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Abstract

Object: The outcomes of microsurgery of previousdyled aneurysms are poorly described
and little is known about what factors predict poatcome. Therefore, we set out studying
our case series to identify predictors of poor onte following microsurgery for previously
coiled recurrent aneurysms.

Methods: A retrospective cohort study from a presipely maintained vascular database
reviewing presentations, recurrent aneurysms measnts, surgery and outcomes of
microsurgical clipping of recurrent previously @allintracranial aneurysms.

Results: 39 patients (mean age 49 years, rang® 32afs) underwent microsurgical clipping
of 40 previously coiled intracranial aneurysms. (ua¢ient suffered seizures, one transient
neurological worsening and one hyponatraemia, méwehom had long-term sequelae. Two
patients suffered postoperative infarcts givingpaerall incidence of permanent morbidity of
5.1%. There were no deaths or rebleeds on follow up

In three patients, an attempt was made to remogectil ball. These included the two
patients with infarct and one with transient defidihese patients had larger aneurysms
(1106mnf vs 135 mm, p=0.005), with larger coil balls (257 minvs 52 mmi, p=0.01) and
wider necks (7.09 mm vs 2.69 mm, p=0.02) but smakemnant heights (1.59mm vs
1.99mm, p=0.04). They were also more likely to havelapsing coil loops (3/3 vs 3/27,
p=0.016).

Conclusions: Our study demonstrates good clinicgdt@mes from microsurgical clipping of
recurrent aneurysms. In the vast majority of caskss can be applied primarily. Coil ball
removal was associated with increased morbiditysmalild only be considered as a second
line option and its likely need identified beforagery.

| ntroduction

Endovascular treatment is increasingly used for baiptured and unruptured cerebral
aneurysms, particularly following the Internatiorlibarachnoid Aneurysm Trial (ISAT).
However, long term follow up of endovascularly tesh aneurysms is known to reveal
recurrence of aneurysms in up to 20%.the ISAT trial 17.4% of patients who were treated
with coiling required further procedures due toureence or incomplete occlusion of the
aneurysms. The 10-year follow up of the ISAT cohbds revealed that the risk of
aneurysmal re-bleeding, although low, is still ghthan those treated with surgical
clipping®. The CARAT study has demonstrated a re-rupture rate of up7t6% during a

mean follow up of 4 years when coiling is suboptiarad less than 70% of the aneurysm was



occluded. It therefore remains essential to monitor aneurysm recurrence and have a
strategy for treatment.

Two obvious questions remain; when, and how torwetee. In relation to the indication for
intervention, it has been shown that growing anguryrecurrence, rather than coll
compaction, carries higher risk of re-rupture -sthiust be considered when deciding on
further treatment of recurrent aneurysthsSimilarly, size of the patent portion of the
aneurysm is important. Both of these may influethesoutcomes of any treatment offered.
Re-treatment of aneurysms can be either endovasaulaicrosurgical. The indications for
surgery vary widely based on experience and exgertind are likely to be tailored to
individual aneurysm anatomy. Surgery for these sasas been reported to be more
challenging than surgery of previously untreateemysm&°% ** However, series reporting
outcome remain limited to date and there has be&esystematic analysis of predictors of
poor outcome.

Our aim was therefore to assess clinical outconodl®ewing microsurgical clipping of
recurrent previously coiled aneurysms, and assdsshwpreoperative and intraoperative
factors may predict poor outcome to help improvieepa selection.

Patients and methods

This retrospective cohort study is registered asaadit with our institutional approval.
Patients undergoing surgery following previous esdcular treatment of an aneurysm
between November 2006 and January 2013 were iahtifrom our prospective
neurovascular database. Case notes, electronic maéods, cerebral angiograms,
neuroradiology reports, and clinical outcomes werrospectively reviewed. Aneurysm
recurrences were identified following initial coi on follow up cerebral catheter
angiograms and/or magnetic resonance angiogramag)RVe discussed all recurrent cases
at our Neurovascular multi-disciplinary meeting (Mo consider treatment options.

