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Objective: Thromboembolism is the most common complication in stent-assisted coiling (SAC) 
procedures. This study aimed to evaluate the incidence and risk factors of thromboembolic 
complication in patients who underwent SAC for intracerebral aneurysm. Methods: Between 
January 2006 and December 2017, 35 patients (35 aneurysms) in the acute phase of subarach- 
noid hemorrhage (SAH) underwent SAC without antiplatelet premedication. Additionally, 45 
patients (48 unruptured aneurysms) underwent SAC with antiplatelet premedication. Baseline 
patient characteristics were compared between the unruptured and ruptured aneurysm groups.
Risk factors of thromboembolic complications were also analyzed. Results: Thromboembolic 
complications occurred in 11 of 83 aneurysms treated with SAC, among which 3 occurred in
48 unruptured aneurysms (6.3%; p=0.046) and 8 occurred in 35 ruptured aneurysms (22.9%; 
p=0.046). However, there was no permanent morbidity due to thromboembolic complications 
in either group. Conclusion: The thromboembolic complication rate for SAC in patients with ru-
ptured aneurysms was significantly higher than for those with unruptured aneurysms. However, 
there was no permanent morbidity of thromboembolic complications, there seems to be no 
reason to reluctant SAC due to the risk of thromboembolic complications in patients with SAH.
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INTRODUCTION

Stent-assisted coiling (SAC) is one of the most commonly 
used neck remodeling techniques for wide-necked aneu- 
rysms5,6,10,25,27). Development of the stent has led to easier and 
more effective treatment of many complex aneurysms1,4,16,24). 
There are also many strategies and methods to treat difficult 
aneurysms by using stents, with or without coil embolization18). 
Although SAC has expanded the scope of aneurysms treatment 
options, thromboembolic complication in SAC has been re- 
ported with an incidence of 2.3% to 20%3,7,11,12,22).

Dual antiplatelet medication is frequently administered in 
intracranial stent procedures to prevent thromboembolic com- 
plications. Patients are routinely prescribed perioperatively and 
maintained with dual antiplatelet medication over 6 months 
to prevent in-stent thrombosis. The use of dual antiplatelet me- 
dication limits SAC in patients with subarachnoid hemorrhage 
(SAH). Most operators are reluctant to use dual antiplatelet 
therapy in acutely ruptured aneurysms due to the potential 
for rebleeding and additional invasive procedures2,19). There- 
fore, stent placement is generally avoided in acutely ruptured 

aneurysms in favor of clip ligation or other endovascular 
techniques that do not mandate dual antiplatelet therapy12,26).

In this retrospective study, we evaluated the incidence of 
thromboembolic complications in patients who underwent SAC 
for acutely ruptured aneurysms without antiplatelet premedica- 
tion. In addition, we compared the thromboembolic complica- 
tion rates with those of unruptured aneurysms treated with 
stent assistance and anti-platelet premedication during the same 
period. We also analyzed predictors for thromboembolic com- 
plications.

METERIALS AND METHODS

1. Patient Population

The Institutional Review Board of the author’s hospital app- 
roved this study and waived requirements for informed consent 
due to its retrospective observational design and the use of 
anonymized patient data. Between January 2006 and December 
2017, 662 patients with 675 aneurysms were treated using 
endovascular techniques. A total of 587 aneurysms treated with 
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Fig. 1. Flow chart of 675 aneurysms in 662 patients treated endovas-
cularly between January 2006 and December 2017.

coiling alone and 5 patients with unruptured aneurysms who 
underwent SAC without appropriate premedication were 
excluded. Thirty-five aneurysms in 35 patients who underwent 
SAC in the acute phase of SAH without antiplatelet premedica- 
tion, and 48 unruptured aneurysms in 45 patients who under- 
went SAC with antiplatelet premedication, were included in 
the analysis (Fig. 1). Demographic information, medical comor- 
bidities, aneurysm characteristics, and clinical features of the 
patients on admission were documented.

