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“If I had my life to live over again, I would have made a rule to read some
poetry and listen to some music at least once every week.” Charles Darwin

Everyone loves music and I am sure there are
few who dislike it. The universal sound of the
universe is the “Om” which has been used as
spiritual science and for enlightenment.
The beneficial effects of music have been well
studied in science and some of the advantages are
raising IQ, reduce stress and anxiety, decreases
pain, increases happiness, helps improve
memory and reduce Alzheimer’s and makes
sleep better.5The first instance of music playing
in the operating theatre (OT) was in 1914, when
Evan O’Neill Kane used as an anxiety-relieving
measure for patients undergoing anaesthesia.10
There are many studies of the effect of music
in the OT. In the UK it was found in a study
that 90% of the surgeons played music during
surgery.2 Another study it was found that music
helped to heal wound better, reduced the time
for surgery in the OT and thereby reducing the
overall cost of the procedure.6 Any music can
be played in the OT from Jazz, Heavy Metal,
Drums, Fusion, Rock, Rap to Classical. Classical
music, English melodies, Country songs, FM
radio, Hindi classics or Ghazals with its absence
of lyrics/soft soundwas chosen most often in OT
due to its alert inducing properties.3 Classically
the surgeon has been described as (Myers-Briggs
Type Indicator (MBTI)) has favored the ESTJ
personality type [extroversion(E), sensing (S),

thinking (T), and judging (J)]. It was also found
that the intuitive types of personality, which the
surgeon is a kind,favored music during surgery.8
The best music tempo for relaxation has been
found at the rate of 60-80 beats per minute and
medium range volume is preferable over high or
low volume.
But is it all “only good” with music and should
it be played universally in all OT worldwide?
Although there are strong proponents of the
good effects of music there are many who
disagree. In many studies it has been found that
music hampers the ability to make fast decision,
increases surgery time, leads to distraction,
hampers in communication, is not fear allying
to the patient, increases infection and increases
irritation.1,4 Loud music can hamper in detection
of the emergency monitor sounds, can lead to
wastage of time in song selection, repeated
request for an instrument and even dispute over
particular song type.3 Music was also found to be
annoying by many anesthesiologist and nurses
in few studies.1,10 World Health organization has
limited the volume in OT to 30 dB, but many
theatres exceed this limit to 65 dB and even
up to 70 d Bwhen music is playing, thus to the
extent of noise pollution. Music can thus add to
the noise and lead to miscommunication.10 Since
the music is largely dependent on the surgeons
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preference, the other staff members especially
the nurses may not agree to the formers choice
thus feeling that it’s been forced upon them,
leading to distraction.10
Many surgeons and OT staff believe that music
helps to perform better while others may feel that
it hampers their concentration especially during
difficult situation especially with high volume.2,7,9
It has also been found that music can help to
alleviate preoperative stress in both the patient
and the surgeon. It also acts as a mind relaxant and
in some cases better than preoperative midazolam
with the effects lasting to postoperative period.It
also has its own side effects and hence it must be
individualized after a formal discussion amongst
all OT personnel regarding its use in the OT.
Institute rules, ethical concerns, preference by
the neurosurgeon or other theatre staff and the
socio-geographic background may limit the use
of music in the OT.
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A

ny surgical intervention leads to pain and thus
the latter management is also a key factor in
improving the overall outcome in neurosurgery.
Craniotomy is the most common neurosurgical procedure
worldwide for almost all types of neurosurgical diseases
and thus is the commonest cause of headache and pain
in these cases. Postoperative pain causes a great deal
of alarm, concern, anxiety, doubt in treatment, feeling
of failure and even depression in patients. This type of
pain is found to be commoner in females and younger

Review in The Management
of Post-Craniotomy Pain
Pain can lead to increase in the sympathetic
stimulation and thereby cause hypertension
and rebleed in the operative site. The ideal
management of pain in these circumstances
is a topic of debate worldwide. The standard
algorithm for pain management is usually
with nonsteroidal anti-inflammatory drugs
(NSAIDS) with or without opioids. Good pain
management helps to reduce not only the pain
but also shortens hospital stay and cost and
leads to early recovery but overenthusiastic
use of drugs can lead to sedation, mydriasis,
respiratory depression which could increase
the intracranial pressure or obtundation of
deteriorating neurological signs. There is thus
no Gold Standard drugs or algorithm to manage
post craniotomy pain and this review aims to
discuss the common availability of medicine
and review the various options available for
successful management of post craniotomy
pain (PCP). Each neurosurgical centre must
have a protocol and guidelines regarding PCP
management which will be easier for the juniors
and nurses to follow. Multimodality treatment
can achieve best results and further controlled
trials with the different medications alone or in
combination, studies in cannabinoid derivatives
in future can help to formulate and ideal PCP
management algorithm.
Key words: Craniotomy, Opioid, NSAIDs,
Nerve block, Morphine, Gabapentin, PostCraniotomy headache
patients.23 The International Headache Society has defined
post-craniotomy headache as that developing within a
week after surgery and lasting till 3 months in Acute and
beyond 3 months in chronic type.
Pain can lead to increase in the sympathetic
stimulation and thereby cause hypertension and rebleed
in the operative site. The ideal management of pain in
these circumstances is a topic of debate worldwide. The
exact incidence of pain postoperatively varies because
it also depends on the type of surgery, the counselling,
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Figure 1. The sensory supply of the scalp and the potential sites for nerve block. 15
the psychology of the patient and the perioperative
analgesia used. In one of the earliest studies pain was
found to be moderate to severe in around 60 %.6,8,28 The
standard algorithm for pain management is usually with
nonsteroidal anti-inflammatory drugs (NSAIDS) with
or without opioids.36 good pain management helps to
reduce not only the pain but also shortens hospital stay
and cost and leads to early recovery but overenthusiastic
use of drugs can lead to sedation, mydriasis, respiratory
depression which could increase the intracranial pressure
or obtundation of deteriorating neurological signs. There
is thus no Gold Standard drugs or algorithm to manage
post craniotomy pain and this review aims to discuss the
common availability of medicine and review the various
options available for successful management of post
craniotomy pain (PCP).
The post-craniotomy pain pathogenesis:7,28
PCP is typically a dull aching pain, mingling with
headache, either localized to the incision site or a
headache which is pulsating, tightening, band like which
is aggravated by coughing, sneezing, exercise or head
or neck movement. It may be associated with nausea,
vertigo, tinnitus and photophobia.The pain is somatic
and due to the dissection of the muscles and tissues and
is more severe in surgery of the posterior fossa and subtemporal region where more extensive dissection of the
thick muscles is needed. Excessive traction, cautery,dural
tension, aseptic meningitis, bone dust, muscle or vascular
manipulation in the scalp can increase the pain. Localized
cerebrospinal fluid (CSF) collection also leads to features
of meningism and headache. Females and the younger
population are more prone for PCP while males and
elderly are comparatively better tolerant to pain.2 Females

4

had 40% more incidence of headaches and majority of
them rated that as severe.11 PCP is maximum 48 hours
after surgery and one third may still have pain beyond
this time.The International Headache Society has defined
postcraniotomy headache as that developing within a week
after surgery, regaining of consciousness after surgery and
discontinuation of medication(s) impairing ability to sense
or report headache following the craniotomy, and lasting
till 3 months in Acute and beyond 3 months in Chronic
type provided other causes of headache are excluded.37
Chronic PCP is usually associated with surgery of acoustic
neuroma and last till a year.29
Options in the Prevention of PCP
Local scalp infiltration, non-pharmacological treatment,
pharmacological treatment and surgical methods are the
options available for PCP control.
Scalp infiltration:
The scalp has an extensive network of sensory nerves
and their manipulation during surgery can lead to further
central sensitization leading to enhanced pain perception
in future. Infiltration of some drugs like Bupivacine 0.5%
or Ropivacaine with or without Lidocaine has been found
to significantly reduce PCP without any side effects and
last till 48 hours.11,13,14,26,36 This can be supplemented with
nerve blocks like maxillary nerve block, for further pain
control.Figure 1 shows the nerves supplying the scalp
where blocks can be made.
Surgical Techniques to reduce PCP18,27,35,33
Numerous steps taken during surgery can lead to
significant reduction of PCP. Clean and neat dissection,
without excessive use of cautery, retraction, muscle
manipulation and removal of bone dust can also reduce
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Figure 2. Showing the dosage of non opioidal analgesics that are commonly used for PCP relief.34
PCP. Bone flap replacement cause significantly less PCP
than craniectomy at discharge and one-year followup. Watertightdural closure with reduced CSF leak is a
possible cause for the reduced PCP. Studies have found
insertion of bone cement, adipose tissue graft and use of
augmentation duraplasty showed reduction of PCP.
Pharmacological treatment of PCP
An ideal neurosurgical analgesic medication should be
able to give good relief of pain, have anti-inflammatory
properties, should not affect the central nervous system
functions, hinder consciousness or neurological
assessment, shouldn’t cause cardio-respiratory depression,
is not addictive and with no side effects like vomiting,
nausea, epilepsy or local bleeding.Sadly, there is no drug
that fits this category and hence neurosurgeons worldwide
have to rely on different medications in isolation of in
combination for PCP management. In a study from UK
it was found that only 65% of neurosurgical centres had
analgesic protocols and over the decades Morphine was
the first line analgesic used followed by paracetamol

(84%) and NSAIDs (52%). Codeine use reduced from
90% to 70% over the same time period.19,30
Non-Opiod Analgesics/ NSAIDs (Figure 2)
Paracetamol/ Acetaminophen: this has been used
alone or in a combination to reduce PCP. The exact
mechanism of action is unclear although it may act by
Beta-Endorphin receptor modulation, prostaglandin H2
receptor synthetase or a central nervous painkiller action.
Patient with liver disease are cautioned. Acetaminophen
also acts by inhibiting COX-3 inhibition and descending
serotonergic pathways. It has minimal anti-inflammatory
and antiplatelet effect and at doses of 10-15 mg per Kg has
few serious side effects. It can be given intravenous, orally
or in pediatric patients per rectally(at a higher dosage of
25-40 mg per Kg).1,4 It has been used with Sufentanil
combination with better PCP control.
NSAIDs: these are another group of very commonly
used analgesics (ibuprofen, diclofenac, Naprosyn,
ketorolac) which reduce PCP, reduce inflammation and has
no opioid like side effects. These act as cyclooxygenase
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Figure 3. Showing the common opioidal drugs and their dosage. 34
2 inhibitor (COX) and can cause platelet dysfunction
and increase bleeding (COX-1 isomer) and analgesia by
(COX-2 isomer). Selective COX-2 inhibitor does not have
anti-platelet effects and therefore do not cause bleeding.
The effectiveness of COX-2 inhibitors (parecoxib,
rofecoxib) in relieving pain has been well proven in other
surgical specialities.3,16 In a study of the use of parecoxib
40 mg in craniotomy patients it was found to decrease
pain score and morphine use but with no significant
analgesia effect.17The limitations of the COX-2 inhibitors
are the potential to cause myocardial infarction which was
shown in the Vioxx Gastrointestinal Outcomes Research
(VIGOR) trial leading to withdrawal of rofecoxib. COX-2
inhibitors also inhibit important renal prostanoids leading
to hyperkalemia, salt retention, hypertension with potential
increase of heart failure.32
Dexmedetomidine: is a selective alpha2-adrenergic
agonist acting at central and peripheral level as a nonopiod analgesic. There are several studies that has shown
the beneficial effect of this drug in PCP with good pain
control, reduced use of postoperative morphine although
time to extubation was not different. Bradycardia can be
a significant side effect of using this drug and lead to a
cause of alarm in postoperative period.25
Gabapentinoids: these are analgesics that act via the
Alpha2-delta subunit of N-type voltage gated Calcium
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channels by reduction in excitatory neurotransmission.
They also have opioid sparing effects and few studies have
shown the beneficial effects of single dose of preoperative
gabapentin. Gabapentin was first used as an anti-epileptic
for partial seizures. Pregabalin which is a gabapentin
derivative has also analgesic and anti-epileptic properties.
Further trials are needed using this drug and its results
in PCP management. The most common side effects of
this drug are peripheral edema, giddiness, drowsiness and
ataxia.5,22
Dexamethasone: can reduce inflammation and thus
help in reducing pain. This has been used to reduce ICP
and along with Gabapentinoids or Phenytoin to manage
PCP.22
NMDA receptor antagonist: Methadone and
Ketamine can cause analgesia as an NMDA receptor
antagonist and can be used in single or with NSAIDS or
opioids perioperatively. It has opioid sparing property
and has been used in spine and other non-neurosurgical
procedures. Ketamine has the potential for raising ICP
and thus studies are limited regarding its use in PCP
management.20
Other Miscellaneous:Amitriptyline, diazepam,
sodium valproate, carbamazepine and clonidine are some
other drugs used for pain management.
Opioid Analgesic [Greek “opion-poppy plant juice”]
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Tramadol: the classical side effects of opioids
like sedation, dizziness, vomiting, dry mouth, nausea,
vomiting, miosis can hide the true signs of neurological
deterioration and hence the use of opioids was not common
in neurosurgery. Tramadol is a weak analgesic acting as
the Mu-receptor agonist or serotonin/ norepinephrine
reuptake inhibition. It does not affect coagulation or
platelet function and hence is theoretically safe in
neurosurgery. Tramadol use has shown not only to reduce
the hospital stay by 24 hours but also the overall cost of
analgesics used by 32 US $.38 Long term use can lead
to physical dependence and even withdrawal syndrome
like hallucination, anxiety, panic attack, paresthesia and
numbness usually within a day of stopping medication.
Its use has been likened to that of heroin in high doses. Its
use along with opioid analgesic and acetaminophen can
further enhance PCP management.
Narcotic drugs: [Greek “narco- to deaden”]
these include, morphine, hydrocodone, remifentanil,
codeine, fentanyl, oxycodone and propoxyphene. They
act by stimulating, mu (morphine), kappa and sigma
subtype opioid receptors in the peripheral and central
nervous system. The mu receptor depending on the site
and function are further divided into mu1-supraspinal
analgesia, mu2- gastrointestinal motility inhibition and
respiratory depression and mu3-that act on leukocytes
and have anti-inflammatory actions.24 The important side
effects like respiratory depression is a major deterrents of
the use of opioids in neurosurgery and thus used only for
short duration based on the individual hospital protocol.
They can be used as bolus, intravenous infusions, patientcontrolled devices or as needed basis pro re natawith
equal efficacy. It can be converted to oral dosage once
patient stabilizes. Intramuscular route is also used but
has the disadvantage of slower absorption and delayed
action.Fentanyl when compared with morphine is fast
acting, lipopholic and has a shorter duration of action and
can also be used as a transdermalpatch or transmucosal/
transnasal route. The transmuscosal/nasal route by passes
the first-pass hepatic metabolism and thus is more efficient
in PCP management. The skin condition, ethnicity, age,
location and temperature can affect the transdermal route
absorption and the drug can still be absorbed 24 hours
even after the patch is removed. Remifentanil is another
potent rapid action drug and is associated with better
hemodynamic control during induction and improved
level of consciousness and has been studied for awake
craniotomy.10
Use of capnography and inductance plethysmography
helps in the early diagnosis and management of respiratory
depression in those using continuous pump infusions.
Oxycodone is preferred over codeine as it does not need the

cytochrome P450 2D6 isoenzyme to metabolize and hence
is safer in those with the latter deficiency.Constipation
needs special care as many of the neurosurgical patients
are bedridden for a long time. Nausea and itching can
also be severe in some cases.The dosage guidelines of the
common opioids are given in Figure 3.34
Management of chronic PCP: these are a subtype
of patients that complain of persistent headache or pain
after craniotomy. Other causes like cervical spondylosis,
psychiatric illness, fibromyalgia, migraines and tension
headaches must be ruled out. NSAIDs are the first line
drugs and if they are not helpful then amitriptyline,
gabapentinoids, carbamazepine or sodium valproate can be
used. Antiepileptics can help to control both postoperative
seizures and treat headaches too. Local analgesia, steroid
injections, Botox injections, removal of stitch scars are
other interventions to relieve pain. If permissible Cannabis
derived products have potential to treat chronic PCP.21

Conclusion
PCP is a common problem in as many as 80% of cases
have moderate to severe pain which may not be adequately
treated as the brain is assumed to be insensitive to pain.
Inadequate PCP management can lead to a multiple of
problems like anxiety, hypertension, headache and postoperative bleeding. The proper management would thus
involve perioperative nerve block with local incision
site infiltration and good postoperative analgesia. The
visual analog scale/ pain scale chart isuseful tool to
assess the PCP and decide on the type of analgesic to be
used. The factors like age, sex, possible psychology, site
of operation and metabolic diseases or clinical factors
need to be considered. For mild pain, NSAIDs can be
used as they are cheap, easily available, quick acting,
minimal side effects of sedation or nausea/vomiting
and do not alter the consciousness levels. They can be
used alone or in combination. For severe pain opioids
can be used in either continuous infusion, transdermal
or transnasal or transmucosal routes. Patient controlled
pain releasing devices are also useful where available.
While trying to achieve a painless postoperative stay is
important one must not forget the potential side effects of
using analgesics which could be immediate or in future.
Timely identification and management of complications
of analgesics is as important as starting the medications.
Topical analgesics, cold compression, transcutaneous
electrical stimulation and psychological counselling can
benefit in a subset of patients.
Each neurosurgical centre must have a protocol and
guidelines regarding PCP management which will be
easier for the juniors and nurses to follow. Multimodality
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treatment can achieve best results and further controlled
trials with the different medications alone or in combination,
studies in cannabinoid derivatives in future can help to
formulate and ideal PCP management algorithm.
The ideal plan of action would be Preoperative
counselling with local nerve block of infiltration followed
by Opioidal analgesics on a continuous, bolus, or as per
demand analgesia supplemented with paracetamol and
followed up with gabapentinoids or amitryptylline for
chronic pain can benefit patients with PCP.
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Anterior communicating artery (ACoA) aneurysm,
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complications. With the advancement of minimally
invasive surgery several modified approaches, such as
the supraorbital eyebrow incision approach, the minipterional approach, the mini-supraorbital approach,
and the lateral supraorbital approach has been recently
introduced and has been used as an alternative.
Keywords:
Aneurysm
clipping,
anterior
communicating artery, pterional keyhole, supraorbital
keyhole

