 (77%)
>15 days 154 (23%)

Utilisation of anticoagulant medications

Figure 1 illustrates the utilization of anticoagulant
medications among different diagnoses (131
patients out of 669 patients). Patients with TBI found
to have higher rate of using anticoagulant
medications (36.6%) followed by patients with spinal
diseases and vascular pathologies, respectively
(25.9%, 18.3%). There was no significant relationship
between the utilization of anticoagulant medications
among different neurological diseases investigated
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(p=0.920). The association between usage of
anticoagulant medications among patients and
other variables (type of injury, LOC, type of
intervention, age, and ICU admission) is shown in
table 2. It demonstrates that there was no significant
difference between the utilization of anticoagulant
medications the type of injury, as both traumatic and
non-traumatic patients were using anticoagulant
medications in a similar way (p=0.674). Also, it is
showing that there was a significant difference in the
LOS and the usage of anticoagulant drugs, in which
patients who were not using anticoagulant
medications found to stay shorter in the hospital
(p<0.05). Additionally, patients who were undergone
surgical intervention were using anticoagulant
medications much less than patients who were on
conservative management (p=0.001). Added to that
the significant relationship that found to be between
the ICU admission and the utilization of
anticoagulant medications, in which majority of the
patients who were not on anticoagulant therapy
were not admitted to the ICU (p<0.05). Also, there
was no association between the usage of
anticoagulant medications and the age of patients
(above and below 75 years) (p=0.198). Figure 2
illustrates the utilization of anticoagulant agents
among different diagnoses. It is showing that
enoxaparin  was the most commonly used
anticoagulant agent among different neurosurgical
pathologies in the present study (n=93), followed by
warfarin (n=15). Heparin was only used by 3 patients
in this study.
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Figure 1. The utilization of anticoagulant medications among
different diagnoses.

Utilization of antiplatelet medications

The utilization of antiplatelet medications among
different diagnoses (n=107) is illustrated in Figure 3.
Patients with TBI found to have higher rate of using

antiplatelet medications (33.6%) followed by patients
with  oncological and vascular pathologies,
respectively (26.1%, 21.4%).
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Figure 2. Utilization of anticoagulant agents among different
diagnoses.
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Figure 3. The utilization of antiplatelet medications among
different diagnoses.
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Figure 4. Utilization of antiplatelet agents among different
diagnoses

There was a significant difference in the utilization
pattern of antiplatelet medications among different
neurological diseases investigated (p<0.05). Table 3
is representing the relationship between utilization
of antiplatelet agents among patients and other
variables. It demonstrates that there was no
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significant relationship between the usage of
antiplatelet medications and the type of injury
(traumatic vs non-traumatic) (p=0.746). Additionally,
there was a significant difference in the LOS and the
usage of antiplatelet medications (p=0.034). Patients
who were undergone surgical intervention were
using antiplatelet medications in a much lesser rate
compared with patients who were on non-surgical
conservative management (p=0.032). Added to that,
there was a significant difference between the ICU

admission and the utilization of antiplatelet
medications (p=0.02). Also, there was no association
between the usage of antiplatelet drugs and the age
of patients (above and below 75 years) (p=0.906).
Figure 4 showed the utilization of antiplatelet agents
among different pathologies. Aspirin was the most
commonly used agent in the present study (n=112),
followed by clopidogrel (n=10). Dual antiplatelet
therapy (aspirin with clopidogrel) was only used by 9
patients in this research.

Table 2. The relationship between the usage of anticoagulant medications and type of injury (trauma vs. non trauma), length of
stay, type of intervention (surgical vs. observation), age group, and ICU admission.

Category | Type of injury Length of stay Intervention Age ICU admission
Trauma 36 | More than 15 | 51 | Surgical 92 | More than 75 | 56 | Admitted to ICU 40
days years
Non 71 | Less than 15 | 56 | Observation | 15 | Less than 75 | 51 | Not admitted to | 67
trauma days years ICU
P-value P=0.674 P<0.005 P=0.001 P=0.198 P<0.005

Table 3. The relationship between the usage of antiplatelet medications and type of injury (trauma vs non trauma), length of stay,
type of intervention (surgical or observation), age group, and ICU admission.

Category (p- | Type of injury Length of stay Intervention Age ICU admission

value)
Trauma 48 | More than 15 | 21 Surgical 86 | More than 75 | 84 | Admittedto ICU | 12

days years

Non 83 | Less than 15 | 110 | Observation | 45 | Less than 75 | 47 | Not admittedto | 119
trauma days years ICU

P-value P=0.746 P=0.034 P=0.032 P=0.906 P=0.002

DiscussiON often be challenging and compounded by the

Utilization of anticoagulant medications

Anticoagulants are important treatments for
numerous medical conditions including DVT,
pulmonary embolism, and non-valvular AF.

Importantly; The triad of anticoagulation, age above
65 years, and minor head injury was considered
lethal by Karni et al. on a retrospective review of 278
patients with minor head injuries and CT-
documented ICH (14). Patients with TBI found to
have higher rate of using anticoagulant medications
followed by patients with spinal diseases and
vascular pathologies, respectively. In comparison,
Claudia et al reported that 75 patients out of 1410
included in the study was on anticoagulants at the
time of TBI (4) An important issue to be raised in
elderly patients with higher risk of thromboembolic
events, is weighing up the balance between
thrombotic risk and falls or bleeding risk which can

presence of lower number of evidences to guide
decisions regarding reinstitution of anticoagulants.
(15,16). There was no significant relationship
between the utilization of anticoagulant medications
among different neurological diseases investigated it
the current study (p=0.920). In contrast to our study,
Pieracci et al. conducted a study to evaluate the
effect of anticoagulants on elderly patients and
concluded that patients on warfarin had increased
severity of head injury, had more chances of ICH (17).
Another study investigated the effect of
anticoagulants among patients with glioblastoma
stated that anticoagulants was associated with
inferior overall survival compared to no use on
multivariate analysis (p=0.001) (18). In comparison to
this study; another study stated that patients with
primary and metastatic brain tumours, can safely
use anticoagulants under careful monitoring, except
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for patients with untreated tumours with a high rate
of intracranial haemorrhage (i.e., metastases from
melanoma, choriocarcinoma, thyroid carcinoma,
hepatocellular carcinoma, and renal cell carcinoma).
In patients with cerebrovascular pathologies such as
cerebral aneurysm, it has been showed that oral
anticoagulants in safer than parental ones.

Our study ddemonstrates that there was no
significant difference between the utilization of
anticoagulant medications and the type of injury, as
both traumatic and non-traumatic patients were
using anticoagulant medications in a similar way. In
contrast, another study found that there was an
exponential correlation between the intensity of
anticoagulation the risk of ICH from traumatic events
(19). Additionally, patients who were undergone
surgical intervention were using anticoagulant
medications much less then patients on conservative
management. Kawamata et al addressed post-
craniotomy usage of anticoagulants in retrospective
review of 27 patients. Seventeen of those patients
(63%) underwent craniotomy for evacuation of
intracerebral of subdural hematomas. Also, there
was no association between the wusage of
anticoagulant drugs and the age of patients (above
and below 75 years) (p=0.198). Another study by
Sharma et al reported that Warfarin consumption is
independently associated with higher mortality
among a cohort of 384 TBI elderly patients (20)

