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ABSTRACT

BACKGROUND AND PURPOSE: The risk factors of early hemorrhagic complications after endovascular coiling are not well-known. We
identified the factors affecting early hemorrhagic complications, defined as any expansion or appearance of hemorrhage shown by head
CT in the initial 48 hours after coiling.

MATERIALS AND METHODS: We retrospectively reviewed a series of 93 patients who underwent coiling for a ruptured saccular aneu-
rysm between 2006 and 2012 at our hospital.

RESULTS: Five patients showed early hemorrhagic complications, and all involved an expansion of the existing intracerebral hematoma
immediately after coiling. The associated risk factors were accompanying intracerebral hemorrhage at onset (P � .001), postoperative
antiplatelet therapy (P � .001), and thromboembolic complications (P � .044). In the accompanying intracerebral hemorrhage group, the
associated risk factors were postoperative antiplatelet therapy (P � .044) and earlier initiation of coiling (9.8 � 6.5 versus 28.1 � 24.0 hours,
P � .023). Early hemorrhagic complications were significant risk factors for worse clinical outcome (modified Rankin Scale, 2.02 � 2.21 versus
4.4 � 2.30, P � .022). None of the 93 patients showed further hemorrhage after the initial 48 hours after coiling.

CONCLUSIONS: The accompanying intracerebral hemorrhage at onset, thromboembolic complications, postoperative antiplatelet ther-
apy, and earlier initiation of coiling were the risk factors for early hemorrhagic complications.

ABBREVIATIONS: ICH � intracerebral hematoma

A recent guideline stated that endovascular coiling should be

considered if ruptured aneurysms were judged to be techni-

cally amenable to both endovascular coiling and neurosurgical

clipping.1 Consequently, the use of coiling for ruptured saccular

cerebral aneurysms has been increasing. One problem is that the

incidence of periprocedural hemorrhagic complications within

30 days was reportedly high in the endovascular arm of a study,2

and they were reported to be associated with high mortality and

morbidity.3 The risk factors for such early hemorrhagic compli-

cations are not well-known. Although the word “rebleeding” is

often used for perioperative hemorrhagic complications, it is also

unclear whether “rebleeding” is really caused by a rerupture of the

aneurysm or is due to other mechanisms. Therefore, we analyzed

cases of coiling for ruptured saccular aneurysms in which early

hemorrhagic complications had occurred within 48 hours after

coiling, to identify factors affecting these complications.

MATERIALS AND METHODS
We retrospectively reviewed a series of 93 patients who underwent

coiling for a ruptured saccular aneurysm between September

2006 and March 2012 at our hospital. Only patients for whom

coiling was performed within 3 days of diagnosis were included.

We generally recommend early treatment for subarachnoid hem-

orrhage; however, 7 patients had unstable circulatory conditions

that inhibited early interventions; 6 patients were first admitted to

another hospital and then were referred to our hospital 1 or 2 days

after onset. All patients presented with SAH confirmed by CT.

Patients with accompanying intracerebral hematoma (ICH)

other than SAH on preprocedural head CT were defined as having

“accompanying ICH.” The ruptured aneurysms were identified

by CT angiography or digital subtraction angiography. The choice

of clipping or coiling was determined by discussion with the

neurosurgeons. If the patient had a large ICH with a wide-

spread effect such as ICH with a poor World Federation of

Neurosurgical Societies grade4 of IV and V, clipping with evac-
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uation of the ICH was selected. If the patient had a small ICH

with a minimal effect such as ICH with a good World Federa-

tion of Neurosurgical Societies grade, coiling was selected

when technically feasible.

Coiling was started as soon as the operator, anesthesiologist,

and the patient’s medical condition were ready for the treatment.

All treatments were performed with the patient under general

anesthesia and having been given systemic heparinization with an

activated clotting time of approximately 200 –250 seconds. In

cases with multiple aneurysms, the ruptured one was estimated by

the distribution of the subarachnoid hemorrhage. Blood pres-

sures were maintained within normal range. Coiling was per-

formed simply or with an adjunctive technique such as balloon

assist. No stents were applied. The strategy of coiling was to em-

ploy packing sufficient for hemostasis. Antiplatelet therapy was

initiated when intraoperative thrombus formation was found. At

the end of treatment, heparin was not reversed but was discontin-

ued because the last activated clotting time was usually �200 sec-

onds. Heparin was reversed with protamine if bleeding events

occurred. General anesthesia was continued until the day after the

procedure to avoid perioperative elevated intracranial pressure,

which is associated with a patient’s clinical outcome.5

The clinical condition before coiling was assessed according to the

World Federation of Neurosurgical Societies grade. Early hemor-

rhagic complications were defined as an occurrence of new bleeding

or enlargement of the pre-existing ICH within 48 hours after coiling.