The decision to proceed with surgery was categoiiig® two groups:

a) Endovascular treatment believed to result iroptitmal occlusion.

b) Patient preference for surgery (despite readercditance of endovascular occlusion).

For this classification, endovascular treatmentsegia of direct coiling or balloon assisted
coiling. We would normally recommend surgery if rétgplacement was anticipated for
anterior circulation aneurysms. There were no pmsteirculation aneurysms in this series in
view of our more aggressive endovascular managemehese locations utilising stenting.
Initial catheter angiogram outcomes were categdriseinterventional neuroradiologists as

complete occlusion, incomplete occlusion, perstsieterstitial filling and aneurysm neck
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remnant. Mechanism of recurrence was classifienl fimir categories: coil compaction, neck
recurrences, aneurysmal regrowth, and recurrenee¢ada combination of these based on the
angiogram reports.

All intraoperative or postoperative complicationere/ reviewed. All patients were followed
up in clinic at 3 months after surgery and as céfly indicated thereafter. The mean
available follow-up time after clipping was 36 misit(range 3—60 months). Outcome was
assessed on the Modified Rankin Scale. This wdstbhmised to good outcome (MRS 0-2)
or poor outcome (MRS 3-6) and was assessed beigerg and at three-month follow-up.
The post-coiling, pre-clipping Digital SubtractioAngiograms (DSAs) and Magnetic
Resonance Angiograms (MRAs) demonstrating the reonoes were retrieved and
systematically analysed, in order to attempt taldsth whether any features of the recurrent
aneurysms were predictors of whether intra-opegatoil removal prior to clipping would be
required, and of poor outcomes following clipping.

Seven measurements of the recurrent aneurysmgakene (Figure 1):

1-3 Maximum diameter of the aneurysm in the X, gd & planes orientated to the
configuration of the aneurysm.

4-5 Minimum and maximum remnant height on eithdesf the neck of the aneurysm &

hy).

6 Width of the neck of the aneurysm.

7 Maximum parent vessel diameter.

We additionally recorded a) whether there were loaips present outside the main coil ball
in the remnant, and b) whether these prolapsedathe neck of the aneurysm.

The aneurysms were modelled onto the shape of adey] and using the x,y,z
measurements, this allowed modelling to derive tiegght of the assumed cylindrical
aneurysm, the diameter and therefore the radiuis. Was used to derive the volume of the
aneurysm, using the equation A2h.

The volume of the remnant was then derived by usirg formula for a volume of a
cylindrical segment:

V = 0.5xr’(hy+hy) 1% These volumes allowed us to derive an estimadécball volume, by
subtracting the remnant volume from the total aysual volume.

Measurements were reviewed by a consultant vasoelarosurgeon (DB) and a consultant
interventional neuroradiologist (JM), and then etated with the clinical outcome using the
dichotomised Modified Rankin Scale. Statistical lgsia was performed using Mann

Whitney and Chi square tests as appropriate, ppvelu05 was considered significant.
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Results

Population

39 patients underwent microsurgical clipping ofureent cerebral aneurysms after previous
endovascular coiling between November 2006 andaigr2013. 20 were females and 19
were males (Table 1). The mean age was 49 (rarfye/02 years (Table 1). The mean
interval between coiling and clipping was 76 we@hksge 4-374).

Aneurysms involved the anterior communicating r{&COM) in 15 cases, middle cerebral
artery (MCA) in 12 cases, internal carotid artei@A) in 2 cases, posterior communicating
artery (PCOM) in 9 cases and anterior cerebraha(®CA) in 2 cases. 7 patients had one
additional unruptured aneurysm (Table 1). In 3 gudi, 2 additional aneurysms were
diagnosed. All additional aneurysms were withinahéerior circulation. The mean aneurysm
diameter before endovascular treatment and afeemitial rupture was 5.3 mm (range 1.9—
14mm)(Table 1). All patients initially presented withptured aneurysms. World Federation
of Neurosurgical Societies (WFNS) grade at inipaésentation was grade | in 23 patients
(59%), grade Il in 8 patients (20.5%) and gradéshid IV in 3 patients each (Table 1). 2
patients had their initial treatment at anothertmgnhence initial WFNS grade was
unavailable.

