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Abstract

The study was aimed determine the criteria for treating cerebral aneurysms, ruptured and unruptured,

 suitable for endovascular Guglielmi detachable coiling (GDC) with least morbidity and mortality. We 

will discuss the importance of knowledge of the geometry of cerebral aneurysm and its impact on the 

results of coiling. We have treated 324 patients with cerebral aneurysms at the University of Illinois 

Hospital from May 1, 1994 to June 1997. During this period 139 patients were treated with GDC and 185 

patients were treated surgically. Of 139 patients treated with coils 54 patients with 54 aneurysms were 

ruptured and the remaining 85 patients with 90 aneurysms were unruptured. For initial 25 patients, the 

selection of aneurysms for coiling was random and the geometry of the aneurysm was not considered as 

an important factor in the selection for coiling, however, in the later series of 114 patients with 119 

aneurysms were selected for coiling only when the geometry looked favorable in the angiogram. With 

time we realized that the dome/neck ratio more than or equal to 2/1 and the diameter of the neck not ex-

ceeding 5mm were most suitable for coiling. The initial series of 25 patients (May 1994 to February 

1995) treated without taking geometry of the aneurysms as an important criteria for coiling led to high 

morbidity and mortality and less than 50% of these aneurysms were angiographically occluded at 6-

month follow-up. In the second series of 114 patients (March 1995 to June 1997) with 119 aneurysms we 

had 0% mortality related to the coiling and only 1.8% permanent morbidity. We found complete 

aneurysm occlusion in 78% of the subarachnoid hemorrhage and 76% of unruptured group when the 

dome/neck ratio was more than or equal to 2/1. However, the occlusion rate dropped to 50% when the 

dome/neck ratio was less than 2/1. This preliminary experience suggests that GDC is a safe technique 

with low mortality-morbidity for the treatment of intracranial aneurysms in appropriately selected 

patients. The percentage of complete occlusion of the aneurysm following tight and dense packing is 

strongly dependent on the geometry of the aneurysm and we conclude that the best results are achieved 

when the dome/neck ratio is more than or equal to 2/1.
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Introduction

Surgical clipping has been accepted for several de-

cades as the treatment of choice for intracranial 

aneurysms. However, recently with the advent of en-

dovascular techniques the management of these in-

tracranial aneurysms has become much more con-

troversial. Whether endovascular coiling will 

receive the same popularity and unanimous accep-

tance as surgical clipping still remains to be seen. 

The role of endovascular therapy for intracranial 

aneurysms has evolved rapidly over the past decade. 

Initially the endovascular approaches in the manage-

ment of intracranial aneurysms were limited to bal-

loon occlusions until the aneurysm occlusion with

 coils was first reported by Hilal in 1988 using non-

retrievable coils.7) Continuous efforts to expand the 

therapeutic alternatives in the management of in-

tracranial aneurysms have led to introduction of 

retrievable and detachable platinum coils and elec-

trothrombosis using the endovascular approach.3, 5) 

It is not only important to study the long-term effec-

tiveness of coils in the treatment of cerebral 

aneurysms, it is equally imperative to define the indi-

cations and criteria of aneurysm coiling.

The main aim of this study is to focus on the criter-

ia of selection of patients for endovascular coiling 

with high chance of complete occlusion and low risk
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of morbidity and mortality. We stress on the impor-

tance of the knowledge of geometry of the cerebral 

aneurysm prior to subjecting the patient for endovas-

cular coiling. We also summarize our initial results 

and experience with Guglielmi detachable coils 

(GDCs).

Material and Methods

I. Patient selection

From May 1994 to June 1997, 324 consecutive 

patients with 331 cerebral aneurysms were treated 

by us at the University of Illinois Hospital at Chica-

go. 139 of these patients were coiled, 54 patients 
with 54 aneurysms with subarachnoid hemorrhage 

(SAH) (43 females and 11 males with mean age of 51) 
and 85 patients with 90 unruptured aneurysms (63 fe-

males and 22 males with mean age of 50 .8). Con-
comitantly, 185 patients were treated surgically , this 
includes 27 patients who failed coiling or were con-

sidered not suitable for coiling.

II. Methodology

All patients undergoing endovascular coiling for 

the aneurysm were intubated and paralyzed under 

general anesthesia. This was found to be imperative 
to provide ease in radiographic road-mapping and 

microcatheter manipulation during the procedure . 
Simultaneous live biplane digital subtraction road-

mapping for deploying aneurysm coils was utilized 

for the guidance of coils into the aneurysm. Initially 

two diameter coils were used for the first coil deploy-

ment and this has been found to be advantageous. 