Date submitted : 2/4/2019
Date accepted : 3/5/2019
DOI: https://doi.org/10.3126/njn.v16i1.24424
HOW TO CITE
Bhattarai, R., Chen, C., Liang, C., Huang, T., Wang, H.,
Ling, C., & Guo, Y. (2019). The surgical approach for clipping
anterior communicating artery Aneurysm. Nepal Journal
of Neuroscience, 16(1), 10-20. https://doi.org/10.3126/njn.
v16i1.24424

To access Nepal Journal of Neuroscience, Archives
scan QR code:

A

CoA aneurysm is the most common aneurysm
of anterior circulation aneurysms.6,15 These
aneurysms are the most complex aneurysm of
anterior circulation, because of the hemodynamics of the
ACoA region. ACoA aneurysms are treated by the various
approaches like interhemispheric, subfrontal, lateral
supraorbital and pterional. The pterional approach is most
frequently used for the ACoA aneurysm.
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The detailed analysis of ACoA complex shows that
factors like A1 dominancy, the anatomy of the aneurysmal
neck with A1 and A2 segment, perforators and presence
of other vascular anomalies are required to achieve
precise clipping of the aneurysms.3 The advances in the
neuroimaging like Magnetic Resonance Angiography
(MRA), 3D Computed Tomography Angiography
(CTA) and 3D Digital Subtraction Angiography (DSA)
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demonstrate the detailed anatomy around the ACoA
complex before surgery.1
Decision making regarding the surgical approach is
based on A1 dominancy, projection and according to that
projections, how is the plane of both A2 vessels. Yasargil16
studied the projection as a predominant anatomical factor.
Inferiorly projecting aneurysms many times adhere to
the optic chiasm or nerve. The dissection of the arteries
that comprises the ACoA complex, recurrent arteries
of Huebner (RAH), and hypothalamic arteries from the
neck of an aneurysm were all considered a source of
complication. Furthermore, the premature rupture before
complete dissection of the dominant A1 leads to bleeding.
In these situations, proximal control of the same side
of the A1 segment is the most important step, and thus
the dominant A1 side is better for the approaching the
aneurysm.
However, there is no such specific approach for
superiorly projecting ACoA aneurysm. These type of
aneurysms are buried in the interhemispheric fissure
and concealing the contralateral A1/A2 junction. These
aneurysms partially embedded in the contralateral gyrus
rectus. Thus, craniotomy on the side of A2 anterior
displacement simplifies the securing of ipsilateral
dominant A1. It is difficult to handle an aneurysm behind
the ipsilateral A2, particularly when an aneurysm adheres
tightly to A2. So it is better to approach this type of an
aneurysm on the side of posterior displacement of A2 for
visualizing the ACoA complex.4

Review of Literature
Embryology
In a 40-day-old embryo, an arterial plexus gives rise to
the median artery of the corpus callosum and at the age of
45 days connects the two anterior cerebral arteries (ACA).
Afterward, this artery regresses or disappears.12 At the
same time, the involution of the arterial plexus leads to
the formation of the ACoA.
Dunker2 classified three different anatomical patterns
of the ACoA. Fetal type, in which the ACoA is equivalent
in diameter to the ACA segment and a large median callosal
artery (McaA), is present. Transitional type, corresponding
to a smaller ACoA than the ACA segment with a small
McaA. Adult-type, in which the ACoA diameter is less
than one-third of the ACA segment with the absence of
the McaA or only the persistence of a small protrusion.
The ACoA is 2 to 3.4 mm in diameter (average 1.5
mm). The diameter is proportional to the disparity in the
diameters of the two Al segments. A classic single ACoA
joins in only 40 to 60 percent of the anterior cerebral
arteries. The artery length varies from 0.8 to 4. 6 mm. The

ACoA generally lies on the optic chiasm at the level of the
lamina terminalis.
Microsurgical Anatomy8
The A1 segment begins at the terminal bifurcation of
the internal carotid artery (ICA) and ends at the ACoA
(Figure.1). This pre-communicating segment is also
called the horizontal segment because of its flat course
across the optic tract to the midline. Even though the A1
segment begins and ends at branch points, the segmental
anatomy of the ACA is defined by its curvature and its
relationships to the brain rather than by branch anatomy.
The A2 segment or post communicating segment begins
at the ACoA and follows the rostrum of the corpus
callosum (CC). The A3 (precallosal) segment, curves
around the anterior CC, following the genu until the
artery assumes a posterior course. The A4 (supracallosal)
and A5 (postcallosal) segments continue over the anterior
and posterior halves, respectively, of the body of the CC,
with the vertical plane of the coronal suture dividing
them. The ACA’s bifurcation into the pericallosal artery
(PcaA) and the callosomarginal artery (CmaA) does not
define these distal segments ACoA aneurysm dissection
identifies 12 arteries: ipsi- and contralateral A1 segments;
ipsi- and contralateral A2 segments; the ACoA; ipsi- and
contralateral RAH; ipsi- and contralateral orbitofrontal
arteries; ipsi- and contralateral frontopolar arteries;
and the collection of ACoA perforators. The ipsilateral
A1 segment is identified at the ICA terminus and leads
medially and anteriorly over the optic tract and chiasm
to the ACoA. On average, eight medial lenticulostriate
arteries originate from the superior surface of the A1
segment and ascend to the anterior perforated substance,
subfrontal area, hypothalamus, anterior commissure,
septum pellucidum, and paraolfactory structures. A1
segments are symmetric in most people (90%) but can be
asymmetric due to hypoplastic or aplastic A1 segments.
Despite the suggestion by angiography, absence or true
aplasia of the A1 segment is rare and a vestige can be found
intraoperatively. A1 segment dominance is relevant to
aneurysm formation, dome projection, side of hematoma,
side of the surgical approach, and proximal control.
Duplicated A1 segments are rare (2% of patients).
RAH is considered the “medial-most” medial
lenticulostriate artery; defining the inner border of the
collection of perforators along the A1 segment (medial
lenticulostriates) and M1 segment (lateral lenticulostriates).
As its name implies, a RAH travels back along the A1
segment to supply the head of the caudate nucleus, the
putamen, the outer segment of the globus pallidus, and
the anterior limb of the internal capsule, and its injury
can produce contralateral face and arm weakness and
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Figure 1. Microsurgical anatomy of Anterior Cerebral
artery. (From Lawton, MT. Seven Aneurysms: Tenets and
Techniques for Clipping. New York: Thieme, 2010.)

Figure 2. Normal variations of Anterior Cerebral
Artery. (From Lawton, MT. Seven Aneurysms: Tenets and
Techniques for Clipping. New York: Thieme, 2010.)

expressive aphasia in the dominant hemisphere. A RAH
originates on the lateral wall of the proximal A2 segment
just distal to the ACoA, almost as lateral continuations
of the ACoA. Anatomic variation can shift its originproximal to the ACoA on the distal A1 segment, or in
line with the ACoA at the A1-A2 junction, but a RAH lies
within 4 mm of the ACoA in 95% of patients. Exploiting
this relationship in reverse, a RAH is a reliable guide to
the ACoA and is particularly useful when A1 segment arcs
superiorly out of view. It drapes over the shoulder of the
A1 segment at its origin and lies superior (60%) or anterior
(40%) to the A1 segment as it recurs laterally. Therefore, a
RAH is often seen before the A1 segment when the frontal
lobe is retracted. The artery can be duplicated in 2% of
patients. The ACoA joins the A1 segments as they arrive
in the interhemispheric fissure and completes the anterior
circle of Willis. ACoA diameter is about half that of the
A1 segments, but asymmetric A1 segments increase the
ACoA diameter.
Important perforating arteries originate from the
ACoA’s superior and posterior surfaces and ascend to the
hypothalamus, median paraolfactory nuclei, genu of CC,
columns of the fornix, septum pellucidum, and anterior
perforated substance. Perforators also originate from the
anterior and inferior aspects of the ACoA and descend
to the dorsal optic chiasm. These perforators prevent
trapping or dividing the ACoA. If the anterior circle of
Willis requires interruption, it is safer to divide the A1
segment, as long as the opposite A1 segment and ACoA
are sufficiently large.

Orbitofrontal and frontopolar arteries lie beyond a
RAH. The orbitofrontal artery is the first cortical ACA
branch, arising from the anterolateral surface of the
A2 segment approximately 5 mm distal to the ACoA
and coursing perpendicularly over the gyrus rectus and
olfactory tract. Its course can be similar to that of a RAH,
but distally it drifts away from the A1 segment.
Orbitofrontal artery is larger in caliber than the RAH
(2 to 3mm versus 1 mm). The orbitofrontal artery supplies
the gyrus rectus, orbital gyri (anterior, posterior, medial,
and lateral), and olfactory bulb and tract. The frontopolar
artery is the second cortical ACA branch, originating
from the A2 segment approximately 14mm from the
ACoA. Rarely, it originates from a common trunk with
the orbitofrontal artery. The frontopolar artery courses
anteriorly in the interhemispheric fissure and supplies the
ventromedial frontal lobes.
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Normal variations of Anterior Cerebral artery
anatomy8
Three variations in efferent A2 segments can lead
to misinterpretations of aneurysm anatomy: azygos,
bihemispheric, and accessory ACA (figure.2)
The azygos or “unpaired” ACA is a single midline
artery arising from the confluence of the A1 segments and
occurs in less than 2% of patients. Distally, the azygos
ACA divides into the PcaA and CmaA with bifurcations,
trifurcations, or quadrifurcations.
The “bihemispheric” ACA is an A2 segment that
transmits branches across the midline to both hemispheres,
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Figure 4. Superiorly projecting aneurysm (a) open A2
plane (b) closed A2 plane.5

Figure 3. Inferiorly and anteriorly projecting
aneurysm.5
usually in the presence of a contralateral A2 segment
that is either hypoplastic or terminates early in its course
toward the genu. This anomaly is seen in as many as 12%
of patients.
The accessory A2 segment is a third artery originating
from the ACoA in addition to ipsi-and contralateral A2
segments. The accessory ACA varies in caliber from a
small remnant of the median artery of the corpus callosum
(MACC) to a hyperplastic trunk resembling an azygos ACA
between two smaller A2 segments. The MACC originates
during embryogenesis (44days) when elongating ACA’s
coalesce in the midline to form plexiform anastomoses.
The MACC regresses and disappears as A2 segments
mature, but remnants account for the accessory ACA.

In the case of aneurysms directed posteroinferiorly
and that are located at the back of the ACoA, entry into the
side of the A2 located more anteriorly is recommended, as
if the posterior surface of the A2, especially in cases with
fenestration of the ACoA (Figure. 5).
Giant aneurysms are, as a rule, treated by the approach
from the direction in which early arrival at the aneurysmal
neck is accomplished. Approaching from the side of the
dominant Al is generally recommended, but for such an
aneurysm that projects anteriorly, the interhemispheric
approach is recommended. The interhemispheric
approach is also recommended in high-positioned ACoA
aneurysms.11
Projections
ACoA aneurysms can project at any angle in threedimensional space. Classification of these lesions is based

Determinants of the approaching side7
Determining factors include Al predominance, the
direction of the A2 fork, the direction of an aneurysm, the
size of an aneurysm, and the multiplicity of aneurysms.
The presence of fenestration of the ACoA is an important
factor in determining the side of the approach. In cases
of acute stage SAH, determining factors include the
distribution of SAH and ICH. In the case of small- to
large-sized aneurysms directed anteriorly (Figure.3), Al
dominance should be the most important factor because
it is sometimes difficult to secure the opposite side of Al.
But there is no marked difference in surgical difficulty
between the right and left approaches.
In the case of aneurysms directed superiorly, the Al
is bilaterally secured before approaching the aneurysm.
Therefore, entry into the open part of the A2 fork (i.e.,
the side of A2 facing posteriorly) facilitates clipping
(Figure.4).

Figure 5. An aneurysm facing posteriorly combined
with fenestration of ACoA.5
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Figure 6. Type 1: Ipsilateral Right anterior cerebral
- ACoA aneurysms.
on their orientation in the true anatomical space using
the optic nerves as a rough anteroposterior axis. Gary
Vanderark et al.13 categorized ACoA aneurysms by the
direction in which it is projected (measured as a straight
line from base to fundus) into:
Superior
Anterior
Inferior
Posterior
Anterosuperior
Posteroinferior
Anteroinferior
Posterosuperior
Yasargil16 classified ACoA aneurysm projections
under five groups:
Anterior
Superior
Inferior
Posterior
Complex
Nathal E et al.9 further modified it and classified
projection of aneurysms into
•
Type 1-Aneurysms located anterior to the bilateral
A2 portions of the ACA
•
Type 2-Aneurysms located between the bilateral
A2 portions of the ACA
•
Type 3-Aneurysms located posterior to the
bilateral A2 portions of the ACA
Vincentelli et al.14 in their study of 60 fixed human
brains indicated that all perforating branches followed a
posterior direction and formed an angle with the PcaA

14

Figure 7. Type 1: Ipsilateral left anterior cerebral ACoA aneurysms.
that ranged between 30 and 180. Yasargil16 considered
this to be a predominant anatomical factor. These authors
observed a decrease in positive outcomes and an increase
in the mortality rate among patients with superiorly,
posteriorly, and inferiorly projecting aneurysms. In these
latter projections, the dissection of arteries comprising
the ACoA complex, RAH, frontopolar and frontoorbital
arteries and hypothalamic arteries from the neck of an
aneurysm were all considered a source of complication.
Conversely, for aneurysms with anterior projection,
these arteries are often avoided. According to Yasargil16,
different projections are
Superior projection aneurysms:
Frequently associated with a dominant ipsilateral A1
vessel, these lesions usually do not conceal the opposite
optic nerve. This project into the interhemispheric fissure
and the contralateral A1/ A2 junction is concealed by the
aneurysmal fundus. This is the most common direction of the
projection of the aneurysmal fundus and may be partially
embedded in contralateral gyrus rectus. These are
generally more easily handled than aneurysms projecting
in other positions. Gyrus rectus resection can be helpful to
mobilize the fundus. If the frontoorbital and frontopolar
arteries are attached to the wall of an aneurysm it can be
troublesome.
Anterior projection aneurysms:
These types fill the space between the two optic
nerves, may remain within the area of lamina terminal
and may be attached to the dura of anterior wall of sella
turcica over tuberculum. Account for 20 to 25 percent of
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Figure 8. Bilateral ACA.

Figure 9. Type 3: Dominant ACA.

the aneurysms. They may become entangle to chiasmatic.
A larger aneurysm may displace an aneurysm out of
interhemispheric fissure.
Posterior projection aneurysms:
These lesions project both above and below the plane
formed by the two A2 segments and usually conceal
the contralateral A2 take off. Almost always involve
early incision into ipsilateral gyrus rectus to visualize
the anatomical structures. The chiasm is uninvolved.
Fenestrated clips may be helpful for the definitive clipping
of the posterior projection ACoA aneurysms.
Inferior projection aneurysms:
These projections are considered to be the most
difficult to handle. The hypothalamic arteries are usually
attached to the anterior wall of these aneurysms. Fundus
may directly project into lamina terminalis cistern. Due to
intimate association with the perforating vessels and the
difficult angle for clipping, these lesions are treacherous
and almost always require an extensive gyrus rectus
resection to allow complete visualization of the aneurismal
fundus.
Complex projection:
This aneurysm may project in any or all directions
and are typically quite large with lobulations. By noticing
the orientation of the fundus the surgeon will be alert
to the particular problems, which may occur at the time
of surgery. However, one thing worth considering and
important is that there is a significant difference between
the description of the aneurysm projection given by the
radiologist and that actually found by a surgeon at the time
of the surgery. Inferior or anterior projection aneurysms
may become tethered to the optic chiasm or tuberculum

sella. A bulbous inferior or anterior directing lesion can
obscure the surgeon’s view of the opposite A1 segment.
Retraction of the medial frontal lobe could precipitate a
premature rupture of an aneurysm. A superior pointing
aneurysm can become adherent to the A2, Frontoorbital
or frontopolar arteries. Posterior pointing fundus can often
become adherent to the perforating vessels. The surgeon
must be aware of a multilobulated aneurysm. Particularly
troublesome are the aneurysms with a superior and
posterior projection. The surgeon may clip the superior
portion of an aneurysm between the two A2 segments
thereby obscuring the still patent posterior portion of an
aneurysm.
Type of circulation
Norlen and Barnum14 drew attention to different
patterns of circulation through the anterior part of the circle
of Willis in patients with ACoA aneurysms stressing their
importance for various surgical procedures. Sengupta10
noted four types of circulation, and aneurysms were
classified accordingly.
Type 1: (Ipsilateral) - In this type, the aneurysm and
the distal ACA filled from one proximal ACA (Figure 6).
1. Right anterior cerebral - ACoA aneurysms. The
pattern of circulation in these aneurysms may be
as follows
a) Right carotid injection fills an aneurysm and both
the distal ACA.
b) Right carotid injection fills an aneurysm and right
distal ACA.
c) Left carotid injection fills the left distal ACA
only.
d) Left carotid injection with right carotid
compression fills both distal ACA but not the
aneurysm.
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Figure 10. Dominant ACA with fetal posterior cerebral
artery.
e)
2.

a)
b)
c)
d)

e)

As in d), but an aneurysm fills.
Left anterior cerebral - ACoA aneurysms. In these
aneurysms the following patterns of circulation
are possible (Figure 7)
Left carotid injection fills an aneurysm and both
the distal ACA.
Left carotid injection fills an aneurysm and the
left distal ACA.
Right carotid injection fills the right distal ACA
only.
Right carotid injection with left carotid
compression fills both distal ACA but not the
aneurysm.
As in d, but an aneurysm fills.

Type 2: (Bilateral) - In this type, the aneurysm and
both ACA fill from both carotid injections. This pattern of
circulation is often associated with rudimentary ACoA. In
fact, both ACA may be fused to each other. On the other
hand, the ACoA may be seen as a prominent structure on
the angiograms. The significance of this analysis is that in
this type of circulation the region of the ACoA receives
the good collateral supply, and the effect of vasospasm
is minimal. In cases of rudimentary ACoA, however,
application of a clip may lead to kinking of both ACA,
leading to severe ischemic problems (Figure. 8).
Type 3: (Dominant ACA) -In this type, the aneurysm
arises from the axilla of the two distal ACA, both of which
are divisions of the dominant ACA, and the contralateral
artery is hypoplastic (Figure. 9).