Enoxaparin was the most commonly used
anticoagulant agent among different neurosurgical
pathologies in the present study followed by
warfarin. Another study by Calvin et al found that
almost one fifth of elderly patients older than 65
years old admitted to an American level one trauma
centre with head injury were on warfarin, reflecting
the importance of impact of warfarin on
management and outcome of head injuries (21). This
can be explained by the co-existence of other
comorbidities that requires anticoagulation therapy
such as warfarin more than other anticoagulants
(21). An observational study on a cohort of 114
patients with severe blunt trauma (severe TBI
excluded) showed that use of oral anticoagulants
was associated with significantly lower mortality
group 8.3% vs. warfarin group 29.5%, p < 0.015) (15).
Yet; some physicians may be hesitated to prescribe
anticoagulants, especially for the very old or frailest
patients, as they are perceived to be at higher risk for
the consequences of traumatic events (TBI) (20)

Utilization of anticoagulant medications

Patients with TBI found to have higher rate of using
antiplatelet medications in our study. In comparison
to our study; another study showed that 40.7% who
sustained blunt head trauma were taking antiplatelet
medications and having consequent acute ICH
following the head trauma (2). Posttraumatic ICH was
associated with significantly increased mortality rate
in patients on antiplatelet therapy when compared
to controls in previous studies (9,10). These findings
are supported by a study by Major et al who found
evidence that posttraumatic ICH is associated with a
mortality rate of 21% in patients on antiplatelet
therapy (11). The risk for ICH appears to be dose
dependent with aspirin, the most studied agent, but
exists with other antiplatelet agents as well (12). The
utilization of those medications was correlated with
increased ICH volume growth at 12 hours, volume of
intraventricular haemorrhage increased chance of
death at 14 days, and poor outcome at 3 months
(13,14,15). Yet, the decision to stop all antiplatelet
medication needs to be carefully considered,
weighing the size and morbidity of the ICH against
the reason the agents were initiated. In another
hand, platelet function testing appears advisable
prior to neurovascular procedures, particularly in
patients with risk factors for variable response to
antiplatelet medications (16). Another important
issue to be considered is that in all studies the
assessment of pre-injury use of antiplatelet agents
was based on the patient’s history and not on
assessment of platelet activity through laboratory
examinations, thus, incompliance of patients
regarding the intake of prescribed medications as
well as ineffectiveness of antiplatelet agents in some
will affect the overall effect of antiplatelet
medications in the body system (4).

This study also showed that there was a
significant relationship between the utilization of
antiplatelet medications among different
neurological diseases investigated. Correspondingly,
a previous study conducted to evaluate the effect of
antiplatelet medications on neurosurgical conditions
showed that pre-injury antiplatelet agents were
associated with three times higher mortality among
elderly patients where it was due to a functional
rather than quantitative factors (2).

Our study demonstrates that there was no
significant difference between the utilization of
antiplatelet medications the type of injury. In
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comparison to our study, Mina et. al found a
statistically significant mortality rate (47%) in those
who had TBI and taking aspirin compared with
controls (8%). This may be attributed to the severity
of TBI or the dose of aspirin consumed by the
patients as low aspirin doses showed to has a lower
risk of bleeding compared with higher doses (12,17)
Also the present study demonstrated that there is a
significant difference in the LOS and the usage of
antiplatelet drugs, in which patients who were not
using antiplatelet medications found to stay shorter
in the hospital. In comparable results, Scott et al
reported that patients who were using antiplatelet
medications were three times more likely to be
discharged to long-term inpatient facilities and 14
times higher mortality rate as compared with those
not on antiplatelet Additionally, patients who were
undergone surgical intervention were using
antiplatelet medications much less then patients on
conservative management. In contrast to our
research; Bachelani et al found that neither history
of aspirin intake nor platelet inhibition measured by
a specific coagulation tests were associated with an
increased risk of incidence or progression of ICH and
consequent need to an operative intervention such
as craniotomy (18). Added to that the significant
relationship that found to be between the ICU
admission and the utilization in which majority of the
patients who were not on antiplatelet therapy were
not admitted to the ICU. In comparison to a study
conducted by Sharma et al which stated that
antiplatelet therapy with aspirin and clopidogrel did
not increase rate of mortality and did not affect
length of hospital ICU stay (19). Also, there was no
association between the usage of antiplatelet drugs
and the age of patients (above and below 75 years).
Prior research has shown that the geriatric
population suffers from a higher rate of acute ICH.
As the brain ages, there is volume loss in the brain
parenchyma, making bridging cerebral vein more
vulnerable to bleeding along with a significant
decline in the elasticity of those veins. Moreover, the
increase in aging population due to improvement of
health care services in high income developing
countries - like sultanate of Oman - has led to
increased utilization of antiplatelet medications,
likely contributing to the increased incidence of
bleeds (2).

Aspirin is the most commonly used antiplatelet
agent among different neurosurgical pathologies in

the present study followed by clopidogrel. In the
same line to our study, a previous study showed that
aspirin is the most common utilized antiplatelet
drug. This can be attributed to the fact that it is widely
available, well tolerated, and has extensive clinical
evidence supporting it is use in the cardiovascular
protective properties. Yet, currently, the combination
of aspirin and clopidogrel is recommended prior to
some neuroendovascular surgeries such as stent
deployment (4).

Limitations

There were some limiting factors in the present
study. It was a retrospective, single-centered study
over a period of four-years which limit is our ability
to investigate whether there is a prior use of
anticoagulants and antiplatelet medications
especially in patients with chronic diseases that carry
a high thromboembolic risk. Analysis of coagulation
profile was not routinely performed, so it is unclear if
patients were compliant with their anticoagulant
medications. Moreover, the study was conducted in
tertiary health care facility so it doesnt include
prescription patterns of medications from other
health care facilities. Finally, the outcome of using
anticoagulant and antiplatelet medications was not
illustrated in the present study due to the lack of
comprehensive data regarding mortality in the
health information system used to collect the data.

CONCLUSION

Patients with TBI found to have higher rate of using
antiplatelet and anticoagulant medications. Aspirin
and enoxaparin were the most commonly used
antiplatelet and anticoagulant agents among
different neurosurgical pathologies in the present
study Physiological changes and comorbidities are
main contributors to the challenges faced in
managing bleeding in geriatric age group which has
to be considered essentially. There is a need for
further work to explore the balance of thrombotic
and antithrombotic factors in elderly patients with
neurosurgical diseases and to investigate whether
the laboratory measures of thrombotic potential can
help identify those at highest risk of thrombosis.
Decisions regarding prescription and resumption of
anticoagulants and antiplatelet medications should
be taken on a case-by-case basis involve a
multidisciplinary and holistic approaches. The
preventative benefit is of antiplatelet and
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anticoagulant therapy from thromboembolic events
of stroke or myocardial infarction have to be
weighed against the risk of haemorrhage and death
in those patients due to decreases ability of their
body to with stand high energy traumatic accidents
and their increased risk of frequent falls. It's worth
mentioning that this study is the first of its kind in the
region, to the best of our knowledge.
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DVT: deep venous thromboembolism,
GCS: Glasgow Coma Scale,

ICH: Intracerebral haemorrhage,

ICU: Intensive care unit,
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PE: pulmonary embolism.
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The use of 3d programs in the treatment of

glioblastomas - 3d angio window.

Technical note

Ahmet Cemil Erglin, Fatih Demir, Metin Kaplan

Firat University Faculty of Medicine, Department of Neurosurgery,
Elazig, TURKEY

ABSTRACT

The purpose of this study is to define pre- and postoperative planning as a new usage
area of 3D imaging programs in the follow-up and treatment of glioblastomas. The
thin-section MRI images of the cases were used in this study. These images were
analyzed with the 3D angio window of the Radiant Dicom Viewer © Program. In the
3D angio window, it was found that the glioblastoma tumour tissue was revealed in
3D, such as the vascular structures, when calvarium and brain tissue were
suppressed. In this examination method, the bleeding in the postoperative surgical
area is also suppressed, the contrasting residue tissue is fully visible, and can be
monitored in 3D.