Also, deployment of the first loop of the coil with 

shorter radius into the aneurysmal sac was found to 

decreases the risk of perforation and migration of 

the end of the coil into the parent vessel. The proce-

dure is performed with the patient under systemic 

heparinization, even in patients with recent SAH. A 

bolus of 5000 units of heparin is given followed by 

the injection of 1000 units every hour and the saline 

infusion used is also heparinized (2000 U/l). The 

patient receives around 10,000 units of heparin dur-
ing the whole procedure. Heparin reversal is done at 

the end of the procedure, unless an embolic compli-

cation occurs during the procedure. We have found 

the partial thromboplastin time to be at least twice 

the baseline with this regimen of heparin. Following 

coiling the patient is monitored in the neurosurgical 

intensive care unit where daily transcranial Doppler 

(TCD) is done and "triple H" therapy instituted, as 

and when indicated. Post-coiling angiogram is done 

when there is increasing TCD velocities with or 

without clinical deterioration and vasospasm is treat-

ed with balloon angioplasty and papaverine if 

vasospasm is demonstrated in the angiogram.

The choice of the microcatheter: The GDC used 

for treating the patients is manufactured by Target 

Therapeutics (Fremont, Calif., U. S. A.). The GDCs in 

two sizes 10 or 18 are advanced through a Target 

Tracker microcatheter of number 10 or 18 inside di-

ameter. For aneurysms less or equal to 8mm, small 

Tracker "10" and coils "10" and for aneurysms larg-

er than 8mm Tracker "18" and coils "18" are 

preferred. Coils "10" through a Tracker "18" is not 

recommended. However, occasionally coils "10" 

through a Tracker "18," could be catheterized. 

When there are sharp and multiple loops of the 

cerebral vessels to the aneurysm, the trackability of 

the Tracker may be limited. It is possible to improve 

the progression of the Tracker through the vessels by 

using a Terumo glidewire (Target Therapeutics). 

Great care is taken in handling this wire because it 

increases the risk of perforation of the vessel and/or 

the aneurysm. The tandem "Tracker-wire" may ad-

vance suddenly if it has been stopped by a curve of 

the vessel. 360•‹ loops or double-kinking of the cervi-

cal portion of the internal carotid artery (ICA) al-

ways increase the difficulty of the procedure, the 

easy advancement of the coil without friction, and 

the permanent position of the tip of the Tracker into 

the aneurysm.

Complete obliteration of the aneurysm is said to be 

achieved when a dense and tight packing of the coils 

in the aneurysm is seen and when virtually no space 

is seen between the coils on plain films of the skull. 

If a tight packing cannot be achieved, incomplete 

thrombosis and regrowth of the aneurysm is likely. 

The diameter of the first coil is chosen in accor-

dance with the maximum diameter of a spherical 

aneurysm. Each circumference of coil follows the in-

ner wall of the aneurysm and bridges the neck. The 

first coil is two diameter coil and makes a mesh, and 

this later helps to retain and anchor the subsequent 

coils. The subsequent coils are chosen with progres-

sively decreasing diameters. The last coils are usu-

ally "soft" coils which adapts and conforms more 

easily to the configuration of the remaining space 

within the aneurysm. The packing is continued until it 

appears that no more coil will enter the aneurysm 

and when dense packing is achieved.

The knowledge of dome/neck (D/N) ratio is best ap-

preciated when the first coil is deployed into the 

aneurysm. Prior to this, the size of the neck on the an-

giogram may be underestimated. There are three rea-

sons for GDC failure: 1) tortuousities of the vessels 

which prevents the entry of the microcatheter safe-

ly, 2) inability to keep the microcatheter in the 

aneurysm during the deployment of the first coil, 

and 3) underestimation of the true size of the neck
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which prevents proper deployment of the first coil 

within the sac and thus resulting in protrusion of 

coils through the neck into the lumen of the parent 

vessel. However, wide neck aneurysms may be 

amenable to coiling with the adjunction of a balloon 

transiently inflated into the parent vessel and strad-

dling the neck of the aneurysm during deployment 

of the coil. This technique has been extensively used 

by Moret and is called the "remodeling techn-

ique."10)

Results

The results have been divided mainly into two 

groups of the aneurysms with SAH and without 
SAH. The results are also analyzed in respect to the 

aneurysm location, size, D/N ratio with occlusion 

rate of aneurysm, vasospasm, and morbidity and 

mortality. The overall outcome in both SAH and un-

ruptured groups are categorized into two: clinical 

outcome and morphological outcome i.e. the percen-
tage of aneurysm occlusion following coiling.