16

Figure 11. Aneurysm Dissection steps. (From Lawton,
MT. Seven Aneurysms: Tenets and Techniques for Clipping.
New York: Thieme, 2010.)
Type 4: (Dominant ACA with fetal posterior cerebral
artery {PCA}) - In this type, the circulatory patterns
are like those in type 3, but there are other associated
anomalies in the circle (Figure. 10).
Aneurysm dissection8
ACoA aneurysms can be approached from either
side. The right side is chosen in patients with symmetric
A1 segments, and the side of the dominant A1 segment
is chosen in patients with asymmetric A1 segments.
This policy avoids the speech-dominant hemisphere in
patients with balanced anatomy and exploits advantages
of A1 dominance: early proximal control, avoidance,
and favorable view of the neck. Although infrequent in
the general population (around 10%), A1 dominance is
frequent in the aneurysm population (as high as 80%).
Consequently, the side of approach was evenly divided
in the author’s ACoA aneurysm experience. With this
policy, intraparenchymal hematomas associated with
rupture are typically in the contralateral frontal lobe,
but are contiguous with the aneurysm dome and easily
evacuated after clipping. The side of approach may be
influenced by the presence of other lateral aneurysms
that might be treated simultaneously. A standard pterional
craniotomy is sufficient for most ACoA aneurysms, but
the orbitozygomatic approach increases exposure for
large, giant, and complex aneurysms (16% in the author’s
experience).
The dissection of ACoA aneurysms proceeds in steps
that identify the five major arteries of the dozen arteries
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Figure 12. ACoA complex and relations with major
arteries. (From Lawton, MT. Seven Aneurysms: Tenets
and Techniques for Clipping. New York: Thieme, 2010.)
around the ACoA complex, beginning with the ipsilateral
A1 segment (Figure. 11, step 1), moving to the ipsilateral
A2 segment (Figure. 11, step 2), and crossing the midline
to the contralateral anatomy via the ACoA (Figure. 11,
step 3). Proximal control of an aneurysm is completed by
identifying the opposite A1 segment (Figure. 11, step 4).
The contralateral A2 segment is located by entering the
interhemispheric fissure above an aneurysm and distal
to the dome (Figure. 11, step 5). The contralateral A2
segment runs parallel to the ipsilateral A2 segment and
perpendicular to the contralateral orbitofrontal artery,
which can often be seen anteriorly in the interhemispheric
fissure. The contralateral A2 segment is traced proximally
to the aneurysm neck (Figure. 11, step 6), and finally, the
ACoA perforators are dissected from the posterior neck
and the aneurysm is prepared for the clip blade (Figure.
11, step 7).
The ACoA complex’s classic position has no lateral
rotation, with the ACoA and both A2 segments lying in a
coronal plane (Figure. 12, A, B); extreme rotation of the
complex orients the ACoA and its A2 segments in a sagittal
plane (Figure. 12, C, D). This twisting of the ACoA
complex about a vertical axis shifts the A2 segments and
can confuse the dissection. Dominant A1 segments tend
to twist the ACoA complex to face the contralateral side
in the direction of blood flow (according to Rhoton’s third
rule), bringing the ipsilateral A2 segment forward and
making it easier to identify. However, an ACoA complex
that is twisted toward the side of the approach recesses the
ipsilateral A2 segment backward in the fissure and makes

Figure 13. Dome projections of ACoA Aneurysms.
(From Lawton, MT. Seven Aneurysms: Tenets and
Techniques for Clipping. New York: Thieme, 2010.)
it harder to identify. In addition to this twisting rotation,
the horizontal axis of the ACoA complex can also tilt
(Figure. 12, E). An ACoA complex tilted downwards on
the side of approach lowers the ipsilateral A2 segment and
brings it into view low in the interhemispheric fissure; an
ACoA complex tilted upwards on the side of approach
raises the ipsilateral A2 segment and often requires
gyrus rectus resection. Tilting and twisting of the ACoA
complex also affect the A1 segment. The tilt toward the
opposite side elevates the ipsilateral A1 segment and the
superiorly arcing trajectory makes the artery more difficult
to visualize.
The dissection path across the midline to the
contralateral A1 and A2 segments is influenced by
aneurysm projection. ACoA aneurysms project anteriorly,
posteriorly, inferiorly, or superiorly (Figure. 13). In
Yasargil’s experience, superior aneurysms were most
common (34%), followed by anterior (23%), posterior
(14%), and inferior (13%); multiple lobes or mixed
projection was encountered in 16% of aneurysms. Dome
projection creates a surgical blind spot that conceals a
critical artery or part of an aneurysm. Inferiorly projecting
aneurysms hide the contralateral A1 segment, which limits
proximal control. Anteriorly projecting aneurysms hide the
contralateral A1-A2 junction, which hinders dissection of
the distal aneurysm neck. Superiorly projecting aneurysms
hide the contralateral A2 segment. Posteriorly projecting
aneurysms hide the ACoA perforators, which puts them
in jeopardy during permanent clipping. The dissection
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Figure 14. Dissection steps for inferiorly projecting
ACoA aneurysms. (From Lawton, MT. Seven Aneurysms:
Tenets and Techniques for Clipping. New York: Thieme,
2010.)

Figure 15. Dissection steps for superiorly projecting
ACoA aneurysm. (From Lawton, MT. Seven Aneurysms:
Tenets and Techniques for Clipping. New York: Thieme,
2010.)

strategy is determined by the dome projection and this
shifting surgical blind spot. Visible arteries in open
surgical corridors are dissected first, and hidden arteries
in the surgical blind spot are dissected last, often with
temporary clipping, aneurysm manipulation, and some
de-tethering of the dome.
With inferiorly projecting aneurysms, the contralateral
A2 segment (Figure. 14, step 4) and ACoA (Figure. 14,
step 5) are exposed with a superior dissection path over an
aneurysm. The dome hides the contralateral A1 segment,
and these aneurysms are sometimes clipped without
contralateral proximal control. Full exposure of the
contralateral A1 segment might require the mobilization
of an aneurysm and might risk intraoperative rupture.
The dome is also susceptible to avulsion with the upward
mobilization of the neck when developing the plane
under the neck (Figure. 14, step 6). The contralateral A1
segment and A1-A2 junction are carefully inspected after
permanent clipping if they were not fully exposed before
permanent clipping (Figure. 14, step 7)
With superiorly projecting aneurysms, the ACoA
and contralateral A1 segment are also exposed early
with an inferior dissection path (Figure. 15, steps 3 and
4). The contralateral A2 segment is hidden behind an
aneurysm and cannot be found simply by ascending into
the interhemispheric fissure. The initial course of the
contralateral A2 segment can sometimes be seen under the

belly of an aneurysm, sometimes requiring upward traction
on the aneurysm (Figure. 15, step 5). However, finding
the contralateral A2 ACA requires dissection behind an
aneurysm, deep in the interhemispheric fissure (Figure.
15, step 6). A window is opened behind the ipsilateral A2
segment, maneuvering the artery and its orbitofrontal and
frontopolar branches anteriorly. Dissection remains above
a RAH; the space under it, in its axilla, is narrow, and
working there can avulse this delicate artery. Superior
aneurysm projection provides complete proximal control
for temporary clipping and aneurysm softening, which
is often needed to mobilize an aneurysm during this
deep dissection. The aneurysm’s posterior fundus is
traversed until the contralateral A2 ACA is identified.
With large aneurysms, it often helps to climb higher in
the interhemispheric fissure, looking for the A2 ACA as it
courses beyond the dome. When the contralateral A2 ACA
is found, its inner surface is traced inferiorly, opening this
important cleavage plane down to the origin of the A2
ACA and distal aneurysm neck.
The A2 origin and distal neck are carefully separated
to prepare this spot for the tips of the permanent clip. This
critical anatomy is right in the blind spot of the superiorly
projecting aneurysm. Finally, the pathway for the posterior
clip blade is opened along the neck above the posterior
perforators, being careful not to over dissect delicate or
densely adherent perforators (Figure 15, step 7).
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Figure 16. Clipping techniques for ACoA aneurysms.
(From Lawton, MT. Seven Aneurysms: Tenets and
Techniques for Clipping. New York: Thieme, 2010.)
Clipping technique8
At the end of the final dissection, Dome projection
influences the clipping. Inferiorly and anteriorly
projecting aneurysms are usually clipped simply with
straight clips. The operative view is along the neck, with
afferent and efferent branches away from the pathway
of the clip blades. Inferiorly projecting aneurysms hide
the contralateral A1 segment in the blind spot, and
its exposure may require too much manipulation of a fragile,
adherent aneurysm dome. Therefore, complete proximal
control may not be available. However, the neck of an
inferiorly projecting aneurysm is usually well visualized
and an intraoperative rupture can be controlled by simply
clipping the aneurysm. The clip’s tips are inspected safely
after permanent clipping; they must not pass beyond the
neck and compromise the contralateral A1 afferent artery.
With anteriorly projecting aneurysms, the clip’s tips must
not pass beyond the neck and compromise the origin of
contralateral A2 ACA in the blind spot (Figure 16).
With superiorly projecting aneurysms, the ipsilateral
A2 segment can interfere with the clip trajectory. A straight
clip can be maneuvered around the ipsilateral A2 segment
in the forefield with smaller aneurysms and simple anatomy
(Figure. 14). An anteroposterior clip trajectory, with the
clip facing the front of an aneurysm, avoids the ipsilateral
A2 segment. The initial clip obliterates all the aneurysm
behind the A2 segments, and additional under stacked
clips obliterate any a remaining aneurysm in front of the

A2 segments. Wide-necked and dolichoectatic aneurysms
do not permit this anterior clip trajectory because clipping
often kinks the efferent arteries. Straight fenestrated clips
may be more favorable, with the fenestration encircling
the ipsilateral A2 ACA and the blade paralleling the ACoA
(Figure. 15). Fenestrated clips are also indicated when the
cleavage plane between the ipsilateral A2 segment and the
proximal neck cannot be opened to pass a blade. Stacked
fenestrated clips build an antegrade fenestration tube that
effectively reconstructs the proximal neck without over
dissecting this plane, which can be adherent to thinned
aneurysm wall Posteriorly projecting aneurysms are
challenging to clip.
Eleven of the 12 arteries around the ACoA complex
are visible in front of an aneurysm, but the dome projects
away from the neurosurgeon and displaces perforators
deep in the interhemispheric fissure. The aneurysm’s axis
is parallel to the line of sight and the neck is behind the
ACoA. This aneurysm geometry and an interposed ACoA
complex often require the use of angled fenestrated clips,
which are less maneuverable than straight fenestrated
clips. These clips might encircle the ipsilateral A1 segment,
ipsilateral A2 segment, and/or the ACoA itself, and the
view of the perforators is limited. These concerns are
exacerbated by perforators that adhere to an aneurysm.

Conclusion
ACoA aneurysms are the most complex aneurysm
of anterior circulation. The detailed analysis of ACoA
complex shows that factors like A1 dominancy, the
anatomy of the aneurysmal neck with A1 and A2 segment,
perforators and presence of other vascular anomalies are
required to achieve precise clipping of the aneurysms.
Abbreviations and Acronyms
ACA: Anterior cerebral arteries
ACoA: Anterior communicating artery aneurysm
CC: Corpus callosum
CmaA: Callosomarginal artery
CTA: Computed Tomography Angiography
DSA: Digital Subtraction Angiography
ICA: Internal carotid artery
ICH: Intracerebral hemorrhage
MACC: Median artery of the corpus callosum
McaA: Median callosal artery
MRA: Magnetic Resonance Angiography
PcaA: Pericallosal artery
PCA: Posterior cerebral artery
RAH: Recurrent arteries of Huebner
SAH: Subarachnoid hemorrhage
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n extradural hematoma results when bleeding
occurs between the tough outer membranecovering
the brain, the dura mater and the skull. It is a type
of extra axial hematomas. As the hematoma expands it

Surgical Outcome Of Isolated
Extradural Hematomas
Operated In A Teaching
Hospital In Western Nepal
The aim of this determine the causes,
frequency, location of isolated extradural
hematomas in patients presentingwith head
injury and to find out the outcome of surgery in
such patients.This is prospective observational
study was conducted in the Neurosurgery Unit of
Manipal Teaching Hospital from January 2012
to January 2017. All patients who presented
with headinjury and had isolated extradural
hematomas were included in the study. Total
number of patients admitted with diagnosis of
extradural hematomas during that time period
was 169 among which 94 patients underwent
surgical treatment. Descriptive statistics data
including age, gender, causes of injury, severity
of head injury and Glasgow outcome scale were
studied. Results in proportion and percentages
were calculated by using Microsoft Excel 2013.
There were 169 patients who had isolated
extradural hematomas. Among them, 75
patientswere managed conservatively and
94 underwent craniotomy for evacuation of
hematoma. This group of 94 patients who
operative treatment was taken for this study.
Male: female ratio was 1.6:1. Mean age was 23
years. Most of patients were in 20-40 age groups.
Causes of extradural hematomas included motor
vehicle accidents, falls and assaults. Mild and
moderate head injury was present in 53 (56.38%)
and 32 (34.0%) patients. Seventy nine patients
(84.05%) of patients had good recoverywhile 3
(3.19%) patients expired.
Key Words: extradural hematoma, Glasgow
Coma Scale, Glasgow Outcome Scale
strips the dura from inside of the skull. It is more common
in young adults.It is rare in older population as they have
very tightly adhered dura to bone. Even though extradural
hematomas are relatively uncommon (<1% of all patients
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with head injuries and <10% of those who are comatose),
they should always be considered in evaluation of serious
head injuries because patients with epidural hematomas
who meet surgical criteria and receive promptsurgical
intervention can have an excellent prognosis.8 Classically
a patient with extradural hematoma loses consciousness
transiently following injury, and then becomes fully
conscious. Asthe hematoma enlarges and compressed the
brain he or she becomes unconscious again. This is called
lucid interval. Extradural hematomas result from injury
to meningeal arteries or dural sinuses and are mostly
result of fracture of overlying skull bone. As fractures
result from local impact, such patients usually do not
have underlying brain injuries. The neurological deficits
are due to compression of brain and so they make good
recovery following evacuation of hematomas.
This study was done on determine the causes and
location of isolated extradural hematomas andtheir
surgical outcome in patients in Manipal Teaching Hospital
in Pokhara.

Methods and Materials
The study was carried out in Manipal Teaching
Hospital, Phulbari Pokhara Nepal. The study was a
prospective observational study. Institutional review
board approval was taken from the hospital for the study.
Consent was taken from the patients if they were able to
communicate and from the next of kin if they were not able
to give consent. Inclusion criteria was isolated extradural
hematomas in all age groups and both genders. Patients
with extradural hematomas with other intracranial injuries
like contusions, subdural hematomas, and traumatic
subarachnoid hemorrhage weree xcluded. The duration
of the study was from January 2012 to January 2017.
All patients who had isolated extradural hematomas and
underwent surgery for evacuation of their hematomas were
included in the study. The cause of injury, age and gender
of patients and Glasgow coma score at admissionwere
noted. Patients were followed for at least for one month
after discharge from hospital. Outcome was assessed
based on Glasgow outcome score at 1 month.

Results
During this study period, 169 patients with isolated
extradural hematomas were admitted inManipal Hospital.
Among them 75 were treated conservatively and 94 were
operated forevacuation of hematomas. There were 58 male
and 36 female patients. Male: female ratio was1.6:1.
Age group of patients is shown in Table 1. Half the
patients were young age group from 20-40 years.Motor

22

vehicle accident was the commonest cause for extradural
hematomas and contributed to half of patients. This was
followed by falls from height. Physical assaults and
sports related injuries contributed to remaining causes
Table 2. Temporal area was commonest location for
extradural hematoma followed by frontal and parietal
location. About 10% of patients had posterior fossa
extradural hematomas Table 3.
Age group

Number of patients

Percentage

<10 yrs

8

8.51

10-20

17

18.09

20-30

32

34.04

30-40

22

23.4

40-50

6

6.38

50-60

5

5.32

60-70

3

3.19

>70

1

1.07

Total

94

100

Table 1: Age Distribution of patients
Causes for injury

Number of
patients

Percentage

Motor vehicle accidents

49

52.12

Falls

32

34.04

Physical assault

10

10.64

Sports related injury

3

3.2

Total

94

100

Table 2: Causes of head injury
Location of hematoma

Number of
patients

Percentage

Frontal

22

23.4

Parietal

21

22.34

Temporal

26

27.66

Occipital

16

17.02

Posterior fossa

9

9.58

Total

94

100

Table 3: Location of extradural hematomas
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Figure 1: Glasgow Outcome scale at 1 month
Majority of patients with extradural hematomas
had coma score of 13-15. Thirty two patients
(34.04%) had moderate head injury and 9 patients
had severe head injury with coma score of =<
8 as shown in Table 4.
GCS

Number of patients

Percentage

13-15

53

56.38

9-12

32

34.04

3-8

9

9.58

Total

94

100

Table 4: Glasgow coma scale at admission
Glasgow outcome scale for the operated patients
is shown in Figure 1. More than 90% of patients who
had evacuation of hematoma had favorable outcome,
good recovery (84.05%) or moderate disability (9.57%).
Six patients (6.38%) had unfavorable outcome, severe
disability in 2 patients (2.13%), persistent vegetative state
in 1 patient (1.06%) and mortality in 3 patients (3.19%).
In the subgroup analysis, all patients who presented
with GCS of 13-15 had good recovery. With moderate
head injury, one patient had severe disability and one
patient expired. Among patients with severe head injury,
one patient had severe disability, one patient had persistent
vegetative state and two patients expired.

