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Abstract: The ruptured aneurysm with an intracerebral haematoma is
a commonly encountered neurosurgical emergency. The options for
management of this situation have evolved with the changes in
neurovascular surgery training and widespread use of endovascular
techniques for aneurysm occlusion. This Element will discuss the
differences between subarachnoid haemorrhage with or without an
intracerebral haematoma including presentation, imaging and
outcomes. The authors present their preferred surgical strategy
including practical guidance on how to handle difficult situations such
as the intraoperative rupture.
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Ruptured Supratentorial Cerebral Artery Aneurysm 1

Typical Case History

A 45 year old woman suffers a sudden onset occipital headache, vomits three
times and has associated neck pain and photophobia. Her medical history
includes migraines and thus she concludes this episode is a severe migraine.
Over the next two hours her left arm becomes heavy and she becomes somno-
lent. Her husband is worried she has suffered a stroke and calls the emergency
services. On arrival the paramedics find her Glasgow Coma Score (GCS) 12/15
(E3V3M6) with a 0/5 left hemiplegia. She is blue lighted to her local hospital
where a CT scan demonstrates a right temporal intra-cerebral haematoma (ICH)
and subarachnoid haemorrhage (SAH) in the basal cisterns. On returning to
resus her GCS drops to 9/15 (E2V2MS5) with both pupils reacting normally to
light. The ED registrar refers the patient to the on-call neurosurgery registrar
located in a neighbouring tertiary hospital.

Epidemiology

The SubArachnoid Haemorrhage International Trialists (SAHIT) group
reported 21% of SAH had associated ICH," with a range of 9% to 38% in
other series.”***>® Whilst the middle cerebral artery bifurcation is the clas-
sical location it actually represents only 36% of cases.' Anterior cerebral
artery aneurysms and ICA aneurysms comprise a further 33% and 15%
respectively.' Internal carotid artery (ICA) aneurysms causing ICH are usu-
ally distal, that is, posterior communicating, anterior choroidal or ICA bifur-
cation. The clinical focus on the middle cerebral artery (MCA) aneurysm is
likely because they cause significantly larger haematomas than non-MCA
locations (mean: 32ml vs 9ml)” and thus are more likely to require haematoma
evacuation.

Ancurysm size is another risk factor for ICH associated with SAH.
Medium or large size aneurysms (>12mm) pose a significant risk for ICH
compared to small aneurysms."* Larger aneurysms are also associated with
larger haematomas.’

History

The history of SAH with ICH can be similar that of SAH without ICH namely
thunderclap headache with meningism or sudden loss of consciousness. The distin-
guishing features with ICH are the presence of focal deficits which are otherwise
relatively rare with a pure SAH. Hemiplegia or aphasia from a unilateral fronto-
parietal clot would be typical. In unconscious patients a unilateral fixed and dilated
pupil may be seen.
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2 Emergency Neurosurgery

Examination

The clinical findings in SAH with ICH are different to those without ICH. SAH
with ICH are more likely to be poor World Federation of Neurosurgical Studies
(WFNS) grade (21% vs 61%)." In the SAHIT series only 13% of patients with
SAH and ICH presented GCS 15/15. Another series of 494 patients identified
the median GCS of 8/15 for SAH with ICH versus 14/15 for SAH alone.” As one
would expect, the haematoma volume has a significant influence on GCS with
haematomas >50cm’ having an average GCS 5/15 compared to 10/15 in
haematomas <50cm.”’

Many clinical grading systems are used for SAH, including the classic Hunt
and Hess and more recent WFNS, and were developed incorporating both SAH
with and without ICH. It is notable that WENS grade 3 are relatively rare, but
proportionately are mostly made up of SAH with ICH.

Investigation

All patients will have a CT scan demonstrating SAH with ICH, however we
strongly recommend performing a CT angiogram in all cases. It is tempting to
prioritise an emergency operation over another trip to the scanner; however,
modern CT angiography can be performed quickly and even in extreme circum-
stances (e.g. a fixed pupil), the risks of delay can be mitigated with mannitol.