Early rebleeding from the treated aneurysm was assumed if postop-

erative CT showed an extravasation of contrast or the new hemor-

rhage was found only in the subarachnoid space. If the postoperative

CT did not show any leakage of contrast and the new hemorrhage

was added to ICH, we defined the new hemorrhage as an expansion

of the accompanying ICH. Diagnostic confirmation was accepted

when CT showed an augmentation of any hemorrhage, including

SAH, intraventricular hematoma, or intracerebral hemorrhage,

compared with that shown on the preprocedural CT, as judged by 2

physicians (T.O. and K.M.). Clinical outcomes were assessed accord-

ing to the modified Rankin Scale on postoperative day 30.6 The de-

gree of aneurysmal occlusion was assessed by packing density calcu-

lated from the volume of the inserted coil divided by the

preprocedural 3D aneurysmal volume, except for the intraoperative

perforated cases because coil volume outside the aneurysm could not

be evaluated in these cases.

Statistical Analysis
The Fisher exact test or Student t test, as appropriate, was used to
compare factors such as accompanying ICH, aneurysmal location,
postoperative antiplatelet therapy, intraoperative perforation, and
symptomatic thromboembolic complications, which were detected

on postoperative head MR imaging; pack-
ing density (when calculated); and time to
coil in each group. P values � .05 were con-
sidered statistically significant. The P value
was expressed to 2 significant figures; if the
value was �.001, it was expressed as P �
.001.

RESULTS
Coiling was performed in 93 patients, in-
cluding 26 men and 67 women, 65.1 �

15.0 years of age. During the same period, clipping was performed
in 136 patients. Multiple aneurysms were observed in 5 patients.
The World Federation of Neurosurgical Societies grade was
2.80 � 1.54, and the location of the aneurysms was supratentorial
in 75 patients (80.6%). The aneurysms were located in the ante-
rior communicating artery (29 cases), internal carotid artery (17
cases), internal carotid–posterior communicating artery (15
cases), basilar tip and basilar–superior cerebellar artery (12 cases),
middle cerebral artery (7 cases), vertebral artery–posterior infe-
rior cerebellar artery and vertebrobasilar junction (4 cases), and
other locations (9 cases). The maximum diameter of the aneu-
rysms was 6.89 � 3.1 mm. Eighteen patients (19.4%) had accom-
panying ICH with SAH at the first head CT (accompanying ICH
group). Significantly more patients with poor neurological status,
as shown by World Federation of Neurosurgical Societies grades
IV and V (66.7% versus 29.3%, respectively; P � .006) and poor
clinical outcome, as shown by modified Rankin Scale grades 4 and
5 (66.7% versus 24%, respectively; P � .001), were included in the
accompanying ICH group than in the nonaccompanying ICH
group.

Five patients had early hemorrhagic complications (5.4%). All
of the early hemorrhagic complications occurred within 24 hours.
No patient had early hemorrhagic complications defined as SAH
even in the 4 cases of intraoperative perforations. Hemorrhagic
transformation of cerebral infarction was not observed. All early
hemorrhagic complications involved the expansion of the accom-
panying ICH. Characteristics of the 5 patients, radiologic find-
ings, and surgical outcomes are summarized in Table 1. Compar-
isons between the early hemorrhagic complications group and the
nonhemorrhagic group are shown in Table 2. Accompanying
ICH (P � .001), postoperative antiplatelet therapy (P � .001),
and thromboembolic complications (P � .044) were associated
with early hemorrhagic complications. In 1 patient (case 3), en-
doscopic hematoma evacuation of the enlarged accompanying
ICH was performed. Other cases were treated conservatively. Be-
cause all the early hemorrhagic complications presented as the
expansion of the accompanying ICH, a comparison within the
accompanying ICH group was performed to analyze the risk fac-
tors for expansion. The associated risk factors for the enlargement
of a pre-existing ICH were postoperative antiplatelet therapy (P �
.044) and earlier initiation of coiling (9.8 � 5.8 versus 28.1 � 23.1
hours, P � .023) (Table 3).