Discussion
Extradural hematomas result when there is injury
to meningeal arteries, veins or dural sinuses due to
a fracture of skull bone. Laceration of the middle
meningeal artery is the most common etiology.
When extradural hematoma enlarges it causes
intracranial hypertension and shift of brain.
Extradural hematoma (EDH) is a major traumatic brain
injury and a potentially life-threatening condition.
However not all patients with extradural hematomas
need surgery. In study done by Irie F et al., the most
frequent cause of injury was a fall in the 0 year to 9 years
age groups and road traffic crash in those aged 10 years
to 24 years.5 Almost 81% of the EDH cases were due to
accidental injury and 17% due to assault. In our study,
motor vehicle accident was the cause of extradural
hematomas in 52% and falls in 34%.
Findings in study done by RehmanL et al. in Pakistan
was similar to our study.10 In this study motor vehicle
accidents, falls and assaults caused extradural hematomas
in 50%, 33% and 17% of patients respectively. Patients
who have small extradural hematomas can be managed
conservatively but some may subsequently deteriorate.
In study done by Basamh M et al, only about 11.2%
of patients initially triaged for conservative treatment
required surgery.1 Surgical treatment is indicated for
patients with large extradural hematomas more than 30
mls, midline shift more than 5mm or with reduced level
of consciousness.3
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Operation for evacuation of extradural hematomas were
performed on 40-62% of patients.5,11 Operation rate for
extradural hematoma in our study was 55.62%.Prognosis
following evacuation of hematoma depends on several
factors. GCS is the single most important predictor of
outcome.4 Gender, time from injury to management,
location of hematoma had no significance impact on the
outcome. However, Jeong YH showed that older age,
higher degree of brain injury, surgical cases of extradural
hematomas, decreasing pattern of coma scale between
initial and final coma scale were prognostic factors in
patients with extradural hematomas.7 Majority of patients
with extradural hematomas have favorable outcome
following surgery. At one month follow up almost 90%
of patients had favorable outcome, 84.05% had good
recovery and 9.57% had moderate disability. In a study
done by Niaz A et al in Pakistan, good outcome was
present in 80.9% of operated extradural hematomas and
poor outcome was present in 19.1% of patients.9 Three
patients were dead at one month’s follow up. Mortality
in our study was similar to study done by Irie Fumiko. Inhospital mortality and complication rate were determined
to be 3.5% and 2.9%, respectively in another study carried
out by Bir SC.2 In a similar study done by Roka et al in
Nepal, among consecutive 68 cases of posttraumatic
extradural hematomas, favorable outcome was achieved
in 87% of patients and the remaining 13% had unfavorable
outcome.11

Conclusion
Extradural hematomas are important traumatic
extraaxial hematomas. Extradural hematomas were
most commonly due to motor vehicle accidents. Frontal,
temporal and parietal locations were commonest locations
for such hematomas. Majority of such patients have
favorable outcome.
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adiological imaging techniques provide early
detection of neurological lesions but they do not
always provide an adequate and reliable diagnosis.
Hence, biopsy is mandatory for histological diagnosis of
non-resectable brain tumors found on imaging studies
by modern radiological technique. Both frame-based
and frameless image-guided stereotaxy have provided
the means to sample tissue from small or deeply seated
intracranial lesions for histological analysis. Therefore,

Biopsy is mandatory for histological diagnosis
of non-resectable brain tumors. Of various
techniques, neuronavigation guided biopsy
provides intraoperative real-time reference and
allows biopsy from multiple trajectories.The
aim of this study is to assess the efficacy and
accuracy of frameless neuronavigation biopsy.
We retrospectively reviewed the medical
archives of patients with intracranial space
occupying lesion who underwent frameless
neuronavigation biopsy at our institute between
2016 to 2018. All operations were performed
under general anesthesia. Data were analyzed
by SPSS version 20. P value of <0.05 was
considered significant.
There were 46 patients who underwent
neuronavigation guided biopsy over the period
of two years. Median age of patients was 46.5
years. Supratentorial tumors accounted for
95.8% of cases. Mean tumor diameter was 3.35
cm. Accuracy was 89.1%. More than half were
glial tumors. Histopathology was inconclusive
in 10.9% cases. Complication rate was 4.3%:
one tract hematoma and one new neurological
deficit.
Frameless neuronavigation guided biopsy of
intracranial space occupying lesion is safe and
efficacious procedure with high diagnostic yield.
Keywords: Biopsy, Frameless, Neuronavigation,
Space occupying lesion
empirical therapy without histological verification is rarely
indicated.12 Of the various technique, neuronavigation
guided biopsy provides intraoperative real-time reference
and it also allows us to perform multiple biopsy from
multiple trajectories.1Neuronavigation guided frameless
stereotactic biopsy (NSTB) by using magnetic resonance
imaging (MRI) is also an accurate and less invasive
method of diagnosis.5-7,12,13,16 There have been limited
studies to gauze at the procedural efficacy and accuracy
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Figure 1: A: Pre-operative MRI; B: Neuronavigation biopsy technique- Target lesion is navigated and locked for biopsy
from shortest safe route;C: Delivering Biopsy specimen.
of neuronavigation technique. The aim of this study
is to assess the efficacy and accuracy of frameless
neuronavigation technique and analyze the characteristics
of the pathology subjected to such technique.

or two stitches and observed in intensive care unit for
monitoring.

Materials and Methods:

Out of 46 patients who underwent neuronavigation
guided biopsy of intracranial space occupying lesion, most
of them were male (30 patients) with male to female ratio
of 1.15:1. Median age of patients was 46.5 years with range
from 5 to 82 years. Supratentorial tumor accounted 95.8%
(45 patients). Most tumors were observed in right side
(56.5%) while 41.3% tumors were in left side and 2.2%
tumor being in midline (Pineal tumor). Lobar location was
found in 24 patients (52.2%) while 22 tumors (47.8%)
were in deep location. Most common location was frontal
(23.9%) followed by Thalamic (13%)/Periventricular
(13%). Mean size of lesion was 3.35±0.92cms ranged
from 2 to 7 cm. 41 patients had tumor size more than 2 cm
while 6 patients had tumor size ≤2cms. (Table 1)

We retrospectively reviewed the medical archives
of 46 patients with intracranial space occupying lesion
who underwent frameless neuronavigation biopsy at our
institute from 2016 to 2018. Biopsy for tissue diagnosis
of lesions located in inaccessible locations were taken.
Biopsies were also taken from patients who cannot
withstand major surgical procedure irrespective of location
of the lesions. Those cases were excluded where lesions
were located in superficial and accessible locations with
good Karnofsky scoring. In these circumstances, regular
surgical procedures were performed; hence they were not
included in our study. All operations were performed under
general anesthesia. Data were analyzed by SPSS ver 20.
Proportion and Mean were deduced for categorical data
and continuous variables respectively. P value of <0.05
was considered significant
Technique of Stealth neuronavigation frameless
biopsy:
Image acquisition was done from MRI image
loaded compact disc and patient registered in Stealth,
neuronavigation system, an infrared led based system.
Head of patient was shaved after general anesthesia and
head fixed with three pins clamp on Mayfield. Taylor
Haughton line drawn and tumor marked on scalp with
neuronavigation guidance. Entry point selection done to
achieve shortest safe path toward target lesion (Figure
1B). All the calculations were done to avoid vascular
structure along the trajectory. Skin incision done and burr
hole created with manman air driven drill. Durotomy done
and specimens were retrieved with the help of 14-gauge
navigation cannula (Figure 1C). Biopsy specimens sent
for histopathological analysis. Wound closed with one
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Results:

Location of lesion

Frequency

Percent

Frontal

11

23.9

Parietal

7

15.2

Periventricular

6

13.0

Thalamic

6

13.0

Multi focal

4

8.7

Diffuse

3

6.5

Temporal

3

6.5

Occipital

2

4.3

Callosal

2

4.3

Cerebellar

1

2.2

Pineal

1

2.2

Total

46

100.0

Table 1: Location of lesion
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Biopsy was accurate to retrieve target in 89.1% (41
patients). (Table 2) Histopathology revealed glial tumor in
52.2% of cases. Out of 46 biopsies, 20 were Glioblastoma
WHO Grade IV (43.5%), 6 were Lymphoma (13%), 5
were abscess (10.9%) followed by few cases of diffuse
astrocytoma, WHO Gr II, Anaplastic astrocytoma WHO
grade III, tuberculoma, cryptococcal lesion etc. (Table 3)
Histopathological diagnosis

Frequency

Percent

TUMOR

With Neuronavigation technique, new diagnosis was
revealed in 26.1% (12) patients while diagnosis was static
to preoperative diagnosis in 63 patients (29%). (Table 5)
Change in diagnosis

Frequency

Percent

Preoperative diagnosis static

29

63.0

Diagnosis revised

12

26.1

Inconclusive

5

10.9

Total

46

100.0

Glioblastoma WHO Gr IV

20

43.5

Lymphoma

6

13.0

2

4.3

2

4.3

1

2.2

1

2.2

1

2.2

Abscess

5

10.9

Tuberculoma

2

4.3

Cryptococcal lesion

1

2.2

Discussion

Inconclusive

5

10.9

Total

46

100.0

Stereotactic biopsy of brain lesions has been a widely
and safely performed procedure with high accuracy
procedure since it was first introduced in the late 1970s.4,15
Literature comparing diagnostic yield of neuronavigation
technique is sparse. Hence this study was undertaken to
evaluate diagnostic yield of frameless neuronavigation.
The diagnostic accuracy of neuronavigation biopsy
was reported from 87% to 97.6%.1,8 in different
literatures. In our study, diagnostic accuracy of frameless
neuronavigation technique was 89.1%. Among 46
patients, HPE revealed accurate diagnosis in 41 patients
(89.1%) and inconclusive among 5 patients (10.9%). In a
study done by Jain D et al.among 15 patients, conclusive
diagnosis was made in 13 patients (86.6%) while in a
study done by Barnett et al.1,8 among 208 supratentorial
lesion, diagnostic yield was 97.6% while Dorward et
al.had diagnostic yield of 98.6%.6
Mean diameter of tumor in our study was 3.35±0.92
cm and ranged from 2 to 7 cm. In a study done by Dorward
et al., the mean size of tumor was 3.87 ±1.9 cm with range
from 0.7 cm to 10.2 cm among frameless biopsy group.6
Various literature suggested the volume of brain lesion
influences the diagnostic yield. The larger the lesion, the
greater the likelihood to result in diagnostic biopsy and
vice versa.11,16 However, we didn’t find any significant

Diffuse astrocytoma, WHO
Gr II
Anaplastic astrocytoma
WHO grade III
Metastatic Adenocarcinoma
Metaplastic meningioma
Grade I
Pleomorphic Xanthoastrocytoma WHO II
INFECTIVE

Table 2: Final diagnosis of brain biopsy via frameless
neuronavigation technique
Frameless neuronavigation biopsy
No. of Biopsy

46

Positive

41

Negative

89.1%

Table 3: Diagnostic yield of frameless neuronavigation
biopsy
In five cases, HPE was inconclusive (10.9%). Among
the inconclusive diagnosis, Gliosis was reported in 3 cases
and normal brain in 2 patients. (Table 4)
Negative reports

Frequency

Gliosis

3

Normal brain

2

Total

5

Table 4: INCONCLUSIVE DIAGNOSIS (N = 5)

Table 5: Alteration in preoperative diagnosis following
neuronavigation biopsy
Overall morbidity was observed in 2 (4.3%) patients,
of which one patient had tract hematoma while another
patient had seizure and both were managed conservatively.
There is no procedure related mortality in this study during
study period.
Post operatively, we decided further management
based upon the histopathologic analysis. Patients with
diagnosis of brain tumor were referred to neuro-oncologist
for chemo-radiotherapy, infected cases were managed
with intravenous antibiotics and some were operated for
revision of diagnosis.
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difference in diagnostic yield among tumors ≤2cm or
>2cm size.
In our study, histopathology revealed glial tumor in
52.2% of cases. Out of 46 biopsies, 20 were Glioblastoma
WHO Grade IV (43.5%), 6 were Lymphoma (13%), 5
were abscess (10.9%) followed by few cases of diffuse
astrocytoma WHO Grade II, Anaplastic astrocytoma WHO
grade III, Tuberculoma and Cryptococcal lesion. In a study
done by Tsermoulas G et al. among 124 patients, diagnostic
accuracy of 93.5% with Glioblastoma was most common
(41.12%) followed by B cell lymphoma (17.74%) which
was comparable to our study.14 Among inconclusive report,
2 were normal brain and 2 were gliosis. Reason for negative
report was due to missed target acquiring normal brain for
histology or retrieval of glial tissue/nonspecific chronic
inflammatory tissue from target. In our study, there were
26% new cases diagnosed with neuronavigation guided
biopsy. Study done by Jain D et al. had overall negative
result in 16% (21 patients out of 130) cases.8 Histological
analysis showed normal brain in 8.5%, gliosis in 3% and
inadequate tissue in 3% cases.8
The overall morbidity of needle biopsy is reported
from 0.9% to 15% in different literature.2, 9 In our study,
overall morbidity was observed in 2 (4.3%) patients.
Kreth et al. highlighted hematoma related complication as
a common.9 Most common complication following needle
biopsy was reported to be hemorrhage.10 We had one
case of tract hematoma in our series which was managed
conservatively.
Conclusion: Neuronavigation guided biopsy of
intracranial space occupying lesion is safe and efficacious
procedure with high diagnostic yield. This study has
limitations of being a retrospective study. We recommend
future prospective study to compare neuronavigation
technique with other needle biopsy technique to ascertain
the accuracy and efficacy of the neuronavigation
technique.
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Y

oung adults 15 to 45 years, who are of
economically productive age group suffering
from ischemic stroke is a major health hazard.
Ischemic stroke is the third leading cause of death in
Nepal. This prospective study, based in a tertiary teaching

Ischemic Stroke in Young
Adults: Study of the
Subtypes, Risk factors and
Predictors of Poor Outcomes
The aim of this study is to show the subtype,
risk factors and predictors of poor outcomes in
young ischemic stroke patients.
Materials and Methods: It is a prospective
study where only young onset ischemic stroke
patients are analyzed.
8% of total ischemic stroke sufferers were
young adults; more prevalent in female (57.1%),
with risk factors of smoking (47.6%) subtype
cardio embolic (42.9%) was common. High
NIHSS score was related to new event and
correlation to mortality. Three month follow up
showed MRS 2.86 ± 1.02. 57.1% of cases had
significant disability (defined as MRS ≥ 3). There
was a positive correlation of the cardio embolic
subtype and the unclassified subtype to all three
forms of poor outcomes, along with a positive
correlation of the large artery atherothrombotic
subtype to new events Recurrence of events
(new stroke, sudden increase in symptoms and
new TIAs) was observed in 14.3 % . Death was
reported in 9.5% of cases.
Etiological diagnosis can be reached in
majority of cases if an aggressive approach is
maintained. This small scale study has provided
an overview of the distribution of subtypes , risk
factors and poor outcomes and their predictors.
Cardiac diseases (esp. valvular disease) need to
be taken more seriously to prevent cardio embolic
strokes, while addressing other traditional
risk factors to prevent the atherothrombotic
subtypes.
Keywords: Ischemic stroke, Young Adults,
subtypes, outcomes
hospital in Nepal, was designed to identify etiological
subtypes of ischemic stroke, their relation to risk factors,
and predictors of its outcome, which is fundamental
in addressing the problem diligently, with effective
preventive and therapeutic strategies.
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Material and Methods
All cases of ischemic stroke with age 15 to 45
presenting to Tribhuvan University Teaching Hospital
(TUTH), a tertiary care center in Nepal, within 72 hours of
onset were enrolled in a prospective registry starting from
May1 2013 December 2013. The diagnosis of ischemic
stroke was based on clinical features and imaging in all
patients. Each patient underwent a clinical neurological
examination, documentation of NIHSS scores and
a stroke work up: imaging Computed Tomography
(CT), Magnetic Resonance Imaging (MRI), Doppler
ultrasound of major neck arteries, Electrocardiography
monitoring (ECG), standard laboratory blood tests and
trans esophageal or transthoracic echocardiogram in cases
with no obvious stroke etiology after routine assessment,
coagulation and vacuities profile were also obtained.
Documentation of patient characteristics, conventional
risk factors (family history of stroke, smoking, obesity,
diabetes mellitus, hyperlipidemia, hypertension, coronary
artery or peripheral vascular disease) together with
medical history, laboratory and technical investigations
and severity (NIHSS scores) were carried out according
to standard protocol. 16 Trial Of ORG 10172 in Acute
Stroke Treatment (TOAST) classification system was used
to classify strokes according to etiology.1,9 All cases were
followed up for up to a minimum of three months after
discharge to assess and record outcomes. Poor outcomes
were defined in terms of significant disability (a modified
Rankin score of more than 2), new cerebrovascular events
i.e. new stroke or TIA and mortality. Permissions from
the Institutional Review Board and the Ethics Committee
were obtained prior.
All statistical analyses were carried out with SPSS
version 20.0. Bivariate correlation studies and Factor
analysis were obtained to assess the degree of association
of risk factors, symptoms at presentation, early disability,
in hospital morbidity, stroke severity to subtypes of stroke
and poor stroke outcomes. Positive relations were reexamined with ANOVA. All associations with a p value
of <0.05 were considered significant.
Parameter
Age

Value
mean ± s.d.

32.86 ±9.7 years

Range

15-45 years

Females

12 cases (57.1%)

From inside Kathmandu valley

11 cases (52.38 %)

Agriculture related

13cases(61.9%)

Manual labourer

2 cases (9.5%)

30

Business related

2 cases (9.0%)

Student

4 cases (19%)

Presentation inside first 3
hours of onset
Presentation inside first 6 hours of
onset
Mean time of presentation to the
emergency

6 cases (28.6 %)

7 cases(33.3%)

33.76 ± 30.7 hours

Table 1. Demographic characteristics

Results
Stroke Risk Factors
Ischemic strokes in young adults were more prevalent
among females; males accounted for only 57.1 % of
the total cases. The older age range i.e. 35 to 45 years
accounted for only 42.9% of cases. A history of smoking
was present in only 47.6% of cases. In all of the smokers,
the quantity of smoking (as measured by the number of
pack-years of smoking) was less than 20.1 28.6% of the
cases had a history of alcohol consumption. A history
of hypertension was present in only 19% of the cases.
However, a measured blood pressure of more than or
equal to 140/90 mm of Hg at admission was observed in
23.8 % of the cases. A history of dyslipidemia was present
in 14.3 % of the patients. On evaluation post-admission,
elevated serum LDL levels were observed in 19 % of the
cases and low HDL in another 9.5% of cases. A history
of diabetes mellitus was present in 9.5 % of the cases.
Hyperglycemia (defined by random blood sugar >10
mmol/l ), was observed during admission in 19% of the
cases. Elevated HbA1c (more than 6.5%) denoting long
term hyperglycemia or poorly controlled diabetes mellitus
was observed in none of the cases. Most of the cases were
fairly active, physically, in their pre-morbid life with 61.8
% of cases carrying out household and agriculture related
activities, 9.5 % of the cases were manual laborers and 19
% of the cases had school and household related physical
activities. Only 9.5% of the cases had a sedentary lifestyle.
Only 14.3 % of the cases could be labeled as over-weight
with respect to their waist circumferences.
A past history of TIA or previous cerebrovascular
accident was present in 14.3% of the cases. There was a past
history of known rheumatic valvular heart disease (RHD)
in 42.9 % of the cases. Abnormal ECG was observed in
33.3 % of the cases, having AF as their rhythm.
There were examination findings suggestive of collagen
vascular disease/vasculitis in 14.3 % of the cases. The
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Table 3: Stroke subtype
Table 2:Histogram of Age distribution.
findings were those of Takayasu’s Arteritis and Systemic
Sclerosis in 9.5 % and 4.7 % of cases respectively. 4.7 %
of the cases were positive for ANA.
Stroke Subtypes
The major subtype of the ischemic stroke (as per
the TOAST classification system) was cardioembolic
accounting for 42.9 % of the cases. Small vessel
atherothrombotic disease accounted for 9.5 % of cases
and another 23.8 % of the strokes was due to vasculitis
or pregnancy related which fall under the categoryunclassified. 19 % of the cases were of the subtype large
artery atherothrombotic. Stroke subtype could not be
determined in 4.8 % of the cases, thus, falling under the
category-undetermined.
Regarding imaging characteristics, majority (85.7%)
of cases had a territorial pattern on imaging , denoting
involvement of a single large vascular territory. Lacunar
infarcts and multiple infarcts were observed less frequently
(9.5 % and 4.8% respectively).