The role of the pre-operative CT angiogram in the context of a clot is threefold.
Firstly, it confirms the ICH is due to a ruptured aneurysm making the surgeon
mindful of its presence. Secondly, aneurysms bleed into the parenchyma where
brain is stuck to the dome so they are on the periphery of the haematoma and CT
angiogram will define from where haematoma can be safely removed. Thirdly,
understanding the vascular anatomy including the aneurysm size, branching
vessels and vessels adherent to the dome helps with surgical clipping.

Intra-Sylvian vs Intra-Parenchymal Haematoma

CT angiogram will help discern between a Sylvian fissure versus brain paren-
chyma haematoma. The primary radiological sign of an intra-Sylvian clot instead
of a parenchymal clot is the presence of intra-haematomal contrast enhancing
vessels, that is, vessels running through, rather than around, the haematoma.
This distinction is important to help manage surgical expectations. Unlike
parenchymal clots, which are one uninterrupted mass, Sylvian clots contain
adherent MCA vessels. The clot sticks these vessels and islands of pia and
arachnoid together making it much more difficult to suck out. The resultant
increased effort to remove the clot frequently results in avulsion of small vessels.
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Ruptured Supratentorial Cerebral Artery Aneurysm 3

Sylvian fissure clots tend to present with higher GCS and lower volume
than MCA parenchymal clots.®'” As a result Sylvian clots tend to result in
a lesser improvement in GCS at seven days post-surgery.'” It has been
proposed that an aneurysm sac angle inline with the M1 segment is more
likely to produce Sylvian haematoma whereas a sharper angle results in
parenchymal clot.® The latter aneurysms are heavily adherent to pia/paren-
chyma whereas the former are seen free floating within the Sylvian fissure.

Differential Diagnosis

Any ICH with associated SAH or extending to the pial surface of the
Sylvian/interhemispheric fissure/basal cisterns should be considered for
underlying aneurysm. Young age and lack of comorbidity also make an
aneurysmal cause more likely and warrant CT angiogram before ICH
evacuation.

The most common differential diagnosis for the Sylvian clot is a large
hypertensive basal ganglia clot extending to the Sylvian fissure. Other
differential diagnoses for aneurysmal ICH include vascular lesions such
as arterio-venous malformations or cavernomas, or neoplastic lesions.
Other causes for superficial lobar ICH such as venous sinus thrombosis,
cerebral amyloid or dural fistula are less likely to be mistaken for aneur-
ysmal ICH as they do not extend to the basal cisterns/interhemispheric
fissure.

Management

Box 1 INITIAL INSTRUCTIONS TO THE REFERRER.

1) Blood pressure should be controlled with a systolic BP <180mmHg to
reduce the risk of ongoing bleeding.

2) Nimodipine 60mg PO STAT. Can be started up to 96 hours post-ictus
as per BRANT study’ so patient transfer should not be delayed
for this.

3) Osmotherapy. If the GCS is <12 or dropping, or there is a fixed pupil,
then give mannitol 20% 0.5—1mk/kg or hypertonic saline 3% 3—5ml/kg.

4) Intubate + ventilate. If the patient has a low GCS then intubate for safe
transfer.

5) Transfer the patient directly to the neurosurgery theatre as soon as
possible. CT angiogram should be performed en route.
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4 Emergency Neurosurgery

Box 2 A LIST OF PEOPLE TO SPEAK WITH PRIOR TO SURGERY.

1) On-call neurosurgery consultant — confirm the surgical plan, need to
involve a neurovascular surgeon and whether they will assist.

2) Theatre scrub staff +/— theatre co-ordinator — ensure that a theatre is
available and will be staffed ready for when the patient arrives.

3) On-call anaesthetic registrar — they will need to have an anaesthetist
ready in theatre to accept the transfer of the patient from ED/local
hospital. They are likely to need to get the anaesthetic consultant in
from home for this operation.

4) Neuro intensive care unit (NICU) consultant — these patients will not
wake up immediately after surgery and will need a bed booking in
NICU to go to post-op.