INTRODUCTION

A good preoperative planning should be made to ensure maximum
tumor resection with low surgical complications in glioblastomas. It is
very important to make the tumor clear and to define its relationship
with environmental structures for a good planning in radiological
terms. Also, knowing the feeding of the tumor and its relations with
vascular structures will facilitate surgery. Clearer evaluation of patients
in terms of postoperative residue is also very important for treatment
and follow-up (1). For this reason, efforts are continuing to develop new
radiological imaging techniques and expand their use. For this purpose,
3D Imaging Programs are widely used in the medical world in this
respect. The purpose of this study is to define pre- and postoperative
planning as a new usage area of 3D imaging programs in the follow-up
and treatment of glioblastomas.

METHODS

For this purpose, 10 cases who were suspected of glioblastoma and
were confirmed with diagnosis after surgery were examined. Also, the
images of 10 cases of intracerebral hematoma with contrasting MRI
images were included from the archives in the study as the control
group to find out if the bleeding was suppressed. The thin-section MRI
images of the cases were used in this study. These images were
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analyzed with 3D Angio Window of the Radiant
Dicom Viewer © (64-bit) Program (Figure 1).

Figure 1. Radiant Dicom Viewer ©- Angio Window Screenshot

DIScUsSION

There are two basic data in the development of our
hypothesis. First of all, calvarium and brain tissue are
suppressed in this window of the program, and
vascular structures are revealed because of its
contrast content. This allows to examine the vascular
network in 3D. The second one is that the
radiologically environmental-ring contrasting is
typical for Glioblastoma Multiform. This contrasting
area also shows the active tumor area where the
feeding occurs, and the main target is the complete
resection of this area in surgery. This ring-like
contrasting of the tumor external wall was our main
reference point. In Radiant Dicom Viewer 3D Angio
Window, it was found that the glioblastoma tumor
tissue was revealed in 3D, such as the vascular
structures, when calvarium and brain tissue were
suppressed. Also, this situation constitutes an
opportunity to examine the relation and feeding of
vascular structures as well as to fully reveal tumor
size in 3D (Figures 2-3). It is important to reveal
whether there are postoperative residues in the
follow-up and treatment of glioblastomas.
Sometimes it becomes difficult to evaluate this
because of postoperative bleeding areas in control
radiological images. It may not be easy to reveal
whether it is bleeding or residual tissue, and if it is
residual tissue, to determine the exact size of it. In
this examination method, the bleeding in the
postoperative surgical area is also suppressed, the
contrasting residue tissue is fully visible, and can be
monitored in 3D (Figure 3). These images will

contribute to the creation of a roadmap for the
follow-up and treatment of glioblastoma multiforme
patients after their surgery. Also, the bleeding will be
suppressed with this examination method in atypical
bleedings, and it will be easier to understand the
underlying pathology, if any (bleeding into the tumor,
vascular malformations) (Figure 4-5).

Figure 2. Multiple glioblastoma case; Tumors and vascular
structures are observed in a- Axial contrasted MRI, b-
Contrasted sagittal MRI, c- 3D Angio Window Image.

Figure 3. Glioblastoma case; a- Sagittal contrasted MRI, b-
Relation with tumors and vascular structures is seen in 3D
Angio Window Image, c- The presence of tissue in the
postoperative residue in 3D angio window image.

Figure 4. Case of atypical bleeding; a- Sagittal CT, b- Sagittal T2-
weighted MR,

¢- Complete suppression of the bleeding is seen as there is no
contrasting in 3D angio window.

Figure 5. Atypical bleeding case; a- Axial CT, b- Coronal-
contrasted MRI, ¢- It is seen in 3D angio window that bleeding
is suppressed, and the presence of contrasted vascular
anomaly is preserved.



The use of 3d programs in the treatment of glioblastomas

REFERENCES and radiotherapeutic management of brain tumors.
1. Wang LL, Leach JL, Breneman JC, McPherson CM, Gaskill- Radio Graphics. 2014; 34:702-721.
Shipley MF. Critical role of imaging in the Neurosurgical



Romanian Neurosurgery (2022) XXXV (1): pp. 110-115
DOI: 10.33962/roneuro-2022-019
www journals.lapub.co.uk/index.php/roneurosurgery

Full endoscopic lumbar decompression of
spinal stenosis through uniportal approach.

Technique and preliminary results

Talat Cem Ovalioglu®, Salih Aydin?

' Bakirkoy Research and Training Hospital for Neurology,
Neurosurgery and Psychiatry, Department of Neurosurgery,
Istanbul, TURKEY

2 Uskudar University Faculty of Medicine, Department of
Neurosurgery, Istanbul, TURKEY

ABSTRACT

Introduction: To investigate the certain advantages of full endoscopic lumbar
decompression (FELD) surgery over conservative techniques in lumbar spinal
stenosis (LSS). Minimal invasive techniques have been introduced recently to treat
lumbar spinal stenosis and gained popularity over conservative techniques because
of the minimal tissue damage along with the satisfactory postoperative outcome. In
our study, the FELD technique using a uniportal approach is described and
investigated in accordance with the preliminary clinical results of patients who had
degenerative spinal stenosis.

Methods: 55 patients who underwent FELD were retrospectively reviewed. General
demographics and parameters including operation time, length of hospital stay,
mean time to return to work, complications were recorded. Clinical outcomes were
evaluated using the visual analogue scale (VAS) for low back and leg pain, Oswestry
Disability Index (ODI) for functional assessment.

Results: The mean follow-up time was 36 months. There was no measurable
intraoperative blood loss. The mean operating time was 97,4 minutes. The length of
hospital stay after the operation was 27 hours on average. The difference between
preoperative and postoperative VAS scores was statistically significant (p<0.001). No
surgery-related complication was noted.

Conclusions: Amongst other standard techniques, FELD has the technical
advantages of less paraspinal muscle dissection, less tissue trauma, less risk of spinal
instability, minimal blood loss, quicker postoperative recovery and shorter length of
hospital stay.

INTRODUCTION

Degenerative lumbar stenosis is caused by the hyperthrophy of the
surrounding bone structures and disco-ligamentous complex and it is
more prevalent in the elderly. The compression may cause clinical
symptoms of neurogenic claudication with radicular signs. Back pain is
more likely attributable to the degenerative process, such as segmental
instabilities or deformities.
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Full endoscopic lumbar decompression of spinal stenosis through uniportal approach

As minimal invasive techniques, biportal
endoscopic decompression technique and uniportal
full endoscopic lumbar decompression technique
have been introduced recently and it has been
reported to have favorable clinical results and less
muscle damage for lumbar spinal stenosis and has
begun to attract attention. Since then, several studies
were reported satisfactory results with a follow-up of
more than two years after unilateral biportal
endoscopic lumbar decompression & '3, Thus, FELD
has been suggested as an alternative to open
laminectomy.

This study evaluates the short-term outcome of
unilateral uniportal endoscopic spinal surgery for
degenerative spinal stenosis instead of biportal
approach.

MATERIAL AND METHODS

In this study, 55 patients with symptomatic
degenerative lumbar stenosis, who underwent FELD
operation between 2014 and 2015 were evaluated
retrospectively. The indication for surgery was
defined according to present-day standards based
on radiographic images, radicular pain symptoms or
neurogenic claudication unresponsive to
conservative treatment and progressive neurological
deficits3. Ethical approval was obtained from the
ethical committee and a written informed consent
was obtained from participants in the study prior to
surgery.