Small vessel atherothrombotic strokes were observed
to be related significantly to a past history of having
transient ischemic attacks (p=0.025).
Large artery atherothrombotic disease was seen to be
associated significantly to smoking (p=0.013).
The unclassified subtype of ischemic stroke was
related to a history of having vasculitis (p<0.001). There
was an association of this form of stroke to the female
gender (p=0.023).
Stroke risk factors and severity
Among all the traditional stroke risk factors, only male
gender was found to have a statistically significant relation
to increased stroke severity (p=0.012).
Stroke subtype and severity
Though cardioembolic strokes showed a trend
towards being related to increased severity, no particular
stroke subtype was significantly related to severity of the
strokes.

Outcomes

Stroke outcomes and traditional risk factors

The mean Modified Rankin Scale scores of the cases
at 3 months of follow up were 2.86 ± 1.02. 57.1% of cases
had significant disability (defined as MRS ≥ 3). Recurrence
of events (new stroke, sudden increase in symptoms and
new TIAs) was observed in 14.3 % of cases at 3 months
of follow up. Death was reported in 9.5% of cases. All
mortality was reported post-discharge and within 6 weeks
of the initial event.
Relation of Stroke subtypes to Risk Factors
Analysis of the traditional risk factors with respect to
the stroke subtypes showed majority of the traditional risk
factors widely distributed throughout the subtypes.
There were some noteworthy associations
Cardioembolic strokes were seen to be significantly
associated to male gender (p=0.003).

Poor stroke outcome in the form of significant
disability (a modified rankin scale of above 2) was
significantly related to having a history of hypertension
(p=0.024), diabetes mellitus (p=0.003), dyslipidemia (p=
0.023) and a sedentary lifestyle (p= 0.001). Recurrence
of vascular events was faound to be associated most
significantly to a sedentary lifestyle (p=0.008) . A history
of diabetes mellitus (p=0.022) and smoking (p=0.02) were
also significantly associated to new events.
Mortality was significantly related to a history of
having a sedentary lifestyle (p=0.025). Though a history
of hypertension and diabetes mellitus had a positive
correlation to mortality , statistical significance was not
achieved.
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Table 4: Morbidities post admission.
Stroke subtypes and poor outcomes
Cardioembolic stroke and the Unclassified stroke
subtypes had a positive correlation to all three forms of poor
outcomes – disability (MRS > 2) , new events and mortality
, and , large artery atherothrombotic subtype had a positive
correlation to new events. All these relations however were
not strong enough to achieve statistical association.
Abnormalities in serum sodium levels (hyponatremia
or hypernatremia) were associated to post stroke disability
(p=0.006) and mortality (p=0.022).

Discussion:
8.07% of all ischemic strokes affected young adults
(15 to 45 years of age) in our study, which is similar to the
figures obtained from several other large stroke registries,
which show a prevalence of ischemic stroke in young
adults (of the above specified age group) to be between 4
to 12 % of all ischemic strokes .1,2,3,4,5,17,18
The most prevalent stroke subtype was the cardioembolic
stroke subtype (42.9 %) followed by the unclassified
subtype (23.8 %), the large artery atherothrombotic
subtype (19 %), the small vessel atherothrombotic subtype
(9 %) and the undetermined subtype (4.8%). This finding
is different from other studies in which the major subtype
is the undetermined subtype. 4 The larger prevalence of
cardioembolic stroke in this study may reflect the greater
prevalence of rheumatic heart disease in a developing
nation like Nepal.
The findings that the undetermined subtype affects
only 4.8% of all cases is acceptable, because, it indicates
the degree of thoroughness attained in the investigations
aimed to achieve an etiological diagnosis. The disparity in
proportion of rheumatic heart disease (and consequently
cardioembolic stroke in young adults) in our population
and elsewhere might have contributed to the disparity in
proportion of the undetermined stroke subtype.

32

The relatively more prevalent gender in our study
is females (57.1%). This finding in our study is in
coherence with the inherent lower life-expectancy (and
probably higher propensity of Nepalese women to have
non communicable disease). Though females were
affected more with strokes as a whole, male gender was
associated with increased occurrence of cardioembolic
strokes with a p value of 0.003. This is in contrast to the
relative proportion of rheumatic heart disease in girls and
boys. Other factors viz. the difference in severity of the
underlying heart disease and association with rhythm
disturbances, however, might play confounding role.
Smoking is prevalent in 47.6% of the cases in our study.
In consistency to other studies, smoking is associated
significantly with the large artery atherothrombotic
subtype of stroke in our study (p=0.013).15,19
While a past history of having valvular heart disease was
strongly predictive of the stroke being of the cardioembolic
subtype (p<0.001) a past medical history significant
for transient ischemic attacks (TIA) was associated
significantly to the small vessel atherothrombotic subtype
of ischemic stroke (p= 0.02).
A medical history significant for hypertension, diabetes
mellitus, dyslipidemia and a personal history of sedentary
lifestyle were not seen to be associated significantly to
any particular subtype of ischemic stroke including the
atherothrombotic subtypes (large artery and small vessel)
in particular, in contrast to their well-known and proven
association to ischemic strokes in the older population.
Systemic vasculitis - Takayasu’s arteritis was seen to
be associated to the unclassified subtype of stroke along
with systemic sclerosis (p<0.001). Their causal association
to this particular subtype is also strengthened by the fact
that raised ESR, a marker of active inflammation, was
associated significantly to the unclassified subtype of
ischemic stroke (p=0.044). This subtype of ischemic
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stroke was related exclusively to females (p=0.023) , the
gender most likely affected by systemic vasculitis.
Regarding severity , majority of the ischemic strokes
in young adults (52.4%) were severe during hospital
admission , as denoted by a higher NIHSS score (>24).
A similar proportion of cases (52.4%) could be classified
as having severe strokes depending upon a low Glasgow
Coma Scale scores.
Cardioembolic stroke subtypes were the most severe
at presentation as shown by their trend towards prevailing
among those with a lower GCS and a higher NIHSS scores.
It is consistent with the finding that cardioembolic strokes
often lead to large territorial strokes in comparison to
other subtypes. The relation was however not statistically
significant, and thus, no particular subtype of ischemic
stroke can reliably predict an increased severity of the
illness.
The only stroke risk factor that was associated
significantly to increased severity of stroke was male
gender (p=0.034), probably resulting from this gender’s
association to cardioembolic strokes. The severity of
underlying heart disease may also play a confounding
role.
No other traditional risk factors were seen to directly
relate to severe illness, in contrary to what might be
expected from data from the elderly populations.
Poor outcomes (in terms of morbidity/disability, new
events and mortality) were of considerable magnitude
in ischemic stroke in young adults. More than a half of
all cases were disabled enough to require assistance for
all forms of activities at three months of follow up. One
in seven cases had a recurrence/appearance of a new
event and just less than 10% of all cases succumbed to
their strokes. Though our findings are similar to those
from the sub-continent, they are in sharp contrast to the
figures regarding outcomes from the developed nations
— a reported mortality of less than 5%.11 This difference
highlights the difference in the standards of health care
services. This finding also indicates that there is utmost
need and plenty of room for further improvement.
In contrast to other studies, diabetes mellitus did not
have a direct relation to mortality in our study. Sedentary
lifestyle, among all, was seen to have a strikingly
significant association to disability esp. to mortality.11
While choking/swallowing difficulty and slurring/
language difficulty were associated significantly
to disability, mortality was associated to choking/
swallowing difficulty only may have a predictive value
for poor prognosis. A low GCS during admission had a
trend towards being associated to significant disability
and mortality, a high NIHSS score was related to new
events and had a correlation to mortality. This association

of NIHSS scores is in consistency to findings in several
other studies.11
Similar to the trend of association of ischemic stroke
subtypes to the severity of illness, there was a positive
correlation of the cardioembolic subtype and the unclassified
subtype to all three forms of poor outcomes, along with a
positive correlation of the large artery atherothrombotic
subtype to new events. A significant statistical association
could be obtained in none of these subtypes with respect to
poor outcomes, however, precluding them to be proposed
/used as predictors of poor prognosis.
A strikingly significant association was observed
between abnormalities in the serum levels of sodium
(both hyponatremia and hypernatremia) to all three forms
of poor outcomes. With respect to the strong degree of
associations (coefficient of correlations), abnormal serum
levels of sodium may be one of the most important and
useful biochemical marker for predicting poor prognosis.
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A

mong various types of Chiari malformation,
type I malformation (CM-1) is described as
caudal displacement of cerebellar tonsils below
foramen magnum.2 Though no exact value is agreed upon
as a cut off, more than 5mm is considered pathological.1
However this diction is clinically irrelevant because it is

Outcome of Posterior Fossa
Decompression for Chiari
Type I Malformation with
Syringomyelia
There are various treatment approaches
for treating Chiari type I malformation with
syringomyelia. Despite various choices,
consensus for one particular approach is lacking.
The objective of this study is to find out the clinical
and radiological outcome of standard posterior
fossa decompression incorporating removal of
C1 arch with lax duroplasty in such cases.
A retrospective study based on data acquired
from a single tertiary center were analyzed.
All cases who underwent posterior fossa
decompression incorporating removal of C1 arch
with lax duroplasty over a period of five years
were included and their clinical and radiological
progress were recorded during OPD follow up
at 6 months.
Out of 21 cases, occipital headache with nape
of neck pain was the predominant complaint
accounting to 71% followed by sensory
symptoms and motor weakness, 61% and 33%
respectively. Pain resolved in 93%, weakness in
71% and sensory symptoms in 69% of the cases.
Only one patient developed hydrocephalus
requiring shunting. Radiological improvement
of syringomyelia were documented in 76.1% of
the patients. There was no mortality.
Posterior fossa decompression incorporating
removal of C1 arch and lax duroplasty is a safe
approach with good outcome in patients with
Chiari I malformation with syringomyelia.
Keywords:
chiari
malformation,
syringomyelia, posterior fossa decompression,
outcomes
the symptoms and associated syringomyelia that warrants
treatment and the asymptomatic ones found incidentally
are better left alone.10 Various theories are postulated to
be the root cause of the problems but common final step
is the disruption of the normal CSF flow through foramen
magnum.6
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Figure 2. Predominant symptoms and subjective
improvement of symptoms
Figure 1. Intra operative view: A. Posterior fossa
decompression with C1 arch removal after durotomy with
preservation of arachnoid membrane B. Augmentation
duroplasty with fascia lata graft.
Two main types of surgical modalities have been
advocated for the treatment of CM-I. Posterior fossa
decompression with or without duroplasty (PFDD or
PFD, respectively) and the other is shunting of syrinx
to subarachnoid space in the spine or coelomic cavity.8
Posterior fossa decompression still remains the primary
surgical technique for the treatment of CM-I because
the shunt technique produces a risk of iatrogenic spinal
cord injury. However, whether duroplasty alone without
tonsillar ablation or adhesiolysis is sufficient during
posterior fossa decompression remains controversial.5,8
In this study, we look into the outcome of posterior fossa
decompression with C1 arch removal with lax duroplasty
for Chiari type I malformation with syringomyelia

Methods
A descriptive retrospective study was conducted after
permission from institutional review board. Data were
reviewed from the institute’s archives. All patients who
had undergone Posterior fossa decompression with C1
arch removal with lax duroplasty over the period of five
years (January 2013 to December 2017) were included.
The demographics of the patients were noted. Their
presenting symptoms were noted from the patients file and
the follow up of these symptoms at 6 months were done
at OPD or over telephone. Reports from the radiologists
of the institute were used to confirm the radiological
resolution of syrinx.
Posterior fossa decompression of 3 by 3 cm squared
with removal of C1 arch, opening the dura above and
below the foramen magnum with lax duroplasty was
considered standard approach (Figure 1). Operative notes
were thoroughly checked to exclude any patient whose
procedure were different from the standard.
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Figure 3. Radiological resolution following surgery
after 6 months follow-up

Results
A total of 21 patient underwent the standard approach
during study period. The age ranged from 13 to 52 years
with median age of 31 (IQR 15). Out of them 11 (52%)
were females and 10 (48%) were male.
Clinical presentation
Occipital headache with nape of the neck pain was the
most common symptom seen in 15 patients (71%). This
was aggravated while coughing or sneezing (Valsalva
maneuver) in 66.66%. The second most frequent symptom
was sensory disturbances seen among 12 patients (57%).
Symptoms varied from tingling and burning sensation of
bilateral upper limb to diminished sensation and numbness.
Motor weakness was seen in 7 (33%) patients and was
mostly distal parts of the upper limbs (Figure 2).
Resolution of symptoms at 6 months
Among the patients who had pain as the predominant
symptom 86.7% had subjective resolution of pain.
Improvement in the sensory symptoms were seen in 66.7%.
The patients who had motor weakness had improved in
57.1%. Complete radiological resolution of syrinx was
seen in 16 patients (76.1%) (Figure 3).

Nepal Journal of Neuroscience, Volume 16, Number 1, 2019

Chiari malformation surgery
SN

Age

Sex

Pain

Motor
impairment

Sensory
impairment

Pain improvement

Motor improvement

Sensory improvement

Radiological
resolution

Complication

1

35

Male

Yes

None

Yes

Yes

NA

Yes

1

None

2

28

Male

None

Yes

Yes

NA

NA

None

0

None

3

24

Female

Yes

None

Yes

Yes

NA

Yes

1

None

4

32

Female

Yes

Yes

None

Yes

None

NA

1

SSI

5

31

Female

Yes

None

Yes

Yes

NA

None

1

None

6

53

Female

Yes

Yes

Yes

Yes

Yes

Yes

1

None

7

13

Male

None

Yes

None

NA

Yes

NA

1

None

8

52

Male

Yes

None

None

Yes

NA

NA

0

HCP

9

27

Female

None

Yes

Yes

NA

Yes

Yes

1

None

10

18

Female

Yes

None

None

Yes

NA

NA

1

None

11

39

Male

Yes

None

Yes

Yes

NA

Yes

1

None

12

42

Female

Yes

None

Yes

Yes

NA

None

1

None

13

31

Male

Yes

None

None

Yes

NA

NA

1

None

14

25

Male

Yes

None

Yes

Yes

NA

Yes

1

None

15

24

Male

None

None

Yes

NA

NA

Yes

1

None

16

35

Male

None

None

Yes

NA

NA

None

1

None

17

39

Female

Yes

None

None

Yes

NA

NA

1

None

18

28

Female

Yes

Yes

None

Yes

Yes

NA

1

None

19

43

Female

None

Yes

Yes

NA

None

Yes

0

None

20

36

Male

Yes

None

None

None

NA

NA

0

None

21

21

Female

Yes

None

None

None

NA

NA

0

None

Note: SSI: Surgical site infection; NA: Not applicable; HCP: Hydrocephalus requiring shunt.

Table 1. Characteristic of patient: Clinical presentation and resolution of symptoms.

Complications
Surgical site infection requiring debridement and
secondary suturing occurred in 1 patient. One patient
developed hydrocephalus 2 weeks after the primary
surgery requiring hydrocephalus (Table 1).

Discussion
Most patients in our study were young adults with
almost equal male and female distribution. Most patients
with Chiari Malformation presented with headache with
nape of neck pain followed by sensory symptoms are
similar to the published literature.9

The resolution of symptoms has been reported to
be as high as 87% and 97% in independent studies by
Munsi I et al and Chen JC et all respectively.3,11 Our study
shows resolution of pain, motor weakness and sensory
disturbances were 93%, 71% and 69%. Lower rates were
likely because of short follow up of 6 months.
A meta-analysis of 5 retrospective and 2 prospective
study done by Durham et al concluded that posterior fossa
decompression with duroplasty is associated with a lower
risk of reoperation than posterior fossa decompression
alone but has a greater risk for cerebrospinal fluid–related
complications. There was no significant difference
between the 2 operative techniques with respect to
clinical improvement or decrease in syringomyelia.4
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Another meta-analysis of 3481 patient done by Lin W et
al recommended that posterior fossa decompression with
duroplasty can be an optimal surgical strategy because of
its higher clinical improvement and lower recurrence rate
in the patients with syringomyelia however in patients
without syringomyelia posterior fossa decompression
alone can be a preferred choice because of its similar
clinical improvement.7

Conclusions
Posterior fossa decompression incorporating removal
of C1 arch and lax duroplasty is a safe approach with
good outcome in patients with Chiari I malformation with
syringomyelia. Comparative study with other surgical
procedures for this condition is required to find out the
best treatment option for these patients.
Ethical Clearance was taken from Institutional review
committee (IRC) of Upendra Devkota Memorial National
Institute of Neurological and Allied Sciences, Bansbari,
Kathmandu, Nepal.
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eningomyelocele (MMC) is one of the
commonest forms of NTD in which a defect
in the embryonal formation of the neural tube
results in malformation of the central nervous system.
Multiple neural tube defects (MNTDs) in an individual
are very uncommon. There are reported cases in literature
where double or triple MMCs, occurring simultaneously
at multiple sites along the vertebral axis.1,3-6,8,9,13All these
reports are on NTD of two or more swellings at two
different levels of spine. The presence of two MMCs at the
same site has been reported extremely rare.6 Furthermore,
we report an unusual case of a bilobed MMC in the upper
thoracic region, resembling an ectopic scrotum externally
and review of literature search.