5) Next of kin — it saves time to get the NOK details from the referring
doctor so that a collateral history and the consent process can be
completed over the phone before the patient arrives.

Indications for Surgery

Deciding which haematomas need evacuating will dictate much of your man-
agement strategy, and if it doesn’t then management will proceed as for a SAH
with no ICH with no need for time critical surgery (Figure 1).

The mean haematoma volumes evacuated in other series range from
26-45ml,>*%'%1" that is, much less than 50ml, with the exception of Stapleton
et al.* whose mean was 100+77ml. It is likely, however, that at clot sizes of this
magnitude patients are no longer salvageable. Stapleton ez al.* reported only 36%
achieving an outcome of mRS 0-3 and a 33% mortality. Analysis of management
decision making in one series found that ICH volume >17ml was the inflection
point more likely to favour haematoma evacuation or decompression.”

Practically, decisions tend to be based on conscious level rather than clot
volume with GCS<I12 typically being offered clot evacuation and clipping.
Patients in coma (GCS<8) need careful consideration for salvageability and
whether to proceed based on a combination of their prior level of function and
signs of irreversible injury on CT.

Operative Strategy

We, and the American Stroke Association 2023 guidelines,'” recommend rapid
clot evacuation, which favours craniotomy and concomitant clipping over

Downloaded from https://www.cambridge.org/core. IP address: 3.14.246.249, on 22 Dec 2024 at 19:38:21, subject to the Cambridge Core terms of
use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009424837


https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009424837
https://www.cambridge.org/core

Ruptured Supratentorial Cerebral Artery Aneurysm 5

CT confirms SAH with ICH |—> :f‘;?::g:a not requiring

Y

Haematoma large enough to
warrant evacuation

\
| Manage as isolated SAH

Y

Is SAH/ICH survivable? L g‘ggi%i%‘g;{on

A
Yes. Give mannitol
CTA if not already performed

A
Craniotomy, evacuate the
haematoma and clip
aneurysm

+/— EVD

+/— hemicraniectomy

Figure 1 Proposed management plan for ruptured supratentorial aneurysms.
Produced by the authors.

endovascular techniques. There is randomised control trial evidence from the
1980s demonstrating significantly lower mortality with clipping and clot evacu-
ation compared to conservative treatment (27% vs 80%)."* Other evidence from
this era showed that clipping with ICH evacuation had a lower mortality than
ICH evacuation alone (29% vs 75%)."*

Surgical Technique

Position — supine with head turned approximately 45 degrees (Figure 2). The
head should be extended with the malar eminence uppermost then fixed in
a Mayfield clamp leaving as much as possible of the ipsilateral convexity
unobstructed to allow for a large scalp flap.

Incision — unlike a simple clipping where we use a curvilinear hairline
incision, for clot evacuation we use a larger frontotemporal craniotomy at
least the size of the haematoma, often resembling the question mark trauma
flap incision. In non-ICH cases we use a subfascial flap; however with an ICH
a myocutaneous flap is quicker. If the patient has not yet received mannitol,
administer a bolus now. A large craniotomy making maximal use of the scalp
flap is then fashioned. The large craniotomy allows the brain to herniate during
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6 Emergency Neurosurgery

Figure 2 Intraoperative views of right MCA bifurcation aneurysm clipping with
ICH evacuation: (A) positioning, (B) myocutaneous flap, (C) craniotomy,
(D) durotomy, (E) temporal corticotomy and clot evacuation, (F) aneurysm
dome visible through clot cavity, (G) Sylvian exposure of aneurysm neck,
(H) stacked clipping of aneurysm. Images taken by the authors.
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Ruptured Supratentorial Cerebral Artery Aneurysm 7

the procedure, relaxing the brain until clot is evacuated and cerebrospinal fluid
(CSF) drained. It can also serve as a decompressive craniectomy if required.
The sphenoid ridge is drilled flat down to the meningo-orbital band with
a diamond burr to create space to access the basal cisterns.