Preoperative and postoperative imaging data,
including magnetic resonance imaging (MRI) and
computed tomography (CT) images were collected.
Follow-up visits were conducted on 3rd, 12th and
36th month as the final follow up. Clinical
examination was made during the follow-up visits. In
addition to general parameters, pain related
information was  obtained using  these
questionnaires: VAS for back and leg pain and ODI
for functional assessment.

Clinical inclusion criteria was neurogenic
claudication with unilateral or bilateral leg pain with
or without paresis. Exclusion criterias were
predominant back pain, mono segmental recess
stenosis, foraminal stenosis in the lower level,
coexisting disc herniation, degenerative
spondylolisthesis with maximum Meyerding Grade |,
multidirectional rotation slide,, scoliosis (maximum
curvature 20°), prior surgery of the same segment.

FULL-ENDOSCOPIC INSTRUMENTS

The working sheath has an outer diameter of 10 mm
and an opening with an oblique tip that enables
enhanced visualization. Insertion of the working
sheath is made bluntly using a dilator. An optic with
an outer diameter of 9.5mm is inserted through the
working  sheath. The optic contains an
intraendoscopic, excentric working canal with a
diameter of 5.7 mm, a light conductor system, a
canal for continuous irrigation and a rod lens system.
The angle of vision is 25 degrees. Various
instruments including drills up to 5.5 mm in diameter
can be used through the working canal. All of the
operating instruments and optic products were
supplied by the WOLF company (Richard Wolf GmbH,
Knittlingen, Germany).

OPERATIVE TECHNIQUE

The full-endoscopic  interlaminar  operation
technigue was described previously in the
literature.” ' Under general anesthesia, patients are
positioned in prone position under radiographic
control (Figure 1). A dilator is inserted bluntly to the
lateral edge of the interlaminar window and an
operating sheath with an oblique opening is directed
toward the ligamentum flavum under constant
irrigation. The identification of the medial edge of the
ascending facet is made, normal anatomy is
recognized (Figure 2). Then ipsilateral
decompression is achieved by cranial and caudal
laminectomy, partial facetectomy, and ligamantum
flavum resection. Then on the contralateral side of
the dorsal dura, the ligamentum flavum is initially left
intact in order to protect the dura and craniocaudal
laminectomy, partial facetectomy is performed
(Figure 3). Subsequently, the ligamentum flavum is
completely resected. The decompression s
concluded when the dura and the spinal nerves are
adequately decompressed on both sides (Figure 4).
None of the patients had intradiscal nucleotomy
along with the fenestration of the annulus.

STATISTICAL ANALYSIS

Numerical variables expressed by mean, standard
deviation. Statistical analysis was calculated using
the SPSS (Statistical Package for Social Sciences)
version 21.0 for Windows (SPSS Inc., Chicago, IL,
USA). Paired t-test were applied to compare the
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preoperative and postoperative VAS, ODI
parameters. p<0.05 was considered significant.

RESULTS

Study group

There were 21 female and 34 male patients aged
between 44 and 84 years (mean 58,2 years). The
duration of symptoms ranged from 2 to 78 months
(mean 19 months). Preoperative average walking
distance of the patients was 30 meters.

45 interventions were performed at the L4-L5
level, L3-L4 level was operated on five patients; L5-
S1 level was operated on two patients; L1-L2 level
was operated on two patients; L2-L3 level was
operated on one patient.

Throughout 12 patients who were under the age
of 50, 9 patients were operated on the L4-5 level, one
patient on the L1-2, one patient on the L3-4 and one
patient on the L5-S1 level. No recurrence or
complication was noted.

Throughout the rest of the patients who were
over 50 years old, 37 patients were operated on the
L4-5 level, four patients on the L3-4, one patient on
the L1-2, one patient on the L2-3 level. Same as the
young age group, no recurrence and complications
were noted.

Perioperative and postoperative outcome

The mean operating time was 97,4 minutes (65 to
120min). There was no measurable blood loss.
Adequate bleeding control was achieved via
continuous irrigation and the use of radiofrequency
bipolar coagulation. The patients were mobilized five
hours after the operation depending on the effects
of the anesthesia. Overall hospital stay was 27 hours
on average and mean time to return to work was 14
days.

There were 3 cases of back pain in which the
patient recovered well following physical therapy
and 5 cases of paresthesia that gradually improved
following 2 - 3 weeks of rehabilitation. There were no
other complications such as dural tear, hematoma,
delayed wound healing, softtissue infection,
spondylodiscitis, cauda-equina syndrome or
thrombosis. All procedures were successfully
completed via endoscopic approach, there was no
need to convert to an open approach.

Clinical Outcome
Significant reduction of radicular pain was noted

postoperatively, along with the statistically significant
results of VAS and ODI questionnaires.

Preoperative VAS leg score on the affected side
was 7.9+1.1 and the postoperative VAS leg score
improved to 1.1+0.7 early postoperatively. The
improvement was statistically significant (p< 0.001).
Significant improvement of VAS leg scores was
achieved on 3rd month, 12th month and 36th month
follow-up visits, 0.3 + 0.5, 0.2 + 0.5 and 0.1 + 0.3
respectively (p< 0.001). Significant improvement of
VAS back scores was noted on 3rd month, 12th
month and 36th month follow-up visits, 1.6 + 0.7,
1.01 £ 0.8 and 0.9 + 0.9, respectively (p< 0.001). ODI
scores changed from 48.2 + 21.9 preoperatively to
26.6 £ 7.9 early postoperatively (p< 0.001). Significant
improvement was noted on 3rd month, 12th month
and 36th month follow-up visits, 20.4 £ 5.6, 14.5 + 5.5
and 12.8 + 5.4 (p< 0.001) respectively. Furthermore,
significant development in the walking distance of
the patients was observed statistically. Walking
distance increased from 30.7 + 14.4 meters to 124.3
+ 38.8 meters early postoperatively (p< 0.001).
Significant improvement in walking distance was
noted on 3rd month,12th month and 36th month
final follow-up visits; 301.2 + 81.1 meters, 682 + 86.2
and 703.6 + 202.2 meters respectively (p< 0.001).

DiscussiON

Lumbar spinal stenosis is the result of a dejenerative
process, including facet joint hypertrophy, loss of
intervertebral disc height, disc bulging, osteophyte
formation, and hypertrophy of the ligamentum
flavum '. The hallmark of spinal stenosis is
neurogenic claudication, consisting of lower limb
pain and neurological symptoms exacerbated by
walking '°. Nonetheless, people with LSS often avoid
walking and have reduced walking capacity because
of the pain and discomfort in the lower extremities
during walking '%2". The LSS patients also suffer from
physical impairments including poor balance,
sensory loss (numbness or tingling), and muscle
weakness in the lower extremities'® ", Symptoms
are generally intermittent and posture-dependent.
Mostly they appear with standing for a long time and
lumbar extension. The symptoms usually worsen by
walking and they are relieved by rest in a flexed or
seated position. Radicular pain may be due to a
combination  of  mechanical  compression,
inflammatory irritation of neural elements, vascular
congestion and segmental instability .
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Depending on the severity of stenosis, various
kinds of treatments are available, from surgical
procedures to conservative methods. Open
microscopic laminectomy procedure has been the
common standard surgical treatment method for
various types of lumbar spinal stenosis. The
standard surgery procedure requires, followed by
laminectomy and excision of hypertrophic
ligamentum flavum for decompression. The
multifidus muscle injury and muscle atrophy occur
frequently after posterior lumbar spine surgery, and
they are associated with lower back pain and
functional disability’. Postoperative iatrogenic
instability following microscopic laminectomy
procedure, is a possible postoperative outcome of
this technique. However, it has been reported to
occur rarely following these procedures. Silvers et al.
reported that lumbar instability rarely occur after
open laminectomy procedure 2°. Since several
studies have reported favorable long-term results,
the technique is currently considered the standard
technique %,