The angiographic outcomes of the initial coilingpg@edure were described as follows: 21
cases were classed as having an aneurysm necknefm@aas persistent interstitial filling, 8
as incomplete occlusion and 2 patients as compmetdusion. Raymond-Roy occlusion
classification after initial emoblisation is presteshin Table 1. Data was not available for 2
patients who had undergone endovascular coilingtler centres. The mechanisms of
recurrence were thought to be coil compaction im2@urysms, neck recurrence in 12 cases,
of which aneurysmal regrowth was noted in 7 aneusysand a combination of these
mechanisms was noted in 6 aneurysms. None of thefered a rebleed. However, the MDT
recommended preventative treatment of the resido@lirysm due to changing appearances
of the remnant deemed at risk of further rupture.

The MDT recommendation was for surgical clippin@hpatients as endovascular treatment
was thought likely to result in suboptimal occlusioln recurrent anterior circulation
aneurysms unsuitable for endovascular treatmemtMIDT usually opt for surgery rather
than stent assisted coiling. We believe surgeryldvaesult in less complication than reported
in literature with stent assisted coilffig** The other 18 patients were deemed suitable for
either surgical or endovascular treatment but pttiepted for surgery.

Outcomes



38 patients had a good mRS of 0-2 pre operativély.were graded either 0 or 1, the
remaining two patients had sustained a previousnéldle cerebral artery (MCA) territory
infarction, one with residual mild right sided weaks with an mRS of 2, and the other had a
residual dysphasia and right-sided weakness, witm@S of 3.

All 39 patients had their previously coiled aneunyslipped. In three cases an attempt was
made to remove the coil ball — in two cases thenseopened to remove the entire coil ball
and in one the dome and coil ball was amputatethdoease the working space without
entering the patent portion of the aneurysm. Thiesse patients were all in the group of 21
patients whom had been considered unsuitable fdovascular treatment. 10 patients had
additional anterior circulation aneurysms clippeuliny the same operation. The mean length
of hospital stay was 3.2 days (range 1-13 days).

Post-operatively 2 patients suffered an infarct anossed from good outcome to poor
outcome with an mRS of 3 and 4. These two casesngr&ss important learning points and
will be discussed separately. One patient develgpexlires post-operatively and another had
transient hyponatremia. Both were treated withamgiterm sequelae. All other patients were
unchanged giving an incidence of permanent morpidf 5.1%. There were no
haemorrhages or deaths during a mean follow u@ oh@nths (range 3-60 months).

Surgical Technique

All recurrent aneurysms in this series were inaheerior circulation. Microsurgical clipping
was performed through a standard pterional apprdaeherally, the aneurysm and both its
proximal and distal arterial segments were micrgisaily exposed (Figure 2). Temporary
clipping of the parent vessel was used if deemeéssary. A permanent clip was then placed
across the neck of the aneurysm. The base of thgrysm was visualised to ensure optimal
occlusion of the aneurysm without sliding of th@ cbr narrowing of the parent artery
(Figure 3). Earlier in the series, Doppler ultrasdwas used to evaluate the intraluminal
blood flow before and after applying the clip. Tinas used in 24 cases. Later in the series,
intraoperative isocyanine-green (ICG) angiographgswsed to evaluate the extent of
intraluminal blood flow at the neck of the aneury3iis was used in 8 patients. 7 cases were
clipped without intraoperative check of the blodali. This was earlier in the series when a
Doppler probe was not available and prior to thepéidn of ICG angiography. None of these
seven patients suffered a complication.

The first line approach was to place a clip belaw ¢oil ball without removal of coils. This
was possible in 36 cases. In 3 cases, insuffi@aptirysmal neck was seen, and the surgeon

had to open the aneurysm dome to remove the clbiinbarder to apply the clip. Successful
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clipping of the aneurysm was verified when there m@ableeding from the clipped aneurysm
on aspiration with a fine needle.