Dural opening — the brain is liable to herniate quickly so prepare everything
for a quick evacuation of the haematoma (e.g. retractor sets and instruments)
before dural opening. We recommend using ultrasound before dural opening
to visualise the extent of the haematoma and location of the aneurysm within
the clot. The dura should be incised in a C shape and reflected against the
sphenoid ridge.

Clot evacuation — a corticotomy should be made where the clot is closest to
the surface based on a combination of CT, visual staining of the cortical surface
and ultrasound. Once into the clot, rather than digging straight into the centre we
advocate finding the clot-white matter interface and systematically working
around the perimeter from posterior to anterior to remove the clot. This maxi-
mises clot removal and ensures you don’t lose your landmarks for aneurysm
location. The microscope provides invaluable illumination and visualisation of
the brain—clot interface. The angles to look fully around the cavity are wide and
very dynamic movement of the microscope is needed to minimise brain
retraction.

Pearls and pitfalls — whilst in most of neurosurgery a finer sucker makes for
a safer and more delicate operation, it is hard to get a clot to go up a fine sucker,
leading to use of higher suction pressures and more abrasion on the brain.
Instead, use the largest diameter and the lowest suction pressure available.
Have a theatre assistant sitting by the suction controls, gently increasing the
pressure when clot gets stuck and then immediately dropping it back down.
Also make sure you have good control of the thumb control valve on the sucker
so you can quickly release suction pressure. A fenestrated tip sucker may also
minimise brain trauma. Suggested sucker sizes are: Fr9 for access, Fr12 for
haematoma evacuation and Fr6 for dissecting around the aneurysm.

Aneurysm approach — the previously angry brain should now be relaxed. If not,
the most obvious reasons are incomplete haematoma evacuation or untreated
hydrocephalus. If the brain is slack enough, attempt approaching the optic and
carotid cisterns subfrontally to open the arachnoid and release CSF. If insuffi-
cient space exists, or it releases little CSF, then insert an EVD (ideally with
ultrasound guidance).

We recommend against proceeding with aneurysm clipping before a slack
brain is achieved. It is a common misconception that this surgery occurs in
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8 Emergency Neurosurgery

a swollen, hostile field. While these patients initially have very high ICP and
problematic herniation, removing the blood clot creates a lot of space and in the
vast majority will leave a comfortable operative field.

There are two options to approach the aneurysm — either directly through the
clot or proximally via the Sylvian fissure (assuming an MCA aneurysm).
The direct approach is quicker but has higher risk of aneurysm rupture because
the rupture point on the dome will have torn the pia to cause the parenchymal
bleeding. It can also be complicated by the pia that is stuck over the aneurysm
and its neck and accompanying vessels from this direction. Approaching from
inside the cisterns therefore will keep dissection away from the rupture point
and provide earlier proximal control. For these reasons we recommend surgeons
with less experience approach via a Sylvian fissure split after evacuation of the
haematoma and obtain control of the proximal M1. It is important to note that
proximal control at the level of the ICA can be falsely reassuring and in patients
with well-developed Acom or Pcom arteries in whom the reduction in bleeding
from an intraoperative rupture is negligible from a temporary clip on the ICA.
Once M1 control is obtained the M2s are exposed before finally dissecting the
aneurysm neck in the fissure, with the dome and its rupture point still stuck to
the pia.

Anecurysm clipping — clipping can then be undertaken with or without
a temporary M1 clip. Our preference is to use one, as it makes the dome softer
and more mobile, improving clip placement. Temporary clips can also be used
while dissecting the aneurysm neck but are not something we advocate because
they cause unnecessary periods of ischaemia and are only for the reassurance of
the surgeon. The aim is to have good exposure before dissecting the neck so that
any rupture can be easily controlled with either a temporary clip on a well
visualised M1 or direct pressure on the rupture point.

After the aneurysm is clipped, indocyanine green (ICG) angiography
should be performed to confirm good flow in all vessels and no flow in the
dome. All arterial vessels will generally fill at almost the same time and any
delay in vessel filling (sometimes just a very pulsatile filling) indicates
a significant stenosis. A small jet of ICG into the aneurysm at the clip tips is
due to them not meeting completely due to the wall thickness. This can be
dealt with either by placing a fenestrated tandem clip across the distal neck,
placing an identical second clip above the first or placing a booster clip on the
original clip.