Nowadays, the main goal is to preserve normal
anatomical spinal alignement without causing
postoperative spinal instability. It has been shown
that standard microsurgical lumbar decompression
may lead to iatrogenic muscle injury and spinal
instability, requiring additional surgical intervention
for stabilization > Regarding these complications,
minimal invasive techniques have been introduced
recently. On 2015, Komp et al. reported bilateral full-
endoscopic decompression with equivalent clinical
results and less complication rate, less operation
time when compared to standard microsurgical
laminectomy 4,

Minimal invasive techniques include bilateral
decompression using biportal unilateral approach
and uniportal unilateral approach for patients with
lumbar stenosis > ¢, The difference between
uniportal and biportal technique is the number of
the portals in use during the operation. Biportal
technique requires two portals whereas uniportal
technique requires only one portal for the
endoscope and the remaining endoscopic
instruments. There isn't adequte proof of one's
superiority, since it depends on the surgeon’s
experience with the technique °.

Via uniportal endoscopic technique, there may be

no need to make a large facet resection
intraoperatively, except when there is hypertrophy

of the superior facet that compresses the spinal cord
through lateral recess. With the novel endoscopic
instruments providing better visual control, stability
of the facet joint is not violated significantly while
resecting bone elements and this prevents lateral
wedging motion of the vertebral segment which
maintains stability even after decompression. This
technique also allows an extended view of the
foramen and lateral recess, especially of the
contralateral side, adequately. An enhanced
visualization may lead to less neural injury, with
adequate decompression of lateral recess and
neural foramen on both ipsilateral and contralateral
sides.

The procedure is performed under general
anesthesia with a 1cm vertical incision for each level.
This minimal invasive technique with minimal
incision site thus leads to less infection rate and it
provides an opportunity for even elderly patients
who have preexisting comorbidities prior to the
procedure.

The benefits of FELD approaches include
decreased blood loss, shorter operation time,
shorter hospital stay, decreased postoperative
narcotic requirement, decreased rate of infection
and cerebrospinal fluid leak and a decrease in time
to return to work. Lee et al. reported mean time of
2.4 days of hospital stay after uniportal endoscopic
laminotomy for spinal stenosis . In our study,
despite the lack of comparison with lumbar
microsurgery patients, mean time to return to work
and total hospital stay is significantly short such as 14
days and 24 hours respectively. This result was
consistent with the recent literature °,

As for complications, dural tear incidence is the
most common complication noted during FELD
surgery. In 2017, Kim et al. reported 6.25%
cerebrospinal fluid leakage rate in 48 patients who
had endoscopic lumbar decompression procedure
12, Since our clinic has fair number of endoscopic
cases, there hasn't been any serious complication
perioperatively. We have encountered low infection
rate and no cerebrospinal fluid leakage was noted.
However, it is important to emphasize that the
learning curve is steep for endoscopic operations
and complications like cerebrospinal fluid leakage
may occur at the beginning phase of this process.

As shown in the study of Bresnahan et al,
preservation of the posterior elements via
endoscopic techniques is associated with better
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outcomes regarding lumbar spinal stability. Main
conclusions of these studies are less tissue trauma,
shortened  rehabilitation  period and less
postoperative complications ', Since our study is a
case series study, a comparison could not be stated,
however, our results were consistent with the
literature.

Along with these advantages, there are some
certain disadvantages of the procedure, such as; the
limited possibility of extending the approach in a
case of possible neural injury or cerebrospinal fluid
leakage and the steep learning curve of the
procedure which may lead to higher complication
rate at the beginning of the practice.

CONCLUSIONS

The FELD operation through uniportal approach for
lumbar degenerative stenosis is a sufficient and safe
supplementation and alternative to the conventional
microsurgical procedure. In our experience, the
advantages of the procedure are; facilitation of the
procedure via excellent visualization, good
illumination, and expanded field of vision with 25
degrees optics; short operating time, adequate pain
relief, reduced tissue trauma and rapid
rehabilitation.
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ABSTRACT

Introduction: Lumbar disc herniation is a common cause of low back and radicular
pain. Microdiscectomy is the recommended surgical technique for herniated lumbar
discs at the moment. It has great success rates and little postoperative morbidity. We
aimed to assess the clinical result and patient satisfaction of micro-discectomy in
lumbar disc herniation patients.

Methodology: This is prospective observational hospital-based research of 26
patients who had micro-discectomy at the Regional Clinical Center of Neurosurgery
and Neurology in Uzhhorod, Ukraine, during August and September 2021. The
research excluded patients with recurrent prolapsed intervertebral discs, multiple
level herniated discs, and disc surgery requiring stability. During surgery, the kind of
prolapsed intervertebral disc, its level, and the duration of the procedure were
recorded. Additionally, we recorded the duration of the patient's hospital stay and
any complications. The visual analogue scale (VAS), the Oswestry Disability Index
(ODI), and the MacNab score questionnaires were used to measure pain, disability,
and patient satisfaction, respectively.

Result: All procedures were performed on a single level using micro-discectomy. The
mean age of the study population was 45.69 years. Micro-discectomy surgeries were
performed in less than an hour in 69.2% of cases. The most often seen lumbar
prolapsed intervertebral disc occurred at the L4-L5 level (57.7%). The most often seen
kinds of prolapse were disc extrusion (30.8%) and disc sequestration (26.9%). The
mean length of stay in the hospital was 3.96 days. After surgery, 57.7% of patients
received an excellent rating on the Macnab's scale. There was a statistically significant
difference between pre- and postoperative VAS and ODI scores (p<0.05).
Conclusion: Overall 65.4% of patients had no postoperative complications. In these
instances, a proper surgical technique might help avoid problems. Our findings
demand additional investigation with bigger sample sizes and longer follow-up
periods.

INTRODUCTION

Low Back pain is a prevalent complaint among patients seeking basic
care. Lumbar disc herniation (LDH) causes low back pain and leg pain
[23]. Nucleus pulposus or annulus fibrosis displacement beyond
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normal intervertebral disc space is a typical cause for
radiculopathy. 95 percent of lower lumbar disc
herniation occur at L4-5 and L5-51 [12, 17]. A lumbar
disc herniation may be treated in many ways, but the
diagnosis is made based on the patient's history,
physical exam, and radiograph Patients with
persistent lower back pain, with or without leg
radiating pain, difficult to manage pain, or acute
paresis, including cauda equine syndrome, are
frequently given surgery [28]. Radiculopathy caused
by LDH usually heals without surgery. If nonsurgical
treatment fails, micro-discectomy may be explored.
Lumbar micro-discectomy has good success rates
and little postoperative morbidity. The operation has
been shown to be successful in treating lumbar
radicular pain and sciatica with success rates ranging
from 50% to 98% [26]. Elective lumbar discectomy is
one of the most popular neurosurgical treatments
for lumbar disc herniation. If sciatica or neurological
impairments remain following a period of
conservative therapy, a discectomy is regarded the
gold standard [4, 13]. More than 70 years,
fenestrated discectomy has been the primary
treatment for lumbar disc herniation worldwide [15].
A long midline incision and significant muscle
retraction with complete laminectomy were first
documented in 1934 by Mixter and Barr [3]. LDH
surgery entered a new era in 1977 when surgeons
started using operating microscopes to remove
herniated disc material [6]. As early findings showed,
micro-discectomy was equally as effective as regular
discectomy and had certain benefits over the latter.
This was soon after the launch of the
aforementioned invention. An advantage of micro-
discectomy over traditional open discectomy is the
ability to do surgery with fewer incisions and less
harm to the skin and fascia [18]. Oswestry
Impairment Index (ODI) measures the degree of
disability caused by low back pain and is based on
the Oswestry Low Back Pain Questionnaire. VAS was
the last scale to be implemented [5, 8]. Following
micro-discectomy surgery, we documented the
surgical procedures, clinical results, postoperative
patient satisfaction (VAS and ODI), length of stay in
the hospital and early problems (Macnab score) that
we encountered. The study's goal was to evaluate
the short-term clinical outcomes after a single-level
lumbar micro-discectomy operation.