Case Report
A 45-day-old male child was brought to Neurosurgical
Out-Patient Clinic by his parents, presenting with an
enlarging bilobed cystic swelling over the upper back
since birth. He was born uneventfully via full-term normal
vaginal delivery in a local hospital. Mother had a normal
perinatal history with regular antenatal visit; and she was
on regular folic acid supplement of 5 mg daily but only
after pregnancy. On examination, the child had a bilobed
swelling which was soft, fluctuant and transilluminant in
the middle of the mid-thoracic region. The right lobe of

Bilobed Thoracic
Meningomyelocele: A Case
Report With Literature Review
Neural tube defects (NTDs) arethe most
common congenital malformations affecting
the brain and spinal cord. Furthermore,
meningomyelocele (MMC) is said to be one
of the commonest NTDs. Multiple MMC
is uncommon and bilobed sac is even rarer,
comparatively. In literature, only few such cases
have been reported. Here, we present a rare case
of bilobed thoracic MMC operated successfully
in our department.
Keywords: Multiple neural tube defects,
Bilobed
thoracic
meningomyelocele,
Embryogenesis

the swelling was slightly smaller (2.5 x 3.0 x 2.5 cm3)
compared to the left lobe which was slightly larger (3.0
x 3.0 x 2.5 cm3). Both lobes were covered at the base and
isthmus with normal healthy-looking skin; and major part
of the two lobes was covered with thinned out see-through
skin, resembling an ectopic scrotum externally in the
midline of upper thoracic area. (Figure 1) The cough reflex
was present on both lobes. Both the lobes and overlying
skin was intact; and there was no watery discharge from
the lobes. The head circumference was 35 cm; and the
anterior fontanel was open and not bulging. The child
had normal motor power and sphincter tone. Apart from
bilobed swelling, there were no other neurological deficits
or observable cutaneous stigmata. MRI of spine revealed
bilobed T1 low signal and T2 high signal intensity pouching
with septa and connection with the corresponding thecal
sac in the upper thoracic level; however there was no
overt HCP and Chiari malformation on MRI of brain and
craniocervical junction. (Figure 2A and 2B)
The patient underwent excision and repair of MMC
under general anesthesia in the prone position. An elliptical
incision was made at the base, horizontally incorporating
both the lobes of the MMC. (Figure 3) The two sacs
were filled with CSF and completely separate from each
other and separated by a thick skin band. Circumferential
subcutaneous dissection was achieved by meticulously
dissecting the two sacs. Tissue in between the two sacs
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Figure 1: Thoracic bilobed meningomyelocele,
resembling ectopic scrotum in appearance.

2A

2B

Figure 2: MRI of spine (T2-weighted images) showing
a bilobed T2 high signal intensity CSF-filled pouching
with septa in an upper thoracic region. Sagittal (2A)
and axial (2B) sequencesdepicting the bilobed cyst with
septations and in connection with the thecal sac.
was excised; and both sacs were converted into a single
sac at the base. The excess skin and sac were excised. The
neural elements were dissected and allowed to retract into
the thecal sac. Excess dura was excised; and remaining
dura was closed in continuous and watertight fashion
in two layers via double-sleeving technique. Valsalva
maneuver was performed to check for any CSF leak.
There was no obvious CSF leak from the dura closure.
Finally, the incision was closed in layers; subcutaneous
and skin separately using interrupted sutures.
Postoperative course was uneventful. There was no
neurological deficit. The child was discharged on third
postoperative day. The 4-0 nylon skin sutures were removed
after two weeks of surgery during the first follow up visit.

Discussion
Neural tube defects (NTDs) are common congenital
disorders, which occur in approximately 1/1000 births; but
the incidence varies among different populations and may
be as high as 1/100 births in northern China. 11Nutritional
and environmental factors have been implicated. The
defect may occur anywhere along the vertebral column.
Moreover, there have been some reports of multiple NTDs
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Figure 3: Intraoperative picture showing the bilobed
meningomyelocele with two sacs connected in between
with normal skin band.
presenting in the same individual1,3-6,8,9,13 however, the
occurrence of multiple lobes at the same level, so-called
bilobed or lobulated MMC is extremely rare. Only a few
cases have been reported so far. Goyal et al.6 have reported
a case of double MMC which was located at back of head,
adjacent to each other like double-barrel twin structure.
Ahmad el al (2008)2 described seven cases of MNTDs
which included presence of MMC and/ or encephalocele
at multiple (two or more) sites along the vertebral axis.
Out of them, case 1 was a full-term one-month-old male
child, presenting with two swellings since birth. One was
a large, firm lobulated swelling with a central bilobed raw
area in the open meningoencephalocele, present in midline
parieto-occipital region; and the other was a sessile,
midline occipital swelling covered with healthy skin. In
2005, we have reported a case of a three-month-old child,
presenting with multiple coexistent dysraphic lesions,
including thoracic meningocele and lumbosacral MMC,
concurrent Chiari malformation type I, diastematomyelia
and lipomyelomeningocele in the lumbosacral region with
overt HCP.8Our present case had a bilobed MMC, with
septation, resembling an ectopic scrotum in the upper
thoracic region, macroscopically.
During embryogenesis in the second week of gestation,
ectodermal cells proliferate near the midline of the embryo,
forming the neural plate. The neural plate invaginates; and
the lateral portions thicken, forming the neural folds at
approximately day 17 of gestation. The essential defect is
a failure of closure of the caudal neuropore. The resulting
lesion involves the spinal cord, a deficient axial skeleton,
and an incomplete meningeal and dermal covering.
Instead of forming into a tube, the neural folds persist as
a flat plate of tissue referred to as neural placode. Spinal
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defects include a lack of fusion of the vertebral arches,
laterally displaced pedicles and a widened spinal canal.10
In regards to pathogenesis of spinal dysraphism, the
popular widely accepted theory is that neural tube closure
is a continuous, bidirectional process which begins in the
midcervical region and progresses in a zipper-like fashion
both rostrally and caudally, with the cranial and caudal
neuropores being the last to close. According to this theory,
the most common site of MMC is at the most cranial or
most caudal ends; however, this conventional theory fails
to explain the multisite or bilobed MMC. Contrarily, in
1993, Van Allen et al14 proposed a multisite neural tube
closure model in which five closure sites have been
shown to be existing in the neural tube of human embryo.
Similarly, Nakatsu et al in 20007found that human neural
tube closure initiates at multiple sites in human embryonic
study. The multisite neural tube closure model suggests
the existence of multiple closure points or “zippers” under
the control of one or more genes in normal neural tubes in
humans. This finding may explain the occurrence of more
than one neural tube defect at different levels. However,
it may not be able to fully explain the embryological
genesis of bilobed MMC as in our case. In 2010, Goyal
et al6suggested that fusion at cephalic level can be in two
separate tracts in a Y-shaped manner, the failure of which
may result in a double-barrel defect in suboccipital region.
Contrarily, in 2012, Singh et al12 did an exhaustive search
of the existing theories and concluded that the explanation
given by Goyal and colleague was an assumption and
had no scientific basis, and that it certainly challenges
our existing knowledge of neural tube closure. The same
explanation may be assumed for dorsal site bilobed NTD
as in our case. In the case reported by Goyal, the MMCs
was located in the suboccipital region and was doublebarrel in shape with complete separation in between;
whereas in our case, the MMC was located in the upper
thoracic region and was bilobed with normal skin into
between and not completely separated.
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S ICA aneurysms account for 3%-5% of all
intracranial aneurysms.9These aneurysms bear
relatively lower risk due to their location being
outside the dura mater and may not result in subarachnoid
hemorrhage even when ruptured. Due to the presence of
CS, dura mater and other surrounding structures the CS
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Combining Internal Carotid
artery Occlusion with
Intermediate-Flow Bypass
for Treating Large-Giant
Cavernous Sinus Segment
Aneurysms: Case Report and
Review of Literature
We summarize the treatment effectiveness
and experience of a patient who underwent
internal carotid balloon occlusion combined
with Intermediate-flow bypass as a treatment
for large-giant cavernous sinus segment internal
carotid artery (CS ICA) aneurysms.
A 62-year-old woman presented with a large
aneurysm on the right side of the cavernous
sinus with dizziness for about two years and
Oculomotor nerve palsy. An extracranialintracranial (EC-IC) Intermediate-flow bypass
using a radial artery bypass graft (RABG) and
proximal balloon occlusion of the Right ICA
were performed. The patient experienced no new
neurologic deficit after this treatment. Followup radiologic evaluations using Computed
Tomography Angiography revealed complete
aneurysm occlusion.
For patients with large-giant CS ICA
aneurysms,
treatment
of
ICAocclusion
combined with Intermediate-flow superficial
temporal artery-Radial artery-middle cerebral
artery bypass surgery was an effective and safe
surgical strategy.
Keywords: Internal carotid ligation,
Large-giant
cavernous
sinus
segment
aneurysms,Intermediate-flow bypass, Middle
cerebral artery, superficial temporal artery.
ICA aneurysms grow slowly. In clinical practice, patients
with small CS ICA aneurysms with no obvious symptoms
(e.g., eye movement dysfunction or visual impairment)
are usually kept under observation.6 However, a gradual
increase in its size can extrude into the cranial cavity,
compress the cranial nerves, which can lead to decreased
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CS ICA aneurysm

Figure 1: (A) Preoperative CTA, (B) lateral view of digital subtraction angiography, and (C) anteroposterior view of
digital subtraction angiography, showing giant aneurysm on the right side of the cavernous sinus (arrowhead B-C).

visual acuity, visual field defect, or eye movement disorder.
Moreover, surgical intervention is often indicated when
there is a risk of subarachnoid hemorrhage. Ipsilateral
ICA ligation/occlusion combined with or without EC-IC
bypass has been one of the surgical strategies used for the
treatment of large-giant CS ICA aneurysms. It has a low
postoperative recurrence rate compared to endovascular
treatment and the surgical technique requirement for
EC-IC bypass is relatively simple, compared with direct
clipping. There is still insufficient evidence from an
established evidence-based medicine for a specific surgical
strategy after ICA ligation/occlusion to address questions
such as under certain scenarios. These include when to
perform bypass, how to select the appropriate flow type of
bypass, in which case should ICA distal to the aneurysm
be clipped and many more. In this case study, we report a
case of a 62-year-old woman diagnosed with large-giant
CS Right ICA aneurysms, who was successfully treated
with ipsilateral ICA balloon occlusion combined with
high flow superficial temporal artery (STA)-Radial artery
(RA)-middle cerebral artery (MCA) bypass.

Case Report
1. Clinical manifestation
A 62 years old woman was presented to our clinic
because of dizziness for two years and oculomotor nerve
palsy. Her past and family history was unremarkable.
No significant positive signs were found in the
neurological examination. Laboratory examinations
revealed no abnormalities, and physical examination
was unremarkable. Initial head Computed Tomography
Angiography (CTA) demonstrated a large aneurysm

on the right side of the cavernous sinus (Figure 1, A).
Preoperative Digital Subtraction Angiography (DSA)
confirmed the presence of a largeirregular aneurysm
on the right side of the CS (Figure 1, B, C), which
was 13*19 mm in size. The patient underwent carotid
ultrasonography, to rule out the presence of cervical
vessel stenosis. Under the supervision of a neurosurgeon,
the patients were required to complete an ipsilateral
Matas pressing test of the carotid artery in the clinic six
times every day. Each pressing lasted for 20 minutes,
and the whole training period lasted for six weeks (The
disappearance of ipsilateral STA pulsation suggested that
the occlusion training was valid).
2. Balloon Occlusion Test
Under local anesthesia, the patient underwent standard
cerebral angiography and an ICA balloon occlusion test
(BOT) on the affected side. After intravenous injection
of 5000 UI heparin, the balloon catheter (EV3, Enfield,
Connecticut, USA) was advanced to the C2 vertical
body level. After the balloon inflated, contrast material
was injected through the catheter into a femoral artery
to confirm complete occlusion of the ICA. The BOT
lasted for 30 minutes. The systolic blood pressure was
reduced by 10%, and the patient was observed for another
10 minutes. After balloon occlusion at Right ICA, the
aneurysm disappeared, contralateral angiography showed
intact anterior circulation, the middle cerebral artery trunk
and branches were well developed, and the development
of the lentiform artery was delayed (Figure 2, A).
Contralateral ICA and/or vertebral artery angiography
was also performed during the BOT process, to assess the
compensation of the circle of Willis.

Nepal Journal of Neuroscience, Volume 16, Number 1, 2019

43

Bhattarai et al

Figure 3: (A) Dissection of STA trunk, (B) Dissection
of Radial artery, (C-F) intraoperative pictures of the
anastomosis.

Figure 2: (A) Pre-operative contrast-enhanced
angiography with ipsilateral BOT showing delayed
development of lenticular artery. (B) Post-operative
contrast-enhanced
angiography
showing
the
synchronization of the lenticular artery, (C-D) balloon
occludes the ICA without reflux (arrowhead in C-D).

3. Treatment Strategies
(1)
(2)

(3)
(4)

DSA showed a giant aneurysm in the cavernous
sinus of the Right internal carotid artery.
Internal carotid artery balloon occlusion
test (BOT): the blood flow of the anterior
communicating artery was compensated equally.
The right side imaging delay was 1.5s -2 s.
No compensatory blood supply of posterior
communicating artery was found. After blocking
the right internal carotid artery for half an hour,
the patient had normal left limb movement and
complained of mild dizziness.
Allen test: left side negative, palm collateral
circulation.
Strategy: right STA-RA-MCA bypass combined
with internal carotid artery balloon occlusion.

4. Surgical Procedures
In the perioperative period (before surgery, on the day
of surgery, and on the day after surgery) the patient was
required to take aspirin orally 100 mg/day. The surgery
was performed under general anesthesia, and the patient
received phenobarbital and hypothermia treatment (35° C)
to protect the brain. The intraoperative neurophysiologic
monitoring system (Cadwell, Kennewick, Washington,
USA) was connected. Preparation of radial artery bypass
graft (RABG) should be made preoperatively. The patient
was kept in a supine position, the right shoulder padded
and the head rotated 60° to the left. According to the
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preoperative location of the superficial temporal artery,
the superior auricular arc incision was made, and the main
trunk of the superficial temporal artery was dissected
under the microscope to be used as a feeding artery and
was conserved in papaverine gauze. In the following step,
the patient underwent frontopterional craniotomy. After
the dura mater was opened, a long straight segment of the
ipsilateral MCA M1/M2 segment intersection was exposed
and isolated under microscopic observation. Then, the
systolic blood pressure was increased by 20% of the
baseline blood pressure. The distal end of the radial artery
was anastomosed with M2 segment of MCA using 10-0
Prolene. Next, the radial artery was temporarily blocked,
and the distal end of the radial artery was anastomosed
with the main trunk of the STA using 8-0 Prolene(Figure 3,
A-F). After the anastomosis was completed, indocyanine
green angiography (ICG) was used to identify the blood
flow patency. Routine angiography was performed which
showed aneurysms. Two detachable balloons were used
to occlude the cervical segment of the right ICA. The
angiography showed that the anterior communicating
artery compensated the right anterior circulation
perfusion, and the right posterior communicating artery
was uncompensated. The affected side was observed
with electroencephalography (EEG) for half an hour.
Compared with contralateral EEG activity, EEG activity
of the surgical side did not show low perfusion changes,
the balloon was detached. It was not necessary to expose
or occlude the ICA distal to the aneurysm. The bone flap
was reset, and the incisions in the head and neck were
closed.
5. Assessment of Postoperative Anastomosis and
Perfusion
The patient received head CTA + computed tomography
perfusion (CTP) examinations on the first day (Figure 4,
A-C) and three months (Figure 4, D-F) after the surgery,
to understand the patency of vessel anastomosis and the
cerebral perfusion of the surgical side.
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Figure 4: (A-C) Postoperative CT+CTA+CTP (1 day
after surgery) respectively, the right ICA was not visualized;
anastomosis was intact and communicated with the vessels.
The lumen was well filled and no stenosis or occlusion was
found. There was no obvious hypoperfusion in the right
hemisphere, (D-F) Postoperative CT+CTA+CTP (90 days
after surgery) respectively,results indicating thrombosis
gradually formed in aneurysm lumen.

Discussion
Recent treatment options for symptomatic giant
cavernous ICA aneurysms include EC-IC bypass with
parent artery occlusion (PAO).2,3,7,8,16 The favorable
results of EC-IC bypass with PAO have been reported
previously,2,3,7,8,16 although it requires the parent artery
to be occluded. However, few reports have discussed the
treatment and experiences of High flow bypass surgery in
CS ICA aneurysm.4, 10, 17 Our case showed cranial nerve
compression symptoms with higher expectations for
improvement of her symptoms. Therefore, interventional
embolization treatment was not considered as the
preferred option. Also, although in some specific complex
intracranial aneurysms flow diverters (FDs) can yield
satisfactory results, our patient favored surgical treatment
over FD treatment because of medical cost (FD treatment
is expensive in China) and long-term efficacy (ICA
ligation combined with STA-MCA has a low long-term
recurrence rate). Therefore, first, ICA occlusion combined
with EC-IC bypass surgery was considered as a viable
surgery strategy, which supported safety at the anatomic
level. Some authors have recommended surgical strategy
based under single photon emission computed tomography
(SPECT) results after balloon occlusion of the ipsilateral
ICA. The patient should receive ICA blockage combined
with EC-IC bypass surgery, if the results indicate decreased
ipsilateral cerebral perfusion or otherwise, the patient
should undergo simple ICA blockage.11, 19 However, in our
opinion, only ICA blockage may not be an ideal choice.
Many studies have shown 10%-22% of patients showed
symptoms and signs of ischemic complications (falsenegative BOT) even when the decreased cerebral perfusion

Figure 5: Postoperative TCD (A) Post-operative TCD
shows blood flow of temporal branch of STA 40ml/min,
(B) Post-operative TCD shows blood flow of STA trunk
90ml/min.

caused by BOT is well tolerated.1, 5, 13, 15Roski et al.and
Oldershaw and Voris have also reported that the incidence
of delayed ischemic complications was 1.4% and 1.9%
per year, respectively. While planning EC-IC bypass with
PAO for complex cerebral aneurysms.12,14 Controversy
remains regarding the type of bypass, whether low flow
or high flow, for each patient. The high-flow bypass is
recommended to guarantee sufficient flow after PAO.7, 8
On the other hand; the advantages of selective cerebral
revascularization with PAO have been demonstrated.3, 16
Cerebral hemodynamic assessment is an important basis
for selecting high flow bypass. Balloon occlusion test, in
this case, showed the right middle cerebral artery and its
branches developed after anterior circulation was intact,
but lenticular artery development was delayed. 1/3rd of
the patients with good anterior communicating circulation
may still have ischemic related complications after the
operation. Although there was no obvious transient limb
paralysis during the BOT, the delayed perfusion of the
lenticular artery suggested that the compensatory blood
supply of the collateral and circle of Willis might be
insufficient, and occlusion of the internal carotid artery
alone might lead to delayed watershed ischemia. In light
of the high risk of ischemic complications in our case, the
patient and we selected EC-IC bypass with PAO. Based on
these findings, we used a high-flow EC-IC bypass on the
dominant hemisphere, and the postoperative angiography
showed the synchronization of the bilateral lenticular
artery in the present case (Figure 2, B). Postoperative
TCD showed that the perfusion flow of STA trunk was
significantly larger than that of the STA branch. The flow
of STA branch was 40ml/min, and that of STA trunk was
90ml/min (Figure 5, A-B).
Regarding ICA blockage methods, Yutaka et al.19
reported that the patients were required to receive
craniotomy or endovascular treatment to achieve complete
blockage of the ICA proximal and distal to the aneurysm
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if BOT results suggested that contralateral compensatory
blood refluxed back to the aneurysm cavity, This situation
applied even if the ipsilateral ophthalmic artery had to be
sacrificed, which could avoid regurgitated blood entering
into the aneurysm lumen. Yoichi et al.18 also reported that
if the BOT result suggested blood reflux into the aneurysm
lumen, the aneurysm should be completely isolated with
interventional embolization.
However, we disagree with this point of view. In our
opinion, for all the patients, irrespective of those who
showed contralateral blood reflux into the aneurysm lumen
or those who did not, it was not necessary to occlude the
ICA distal to the aneurysm. Following proximal ICA
blockage, the blood flow and the impact to the aneurysm
lumen are greatly decreased even if it is still provided
with the regurgitant blood. Furthermore, in this case, the
aneurysm lumen can also be regarded as a blind-ending
branch after ICA blockage. Therefore, over the time
thrombus formation could be observed gradually in the
aneurysm cavity as a result of less and slower blood flow.
The blood flow of the ipsilateral ophthalmic artery could
be preserved as far as possible. The sequential results of
postoperative CTA examination further corroborated our
view (Figure 4, B, E).