Closure — in the vast majority of cases where good clot evacuation and CSF
drainage is achieved the brain will be slack allowing straightforward closure. In
the event of doubt the case can be closed as a decompressive craniectomy.
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Alternative approaches — some surgeons prefer to place a subfrontal retractor as
the initial manoeuvre to identify the optic nerve and open the cistern before clot
evacuation. This gives the reassurance of obtaining earlier proximal control of the
aneurysm. The downside is that herniation of the brain due to the clot (and
hydrocephalus and brain swelling) can be an issue and result in retraction injury.
Proponents note that while the swollen brain bulges outwards, the sphenoid ridge
controls downward herniation of the frontal lobe providing access for a 3/8”
retractor. After 2-3 minutes this normally decompresses the brain sufficiently to
visualise the ICA (usually with a 1/4” temporal pole retractor) and measure up for
a temporary clip in the event of intraoperative haemorrhage. A patty placed at this
level will facilitate quick identification of the ICA later in the operation if
required. Sometimes the brain relaxes sufficiently to expose M1 (with subpial
dissection) and even the aneurysm neck — before going near the haematoma.

Intraoperative Rupture

The intraoperative rupture of an aneurysm is a neurosurgeon’s worst night-
mare. The conventional teaching of applying a proximal temporary clip or
packing both miss many of the nuances that make the difference between
a dangerous chaotic situation and an ordered controlled response that allows
the operation to recommence unhindered. The following is a guide to help you
stay in control.

Don’t:

(1) Blindly pack —although with time it will stop the bleeding, if pressure is not
applied exactly on the bleeding point, bleeding continues underneath and
only stops when ICP is high and the brain is herniating out, making further
attempts at aneurysm clipping almost impossible.

(2) Blindly clip —unless you had already obtained good control of the proximal
M1 (ideally having left a patty to guide you), avoid the temptation to
blindly place a temporary clip. While you may get lucky and slip the clip
on the M1, there is a significant risk you put the clip through the neck of the
aneurysm or avulse a vessel, which is far worse than the bleeding from the
dome you started with.

Remember:

(3) A good gauge sucker is wider than the M1 and can suck faster than it can
bleed if placed in the right position.

(4) Direct pressure exactly on the rupture point for five minutes will seal the
rupture point and allow your operation to proceed as if the rupture never
happened.
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10 Emergency Neurosurgery

Therefore do:

(5) Find the exact rupture point — fight your instinct to rush, instead methodic-
ally move your sucker in a grid around the area of bleeding to identify
exactly where the blood is coming from. A two-sucker technique is best
with the primary sucker in your left hand searching for the bleeding point
and the second sucker in your right hand (or with your assistant) kept static
at the most dependent point in the field to stop it filling up. The aim is to see
part of the dome with a jet of blood coming out, and the jet going directly
into the sucker with no spill over. Your assistant can then hold their sucker
in this location giving you a clear operative field in which to work.

If you have already exposed the M1:
(6) Place a temporary clip on a well displayed M1.

If the M1 has not been clearly displayed yet or there is still a lot of aneurysm
dissection to be done that will require a long temporary clip time, instead:

(7) Stick a piece of Surgicel on the rupture point — the aim is to place
a relatively small piece of Surgicel exactly on the rupture point followed
by a small micropatty before it is washed or sucked away. Once the
bleeding is stopped you will leave the Surgicel stuck on the dome and
a smaller piece will get in your way less. The reason for the small patty is to
ensure that pressure is applied by the sucker directly on the rupture point
and not slightly adjacent to it (in which case the bleeding will not stop).