Casel

64-year-old male, with WFNS grade 1 SAH due to @tuted left 14mm anterior
communicating artery aneurysm (ACOM). Initial resulevealed some residual filling at the
neck of the aneurysm; however, the body and domgheofaneurysm were well occluded.
Follow up cerebral angiogram revealed significamt compaction and enlargement of the
neck remnant (Figure 4). This was re-coiled. Thsults were not satisfactory and it was
decided to proceed with microsurgical clipping. Taient had a right pterional craniotomy
and a clip was placed across the neck of the aseurintraoperative Doppler was used to
assess blood flow and a reduction in blood flonAIHA2 on the left side was noted. The
aneurysm wall was atheromatous. The aneurysm wwasdcted, the coil ball was cut, and
coils were removed, allowing space to apply thp, @dchieving an apparently good position.
However, optimal blood flow was not restored fudly evaluated with intraoperative Doppler
and unfortunately, the patient developed rightgidpper and lower limb weakness with left
anterior cerebral artery (ACA) territory infarctiademonstrated on CT scan. The patient
stayed under neurosurgical care for 9 days befenmeghtransferred to his local hospital for
further rehabilitationHe was last seen 7 months later when his MRS wHgs3veakness at
this time was persistent, with some improvemerttignright upper limb, but no improvement
in weakness in right lower limb.

Case?2

44-year-old female who presented with a WFNS gia@AH. She was found to have a 6
mm ruptured right MCA bifurcation aneurysm treateith endovascular coiling. Immediate
post coiling images demonstrated a small neck remn@he recovered well, became
pregnant and had a baby, and as a result, hemfallo MRA was delayed to just over one
year rather than our usual policy of 6 months. fidhew up MRA revealed coil compaction,
which was confirmed on cerebral angiogram to betdugn enlarging neck remnant (Figure
5). The case was discussed at the Neurovascular BtigiTwas felt that this case was not
optimal for re-coiling, and proceeded to surgemgrdoperative Doppler ultrasound was used
to assess blood flow through the MCA and its maenbhes. The aneurysm neck was not
optimal for the application of a clip. Despite trgidifferent clips no acceptable configuration
could be found. It was therefore decided to cutdbié ball and the atheromatous aneurysm
was transected. The clip was positioned and flow sadisfactory. However, the patient woke

up with severe left sided face, upper, and lowetbliweakness. She was taken back to
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theatre. The clip and flow were checked with nongeain Doppler flow. Patient stayed
under neurosurgical care for 13 days before transieher local hospital for further
rehabilitation. She was last seen 6 months lateerwher mRS was 3. Her lower limb
weakness at this time had significantly improved! avas mobilising with the aid of a
walking stick, but had ongoing weakness in her deft, and some residual left-sided facial
weakness.

Case3

69-year-old female patient who presented with a S to a ruptured left MCA aneurysm
treated with endovascular coiling. Immediate pasliftg images and follow-up cerebral
angiogram demonstrated persistent filling of thewaipsm and incomplete coiling (Figure 6).
Following the haemorrhage and coiling, the patieed a residual expressive dysphasia but
no motor weakness, and an mRS of 3.

The case was discussed at the neurovascular MOT trendecision was made given the
unsatisfactory outcome of the coiling to proceedhwmicrosurgical clipping. Despite
attempting multiple configurations of different etz clips, intraoperative ICG angiography
demonstrated poor filling in one of the downstrelbranches of the MCA. The view was
hampered the coil ball, and so the aneurysm dordeaits were transected and so the distal
aneurysm fundus was removed leaving the pateniopoaind proximal coil ball intact such
that the neck of the aneurysm could be more easslyalised. 2 clips were then applied
across the neck of the aneurysm, and ICG angiogrdemonstrated good flow at this point.
However, the patient awoke with a worsening of éguressive dysphasia, and a new right
sided weakness post-operatively. This was a trangieakness that fully resolved with the
patient returning to baseline by three-month follopv Its cause was ascribed to prolonged
intraoperative temporary occlusion time of the pmed MCA, but given that the coil ball
removal was partial, the remaining coils precludedood quality CT scan image, and we
cannot rule out an infarct. The patient was lashseE2 months following the operation, when
her mRS remained 3 due to the expressive dysphésth persists following clipping.
Aneurysm Characteristics

As discussed above, of the 39 patients, two reduwel ball removal and crossed from an
MRS of 0-2 to a bad outcome (MRS 3-4) at three-m&oitow up, and a third patient who
also had a dome resection and partial coil ballorexhpre-operatively had an mRS of 3 who
deteriorated neurological post clipping but reagro the same pre-clipping mRS of 3 at the

three-month follow up mark.