I. Fifty-four patients with 54 ruptured aneurysms

(Table 1)
Aneurysm location: There were 22 aneurysms in 

the posterior circulation (14 basilar tip, 3 ver-

tebrobasilar junction, 1 posterior cerebral artery 

[PCA], 2 posterior inferior cerebellar artery [PICA], 
1 superior cerebellar artery [SCA], and 1 upper basi-

lar artery) and 32 in the anterior circulation (9 

posterior communicating artery [PComA], 15 an-
terior communicating artery [AComA], 3 middle 

cerebral artery [MCA], 4 carotid ophthalmic artery, 

and 1 anterior choroidal artery).

Hunt and Hess grade and Fischer rade at admis-

sion: 44% of these patients (24/54) were Hunt and 
Hess grades III to V and Fischer grades 3 to 5. All 

patients Hunt and Hess (H & H) and Fischer grading 
were as follows:

H & H grade I, Fischer 1 4 (Cases 1, 36, 64, 114)
H & H grade I, Fischer 2 4 (Cases 41, 53, 56, 103)
H & H grade I, Fischer 3 4 (Cases 8, 40, 113, 126)
H & H grade I, Fischer 4 1 (Case 87)
H & H grade II, Fischer 1 1 (Case 93)
H & H grade II, Fischer 2 0
H & H grade II, Fischer 3  10 (Cases 19, 31, 32, 35, 46, 

49, 72, 97, 111, 137)

H & H grade II, Fischer 4  6 (Cases 65, 71, 78, 96, 101, 

116)

H & H grade III, Fischer 3  9 (Cases 22, 37, 61, 80, 112, 

118, 125, 127, 128)

H & H grade III, Fischer 4 3 (Cases 69, 107, 138)

H & H grade IV, Fischer 3 1 (Case 17)

H & H grade IV, Fischer 4 7 (Cases 60, 73, 83, 95, 122,

 131, 139)

H & H grade V, Fischer 4 1 (Case 4)

H & H grade V, Fischer 4 3 (Cases 28, 38, 129)

Total 54

Size of the aneurysm: Thirty-three aneurysms had 

a D/N ratio of more than 2/1. Twelve aneurysms had 

a D/N ratio of 2 and nine aneurysms had a D/N ratio 

less than 2/1. The implication of the geometry of the 

aneurysm in the morphological success of the treat-

ment is emphasized in the results.

Time of coiling versus day of SAH: All the 

patients were treated within 12 hours of their admis-
sion: 12 of them within 2 days post-SAH, 37 within 1 

week post-SAH, and five between 1 and 2 weeks 

post-SAH.
Patient selection: During our initial experience 

we did not have any specific criteria for the selec-

tion of patient for aneurysm coiling and the 

aneurysms were coiled randomly or when the 

patients were deemed not good surgical candidates 

(Cases 4, 28, 38). These patients had worst Hunt and 
Hess and Fischer grades. Following this initial ex-

perience our patient selection criteria for aneurysm 
coiling were changed. The morphological size and 

shape of the aneurysm became the major factors in 

the making decision for coiling. The location of the 

aneurysm was also an important inclusion criteria 

in the decision making of coiling or clipping. 

Aneurysms located at bifurcation of vessels, despite 

good geometry, could be at times, considered for 
surgery than coiling as in these situations there are 

special concern of the coils occluding the arterial 

branches at the bifurcation. For this reason a few 

MCA bifurcation aneurysms were treated surgically 

as they have better access surgically and have a con-

figuration not favorable for coiling.

Clinical outcome: In our series of 54 patients with 

SAH 41 (76%) patients had an excellent outcome and 

had no neurological deficit and this includes four 

patients who failed GDC. Two patients had good out-
come and are self-sufficient with a moderate perma-

nent neurological deficit (Cases 53, 122), Case 53 has 

right leg weakness and some expressive aphasia and 

Case 122 has residual ataxia. Two patients had a 

poor result (Cases 8, 125) one due to embolic compli-
cation and later due to delayed cerebral ischemia as-

sociated with vasospasm. Nine patients died in this 

series (Cases 1, 4, 28, 32, 36, 38, 95, 118, 129). In Case 

1 the dome of the aneurysm was perforated by the 

coil and the death is related to coiling. In two cases 

(Cases 28, 38), patients in Hunt and Hess grade V 
and Fischer 4, coiling could have contributed to 

their mortality. In six cases (Cases 4, 32, 36, 95, 118, 

129) the mortality was not related to coiling, this in-
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cl udes one patient (Case 36) who failed coiling and

 died following surgery.