Representative Case
A 31-year-old woman presented with severe headache and distur-

bance of consciousness (World Federation of Neurosurgical So-

cieties grade IV). Cerebral angiography revealed a left internal

carotid–anterior choroidal artery bifurcation aneurysm with a

Table 1: Characteristics and surgical outcome of the patients with early hemorrhagic
complications

Age
(yr)/Sex WFNS ICH

Intraoperative
Perforation

Intraoperative
Thrombus Formation

Postoperative
Antiplatelet Therapy mRS

31/F IV Yes No Yes Yes 1
81/F II Yes No Yes Yes 6
57/F I Yes Yes No No 3
49/F II Yes No No No 6
62/M V Yes No Yes Yes 6

Note:—WFNS indicates World Federation Neurological Societies grade.
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maximum diameter of 4.5 mm (Fig 1A). With the patient under

systemic heparinization with injection of 4000 U of heparin, coil

embolization was performed by using the balloon-assist tech-

nique. After the placement of 4 bare platinum coils, we found a

small thrombus (Fig 1B); after the administration of 100 mg of

aspirin and the addition of 1000 U of heparin, the thrombus dis-

appeared and 3 additional coils were added to achieve complete

occlusion. Her preoperative head CT showed massive subarach-

noid hemorrhage with lobar hemorrhage of the left temporal tip

(Fig 1C). Postprocedural head CT showed enlargement of the

existing left temporal lobar hemorrhage

compared with the preoperative CT (Fig

1D). Fortunately, she fully recovered with

minor sequelae and resumed her previous

activities (modified Rankin Scale 1).

DISCUSSION
The greatest risk of hemorrhagic compli-

cations associated with endovascular coil

treatment of aneurysms is during the ini-

tial 48 hours.7 Reducing early hemor-

rhagic complications may produce better

clinical outcomes following coiling.

In our study, no patient showed early

hemorrhagic complications defined as

SAH even in the case of intraoperative

perforations. All complications involved

the expansion of the pre-existing hemato-

mas. Some reports have stated that early

hemorrhagic complications are possible even when the treatment

of a patient appears to be successful on angiography.8 We specu-

lated that early hemorrhagic complications may be caused by

mechanisms other than arterial bleeding from the coiled rup-

tured aneurysm. The term “acute rebleeding” may limit the

situations involving the rerupture of the aneurysm. Therefore,

we referred to these cases as those involving “early hemor-

rhagic complications.”

In our study, the presence of ICH and postoperative antiplate-
let therapy were identified as risk factors. Jartti et al9 evaluated 194
patients with SAH and found that early rehemorrhage appeared as
an enlargement of the initial ICH in all these patients. Dmytriw et
al10 reported a series of 137 cases with ruptured aneurysms that
underwent endovascular treatment and 2 cases with early hemor-
rhagic complications (1.4%) for which one received recombinant
tissue plasminogen activator and both received acetylsalicylic
acid. Egashira et al11 reported the results in the endovascular
treatment of 101 consecutive cases with SAH and found that 14
(13.9%) had hematoma growth unrelated to aneurysmal rebleed-
ing. The other reported risk factors for early hemorrhagic com-
plications after coiling are an occurrence of a residual aneurysm at
the end of a coiling procedure,12 an intra-arterial infusion of ab-
ciximab or tirofiban,3 and maintenance of anticoagulation after
the procedure.3 Antiplatelet therapy may inhibit the hemostasis
process of the existing ICH. The presence of intraoperative
thrombus formation was also a risk factor, which may be because
of subsequent antiplatelet therapy. The incidence of early hemor-
rhagic complications has been reported as 1%, even after angio-
graphically successful coiling.8 In our study, there was no signifi-
cant difference in packing density between the groups.