Scans were available for 30 of these patientsudiet the three who had attempts at surgical
coil removal. The remaining scans were no longereneable. The aneurysm measurements
and characteristics are summarised in table 2.

Our results suggest that the aneurysm volume,eimmant volume, the coil ball volume and
the aneurysm neck width are significantly largertive group that needed the coil ball
removal when compared to the group that did notireqcoil ball removal and correlated
with poor outcome. However, although there wasearcassociation, there was no threshold
that could be identified that reliably predictee tieed for coil ball removal.

We also observed that prolapsing coil loops on Of8i&r to operation was associated with
poor outcome (P = 0.016, Chi square 5.8). Of tmeetltases with poor outcomes, two had
coil loops in the neck of the aneurysm, as oppésexhly 3 of the 27 with good outcomes (P
= 0.25, Chi square 1.3).

Discussion

In this series, we observed a 5.1% transient antidu5.1% permanent complication rate
following surgical treatment of recurrent previousloiled ruptured aneurysms. The two
patients who suffered permanent sequelae crossdiravn good outcome to poor outcome
after microsurgical clipping. Although these caaes disappointing, this is less frequent than
has been reported in literattifé' > There could be many reasons for this, relatingither
patient selection or surgical technique.

Dorfer et al reported morbidity of 15.6% in theirgical group®. In this study, combined
endovascular and surgical case series of 52 patigete treated surgically. This included
parent artery occlusion or trapping under bypasseption in 5 cases, deliberate clipping of
the basilar artery trunk in 2 cases, and aneurysapping in one case. In another study of 43
patients 33 aneurysms were clipped directly, 7ippable aneurysms were bypassed, and 3
were wrappetf. They reported 7% mortality and 9 % of poor outeorfrurthermore,
Nakamura et al reported 33% of poor outcomes iit fegies and had 6.7% mortality rate

In this study we note that all recurrent aneurysvese in the anterior circulation. However,
in 67% of cases coils were partially or completedynoved. This may suggest a strong
correlation between coil removal and increase imhidity, which was also highlighted by
Romani et af. In the latter Finnish study, a review was conddatn 81 patients who had 82
previously coiled aneurysms that recurred. 15 ptdievere operated on within 1 month of
coiling and the rest had their surgery at lategest®29% of the aneurysms were posterior
circulation. 14 patients had incidental unruptueegturysms. The coil ball was partially or

completely removed in 35% of patients. They regbft8% poor outcomes which included
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7% mortality. Furthermore, Zhang et al reportedrte&perience of surgical clipping of 38
cases. They reported 8% mortality and about 87% gotcome. However, we note that their
series included 14 posterior circulation recurrameurysms. Their surgical approach
included bypass, aneurysm trapping and in 9 caskextraction was performed.

Although the values differ, these papers are ctergisvith our data. We report lower than
average complication rates. This may be due tonagbeu of factors. It is notable that we only
treated anterior circulation aneurysms. This is thuaggressive endovascular treatment of
posterior circulation recurrences due to our pdroapof increased risk of surgery for these
patients as seen in other series. In agreement authresults, there has been a report of
clipping 10 anterior circulation recurrent aneurgswith good outconte We did not clip any
recurrences early after coiling and SAH as in sgerégs. Most importantly, we believe that
avoiding removal of the coil ball should be thegscal objective. There are many factors to
this. Fortunately, it is our experience that withreful intraoperative assessment and
consideration of different clip strategies, it isoma frequently possible than might be
expected; the actual frequency may be related rigical technique or different clip models
and width of blades (all clips in this series Yadaclips, manufactured by Aesculap and
supplied by B. Braun Medical Ltd, UK) but in prasi most well selected cases should
accept direct clipping.