2. Indications for SAC

Indications for SAC included wide-necked aneurysms, dis- 
secting aneurysms, and coil protrusion. Wide-necked aneu- 
rysms were defined as aneurysms with a fundus-to-neck ratio 
of <2 or a neck width >4 mm.

3. Premedication and Intraprocedural Medication 
Protocol

Patients with ruptured aneurysms were not medicated with 
antiplatelet agents before procedure. When a stent was placed, 
dual antiplatelet drugs with a loading dose (clopidogrel 300 
mg and aspirin 400 mg) were administered orally or through 
a nasogastric tube immediately after the procedure, followed 
by clopidogrel 75 mg and aspirin 100 mg daily. Patients with 
unruptured aneurysms were preloaded for 5 days with clopido- 
grel 75 mg and aspirin 100 mg daily, and were heparinized 
during the procedure. Dual antiplatelet therapy was continued 
for 6 months, in addition to aspirin 100 mg daily, life-long. Res- 
ponse to antiplatelet therapy was tested before the procedure.

Patients with unruptured aneurysms were systemically anti- 
coagulated with intravenous heparin at the beginning of the 
procedure with initial boluses of 100 U/kg, followed by con- 
tinuous infusions of 10 U/kg/h. Patients with ruptured aneu- 
rysms received intravenous heparin after deployment of the 
frame coil or stent. In the event of a periprocedural thrombo- 

embolic complication, Tirofiban (Aggrastat; Medicure Pharma, 
Somerset, NJ, USA) was slowly injected intra-arterially with a 
loading dose of 500 mcg/10 mL, continued intravenously at an 
initial rate of 0.4 mcg/kg/min for 30 min, and then continued 
at 0.1 mcg/kg/min or used temporarily.

4. Definition and Outcome Parameter of 
Thromboembolic Complications

Only immediate thromboembolic complications that occurred 
during procedure or within 24 hr after procedure were consi- 
dered. Thromboembolic complications were diagnosed intra- 
operatively on digital subtraction angiography (DSA), clinically 
as new deficits or change in level of consciousness, or on di- 
ffusion-weighted imaging (DWI) (new infarcts) performed in 
cases of sudden neurological compromise. Patient outcomes 
assessed at discharge using modified Rankin scale (mRS). We 
defined a poor score as mRS ≥3.

5. Statistical Analysis

Baseline patient characteristics, aneurysm characteristics, and 
procedure duration were compared between the unruptured 
and ruptured aneurysm groups. Variables were analyzed using 
the χ2 test and the Student’s t-test, as appropriate. All p-values 
of less than 0.05 were considered to indicate statistical signifi- 
cance. Multivariable analyses were performed via multiple logi- 
stic regression to determine risk factors associated with thrombo- 
embolism. In multivariable analysis, variables with p<0.2 in 
the univariate analysis were selected as potential factors for 
statistical analysis. All analyses were performed using PASW 
Statistics version 18.0 (IBM Corp., Armonk, NY, USA).

RESULTS

1. Comparison of the Unruptured and Ruptured 
Aneurysm Groups

Clinical (age, sex, medical history, laboratory findings at the 
time of admission) and radiological characteristics (location, 
type, procedure time, and thromboembolic complications) 
were compared between the unruptured (n=48) and ruptured 
(n=35) aneurysm groups (Table 1). There were statistically sig- 
nificant differences in activated partial thromboplastin time 
(p<0.001), activated clotting time (p=0.045), procedure time (p= 
0.024), thromboembolic complication (p=0.046), and dissecting 
aneurysm (p=0.016) between the 2 groups. Thromboembolic 
complications occurred in 11 of 83 aneurysms that underwent 
SAC, among which 3 occurred in 48 unruptured aneurysms 
(6.3%; p=0.046) and 8 occurred in 35 ruptured aneurysms 
(22.9%; p=0.046)
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Table 1. Baseline characteristics of the unruptured and ruptured aneurysm groups
Variables Unruptured group (n=48) Ruptured group (n=35) p-value
Age (year)  58.00±10.39  55.23±11.87  0.262
Female   28 (58.3)   19 (54.3)  0.713
DM    8 (16.7)   3 (8.6)  0.283
HTN   24 (50.0)   19 (54.3)  0.700
Smoking    7 (14.6)    8 (22.9)  0.333
Hyperlipidemia    7 (14.6)    4 (11.4)  0.676
Cerebral infarction history    8 (16.7)   3 (8.6)  0.282
aPTT (sec) 30.99±3.58 27.46±2.94 <0.001*