The presence of ICH is a predictor of unfavorable outcome of
SAH,13 especially hematoma growth without aneurysmal re-
bleeding.11 As reported previously,11 ultra-early embolization
performed within 6 hours of onset was a risk factor for early hem-
orrhagic complications. An earlier intervention led to an earlier
initiation of anticoagulation therapy and may have promoted ex-
pansion of the existing ICH. Intentional delay in performing coil-
ing may be considered, but because early aneurysmal rebleeding is
associated with very poor outcomes, urgent prevention is recom-

FIG 1. Representative case. Cerebral angiography reveals a left inter-
nal carotid–anterior choroidal artery bifurcation aneurysm (A) and a
small thrombus, indicated by the arrow after placement of coils (B).
Head CT on admission shows a subarachnoid hemorrhage with lobar
hemorrhage (C). Head CT after the procedure does not show any
leakage of contrast, but enlargement of the existing parenchymal
temporal lobar hemorrhage is observed (D).

Table 2: Comparison of patient factors between the early hemorrhagic complications and
no complications groups

Factors
Early Hemorrhagic
Group (5 Patients)

Nonhemorrhagic
Group (88 Patients) P Value

Accompanying intracerebral hematoma 5 (100%) 13 (14.8%) �.001a

Supratentorial location 5 (100%) 70 (79.5%) .58
Postoperative antiplatelet therapy 3 (60%) 1 (1.14%) �.001a

Intraoperative perforation 1 (20%) 4 (4.55%) .25
Thromboembolic complications 2 (40%) 5 (5.68%) .044a

Packing attenuation (when calculated) 26.6 � 3.7 (3 cases) 29.4 � 8.2 (83 cases) .57
a Significant.

Table 3: Risk factors for early hemorrhagic complications in the accompanying
intracerebral hemorrhage group

Factors
Early Hemorrhagic
Group (5 Patients)

Nonhemorrhagic
Group (13 Patients) P Value

Supratentorial location 5 12 .72
Postoperative antiplatelet therapy 3 1 .044a

Intraoperative perforation 1 0 .28
Time to coiling (hr) 9.8 � 5.8 28.1 � 23.1 .023a

a Significant.
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mended.1 Therefore, if treatment can be initiated earlier than 24

hours in cases with accompanying ICH, clipping and evacuation

of the hematoma may be a better approach. If coiling is selected, it

should be performed without antiplatelet therapy, and clot evac-

uation should be performed subsequently to prevent the risk of

early hemorrhagic complications. Endoscopic aspiration of he-

matomas was reported to improve outcomes14,15 and may be pre-

ferred over craniotomy, as in our single case.

Some researchers reported that intraprocedural perforations

have appeared to be associated with relatively high rates of mor-

bidity and mortality.16,17 Other researchers have reported that

new neurologic deficits directly associated with aneurysm perfo-

ration were found in only 20% of cases with leakage of contrast.18

In our study, 4 intraoperative perforations occurred, but these

were not a significant risk factor for either early hemorrhagic

complications or worse clinical outcomes. If we found intraoper-

ative perforation, we quickly reversed heparin and lowered the

blood pressure. We never pulled back the protruded coil or mi-

crocatheter. We rapidly coiled from that point, and the perforated

portion was closed in a few minutes. With this method, fortu-

nately, we saw no increase in the incidence of SAH. Aneurysm

perforation may not necessarily be associated with worse clinical

outcome.

Thromboembolic complications and postoperative antiplate-

let therapy were identified as risk factors for early hemorrhagic

complications. From a technical point of view, it is better to avoid

overly aggressive coiling, which may lead to these complications.

Antiplatelet agents and anticoagulants have been suggested as risk

factors for the early expansion of spontaneous ICH.19,20 Even if

apparent thromboembolic complications followed, postoperative

antiplatelet therapy may be more hazardous in cases with accom-

panying ICH.

A limitation of this study was its retrospective nature, which

made it impossible to determine whether the factors affecting

early hemorrhagic complications were causes of or simply results

associated with early complications after coiling. In addition, be-

cause we avoided coiling in patients with large ICHs with wide-

spread effects, over- or underestimation of the importance of ICH

as it relates to the risk of postcoiling hemorrhage may have oc-

curred. However, our results may be helpful in determining the

clinical steps that should be taken for patients who undergo coil-

ing for ruptured aneurysms, particularly those with accompany-

ing ICH.

CONCLUSIONS
We analyzed early hemorrhagic complications after coiling to

treat ruptured cerebral aneurysms. Accompanying ICH, throm-

boembolic complications, postoperative antiplatelet therapy, and

earlier initiation of coiling were identified as risk factors. In pa-

tients for whom there is a high probability of early hemorrhagic

complications, clipping and/or clot evacuation may be selected.
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