Morphological outcome: 39/49 (80%) aneurysms
were completely occluded in post-coiling angiogram

 and this includ es five patients who subsequently

died. The remaining 34 patients have had repeat fol-

low-up angiograms every 6 months. Only one of

 them (Case 107) has shown a small regrowth of the

 neck at 6 months, interestingly five patients who had

 small neck remnant on initial post-coiling angio-

gram have complete occlusion of their aneurysm at
 6 months (Cases 35, 46, 71, 103, 114) and remain oc-

cluded in 1-year post-coiling angiograms (Figs.1-3).

 Finally in one patient (Case 35) a small neck remnant

 persisting at 6 months and 1 year was found to have
 completely occluded at 2 years. Ten aneurysms had

 only partial occlusion of the sac and neck of which

 three subsequently died (Cases 28, 118, 129). Cases

 28 and 129 were Hunt and Hess grade V and Fischer 

4, Case 118 rebled during external ventricular

 drainage placement. None of the seven remaining

 patients rebled. Case 139 had successful surgery,
 Case 83 refused further treatment, and Case 138 is

 waiting second treatment. Cases 35 and 40 have

 small neck remnant which is unchanged on follow-

up angiograms and Cases 72 and 132 had subse-

quent complete occlusion of the ICA with detacha-
ble balloons with complete occlusion of the

 aneurysms. Five patients failed coiling, four of these

 had successful clipping and one died (Case 36 died

 of severe sepsis and renal failure).

D/N ratio and size of the neck correlation with

 aneurysm occlusion rate: Fifty-four aneurysms in

 this category were divided in three subgroups de-

pending on the D/N ratio: a) more than 2/1, b) equal
 to 2/1 and c) smaller than  2/1. a) Of these, 33 had D/

N ratio of more than 2/1 the complete occlusion was

 achieved in 25/33 (76%). In this group the average

 dome diameter was 8.4 mm and the average neck di-

ameter was 2.2 mm. The partial occlusion was seen

 in 7/33 and the average dome diameter was 11 mm

 and average neck diameter was 3.4 mm. b) Twelve

 aneurysms had D/N ratio of 2/1 and complete occlu-

sion was seen in 8/12 (68%). The average dome di-

ameter was 5.3 mm and an average neck diameter of

 2.3 mm. The partial occlusion rate or failed GDC

 was in 4/12 patients and the average dome diameter

 was 6 mm and average neck diameter was 3 mm in

 this group. c) In nine aneurysms with D/N ratio with

 less than  2/1, 4/9 (44%) had complete occlusion and

 their average dome diameter was 4 mm and average

Fig.1 Angiograms, anteroposterior (left) and later-

al view (right), of a patient with basilar ar-

tery aneurysm.

Fig.2 Angiograms a nt er oposterior (left) and later-

al view (right), of the same patient immedi-

ately following basilar artery aneurysm coil-
ing procedure.

Fig.3 Angiog ram, lateral view, of the same patien

t with basilar artery aneurysm coiled at 1-

year follow-up.
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neck diameter was 2.5mm. The other five cases

 failed coiling and their average dome diameter was

 5.4mm and average neck diameter was 3.2mm.

Symptomatic vasospasm: Nine out of 54 patients

 (17%) developed symptomatic vasospasm (Cases 17,
 41, 49, 60, 95, 107, 122, 125, 131) maximum of these

 patients had higher Fischer grades. All these

 patients were aggressively treated with a combina-
tion of "triple H" therapy, balloon angioplasty, and

 papaverine infusion as soon as they deteriorated
 clinically or were found to have increase in TCD

 velocities. Of these six patients had a complete recov-

ery (Cases 17, 41, 49, 60, 107, 131), two patients had a

 permanent neurological deficit, moderate in Case
 122 and severe in Case 125, and one patient died

 (Case 95).

II. Eighty-five patients with 90 unruptured

 aneurysms (Table 1)

Aneurysm location: There were 28 posterior circu-

lation aneurysms (16 basilar tip, 5 SCA, 2 PICA, 3

 PCA, 1 intracranial portion of the vertebral artery,

 and 1 anterior inferior cerebellar artery) and 62 an-

terior circulation aneurysms (26 carotid

 paraophthalmic artery, 5 superior hypophyseal ar-
tery, 12 PComA, 2 anterior choroidal artery, one

 carotid termination, 2 cavernous sinus, 9 MCA, 2

 AComA, 1 proximal portion of anterior cerebral ar-

tery, and 2 pericallosal artery).