Conclusions
We here described the case of a 62-year-old woman
presented with a large aneurysm on the right side of the
cavernous sinus which was successfully managed by
Intermediate flow EC-IC bypass with balloon occlusion of
right ICA. For patients with large-giant CS ICA aneurysms,
the treatment of internal carotid occlusion combined with
Intermediate-flow EC-IC bypass (STA-RA-MCA bypass)
surgery was an effective and safe surgical strategy.
Abbreviations and Acronyms
BOT: Balloon occlusion test
CS: Cavernous sinus
CTA: Computed tomography angiography
CTP: Computed tomography perfusion
DSA: Digital Subtraction Angiography
EC-IC: Extracranial-Intracranial Bypass
EEG: Electroencephalography
FD: Flow diverter
ICA: Internal carotid artery
ICG: Indocyanine green
MCA: Middle cerebral artery
PAO: Parent artery occlusion
RABG: Radial artery bypass graft
SPECT:
Single-photon
emission
computed
tomography
STA: Superficial temporal artery
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itus inversus is a rare anomaly where there is
reversal of the visceral organ location and usually
associated with Kartagener syndrome and digestive,
circulatory and respiratory diseases abnormalities. The
association with hydrocephalus is very rare and we present
such a case report.

Case report
A 25-year old male patient presented to the emergency
department with headache, severe pain abdomen and
chest pain for 3 days. He had history of physical assault
with trauma to the head, chest and abdomen by wooden
object 1 day before the onset of symptoms and headache
for 1 year. On examination he was conscious and
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Situs Inversus Totalis with
Hydrocephalus in an Adult: a
Rare Case Report
Situs inversus is a rare anomaly where there
is reversal of the visceral organ location and
usually associated with Kartagener syndrome and
digestive, circulatory and respiratory diseases
abnormalities. The lateralization of visceral
organs to a side is a feature of vertebrates and
humans are externally symmetrical but internally
asymmetrical. Normal anatomy imparts the heart
to left and the liver to the right which is found not
only in humans but also other animals. This case
showed aqueduct stenosis with hydrocephalus
with normal corpus callosum. The association
of situs inversus with ciliary abnormalities and
therefore is rarely associated with hydrocephalus,
polycystic disease or retinal degeneration.
PubMed search for situs inversus totalis with
hydrocephalus showed only 7 results with 3 of
them in animal studies, one was not relevant and
the rest in human. Hydrocephalus was present in
only two studies, one of them cadaveric finding.
The association with hydrocephalus is very rare
and we present such a case report.
Key
words:
Acqueductal
stenosis,
Hydrocephalus, Kartagener syndrome, Situs
inversus
orientated with a Glasgow coma Score of 15. The pupils
were bilaterally equal and reactive to light and there was
no motor or sensory deficit. The head or abdomen did
not have any signs of external injury. His biochemistry
and hematological profile were normal and there was
no other significant past medical illness. In view of his
chronic headache Magnetic Resonance Imaging (MRI)
was done which showed communicating hydrocephalus.
Ophthalmological examination showed normal vision in
both eyes. Fundus examination of both eyes showed no
papilledema.The chest Skiagram showed dextrocardia.
For the pain abdomen and tenderness in epigastric region
a Computed Tomography scan (CT) abdomen was done
which did not reveal any traumatic injuries but showed
total reversal of the visceral organs with the heart spleen on
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Figure 1: Chest Skiagram showing dextrocardia,
stomach on right with liver on left.
right side and the liver on left side . The diagnosis of Situs
inversus totalis was confirmed. Cardiac echocardiography
did not reveal any congenital vascular anomalies. On
further questioning it was found that he had been right
hand dominance since birth and examination of his sibling
did not reveal any situs inversus.He was managed with
analgesics for 48 hours and discharged with advice for
regular follow-up.

Discussion
The lateralization of visceral organs to a side is a feature
of vertebrates and humans are externally symmetrical but
internally asymmetrical.Normal anatomy imparts the
heart to left and the liver to the right which is found not
only in humans but also other animals.10Abnormal ciliary
during embryogenesis can lead to an array of conditions
for example, situs inversus totalis (complete reversal of
visceral organs), situs ambigus (partial reversal of visceral
organs).5 Situs inversus was first referred to by Aristotle and
was known as viscerum transposes, reversed asymmetry
or lateral transposition and can occur sporadically or
familial.2,3The process starts as early as late gastrulation
or early neurulation where there is ciliary movement
leading to lateralization of the organs.It may also manifest
as just dextrocardia. Due to the abnormalities of cilia
movement there can be associated digestive, circulatory
and respiratory diseases which is similar to primary ciliary

Figure 2: CT abdomen showing the spleen on the
right, liver on left, stomach on right and the reversal of
small and large intestine.
dyskinesia due to defects of imperfect synthetization of
the motor protein Dynein and resulting in hypomotility
(Kartagener syndrome). Situs inversus is uncommon
with an incidence of 1 in 10000.9,12 Most are diagnosed
incidentally as the physiological function of the organs
are normal. Mutation in numerous human chromosomes,
ionizing radiation, retinoic acid, atracurium, hyperthermia
and colchicine are some of the known factors that can
cause situs inversus.3,5,6,13
Our case was diagnosed incidentally as he had
presented with history of trauma. There was no record of
him having visited any hospital and hence diagnosed of
situs inversus totalis. He was right handed since childhood.
Although there are many studies regarding the association
of situs inversus with other congenital syndromes,
diseases of the chest, asplenia, sinuses, intestine and even
with myasthenia gravis, studies of intracranial anatomy
and its physiological effect is limited by its paucity in
literature.1 Cerebellar hypoplasia, holoprosencephaly,
larger transverse sinus and vein of Labbe was larger on

Nepal Journal of Neuroscience, Volume 16, Number 1, 2019

49

Roka et al

3.

4.

5.
Figure 3: MRI brain with T1 axial cuts showing
hydrocephalus.
right, larger internal carotid artery on right, frontal and
occipital petalia reversal from their normal orientation
and larger artery of Adamkiewicz on right are some of the
anatomical findings in situs inversus.13 In an study with
three cases of situs inversus using structural and functional
MRI and another study with 15 cases, to study the brain
asymmetry it was found that the occipital (right) and
frontal petalia (left) were larger in comparison to normal
cases and that there was left language dominance of found
as in normal cases.4,14 This case showed aqueduct stenosis
with hydrocephalus with normal corpus callosum. The
association of situs inversus with ciliary abnormalities
and therefore is rarely associated with hydrocephalus,
polycystic disease or retinal degeneration. PubMed search
for situs inversus totalis with hydrocephalus showed only
7 results with 3 of them in animal studies, one was not
relevant and the rest in human. Hydrocephalus was present
in only two studies, one of them cadaveric finding.7,8,11
These studies suggest that the anatomy and lateralization
of the human brain may depend on some other factors
other than those controlling visceral organs.
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n the course of time, Foramen Magnum Decompression
(FMD) has established itself as a standard procedure
for the management of Chiari – I malformation,
even though a little controversy still exists about the
subcategory which gives better outcome like FMD +
durotomy vs FMD + durotomy + arachnoidotomy with
or without duroplasty. Whatever may be the technique
the final aim of surgery in these cases is to restore CSF
circulation at the level of foramen magnum. However,
recent data suggests that this procedure itself may lead to
disruption of CSF circulation.1,3-7,9,11-13,15,16 We report such
case where FMD has lead to further clinical deterioration
of the patient by altering the CSF dynamics.

Case report
A 34year old male patient presented to us with chief
complaints of a suboccipital headache that was increasing
with straining and coughing, associated with paresthesias
of all limbs for the past 6months. On examination there
was wasting in both the hands. Magnetic resonance
imaging (MRI) revealed a tight posterior fossa with
tonsillar decent of more than 5cm below the level of

Unusual Complication of
the Foramen Magnum
Decompression
The pathophysiology of Chiari-I malformation
lies with the abnormal CSF flow across Foramen
magnum and Foramen magnum decompression
(FMD) restores this flow. However, recent data
suggests that FMD itself can alter the CSF
dynamics in an abnormal fashion resulting in
raised intracranial pressure. We report such a
case where FMD has led to the development of
subdural hygroma and hydrocephalus. Patient
was managed with VP shunt after a failed trial
of re-exploration and burr hole drainage. The
mechanism behind this complication is not
clearly understood despite several hypotheses
being proposed. Once established, management
has to be individualized, based upon the clinical
condition and location of CSF collection.
Key words: Foramen magnum decompression; Post foramen magnum decompression hydrocephalus; arachnoid tear; CSF dynamics.
foramen magnum with syrinx extending from C3 to D6
level (Fig-1). Patient has undergone FMD with standard
removal of the C1 arch & durotomy with arachnoid being
left intact. However, a small arachnoid tear was noted
intraoperatively. Lax duroplasty was done with synthetic
dura graft. Patient was discharged in a stable condition,
but he returned to us 10days later complaining severe
headache. He was evaluated with MRI & CT scan which
revealed a well decompressed syrinx, and infratentorial
and Right frontoparietal subdural hygroma with midline
shift and CSF collection at the operative site (Fig-1). The
patient was taken up for surgery and burr hole drainage of
the subdural hygroma was done along with reexploration
of the FMD site in the form of complete opening of the
arachnoid, clipping the arachnoid to the surrounding dura
and water tight duroplasty. Patient condition transiently
improved only to deteriorate later in the form of altered
sensorium within 2days of second surgery. CT brain was
done which showed grossly dilated lateral ventricles
with resolved subdural hygroma (Fig-2). VP shunt was
performed and the patient recovered well. Post op CT
showed well decompressed ventricles (Fig-2).
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Figure 1: 1a – Pre-op MRI showing tonsillar
descent with syrinx extending from C3 to D6 level.
1b – post-op MRI showing well decompressed
syrinx and CSF collection at the operative site.
Persistent tight posterior fossa could be appreciated.
1c – post op CT plain brain revealing a right
frontotemporoparietal subdural hygroma with midline
shift and 1d - showing an infratentorial CSF collection.

Discussion
The manifestations of chiari-I malformation have
been clearly identified to be due to the abnormal CSF flow
across the foramen magnum. FMD has established itself
as a standard surgical strategy in restoring the CSF flow
and thereby alleviation of symptoms. Several techniques
of FMD were proposed like durotomy leaving the
arachnoid intact, durotomy with opening of arachnoid and
adhesiolysis ± sub pial tonsillar resection & obex plugging,
all the above with or without duroplasty. Even though
the ideal technique of all these is still controversial, the
complication rate with all these procedures is relatively
low. It is clear now that any hydrocephalus present
prior to FMD in a chiari-I patient has to be addressed
first. However, the pathophysiology and management of
hydrocephalus that develops following an FMD in these
cases is still elusive.
Post FMD hydrocephalus incidence is low with
Zakaria et al 16 reporting it as 8.7% and 18.5% by Duddy
et al.5 This complication was commonly reported amongst
patients who underwent durotomy without opening the
arachnoid (in fact a small tear in the arachnoid was noted
intraoperatively in most cases) nevertheless it was also
identified in cases where arachnoid was widely opened.
7,9, 11-13
Review of the cases published till now is given in
Table-1.
We think that hydrocephalus and extra axial CSF
collection in these cases are not two distinct entities
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Figure 2: 2a – post op CT after burrhole drainage and
reexploration, showing well drained subdural hygroma,
with persistent hydrocephalus and infratentorial hygroma.
2b – post op CT after VP shunt placement, revealing well
decompressed ventricles and resolving infratentorial
hygroma.
but rather are a continuum, where subdural hygroma
formed initially leads to the development of obstructive
hydrocephalus.2 The exact pathophysiology of
development of extraaxial fluid collection following
FMD is still not clear and various hypothesis were
proposed by different authors (Table-2). Amongst all
the most popular one is that of Ranjan & Cast, a slit like
opening in the arachnoid acts like a valve allowing only
egress of CSF in to the subdural space under pressure and
leading to formation of subdural hygroma.13 Even in our
case there was an inadvertent arachnoid tear during the
primary surgery, and hence during the second surgery we
completely opened up the arachnoid and clipped it to the
surrounding dura and a water tight duroplasty was done,
along with burr hole drainage of supratentorial subdural
hygroma. But there was no regression in hydrocephalus
or infratentorial hygroma. If this above arachnoid valve
mechanism were to be true then the hydrocephalus should
have disappeared with wide arachnoid opening & clipping
it to the dura as proposed by Elton et al.6,13 Perrini et al
reported similar findings and based on them proposed
an alternative theory stating that a pseudomeningocele
formation after FMD prevents normalization of CSF
dynamics resulting in external hydrocephalus.11 Even in
our case we noticed CSF collection at the operative site
which was not large enough. This hypothesis along with
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Fig.3: Flow chart depicting the proposed management algorithm
the statement of Iskander et al that surgery which yields
symptomatic improvement also alters the CSF flow pattern
in a complex manner, may explain the development of this
complication in cases where Ranjan et al theory fails.8,13
From the literature, the management strategy for these
cases is mostly a CSF diversion procedure rather than
reexploration of the surgical site. In our case reexploration
of the FMD was done without success which itself implies
that the problem is neither localized to the FMD site nor
related to the surgical technique but, rather is diffuse,
related to the CSF flow dynamics, which essentially differs
from patient to patient. However, Bahl et al has achieved

resolution of infratentorial hygroma with reexploration
and wide arachnoid opening, but these results should
be interpreted with caution, since their patients had
neither hydrocephalus nor supratentorial large subdural
collections.2
Asymptomatic patient with thin subdural hygroma
or mild ventriculomegaly can be observed, since
spontaneous resolution is not rare1.7,9,13,16 Hydrocephalus
in association with prominent subdural collection does
not usually respond to simple burr hole drainage of the
subdural hygroma, necessitating an VP shunt. 3,11,12 For
hydrocephalus alone, a temporary CSF diversion before

Nepal Journal of Neuroscience, Volume 16, Number 1, 2019

53

Narayan et al
VP Shunt placement is recommended.6,15 An algorithm of
management of these cases based up on all the reported
cases till now is given in Figure – 3. Duddy et al proposed
that ETV can be used as an alternative for VP Shunt in
these cases but it needs to be evaluated further.5 Lastly,
we agree that it is difficult to draw conclusions based on
a few random case reports, however a prospective study
with CSF flow analysis in these patients will give a better
understanding of the pathophysiology, which might be
possible since this complication is now being reported
frequently.

7.

8.

9.

Conclusion
The change in CSF flow dynamics resulting from FMD
in chiari-I patients may not be always towards the normal
spectrum, resulting in development of extraaxial CSF
collections and or hydrocephalus. Pathophysiology behind
this is not clearly understood despite several hypotheses
being proposed. Once established, management has to be
individualized, based upon the clinical status and location
of CSF collection.

10.

11.
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entral nervous system (CNS) involvement in
multiple myeloma (MM) is rare and accounts for
only 1% of cases.8 Intracranial plasmacytoma is a
solitary myeloma plasma-cell tumor that affects the skull,
meninges, and brain. It is well known that plasmacytoma,
a benign lesion, may progress to multiple myeloma, a
malignant and often fatal neoplasm. Plasmacytoma is rare
form of plasma cell dyscrasias, where there is malignant
proliferation of plasma cells. Solitary plasmacytoma
develops in isolation without systemic manifestations
of MM.7 We presented a case plasmacytoma in unusual
location.