MATERIAL AND METHODS
From August to September 2021 at a Regional

Clinical Center of Neurosurgery and Neurology in
Uzhhorod, Ukraine, we conducted a cross-sectional
observational research to evaluate our patients who
had had a microlumbar discectomy. Patients with a
single level lumbar disc herniation were eligible to
participate in the trial. Cases with repeated disc
herniations, several levels of lumbar disc herniation
and disc surgery with instrumentation were ruled
out.

Types and levels of LDH, and surgical time were
all reported during surgery for LDH (central, lateral
extrusion, protrusion, lateral disc bulge, and
sequestration). Complications that occurred during
treatment were also reported. Patient's pain was
assessed using VAS and ODI before and after
surgery. This was the main outcome. Two
questionnaires, the Visual Analogue Scale (VAS, 0-10)
and the Oswestry Impairment Index (ODI, 0-100%
disability), were used to evaluate patient's levels of
pain and disability before and after surgery. When it
comes to assessing low back function, the ODI is the
gold standard [19, 25]. The Macnab questionnaire
was used to measure patient satisfaction and it was
rated excellent, good, fair, or bad [16].

Early complications like nausea and vomiting,
post-operative cerebrospinal fluid leak, wound
infection and discitis were recorded. SPSS version 25
was used for data collection, and the data were then
analyzed using the statistical software for social
sciences (SPSS). For example, age and gender, type
of LDH and complication. ODI and VAS were
evaluated by the paired samples t-test method. P <
0.05 was assessed as significant.

RESULTS

From August to September 2021, lumbar disc
herniation patients who had micro-lumbar
discectomy were studied prospectively. The patients
were mostly male and average age was 45.69 [Table
4]. All surgeries were single level micro-discectomy
including L3-L4 (3.8%), L4-L5 (57.7%), and L5-S1
(38.5%) [Table 1] .69.2% cases were performed
surgically by less than one hour whereas 30.8% cases
took more than one hour for micro-discectomy
[Table 1]. Average day of staying in hospital of
patients post-operatively was 3.96 days [Table 4].
Disc extrusion (30.8%) and disc sequestration
(26.9%) were the most commonly seen types of
prolapse [Table 1]. There was statistically significant
difference (p<0.05) in pre-operative and post-



Dipak Chaulagain, Volodymyr Smolanka, Andriy Smolanka et al.

operative VAS scores and ODI [Table 5]. After
surgery, 57.7% of patients received an excellent
rating on the macnab's scale [Table 2] and Overall

Table 4. Descriptive mean statistics of Age and Duration of
hospital stay (post-op) in the study

65.4% of patients had no postoperative N~ Min. Max. Mean SDt:\;iation
complications [Table 3].
AGE 26 30 58 45.69 8.966
Table 1. Description of patients involved in the study POST-OP
DURATION OF
Total number of patients 26 HOSPITAL %6 2 6 3.96 131
STAY(DAY)
Average age (range) 30-58
Males 16 (61.5%) )
Females 10 (38.5%) Table 5. Palrgd-samples T-test of VAS score and ODI (pre-op
Side of PIVD and post-op) in the study
Sig.
Right side 15(57.7%) t df  (2-tailed)
Left side 11 (42.3%)
95% Confidence
Level of prolapse std.  Std.  Interval of the
Devia- Error Difference
L3-14 1(3.8%) Mean tion Mean Lower Upper
L4-L5 15 (57.7%) Pair1 VASSCORE6500 1.105 217 6054 6946  30.007 25 000
L5-S1 10 (38.5%) (PREOP)-
VAS SCORE
Types of PIVD (POST-OP)
Pair2 ODI%  30.000 14.213 2.787 24.259 35741 10763 25 000
Central disc bulge 6(23.1%) (PRE-OP) -
Lateral disc bulge 8(30.8%) oDI%
(POST-OP)
Disc protrusion 3(11.5%)
Disc extrusion 7 (26.9%)
Disc sequestration 2(7.7%) DISCUSSION
Operation duration If the nucleus pulposus and the annulus fibrosus
degenerate, LDH is almost always caused by this.
0, erLe .
Less than hour 18 (69.2%) Lifting accidents or other trauma may also be to
More than hour 8 (30.8%)

Table 2. Description of Macnab's score (post-op) in the study

Frequency Percent  Valid Cumulative

Percent Percent

EXCELLE 15 57.7 57.7 57.7

NT

FAIR 3 1.5 11.5 69.2

GOOD 7 26.9 26.9 96.2

POOR 1 3.8 3.8 100.0

Total 26 100.0 100.0

Table 3. Description of early post-op complication in the study

Freq. % Valid Cumulative
Percent Percent

CSF LEAK 1 3.8 3.8 3.8
DISCITIS 1 3.8 3.8 7.7
NAUSEAVOMITING 5 19.2 19.2 26.9
NO COMPLICATION 17 65.4 65.4 92.3
WOUND INFECTION 2 7.7 7.7 100.0
Total 26 100.0 100.0

blame. People who have lower back pain almost
always have their intervertebral discs bulging,
especially if they push on a nerve root. Numbness
and tingling are very common in the lower legs
because of the pain caused by this. The L4-L5 and L5-
S1 segments of the spinal column are the most often
affected by disc disease. There are a variety of
therapy options available for lumbar discopathy.
90% of individuals will have a conservative
improvement in their pain levels [22].

Patients with lumbar disc herniation had
satisfactory long-term treatment outcomes for their
sciatica symptoms, regardless of whether they
underwent surgery or received conservative therapy.
When compared to conservative therapy, surgical
surgery alleviated back pain more quickly;
nevertheless, after three months, no difference was
seen between any of the treatments [21].
Discectomy of the lumbar spine is one of the most
frequent surgical procedures performed today.
Open surgery and endoscopic surgery are both
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acceptable methods of doing the procedure. The
discectomy process has gone a long way since
Yasargil conducted the first microscopic surgery in
1968 and Schreiber and Suezawa conducted the first
endoscopic discectomy in 1986, then Mayer, Brock,
and Mathews refined the technique in the 1990s [7,
9,14,24].

In this cross-sectional research, we looked at the
surgical result and patient satisfaction rate of micro-
lumbar discectomy, which is the most common kind
of spine surgery. Discectomy of the lumbar spine is
one of the most frequent surgical procedures
performed today. Open surgery and endoscopic
surgery are both acceptable methods of doing the
procedure. The outcomes of this research
corroborate the long-held notion that discectomy is
a safe and effective therapeutic option for lumbar
discopathy associated with sciatic pain in the lower
back. Patients have claimed success rates ranging
from 88-97% for this treatment; however, more
realistic results, as determined by patient-reporting
measures, range from 75-80% [1].