The clinical presentation of patients in this group

 was headaches in 18, previous SAH from 2 weeks to

 2 months in 10, progressive decreased vision in five,

 frontal abscess in one, meningioma with

 hydrocephalus in one, seizure in one, hemifacial

 spasm in one, dizziness in two, and previous surgery

 of the aneurysm in five. However, the other 46

 patients were found to have incidental aneurysms

 following head computed tomography or magnetic

 resonance imaging

.Size of the aneurysm: Forty-six aneurysms had a

 D/N ratio of more than 2/1.

 Twenty-four aneurysms had a D/N ratio of 2/1 and 20 aneurysms had a D/N

 ratio of less than 2/1.

Patient selection: The location and geometry of

 the aneurysm were the two most important criteria

 in deciding to treat these aneurysms with coiling.

 This explains why we had

 more posterior circula-tion and carotid paraophthalmic artery aneurysms

 which are complex to treat surgically and relatively

 fewer MCA aneurysms which are favorable for clip-

ping. There are only two AComA aneurysms which

 are sometimes difficult to reach with the

 microcatheter. The geometry of the aneurysm was

 also an important criteria for coiling the giant

 aneurysms and the broad neck aneurysms with neck 

wider than 5mm.

Clinical outcome: Seventy-eight patients had an

 excellent clinical outcome. Five of these (Cases 21,

 27, 48, 52, 77) had a transient neurological deficit

 from coiling from which they fully recovered. One

 patient had a poor outcome with severe permanent
 neurological deficit (Case 13). Six patients out of 85

 died. Two deaths (Cases 12, 18) were related to the

 treatment with coils. Case 12 died from rupture of

 the basilar artery with an inflated balloon and Case

 18 had dissection of the PCA with an angioplasty bal-

loon. The four other patients (Cases 11, 24, 55, 74)

 died from unrelated causes. Case 11 died of cancer 1

 year post-coiling, Cases 24 and 74 died from surgical
 complications following coiling. Case 24 developed

 an intracerebral hematoma post-surgery and devel-

oped severe vasospasm, Case 74 died of bilateral

 thalamic infarctions 2 days after the tourniquet oc-

cluded the distal basilar artery and Case 55 died of

 myocardial infarction 1 year post-coiling. None of

 the incompletely occluded aneurysms bled after coil-

ing.

Morphological  outcome: Fifty-six aneurysms

 were completely occluded immediately after coiling.

 This includes two patients who subsequently died.

 There was some regrowth of the neck in two cases.

 One was successfully clipped and the other com-

pletely occluded with permanent occlusion of the ip-
silateral ICA. Eighteen of these 56 aneurysms are

 still completely occluded at 6 months, 13 of these are

 occluded at 1 year, and two others are occluded at 2-

year follow-up (Figs. 4-6). Five aneurysms had in-
complete occlusion and had surgery and are cured.

 Three patients with incomplete occlusion were com-

pletely occluded on  follow-up after permanent occlu-
sion of the ICA with detachable balloons. Seven

 patients having a small neck remnant unchanged at
 follow-up have not been treated yet. Four patients

Fig.4 Angiograms, anteroposterior (left) and later-

al view (right), of a patient with anterior

 communicating artery aneurysm.
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(Cases 30, 57, 82, 102) which were incompletely oc-

cluded immediately after coiling are now completely 

occluded at 6-month follow-up for one of them, and 

at 6 months and 3 with 1-year follow-up. Nineteen 

aneurysms out of 56 have no 6-month angiographic 

follow-up yet. Thus, if the 15 aneurysms which 

failed coiling are excluded from the 90 selected 

cases and 60 of the aneurysms (80%) were successful-

ly occluded with coils. Fifteen aneurysms failed coil-

ing due to technical or morphological reasons and 

they had surgical clipping and are cured.