(8) Apply pressure — with Surgicel, micropatty and pressure on the rupture
point the bleeding will initially continue through the patty; however if you
are applying pressure exactly on the rupture point this bleeding will not be
apparent as the blood will go directly into the sucker. Hold your sucker in
this exact position for five minutes. You can lift the pressure off from time
to time and will sequentially see less and less blood soaking through the
patty. After five minutes it should be dry on removal of the sucker.

(9) Continue with the operation — at this point the aneurysm dome tends to be
stronger than you might expect, and the operation can resume as before
with a focus on obtaining proximal control before dissecting the aneurysm
neck. The micropatty may be left stuck to the dome, but often will fall off
leaving the Surgicel with no consequence.

With persistence virtually all ruptures can be controlled in this way, with no risk
of extended temporary clip times. The volume of blood lost in the process is
generally much less than expected and rarely physiologically relevant. If you
cannot control the bleeding in this way, then keep searching for the bleeding
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point as in step 5 as your pressure has probably just missed it. This latter
technique avoids any temporary clip time and, even when the M1 is visualised,
can be preferable if there is still a lot of aneurysm dissection necessary before
a definitive clip can be placed on the aneurysm itself.

If you are still working in the clot cavity at this point and want to find the M1
for proximal control, you will need to suck out a small portion of brain deep to
the bleeding point to reveal the pia of the more proximal Sylvian fissure and
then open this to find the proximal M1. Note that the M1 may be further away
from you than you anticipate because the dome tends to be pointing towards you
and the aneurysms that rupture at surgery tend to be larger, and hence the M1
can often be hidden quite far behind the dome.

Alternative Strategies

Due to the advent of endovascular aneurysm treatment and consequent reduction
in microsurgical clipping experience, a number of alternative strategies have been
described, mostly in response to a potential lack of availability of an appropriately
experienced surgeon. Alternative approaches include: (1) clot evacuation and
delayed aneurysm coiling (or clipping); (2) aneurysm coiling and delayed
clot evacuation; (3) decompressive hemicraniectomy with a separate aneurysm
procedure.

Clot Evacuation with Subsequent Aneurysm Coiling or Clipping

In the absence of a neurovascular surgeon the next option is clot evacuation
followed by endovascular treatment of the aneurysm at the soonest possible
time. ICH evacuation is a general neurosurgical procedure which the on-call
team should be able to handle. This approach is a tradeoff, which allows
emergent treatment of intra-cranial hypertension caused by the haematoma
but delays securing the aneurysm until appropriately trained staff are available.
The biggest concern for a non-vascular neurosurgeon is aneurysm rupture
during clot evacuation. This is, however, much rarer than most believe and can
be controlled as described above. In one series, only 6% out of 398 ruptured
aneurysms clipped suffered an intra-procedure rupture.'” Of these, only two
(0.5%) ruptured on opening the dura, three (0.75%) on evacuating a haematoma
and four (1%) due to brain retraction with the remainder rupturing during
aneurysm dissection. In our own series seven out of 33 clipping + clot evacu-
ations had an intraoperative rupture but only one (3%) occurred on opening the
dura and the remainder were during aneurysm manipulation. Thus, the non-
vascular neurosurgeon should be comforted that there is only a 2-3% risk of
premature aneurysm rupture if they refrain from dissecting the aneurysm.
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Following clot evacuation, the aneurysm can be treated in an early planned
fashion with either coiling or clipping. While many will go to coiling, it should
be remembered that most cases will be MCA aneurysms, a location often
associated with anatomy more suited to clipping than coiling.

Clipping at the time of clot evacuation is preferred over a two-stage
approach because: (1) it eradicates the risk of rebleeding during the delay
until aneurysm treatment, and (2) it carries the risk of one rather than two
procedures (e.g. anaesthetic risks and the vascular risks of rupture or vessel

injury).

Aneurysm Coiling with Subsequent Clot Evacuation

There are several series in the literature that present coiling of the aneurysm
before evacuation of the haematoma, arguing that securing the aneurysm first
makes the clot evacuation more straightforward when there is no risk of aneur-
ysm rupture. These series report up to 60%'° of patients returning to independ-
ent living which is promising, although series are highly selective and too small
to make any meaningful comparison with alternative strategies.