Our experience was similar to the Helsinki grougt ttemoval of coils is more difficult to
perform and associated with poorer outcofh&¥e have therefore attempted to identify
factors that predict need for coil removal and thaer outcome. From this, it is apparent that
increasing coil ball size and aneurysm remnant aigesignificant factors. We also observed
that a wider neck width of the aneurysm appeatset@ significant factor in predicting the
need for coil removal and poor outcome. In addjticeses that required coil removal had a
smaller remnant height and greater neck width. '8e aoted a non significant trend for
smaller parent vessel size in cases that requioddremoval, presumably, as just slight
impingement on the parent vessel is more likelletw to occlusion. Prolapsing coil loops
was also a strong predictor of poor outcome.

Unfortunately no thresholds could be identified ethcould definitively predict the need for
coil ball removal and these features can only doute to, but not define, the complex
decision as to suitability for surgery. This may ddundamental feature of the surgical
problem. However, as at the time of the surgerymiagnitude of the risks of coil removal
were not necessarily appreciated, it is also péesshat in light of the available evidence

greater attempts at avoiding surgical removal afscoould have resulted in some cases
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proceeding with simple clipping without complicatioln any event given the very poor
results in this subgroup it would appear that defh by the unanticipated need to remove
coils intra-operatively, that surgeons would needhaive to consider whether changing
strategy to stent coiling would be safer.

It is notable that only 2 patients in this seriegl lundergone a second coiling procedure
before clipping, indeed Case 1 (discussed abovs)am& of these. Recurrent coiling will
increase the size of the coil ball and reduce lgrelility of the aneurysm neck increasing the
complexity of later surgical treatment when it mbg better treated surgically at first
recurrence. Therefore, while endovascular coilirmyrbe the first line approach following
SAH, this decision making is more complex for reeat aneurysms. In our experience, the
threshold for performing surgery rather than endou&r coiling should be lower in
recurrent aneurysms. However, in cases where asragrgre in the posterior circulation or it
is anticipated that the coil ball will need to lmnoved, the additional risks of microsurgery
may be greater than those associated with the mggeessive endovascular approaches
necessary to achieve satisfactory stable oblitaraif the aneurysm.

Conclusion

Our result of surgical treatment following endowvaac coiling of recurrent cerebral
aneurysms suggests that microsurgical treatmerthenanterior circulation is safe and
effective. It suggests that more have a neck amenalairect surgical clipping than may be
expected, and that clipping with coil removal hasrse outcomes than simple clipping. It
also suggests that while a lower threshold for exyrgnay be appropriate for aneurysm
recurrence, this threshold should be raised foarreat posterior circulation aneurysms or
those where coil removal is likely to be neededsThay be anticipated in larger aneurysms
arising from narrower parent vessels with largdl loalls, smaller remnant heights, smaller
coil to remnant ratios and prolapsing coil loops.
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Figurelegends

Figure 1. Aneurysms measurements. The figure demonstratesiéiximum diameter of the

aneurysm in the x, y, and z planes orientated & cinfiguration of the aneurysm. The
minimum and maximum remnant height on either sitléhe neck of the aneurysm (hl &
h2). The width of the neck of the aneurysm andhth&imum parent vessel diameter.

Figure 2: lllustrative surgical view of a previously coilddCA aneurysm of one of the

selected patients. M1= Segment 1 of the middlebecateartery. M2= Segment 2 of the
middle cerebral artery.

Figure 3: Post clipping view demonstrating that despitetieddy small remnant sufficient

space was available to accept a clip without comgsimg the parent vessels.
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Figure 4. Cerebral angiogram demonstrating left anterior comigating artery aneurysm
with coil compaction and enlarged neck remnano(@)r

Figure 5. Cerebral angiogram demonstrating right MCA aneurysith enlarged neck
remnant (arrow).

Figure 6: Cerebral angiogram demonstrating left MCA aneurygth aneurysm filling and
incomplete coil occlusion (arrow).

Table 1: Characteristics of patients and aneurysms at liite&sentation.