D/N ratio and size of the neck correlation with 

aneurysm occlusion rate: Forty-six aneurysms had 

a D/N ratio of more than 2/1. 37/46 (80%) had com-

plete occlusion of the aneurysm immediately after 
coiling. This includes four patients who subsequent-

ly died of unrelated causes. Of the angiographically 

controlled 11 are still occluded at 6 months, seven at 

1 year, and two at 2 years. The average diameter of 

the aneurysm in the complete occlusion group was 

8mm with an average neck diameter of 2.8mm. The 

average diameter of the aneurysms in the incom-

pletely occluded group was 18mm with an average 
neck diameter of 4.5mm. Twenty-four patients had 

D/N ratio of 2/1, of these two were not suitable for 

coiling and had surgery. Of the rest 15/22 (68%) were 

completely occluded immediately after coiling. Of 

the angiographically controlled group four are still 

occluded at 6-month follow-up and four at 1 year. 

One regrew and was treated subsequently by perma-

nent occlusion of the ICA. Three failed coiling of 

which two had successful surgery and one is still un-

treated. Three are incompletely occluded with a 

small neck remnant of which one had successful sur-

gery and two others are followed every 6 months 
with an angiogram. The average diameter of the com-

pletely occluded aneurysms was 5.7mm with an 
average neck diameter of 2.8mm. The average di-

ameter of the incompletely treated aneurysms was 

14.8mm with an average neck diameter of 5.6mm. 

Twenty patients had D/N ratio of less than 2/1, of 

them 12 aneurysms failed coiling. Of the failed 

patients nine had surgery and three are not yet treat-
ed. Four aneurysms had complete occlusion and 

four were incompletely occluded. One of these died 

due to dissection of the basilar artery with a latex in-

flated balloon, one had surgery, and two have a 

small neck remnant which is unchanged at 1-year fol-

low-up. The average diameter of the completely oc-

cluded aneurysms was 5mm with an average size of 

the neck of 3mm. The average diameter of the in-

completely occluded aneurysms was 6.5mm with an 

average neck size of 4.2mm.

Discussion

Surgical clipping is still considered as the first 

choice of treatment for intracranial aneurysms in 

many centers around the world. Unfortunately, even 

today endovascular coiling is reserved for the 

aneurysms which cannot be treated surgically or for 

patients who have a severe medical condition con-
traindicating surgery and general anesthesia. At the 

same time in parts of Europe endovascular treat-

ment with coils is the first choice for treating 

cerebral aneurysms keeping surgical clipping for 

those aneurysms which have failed coiling or are in-

completely occluded after coiling.

Fig.5 Angiograms, anteroposterior (left) and ob-

lique view (right), of the same patient imme-
diately following anterior communicating 

artery aneurysm coiling.

Fig.6 Angiogram, lateral view, of the same patient 

with anterior communicating artery 

aneurysm coiled at 1-year follow-up.
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Fig.7 Drawing showing the importance of the geo-

metry in the selection of cases. left: Good 

geometry for coiling, allowing tight pack-

ing, therefore high chance of complete cure. 

The dome/neck ratio is equal to or larger 

than 2/1. The angle between the neck and the 

tangent to the sac is acute. There is very lit-

tle risk of any coil to protrude through the 

neck. center: Poor geometry for coiling. Lit-

tle chance of complete cure. The dome/neck 

ratio is less than 2/1 and close to 1/1. The angle 

between the neck and the tangent to the sac 

is close to 90•‹. There is a high chance of 

coils protruding through the neck. right: 

Poor geometry in spite of a dome/neck ratio 

of 2/1, because the absolute diameter of the 

neck is more than 10mm. The risks of 

prolapse of the coils through the neck are

 high.

Selection of patients with aneurysms of good geo-

metry for coiling is an important criteria of coiling 

(Fig.7). It has been shown that the large aneurysms 
with a wide neck have a very low rate of complete oc-

clusion with coils14) and our experience also con-

firms this. However, wide neck aneurysms may be 

amenable to coiling with the adjunction of the 

remodeling technique.10) We have treated 12 

aneurysms with the remodeling technique with only 

one complication in the first case. These groups of 

aneurysms have probably a higher chance of cure 

with surgery than with coils.

In our earlier experience of 25 patients with 25 

aneurysms (May 1994 to February 1995) the criteria 

for selection for aneurysm coiling was not well de-

fined and the geometry was not considered as an im-

portant factor for choosing the aneurysms for coil-
ing. Hence, aneurysms with wide necks as well as 

those with narrow necks were treated, alike. 