Case report:
A 50-year-old diabetic gentleman presented with
insidious onset, gradually progressive intermittent
generalized headache associated with numbness over right
half of the face for a year. He noticed diminished hearing

on right ear with tinnitus, double vision and difficulty
in swallowing for 2 months. He however did not have
deviation of face or weakness of extremities. Examination
revealed diminution of visual acuity on both eyes with
lateral rectus palsy on right and medial rectus palsy on left
eye. Sensory diminution was present on right V1, V2 and
V3 distribution with absent corneal reflex on right eye. No
facial weakness was present and there was sensorineural
hearing loss on right ear with absent gag reflex. There was
no bony or spinal tenderness present.
MRI brain revealed homogenous extra axial mass
3.5x3.5x3.6 cm in size in right cerebellopontine angle
extending into the meckel’s cave, hypointense on T1W
and hyperintense on T2W, not suppressing on FLAIR
image with moderate heterogenous gadolinium contrast
uptake (Figure. 1). Initial impression of trigeminal
schwannoma was made. Intraoperative finding of 3x4x4
cm globular, firm, moderately vascular mass arising from
tent and pushing the VII/VIII complex posteriorly with
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Figure 1. MRI brain revealed homogenous extra axial
mass 3.5x3.5x3.6 cm in size in right cerebellopontine angle
extending into the Meckel’s cave, hypointense on T1W
and hyperintense on T2W with moderate heterogenous
gadolinium contrast uptake.
tumor capsule adherent to Vth cranial nerve was found.
Histopathology revealed sheets of small round cells in
uniform, monotonous population, regularly punctuated
by vessels. Those cells had small round eccentric nuclei
with cart-wheel distribution of chromatin and occasional
paranuclear hoffs. There were no histological features
consistent to schwannoma or meningioma (Figure 2).
Immunohistochemical markers viz. CD45, CD138 and
EMA AG were positive in tumor cells; while markers like
CD 20 and CD 3 were negative in tumor cells and positive
in interspersed T lymphocytes suggestive of small round
cell tumor consistent with plasmacytoma.
Patient was therefore scrutinized to rule out systemic
involvement and possibility of multiple myeloma
association. Routine hematological examination revealed
hemoglobin of 16.8 gm%, total count of 8800 with
neutrophil of 55% and lymphocytes of 42%. ESR was 47
mm in 1st hour. No abnormal cells were noted in peripheral
smear. Urine routine examination was normal with
absent urinary Bence-Jones proteins. Blood biochemistry
showed urea of 19 mg/dl, serum creatinine of 0.9 mg/
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Figure 2. Histopathology: A. Medium power
shows sheets of dark cells (left half) plastered against
fibrocollagenous tissue of dura (right half) in X100
magnification B. High power reveals the cells to be
composed exclusively of plasma cells with eccentric nuclei
and paranuclear hoffs in X400 magnification. There were
no histological features consistent to schwannoma or
meningioma.
dl, serum calcium of 9.4 mg/dl, magnesium of 2.1 mg/dl
and random blood sugar of 71 mg/dl. Cerebrospinal fluid
analysis was normal without evidence of malignant cells.
X-ray chest and skull were also normal CT scan whole
spine was normal (Figure 3). Bone marrow biopsy was
also normal. Serum electrophoresis was normal. Patient
underwent gross total resection of tumor. Intra operative
and post-operative period was uneventful. Postoperative,
patient recovered and was subjected to radiotherapy.

Discussion:
Number of reported cases of plasmacytoma in the
CNS is limited.1 Plasmacytoma and MM represents the
spectrum of the same disease, where plasmacytoma
refers to the localized form and MM implies systemic
dissemination. We report a case of CPA plasmacytoma,
which masqueraded as a schwannoma with multiple
cranial nerve involvement.
French was the first to report a solitary intracranial
plasmacytoma in the hypothalamus without bone
involvement or manifestation of multiple myelomatosis.
This case was diagnosed as encephalitis before
surgery.3 Clarke reported a case of solitary intracranial
plasmacytoma that involved the tentorium cerebelli and
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The clinical and neuroradiological findings are
generally non-specific, so they are often misdiagnosed or
masqueraded preoperatively. On both CT and MRI scans,
there may be mild to significant enhancement as shown
in our case. Plasmacytomas involving Cerebellopontine
angle are extremely rare. Since it is difficult to differentiate
from CPA schwannoma preoperative suspicion of
plasmacytoma should always be considered.
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Isolated Intraspinal
Neurenteric Cyst, Mimicking
Arachnoid Cyst: A Case Report
Neurenteric cysts account for 0.7-1.3% of
spinal axis tumors. These uncommon lesions
results from the inappropriate partitioning
of the embryonic notochordal plate and
presumptive endoderm during the third week
of human development. Heterotopic nests of
epithelium reminiscent of gastrointestinal and
respiratory tissue lead to eventual formation
of compressive cystic lesions of the pediatric
and adult spine. We report a 40-year-old male
presenting with slow-progressive myelopathic
manifestation and ovoid non-enhancing cystic
intradural extramedullary lesion at C7 level on
MRI, mimicking intraspinal arachnoid cyst,
who underwent successful surgical excision.
The histopathological examination prove it to
be neurenteric cyst.
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eurenteric cyst (also known as endodermal cyst,
enterogenuous cyst, enteric cyst) is a congenital
cystic lesion of the spine, lined with endoderm.
They result from failure of separation of ectoderm from
the endoderm during the third week of embryonic life with
persistent canal of Kovalevsky. The eventual abnormality
depends on the extent to which this adhesion subsequently
disappears. Persistence of the entire primitive neurenteric
canal results in vertebral anomalies, whereas persistence of
only part of the canal results in isolated intraspinal cyst.
Kubie and Fulton in 1928 first described this lesion
as teratomatous cysts and later elaborated by Puusepp
in 1934 as intestinomas. Holcomb and Matson coined
the term “neurenteric cyst” in 1954.1-3 Neurenteric
cysts account for 0.7-1.3% of all spinal cord tumors.4
Approximately 90% of neurenteric cysts are located in
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the intradural extramedullary compartment while the
remaining 10% are divided between an intramedullary or
extradural location.5
Isolated intraspinal neurenteric cyst mainly occurs in the
cervical region. The clinical presentation may vary from a
simple isolated intraspinal cyst with no other abnormalities
to that of multiple visceral and vertebral anomalies. We
report such a case of isolated intraspinal neurenteric cyst
with no vertebral or visceral abnormality.

Case History
A 40-year-old male patient from Terai presented with
continuous tingling of bilateral lower limbs for 6 months,
followed by feeling of tightness in both thighs, abdomen
and lower chest. Later, due to the progressive weakness of
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Figure 1: MRI showing T1 hypointense and T2 hyperintense ovoid non-enhancing intradural extramedullary cystic
lesion located ventral to spinal cord at C7 level.
both lower limbs, he was unable to walk independently. In
past, there was no history of trauma or fever. Neurological
exam revealed nearly 5/5 power in all four limbs; however,
severe spasticity in both lower limbs with upgoing plantar
reflexes and prominent ankle clonus bilaterally. The anal
sphincter tone was normal and there were no abnormal
spinal reflexes such as bulbocutaneous or anocutaneous
reflexes.
Magnetic resonance imaging of spine revealed ovoid
non-enhancing cystic intradural extramedullary lesion
located ventral to the spinal cord at C7 vertebra. The
spinal cord was severely compressed posteriorly with
subtle signal changes. (Figure 1) The MRI features were
more consistent with intraspinal arachnoid cyst.
Preoperatively, a diagnosis of spinal arachnoid cyst
was made, and the patient underwent cervicothoracic
laminectomy with excision of cyst.
The patient was intubated, given general anesthesia
and turned prone on Wilson’s C-frame with adequate foam
padding and hanging abdomen. A midline longitudinal
posterior incision was made extending from spinous
processes of C5 to T2 spine was made. The paraspinous
muscles were dissected on both sides and lamina of C6
to T1 was exposed. Using Stryker neuroelectric drill,
zip laminectomy of C6 to T1 was achieved. The dura
was then incised in the midline, using number 15 scalpel
blade, and extended on both ends, using Dandy nerve rook

protecting the arachnoid layer. The Intraoperative findings
was thickened arachnoid with adhesions above and below
the cystic lesion. The cord was observed to be displaced
to the left side. The cyst was adherent with the arachnoid
with thickened whitish layer extending ventral to the
spinal cord at C7 level. The intradural cyst was completely
dissected and resected including the attachment at ventral
aspect of C7 level with marsupialization. After complete
decompression of the cord, the dura incision was closed
with continuous 4-0 vicryl suture in water-tight fashion.
Finally, laminoplasty was achieved by placing the cut
piece of lamina and spinous processes of C6 to T1, using
1-0 silk sutures bilaterally.
The histopathological specimen was processed
and stained with Hematoxylin and Eosin. Microscopic
examination revealed a cyst lined with ciliated
pseudostratified columnar epithelium with focal areas of
goblet cells as well. The wall showed fibrocollagenous
tissue. The findings were consistent with neurenteric cyst.
(Figure 2, 3)
The postoperative course was uneventful. The patient
was allowed to ambulate after 48 hours of surgery. The
tightness below the waist disappeared. He was able to
ambulate independently without support and there was
significant improvement in the spastic gait. There was no
bowel and bladder incontinence. He was discharged on
postoperative day 10 after removal of staples.
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Figure 2: Low power view showing cystic structures resting on underlying stroma and columnar to cuboidal lining
epithelium. (H and E stain x 100)

Discussion
The term intraspinal enterogenous cyst was used for the
first time by Harriman to describe cysts previously known
as endodermal or respiratory cysts. The age of presentation
varies from 5 weeks to 52 years.6 These cysts are usually
smooth, unilocular, most commonly located at the lower
cervical or upper thoracic region and rarely in the lumbar
region.) The cysts uncommonly occur intracranially where
they are located in the pons, cerebellopontine angle cistern
or rarely in the foramen magnum.8 The most common
location is the cervico-dorsal region similar to our case of
40-year-old male.
Various theories have been proposed to explain the
embryological basis of these cysts. The main assumption
postulates that the cyst forms as a result of primary adhesion
of endoderm anterior to the notochord, incomplete fusion
of the notochord , persistence of the neurenteric canal
or formation of a split notochord and displacement of
endodermal cells.9 Hemivertebrae, unsegmentation of
vertebrae, spina bifida, and clefts in the vertebral bodies
are all vertebral abnormalities that can be associated with
neurenteric cysts. In our case, only a solitary cyst with
thickened arachnoid and adhesions were noted. There was
no vertebral or visceral anomalies.
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Though neurenteric cysts are typically endodermal
-lined cysts, histological variants were described and
classified by Wilkins & Odome.
Histological classification of Neurenteric cyst
(modified after Wilkins and Odome)
Type I Single pseudostratified, cuboidal or columnar
epithelium with or without cilia lying on a basement
membrane.
Type II Similar to type I with addition of mucous glands,
serous glands, smooth muscle, fat, cartilage, bone, elastic
fibres, lymphoid tissue or nerve ganglion.
Type III Similar to type I with addition of ependymal or
glial tissue.
Based the above description, our case belonged to
type 1 with presence of pseudostratified, cuboidal and
columnar epithelium.
The choice of surgical technique varies according to the
type of cyst and its exact anatomical location. However,
surgical exploration is aimed at preventing spinal cord
compression and cyst refilling after surgery. To achieve
complete decompression of cord and prevent recurrence
of the cyst, in our case, the cystic lesion was dissected
completely and excised including the attachment ventral
to the cord, followed by complete marsupialization and
adequate adhesionolysis of arachnoid adhesions.
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Figure 3: Higher magnification showing cyst lined by simple columnar epithelium resting upon collagenous stroma.
(H and E stain x 400)

Conclusion

4.

Intraspinal neurenteric cyst is a benign embryological
defect, which is diagnosed histopathologically and mostly
requires simple excision. Due to similar clinical myelopathic
presentation and non-specific radiological features, it may
mimick arachnoid cyst in the spine preoperatively. For
any patient presenting with myelopathic symptoms and
cystic lesion on MRI, one needs to consider neurenteric
cyst as one of the differential diagnosis.

5.
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V

entriculoperitoneal
shunt
is
associated
with different complications. Mechanical
complications like blockage, disconnection and
distal migration are relatively common. Distal migration
of shunt is well documented.1-5,7,10 But proximal migration
of the shunt into the ventricles is very rare with only a few
cases reported in literature.1-5,7,10

Case Report
A 9month old baby presented to Neurosurgical
emergency of Mayo hospital, Lahore, Pakistan, with
history of fever, fits and decreased conscious level. The
family gave history of VP shunt placement at 3 months of
age and another surgery for correction of shunt 3 months
after that. The treatment was done at a private hospital and
there were no referral notes or record of the procedures
done.
At presentation patient had an External ventricular
drain (EVD) in place with turbid CSF in the drain bag
(Figure A).The x-ray skull showed a coiled tube inside
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the skull(Figure B).CT scan brain showed dilated lateral
ventricles and a long-coiled tube inside the lateral
ventricles(Figure C,D). CSF analysis showed TLC more
than 10000 cells/mm3 with 90% neutrophils, very high
proteins (1812mg/dl) and a low glucose (10mg/dl). Gram
staining and culture were negative.
Patient was started with empirical broad-spectrum
antibiotics, intravenous levetiracetam and prepared for
endoscopy. Under general anesthesia,a right frontal burr
hole was doneat the level of coronal suture about 2.5 cm
from the midline. CSF in the ventricles was extremely
turbid and visibility was very poor. Irrigation was done
until the ventricular wall and tubing could be identified.
The tube was gently manipulated, was notadherent to the
ventricular wall. It was held with a grasper and gently
pulled out through the working channel (Figure-E).
The coiled tube inside the ventricles was found to be
the whole shunt assembly of a Chhabra shunt. Previously
placed EVD on the left was removed and a new EVD was
placed. Antibiotics were continued postoperatively. The
baby became more playful, fever gradually subsided and
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VP shunt

Figure 1. A) Initial presentation of baby with EVD in situ, B)X-ray skull showing shunt in situ, C)Ct scan brain showing
dilated ventricles and shunt in situ, D)Ct scan brain plain showing dilated ventricles with shunt in situ with prominent CSF
spaces, E)Chhabra shunt being removed F) Whole of the Chhabra shunt removed
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CSF cytology gradually returned to normal after 4 weeks.
When EVD was closed patient did not develop any signs
of raised ICP. Follow up scan showed brain atrophy with
dilated ventricular and extra ventricular CSF spaces.EVD
was removed and the baby was discharged without any
shunt.

Discussion
Although ventriculoperitoneal shunt placement
isthe most commonly used CSF diversion procedure,it
is associated with different complications reported in
19 to 47% of cases.8 Obstruction and infection are the
commonest among all the complications.6 Other mechanical
complications like disconnection of ventricular/peritoneal
catheter and migration occur less frequently.
Migration of whole of the shunt system is rare
(0.1-4%) and can happen distally or proximally.3 Proximal
migration of VP shunt in the lateral ventricle is the rarest
complication with very few cases reported in literature.3A.
Malhotra.et all quoted only 20 case reports before their
publication.7The shunt used in all the reported cases was
either a unisystem shunt or Chhabra shunt.
Although various mechanisms have been suggested
for proximal migration of entire shunt in the ventricle,
none of them have been proven. In comparison to frontal
burr hole, occipital burr hole could facilitatemigration
due to relatively straight pathway.4Eljamelet al proposed
excessive head movements, positive intraabdominal
pressure and negative intraventricular pressure as possible
factors for cranial shunt migration.4Garijo et al proposed
formation of a cyst around the peritoneal end, with raised
pressure inside the cyst causing upward migration.8 Mori
et al.proposed a large burr hole and improper fixation of
the catheter with the periosteum as a probable cause.Pang
and Will bergerproposed that straightshunt tubing without
bulky valves could facilitate shunt migration.

Conclusion
This complication can be avoided by using shunts with
standard contoured or Salmon Rickham reservoirs. But if
Chhabra shunt is to be used due to its cost effectiveness,
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the authors suggest a frontal burrhole should be used for
placement of ventricular catheter and the shunt tubing
should be meticulously secured to the periosteum.
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Figure 1. A. CT showing a large left cerebellar calcified
mass. B&C. MRI T2 and Contrast showing hypointense
and T1 hyperintense left cerebellar concentric lesion with
no contrast uptake. D. CT angiography showing dominant
left vertebral artery with non-filling of the aneurysm
(white arrow).

P

osterior circulation aneurysm is very uncommon
(20%) and vertebral artery (VA) are even rarer with
only 0.3-3% of all intracranial aneurysms with
limited known natural history. They can be extracranial
or intracranial in location from the foramen magnum,
vertebral-posterior inferior cerebellar artery junction
to the vertebral-basilar junction.3,4 Due to the difficult
location and its rare presentation they are a challenge to
most neurosurgeons. They can be saccular, dissecting or
atherosclerotic fusiform type.2 They classically present
with sudden onset headache, nausea, vomiting, gait
disturbance, seizure, loss of consciousness, features of
stroke or embolism and vertigo. Features of meningism,
isolated neck pain and features of backache can also be
present.1,4
A 56-year old male presented with sudden severe
vertigo without tinnitus, headache, difficulty in walking
and disorientation to time and person for seven days.
There was no history of fever, trauma, vomiting, seizure
or any significant other medical history. He was initially
managed with ear nose throat surgeon with no relief
of symptoms. On examination he was conscious but
disorientated. There was no cranial nerve, motor or sensory
deficit. His hematological and biochemical profile was
in normal range. Computed Tomogram (CT) was done

which showed a large 4X4 cm well-defined calcified mass
with internal hypodensity in the left cerebellar hemisphere
without edema. An initial diagnosis of metastases or
glioma was suspected and a Magnetic Resonance Imaging
advised (MRI). MRI showed a left cerebellar 4X3.7X3 cm
relatively well-defined lobulated lesion with concentric
signals, central T1 hyperintensity, hypointense T2/FLAIR
signal without any enhancement on contrast. There was
mild perilesional edema and was indenting the adjacent
cerebellum, pons, displacing the medulla and IVth ventricle
to the opposite side. The features were suggestive of a
thrombosed left vertebral aneurysm. CT angiography was
then done which showed non filling of the left intracranial
vertebral aneurysm just distal to the foramen magnum and
a dominant left vertebral artery along with an incidental
unruptured right middle cerebral bifurcation aneurysm
(Fig. 1). He was treated for his vertigo and headache
which improved over a week. The family members
were counselled but they and the patient himself refused
any kind of intervention and was thus discharged with
antihypertensive/analgesics/antacid medications. He has
been asymptomatic on follow-up since then.
Due to the rarity of the lesions VA aneurysms are
difficult to manage. The options include surgery or neurointervention / endovascular coil occlusion or combined.
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Surgical approaches is determined by the location of
the aneurysm, size, vascular anatomy and the collateral
circulation. The vertebral-basilar junction aneurysm is
approached by the pre-sigmoid supra or infratentorial
approach or sub occipital-transcondylar approach, the
lower aneurysm is dealt through the far-lateral or retrosigmoid or suboccipital approach. Giant thrombosed
aneurysms management remains a challenge to the
neurosurgeon. It can be approached via several methods,
as conventional clipping at the base or if the cerebellum
is tense then ultrasonic aspirator can be used to empty the
sac followed by clipping or can be excised progressively
till the neck is reached and then clipped.
The present case demonstrates that if the aneurysm
is totally angiographically occluded and the patient is
without symptoms then the option of no intervention
could also be thought of because the aneurysm has been
already “Divine Clipped” i.e. the neck has been naturally
obliterated with the thrombus with complete occlusion
from the main circulation. The exception would be cases
with local mass effect, herniation, cranial nerve deficits,
motor or sensory deficits, seizure, bony destruction or
possibility of thrombus embolization. Whether the latter
applies for other location thrombosed aneurysm is matter
of study in future though the author has a 5-year follow-
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up case, each of similar “Divine Clipped” thrombosed
middle cerebral bifurcation and internal carotid artery
aneurysm without any complications.
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