Because of rising healthcare expenditures and
other costs connected with hospitalization, most
neurosurgical centers across the globe perform
lumbar microdiscectomy as a day care procedure to
save costs. One of the most important
considerations during a surgery is the duration of the
procedure, especially in light of the probability of
blood loss and the existence of intraoperative risk
factors for surgical site infections. Micro-discectomy
has a number of advantages, one of which is that the
quantity of blood lost during the treatment is
significantly decreased, according to the findings of
various studies [20, 29, 30]. In our study, 69.2% of
cases were completed surgically in less than one
hour, while 30.8% of patients required more than
one hour for micro-discectomy surgery.

According to our study, the median length of
hospitalization was 3.96 days, with a range of 2to 6
days being recorded. Differential results in
discectomy-related  outcomes are  primarily
influenced by changes in patient selection, follow-up
period, and the tools employed to quantify outcome
and their interpretation. Patients who have had
lumbar disc herniation surgery are able to return to
work in 76% of cases after one year [2].

The kind of disc herniation has also been shown to
have a substantial impact on the functional results of
patients [27]. Following surgery, 4% of patients

report a decrease in their functional condition. Prior
to surgery, the following factors are associated with
deterioration: lengthy duration of pain and low ODI
(greater function) [11].

According to Shriver, Michael F et al., the overall
complication rate of micro-lumbar discectomy was
12.5%, with 1.3% reporting new or worsening
neurological deficit, 2.6% reporting direct nerve root
injury, 0.5% hematoma, 2.1% wound complications
(infection, dehiscence, seroma), and 4.1% recurrent
disc complications [10]. While in our study, 65.4% of
patients had no postoperative issues, we discovered
that 3.8%, 3.8%, 19.2%, and 7.7% of cases
experienced difficulties such as Cerebrospinal fluid
leak, discitis, nausea and vomiting, and wound
infection, respectively [Table 3].

While our research had a small number of
participants, it was not without its faults. Proposed
multi-center study on lumbar micro-discectomy with
long-term follow-up should be conducted in order to
get more universal and reasonable findings.

LIMITATIONS

A single-center research has a smaller sample size.
Prospective research with large sample sizes and
long follow-up times are also necessary to correctly
extrapolate results to the general population.

CONCLUSIONS

A lumbar micro-discectomy is a safe and efficient
treatment for disc herniation-related sciatic lumbar
pain. It will be necessary to conduct additional multi-
centric studies with a larger sample size and a longer
follow-up period in order to verify our findings.
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ABSTRACT

Objectives: To study the prevalence of Traumatic chronic subdural hematoma in
children.

Material and methods: This is a prospective study conducted at a tertiary care

centre at Gwalior, from November 2020 to November 2021. We encountered 5
patients admitted for signs of raised intracranial tension due to Head trauma,
showing Chronic subdural Haematoma (CSDH) in plain CT Head or MRI brain. All
patients had no history of loss of consciousness, no history of vomiting, no history of
seizures, no history of nasal or ear bleed and GCS was 15/15. All blood investigation
and coagulation profiles are normal. Frontal and parietal 2.5 cm trephine craniotomy

Keywords
traumatic,
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paediatric

with evacuation of subdural hematoma was done. Patients were followed up at 1
month and 6 months

Result: All children are male. Age ranging from 7 years to 14 years, Mean age of
presentation was 10 years. All patients had a history of head trauma and mode of
injury road traffic accidents (RTA) and Glasgow coma scale (GCS) at admission was 15
and duration of developed CSDH was 20 days to 42 days(mean30.40 days). All
patients had good outcomes and the average follow-up was 6.5 months. All patients
went on Surgical intervention. and outcome assessed by Glasgow Outcome score. 3
out of 5 patients had brownish fluid as a collection in subdural space while the other
2 patients had fluid that has motor oil like consistency in subdural space. All the
patients were subjected to a similar procedure. The postoperative course was
uneventful. Mean hospital stay was 7 days. A postoperative scan was done on the
7th day.

Conclusion: Chronic Subdural Hematoma is a disease reported in infants and the
elderly population. It is uncommon in the age group of 2-14 years. Most of the
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children present with symptoms of raised intracranial tension due to head injury, with
no reported history of repeated head trauma, child abuse & coagulopathy. Traumatic
Chronic subdural collection should be considered as one of the diagnoses as the
prognosis of this disease is better. However, due to the scarcity of reports in the
literature, established guidelines are not available.

INTRODUCTION

Subdural hematoma is the collection of blood on the cortical surface
beneath the dura with bleeding from bridging veins or cortical arteries.
The term Chronic subdural Haematoma (CSDH) is often applied to

[=]
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these collections, although the content of the
accumulation may vary from thin, watery fluid
resembling cerebrospinal fluid to thick “motor oil”
often associated with adult CSDH.

The pathophysiology and clinical outcomes of
head trauma differ between children and adults.

Blood vessels are absent in the normal dura-
arachnoid interface. Neo-vasculature is abundant,
but just in the outer CSDH membrane.

Abnormal dilated sinusoids measuring as large
as 1000 micrometer, with an incomplete basement
membrane and attenuated endothelial cells, share
the outer membrane with rapidly growing
microcapillaries. Both vessel types are composed of
endothelial cells with irregular surface because of
numerous pseudopod-like structures extending into
vascular lumen. Erythrocyte and platelets in various
stages of degeneration are frequently found
deposited in the perivascular space. These sinusoids
contain gap junction as large as 8 micrometer,
sufficient to allow leakage of plasma and even red
blood cells into the hematoma cavity.

Inflammatory mediators present in CSDH fluid
may potentiate chronic rebleeding of the fragile
Neovasculature. Kallikrein, bradykinin, and platelet-
activating factor (PAF) have all been identified at
significant level in CSDH fluid.

These inflammatory mediators stimulate
vasodilation, increase vascular permeability, prolong
the clotting time, and release tissue plasminogen
activator (t-PA) from endothelial cells. Other work
has focused on disturbances of the prostaglandin
system as possible components in the
pathophysiology [1].

Eosinophil degranulation in the outer membrane
may be the source of fibrinolytic factors and
inflammatory mediators causing local coagulopathy
and cell destruction in the CSDH [2]

The traumatic mass lesions such as subdural and
epidural hematomas occur less frequently in
children and when present, are associated with
lower mortality.

Common manifestations of CSDH are altered
mental state and focal neurological deficits [3].
Subdural hematomas (SDH) are associated with an
increased morbidity and mortality and generally
occur as chronic SDH among older patients [4].

The most frequent signs and symptoms like
headache, alteration of consciousness, gait
impairment and hemiparesis are also seen among

other CNS diseases, so they have to be considered
during evaluation. In the case of symptomatic
patients with focal neurological deficits surgical
intervention should be considered, where as in case
of asymptomatic patients or patients with only slight
headaches conservative treatment with clinical and
radiological follow-up might be a possibility. Also
after surgical intervention, the recurrence rate is
between 5 and 33% [4].

CSDH are much more common in infants
because of associated traumatic deliveries and
frequently exist as a single entity. Itis rare for chronic
subdural fluid accumulations to occur after one year
of age and they are more frequent during
adolescence [5,6]. Specific traumatic events are
usually unrecognized

Figure 1. NCCT head revealed chronic subdural haematoma in
Left Fronto-temporo-parietal convexity with midline shift
toward right side with cisternal effacement.