Patients with aneurysms of various size and shape, 

at any location, and even with calcified wall, high 

Hunt and Hess and Fischer grade, and with multiple 

medical problems (myocardial infarction, diabetes, 

high blood pressure, chronic obstructive pulmonary 

disease, renal insufficiency) were subjected to coil-

ing. The absence of biplane live digital subtraction 

fluoroscopy in this group of patients added to the 

difficulties. Hence, the initial group of patients did 

not yield excellent results. However, in the later 

group of patients (March 1995 to June 1997), 114 

patients with 119 aneurysms were coiled. The 
aneurysms with good geometry on the angiogram 

with a D/N ratio of 2/1 or more and a neck lesser 

than 5mm in absolute dimension were mainly select-

ed for coiling (Fig.7). The proper patient selection 

compounded by the experience in technique and the 

use of live biplanar digital subtraction road-mapping 

led to far better results in this group. There were no 

deaths related to coiling either in the SAH group nor 

in the unruptured group of aneurysms. The morbidi-

ty was limited to one permanent moderate neurologi-

cal deficit in the SAH group of 49 patients and one 

permanent neurological deficit in the non-ruptured 

group of 65 patients, although six patients out of 114 
did have transient neurological complications with 

complete recovery.

The complications most frequently reported in the 

literature1-18) following aneurysm coiling are perfora-

tion of the aneurysm with the coil, clots, emboli, and 

thrombosis of the parent vessel. In our experience 

we encountered perforation of the sac of the 

aneurysm occurred in four patients (2.9%) (Cases 1, 

28, 114, 127). Of these first two patients died (before 

February 1995), and the two others survived without 

neurological deficits. Vinuela et a1.17) reported perfo-

ration rate was 2.7% in their experience of 403 

patients treated in the acute phase. We also had dis-
section of the basilar tip during the initial period in 

one patient with remodeling technique (Case 12). 

Clots and emboli were seen in five cases out of 139 

patients (Cases 8, 10, 53, 63, 108) in our experience. 
Thrombosis of the parent vessel may occur when the 

mass effect of the coils compresses the parent vessel 

or when some coils protrude through the neck of the 

aneurysm and this was encountered in one of our 

basilar tip aneurysm where the mass of coils 

stenosed one PCA (Case 18) which later ruptured 

during attempted balloon angioplasty. In Case 13 the 

mass of coils into the MCA bifurcation aneurysm oc-

cluded one branch of the MCA. The patient subse-

quently had surgery for removal of the coils and clip-

ping of the neck with a poor outcome.
Rebleeding of aneurysms of incompletely treated 

with coils is also an important complication which 

cannot be ignored and the literature accounts 2.2% 

rebleeding rate.17) Fortunately, we had no rebleeding 

in our series where the cases are followed from 

several weeks to 2 years after coiling. It has also 

been suggested that partial occlusion of aneurysms

Neurol Med Chir Suppl (Tokyo) 38, 1998



Cerebral Aneurysm Coiling, GDC 19

treated in the acute phase protects the dome from 

rebleeding and this allows to buy time in patients in 

bad clinical conditions before second treatment 

could be instituted.

One of the most accepted explanations for develop-

ing symptomatic vasospasm is the presence of blllood 

in the subarachnoid space and the effect of degrada-

tion products of the hemoglobin over the cerebral 

vessels. The development of symptomatic 

vasospasm is strongly correlated with the Fischer 

grade. Early surgery is considered to be helpful in 
cleaning the subarachnoid space and intraventricu-

lar drainage and fibrinolytic drugs injected in the 

subarachnoid space are also aimed to achieve same 

goal. One would expect symptomatic vasospasm 
more often in the ruptured aneurysms treated with 

coils, however, in our experience we found more 

vasospasm in patients treated by surgery. It has been 

proposed that clearing the subarachnoid spaces of 
blood and clots during surgery could decrease the 

risk of vasospasm.13) Murayama et al.11) have report-

ed an incidence of 23% in 69 ruptured aneurysms 

treated with GDC. We have observed nine cases of 

symptomatic vasospasm out of 54 cases i.e. 17% of 

SAH cases. We along with the other author have ex-

perienced that aggressive "triple H" therapy can be 
instituted as soon as the aneurysm is coiled11) and 

our findings suggest that endovascular GDC does 

not have deleterious effect on the development of 

symptomatic vasospasm.