ACOM: anterior communicating artery, ICA: interradrotid artery, ACA: anterior cerebral
artery, MCA: middle cerebral artery, PCOM: postedommunicating artery.

* 2 patients were coiled elsewhere and WFNS gradwi available. ** Data is available for
32 aneurysms. *** 2 patients were embolised elsewHeence; no initial Raymond-Roy
classification is available.

Table 2. Summary of the mean measurements and aneurysmactmstics calculated from
DSAs of recurrent aneurysms prior to clipping. i €quare test was used. Mann Whitney

test was applied for the rest of the table’s giaisP<0.05 is considered significant.
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Table 1: Characteristics
Total patients (n)
Mean age (year, mean +SEM)
Male (n, year; mean +SEM)
Female (n, year; mean +SEM)
Presentation Ruptured/Unruptured (n, (%))
WEFNS grade at presentation
WENS | (n, (%))
WENS Il (n, (%))
WENS 1l (n, (%))
WENS IV (n, (%))
WENS V (n, (%))
N/A* (n, (%))
Aneurysm location (n)
ACOM (n)
ICA (n)
ACA (n)
MCA (n)
PCOM (n)
Aneurysm size at initial presentation (n) **
Mean + SEM (mm)
Size
<7 mm (n)
7-12 mm (n)

13-24 mm

39

49.07+1.75

19, 48.42+2.6
20, 51.75+2.55

39 (100)

23 (59)
8 (20.5)
3(7.7)
3(7.7)
0
2(5.1)
40

15

2

2

12

9

32

5.31+0.44

24
7

1

Raymond-Roy Occlusion Classification after initial emoblisation

Class | (n)
Class Il (n)
Class Il a (n)
Class Il b (n)

N/A***

2

19



Table 2

Coil removal| No coil | P value
needed (n=3) removal
needed (n=27)

Aneurysm Volume (mean)| 1106 mm 135 mm 0.005
Remnant Volume (mean) 257 mMm 52 mnt 0.01
Coil ball Volume (mean) 848 min 83 mm 0.003
Coil to Remnant ratio 3.26 1.74 0.06
Minimum remnant height 1.59 mm 1.99 mm 0.04
(mean)
Neck Width (mean) 7.09 mm 2.69 mm 0.02
Maximum Parent Vessel1.88 mm 2.43 mm 0.15
Diameter (mean)
Number with Coil loops in 3 (100%) 3(11.1%) 0.016%t
remnant
Number with Coil Loops 2 (66.7%) 9 (33.3%) 0.25t

across neck






















Highlights:

Manuscript title: Outcomes of microsurgical clipping of recurrent aneurysms after

endovascular coiling

- Microsurgical clipping of previously coiled and recurred anterior circulation intracranial
aneurysms series with good outcome (mRS 0-2) in 95%.

- Cutting and removal of coil balls was associated with neurological deficits.

- The patients who had coil ball cut had significantly larger aneurysms, with larger coil balls
and wider necks but smaller remnant heights. They also had prolapsing coil loops.

- Coil ball removal should only be considered as a second line option and its likely need

identified before surgery.



Abbreviation:

SAH: Subarachnoid haemorrhage.

ISAT: International Subarachnoid Aneurysm Trial.
MRI: Magnetic resonance imaging.

MRA: Magnetic resonance angiogram

MDT: Multi-disciplinary meeting

MRS: Modified Rankin scale.

ACOM: Anterior communicating artery.

MCA: Middle cerebral artery.

ICA: Internal carotid artery.

PCOM: Posterior communicating artery.

ACA: Anterior cerebral artery.

WFNS: World Federation of Neurosurgical Societies.

ICG: Isocyanine-green.



Conflict of interest

All authors have none to declare.

Author Disclosures:

Anan Shtaya- Reports no disclosures.
Debayan Dasgupta - Reports no disclosures.
John Millar - Reports no disclosures.

Owen Sparrow - Reports no disclosures.
Diederik Bulters- Reports no disclosures.

Jonathan Duffill- Reports no disclosures.

Funding

This case report was completed with lack of dedicated funding.