As might be expected, time to clot evacuation has been shown to be associated
with better outcomes in SAH with large ICH.” Therefore, given the inherent delay
to clot evacuation in a ‘secure then evacuate’ approach, it must be inferior to
a single stage procedure. Given that ‘evacuate then secure’ should only encounter
a 2-3% risk of aneurysm rupture, the benefit of early clot evacuation is greater
than that gained by early aneurysm securing and therefore we consider the ‘coil
then evacuate’ approach the third choice option.

Decompressive Craniectomy

Primary decompressive craniectomy is a salvage procedure to reduce the intra-
cranial pressure, temporising the situation without addressing the haematoma or the
aneurysm. It can be done in a time-critical manner by anyone with general
neurosurgical training without any of the potential risks associated with manipulat-
ing the haematoma. The disadvantages are that you commit the patient to multiple
further procedures including the endovascular coiling, a cranioplasty and potentially
haematoma evacuation. Although it reduces the risk of intraoperative rupture, it still
does not completely eradicate it and we feel it is inferior to clot evacuation given
that all general neurosurgeons should be able to perform clot evacuation.
Decompressive craniectomy can be used in conjunction with the clipping/
clot evacuation if cerebral oedema causes brain herniation through the craniot-
omy. Adequate haematoma evacuation +/— CSF drainage will usually create
enough space to allow replacement of the bone flap in the vast majority of cases.
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However, in an occasional case, usually where the clot is localised within Sylvian
fissure and good evacuation is more difficult, decompressive craniectomy can be
a life-saving adjunct.

Minimally Invasive

Several minimally invasive approaches to managing the aneurysmal haema-
toma have been proposed. Following coiling of the aneurysm, one option for
removing the haematoma is stereotactic aspiration with the Apollo device'” or
aspiration with urokinase irrigation for several days.'® While these minimally
invasive approaches provide promise for deep-seated haematomas, most
aneurysmal ICH are large and come close to the surface of the convexity or
Sylvian fissure making them amenable to open surgery. Therefore, more
research is necessary to be able to judge the role of these procedures in
aneurysmal ICH.

Prognosis/Outcomes

It is unclear if the rate of rebleeding in patients with SAH and ICH is the same
as SAH alone. Some studies have suggested it is higher in patients with SAH
and ICH™”"” and the rate is even higher for clots >50ml.” Other studies have
not reproduced this finding and report equal rates (<10%) for SAH/ICH and
SAH alone.”

The presence of an ICH is an independent predictor for worse outcome in
SAH.® The SAHIT group report unfavourable outcomes (Glasgow Outcome
Score 1-3) are nearly double amongst patients with ICH (51% vs 27%)."!
Markers for functional outcome such as rates of return to work (32% vs
13%) and epilepsy (23% vs 7%) are worse in patients with SAH/ICH
compared to SAH.> The mortality rates in patients with SAH/ICH are
approximately 28-35% compared to 15-22% in SAH alone.'*”’

Clot location influences outcome with favourable outcome seen in 48% of
temporal clots compared to 36% frontal and 18% Sylvian locations.”” Sylvian
location also has a higher mortality than temporal or frontal.”'

Clot volume impacts on functional outcome with significantly fewer
favourable outcomes in patients with clot volumes >50ml (12% vs
31%)’ and haematomas >50ml are associated with lower rates of return
to work (7% vs 14%).” At six months post-haemorrhage (SAH alone,
SAH + ICH<50ml and SAH + ICH > 50ml) relatives felt the patient was
exactly the same person as before the haemorrhage in 46%, 21% and 5%
respectively.”
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14 Emergency Neurosurgery

SAH severity grade is another predictor of poor outcome in patients with
SAH and ICH."” Even amongst good grade SAH there is still a 21% mortality
rate”’ and 50% rate of a poor functional outcome.” Other predictors of poor
functional outcome are: increasing age, worsening Hunt and Hess score,
higher residual clot, external ventricular drain requirement, intra-ventricular

haemorrhage and need for craniectomy.”
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