MATERIALS AND METHODS

This is prospective study conducted at a tertiary care
centre at Gwalior, from November 2020 to
November 2021. We encountered 5 patients
admitted for signs of raised intracranial tension who
on radiological examination were found to have
hemispheric subdural collection. All patients had No
history of loss of consciousness, no history of
vomiting, no history of seizures, no history of nasal
or ear bleed and GCS was 15/15. All blood
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investigation and coagulation profile normal. Frontal
and parietal 2.5 c¢cm trephine craniotomy with
evacuation of subdural hematoma was done.

Patients were followed up at 1 month and 6 months.

Figure 2. NCCT head revealed chronic subdural haematoma in
Left Fronto-temporo-parietal convexity with midline shift
toward right side with cisternal effacement.

Figure 3. MRI Brain revealed chronic subdural haematoma in
Right Fronto-temporo-parietal convexity with midline shift
toward right side with cisternal effacement.

RESULTS

All children are male. Age ranging from 7 years to 14
years, Mean age of presentation was 10 years. All
patients had history of head trauma and mode of
injury road traffic Accidents (RTA) and Glasgow coma
scale (GCS) at admission was 15 and duration of
developed CSDH was 20 days to 42 days'(mean30.40
days).. All patients had good outcome and average
follow-up was 6.5 months. All patients went on
Surgical intervention [Table-1] and outcome
assessed by Glasgow Outcome score [Table-2].

Table 1. Demographic data, management and outcome of

patients
Age sex Mode of GCS at the Management | Outcome
(year) injury time of measure
Admission by GOS
14 Male | Road 15/15 Surgery Good
traffic
Accident
(RTA)
" Male | RTA 15/15 Surgery Good
10 Male | RTA 15/15 Surgery Good
8 Male | RTA 15/15 Surgery Good
7 Male | RTA 15/15 Surgery Good
Table 2. Glasgow Outcome Scale
GOS Functional Status
5 Resumption of normal life; there may be minor
neurological and Psychological deficit
4 Able to work in a shattered environment and
travel by public transportation
3 Depend on daily support by reason of mental
and physical disability or both
2 Unresponsive for weeks or month or until death
1 Death

Table 3. Description of Previous reported case of Traumatic
Pediatric Chronic SDH

Author

No.
Year of
case

Age/sex of
patient

Description of
patient

Osaka H et
al.

1993 | 1

10
month/male

Gluteric
Aciduria

type-1

Narsinghani
et.al

2002 | 1

5 year/Male

strikingly
large
calcified
CSDH in a 5-
year-old
child with
increased
intracranial
pressure and
subfalcine
herniation

Mori et al.

2002 | 12

All  patients
are
paediatric

age group

Chronic
Subdural
Haematoma
with
Arachnoid
cyst

Acakapo
satchivi et
al.

2007 | 1

4
month/male

Macrocrania
with Chronic
Subdural

Haematoma
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Kumaretal. | 2008 | 20 Chronic
Subdural
Haematoma
following
minor head
injury
Chronic
Subdural
Haematoma
due to
repeated
minor
Dodgeball
head injury
Vivek 2015 | 1 Chronic
kankane Subdural
et.al. Haematoma
due fall from
bed 3 month
ago

Range 1
month -
2year

Wang et al. 2010 | 1 1 year/male

7 year/male

DiscussION

Wang, et al. reported a rare case of CSDH in a 9-year-
old child due to repeated minor dodgeball head
injuries in 2010 [Table-3].

Although such a case has never been reported in
sport. No altered mental state or focal neurological
deficits were observed; the child presented with
intermittent severe headache with nausea and
vomiting. There was also no evidence of child abuse;
however, the history of repeated minor head injuries
during playing was significant [3].

Kumar et al. reported twenty cases of traumatic
subdural empyema (SDEs) following minor head
injury or unreported. In rare instances, SDH may
indicate an underlying bleeding disorder,
hematological malignancy or benign expansion of
subarachnoid in 2008. The age of these children
ranged from 1 month to 2 years. 70% children
presented with subtle findings, 30% children
presented with overt neurological signs and
symptoms. Seizures were the most common mode
of presentation.

Bilaterality and ventriculomegaly were more
common in the subtle group, each with an incidence
of 43%. 35% cases required operative management
of traumatic SDEs. Recurrence was seenin 10% cases
who had been conservatively managed previously.
Only one child showed conversion of traumatic
subdural hygroma to CSDH on conservative
management [7]

Narsinghani et al. reported a case the dramatic
presentation of a strikingly large calcified CSDH in a
5-year-old child with increased intracranial pressure
and subfalcine herniation in 2002 [5].

Mori et al. reported that 12 patients with CSDH
and arachnoids cyst were significantly younger than
the patients with CSDH without arachnoid cyst in
2002. The most frequent symptom was headache
followed by vomiting in the patients with arachnoid
cyst, while gait disturbance and hemiparesis
predominated in patients without arachnoid cyst.
CSDH formation may be preceded by subdural
hygroma caused by the rupture of arachnoid cyst [8].

In 2007, Acakapo satchivi et al. reported an
unusual case of cortical herniation into a CSDH. A 4-
month-old boy with a history of Macrocrania and
very large bilateral chronic SDHs underwent
subduro-peritoneal shunt treatment shortly after
presentation.

To the authors’ knowledge, this is only the fourth
report in the medical literature of cortical herniation
through a chronic subdural membrane and the first
in which successful treatment with a good outcome
is described [9].

CSDH in infant after abusive head trauma is a
serious form of child abuse that can lead to severe
neuropsychological sequelae or death in infants [10].

OsakaH, et al. reported a 10-month-old male with
glutaric aciduria type-1 (GA-1) in 1993. This patient
showed frequent partial motor seizures, irritability,
and involuntary movements, including oral
dyskinesia at the age of 3 months. On admission,
magnetic resonance (MR) scanning revealed a
chronic subdural hematoma and widening of the
bilateral insular cisterns. Urine organic acid analysis
showed marked excretion of glutaric acid, 3-hydroxy
glutaric acid and glutaconic acid, suggesting GA-1
[11].

New pathophysiologic aspect might have an
impact on conservative treatment in future. In
particular, detection of the angiogenic cytokines
responsible for development of the well-known leaky
vessels within the outer membrane of a hematoma
might offer new and promising targets to be blocked
by pharmacologic agents.

Recently, it was shown that the angiogenic
properties of angiotensin converting enzyme
inhibitors could reduce the rate of recurrence in
CSDH, as well as level of vascular endothelial growth
factor within the hematoma [12,13].
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Subsequent studies have identified lower levels
of all coagulation factors in CSDH fluid than plasma.
Factor II, V, VII, VIIl, and X are disproportionately
depleted. These findings reflected a phase of
accelerated fibrinolytic activity after the rapid and
defective clot formation. The end result is a milieu of
anticoagulant protein (chiefly FDPs) and depleted
coagulation factors. Other author have suggested
that the PAF derived from lysis of red blood cells may
stimulate the synthesis and release of t- PA, as well
as induce chemotaxis of inflammatory cells to the
CSDH fluid and elevated plasma level of PAF in
patient with CSDH versus healthy volunteers. The
latter observation may suggest a systemic
predilection to the development of CSDH.

CONCLUSIONS

Chronic Subdural Hematoma is disease reported in
infants and elderly population. It is uncommon in the
age group of 2-14 years. Most of the children present
with symptoms of raised intracranial tension due to
head injury, with no reported history of repeated
head trauma, child abuse & coagulopathy. Chronic
subdural collection should be considered as one of
the diagnoses as prognosis of this disease is better.
However due to scarcity of reports in literature,
established guidelines are not available.
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