The main difference between clipping and coiling 

is that following clipping the neck of aneurysm is ap-

proximated by the blades of the clip whereas after 
coiling the circular entrance of the neck remains un-

changed. Due to this even after tight and dense pack-

ing of aneurysms, they may recanalize and 

regrow.8, 15) In our experience recanalization has been 

rare when a tight and dense packing had been 

achieved immediately after treatment. We encoun-

tered a small regrowth of the neck at 6 months in 

only one of 34 cases in the SAH group. Actually, in 

five cases we observed total occlusion of the 

aneurysm after 6 months, when they had had neck 

remnant immediate following coiling, and they 

remain fully occluded at 1-year and even 2-year an-

giographic follow-up. In the unruptured group only 
two of 56 aneurysms which were completely occlud-

ed immediately after treatment showed some 

regrowth. At the same time four aneurysms which 

were incompletely occluded after coiling showed 

complete occlusion at 6 months and 1 year. At the 

present time we follow small neck remnants with an 
angiogram every 6 months. Follow-up angiograms 

in patients with neck remnants could show a) spon-

taneous resolution of the neck requiring no further 

treatment until unless subsequent angiograms show 

regrowth, b) remain the same which are controlled 

by further angiograms or attempt to further occlude 

it can be made, and c) the neck could at times grow 

and become bigger and these need treatment. In our 

series none of the aneurysm with neck remnant has 

rebled till date. We also found that the removal of the 

coils at surgery has been easy when the surgery was 

done early after coiling, however, it could be ex-

tremely difficult and traumatic when done months 

after coiling. Delayed surgery is advised till the neck 

has sufficiently regrown so that the aneurysms can 

be clipped and there is no necessity of coil removal.

We and the other authors also suggests that the 

spherical aneurysms with a small neck have higher 

yield of complete occlusion than the large 
aneurysms with a broad neck (>5mm diameter).18) 

Currently our selection of patients for coiling is lar-

gely based on this criteria and concept. However, at 
times it is difficult to appreciate precisely the size of 

the neck of aneurysm and in our experience true size 

of the neck could be best seen and measured only af-

ter deployment of the first coil into the sac. This is 

one of the main reason that we have a relatively high 

number of aneurysms with a D/N ratio less than 2/1, 

as these patients were assumed to have neck not larg-

er than 2mm in the initial angiogram till the patient 

underwent formal coiling. This has also led to 

higher rate of failed GDC in this subgroup. Our mor-

phological results correlated very well with the geo-
metry of the aneurysm. In non-ruptured group com-

plete angiographic obliteration rate was 80% when 
D/N ratio was>2/1, 68% when it was equal to 2/1, 

and only 50% when the D/N ratio was<2/1. In SAH 

group obliteration rate was 76% when the D/N ratio 
was>2/1, 75% when the ratio was equal to 2/1, and 

44% when the ratio was<2/1.

The morbidity and mortality with coiling is higher 

when there are technical difficulties. We abort the 

procedure whenever it is clear that tight and dense 

packing of the aneurysm will be difficult. However, 
extensive use of the remodeling technique may in-

crease the number of aneurysms dense coiling but at 

the same time will potentially increase the risks. The 

contraindications to GDC are rarely absolute. Giant

aneurysms with a broad neck are probably better 

treated with permanent occlusion of the parent ves-

sel whenever possible. Aneurysms more than 10mm 

in diameter with a broad neck can be treated with 

the remodeling technique. In our practice, we found 

spherical PComA aneurysm at the origin of a fetal 

PComA to be a contraindication for coiling. With 

the microcatheter inside the aneurysm we realized 

that distal PComA and PCA came out of the sac. In 

this situation it would be impossible, not to occlude
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the PCA and hence the patient underwent surgery 

where partial clipping of the sac protecting the PCA . 
We also found the average stay of patients with rup-

tured aneurysms in the neurosurgical intensive care 

unit was 12 days and for unruptuured group 

aneurysms was 2 days with 1 day in the step-down 

unit. Therefore, the treatment of unruptured 

aneurysms with coils were found to be more cost ef-

fective.

Conclusion

The selection of aneurysms for coiling in our ex-

perience is essentially based on the geometry of the 
aneurysm. The aneurysms with small neck or a neck 

half the size of the diameter of the dome and not big-

ger than 5mm are the aneurysms preferred to be 
treated with coils, irrespective of their grade. The lo-

cation of the aneurysm and the anticipated surgical 

difficulties are also considered in every case but this 

is not our primary criteria of selection . Ideal 
aneurysm geometry is the prerequisite for obtaining 

a tight and dense packing and complete angiograph-

ic occlusion. This selection criteria is primarily 

responsible for our good results, however, subse-

quent follow-up will be needed to determine their ul-
timate outcome. We will improve our results in the 

future by selecting for coiling the aneurysms with a 

good geometry and by expanding the indications of 
the remodelling technique.
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