INR  1.00±0.07  1.01±0.84  0.870
ACT (sec) 149.00±20.93 136.76±33.48  0.045*

Aneurysm location    0.757
  ACA   11 (22.9)    9 (25.7)  
  MCA   13 (27.1)    7 (20.0)  
  ICA   13 (27.1)    8 (22.9)  
  Posterior circulation   11 (22.9)   11 (31.4)  
Aneurysm type    0.016*

  Saccular   45 (93.8)   24 (68.6)  
  Fusiform   1 (2.1)   1 (2.9)  
  Dissection   2 (4.2)    8 (22.9)  
  BBA   0 (0.0)   2 (5.7)  
Procedure time (hour)  2.50±0.73  3.05±1.25  0.024*

Thromboembolism   3 (6.3)    8 (22.9)  0.046*

Data are presented as n (%) or mean±standard deviation.
DM: diabetes mellitus; HTN: hypertension; aPTT: activated partial thromboplastin time; INR: international normalized ratio; ACT: activated
clotting time; ACA: anterior cerebral artery; MCA: middle cerebral artery; ICA: internal carotid artery; BBA: blood blister-like aneurysm.
*Statistically significant value.

2. Predictors for Thromboembolic Complication of 
SAC

Clinical characteristics (age, sex, medical history, laboratory 
findings at the time of admission), procedure time, rupture of 
aneurysm, size and location of aneurysm were tested for as 
predictors of complication. In univariate analysis (Table 2), 
procedural time >3 hr (p=0.002) and ruptured aneurysm (p= 
0.046) were statistically significant predictors. The odds ratio 
(OR) using univariate analysis was obtained as ruptured aneu- 
rysm (OR=4.44; 95% confidence interval [CI]=1.24-68.33), age 
(OR=1.05; 95% CI=0.97-1.14), smoking (OR=8.5; 95% CI=1.2- 
60.39), and procedure time >3 hr (OR=3.29; 95% CI=1.39-7.80) 
(Table 3). In the odd ratio from multivariate analysis, smoking 
(OR=6.51; 95% CI=1.04-40.91), and procedure time >3 hr (OR= 
2.84; 95% CI=1.33-6.09) were statistically significant indepen- 
dent predictors for thromboembolic complication (Table 3).

3. Subgroup Analysis of Patients with Thrombo- 
embolic Complication

Subgroup analysis was performed on the 11 patients who 

experienced thromboembolic complications (Table 4). In 9 pa- 
tients, thrombus was observed on DSA; 8 patients received 
tirofiban in the artery, and the other patient exhibited very 
little thrombus and no symptoms. All 8 patients who received 
tirofiban exhibited successful recanalization. Two patients with 
no thrombus during the procedure were found new infarct on 
DWI performed to distinguish the cause of neurological dete- 
rioration after the procedure. Three patients with unruptured 
aneurysm exhibited no permanent neurological deficits. Of 
the 8 patients with ruptured aneurysm, 5 exhibited no perma- 
nent neurological deficits, and the other 3 died. However, all 
3 patients who died were Hunt and Hass grade IV, and their 
respective causes of death were severe vasospasm, cardiac com- 
plications, and rebleeding due to incomplete obliteration of 
the aneurysm.

4. Case Description

1) Patient 3

A 73-year-old man with a history of hypertension and cerebral 
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Table 2. Univariate analysis for the risk of thromboembolism
Variables Non-thromboembolism (n=72) Thromboembolism (n=11) p-value
Age (year) 56.18±10.67 61.09±13.05 0.172
Female 42 (58.3)   5 (45.5) 0.520
DM 10 (13.9)  1 (9.1) 1.000
HTN 38 (52.8)   5 (45.5) 0.651
Smoking 11 (15.3)   4 (36.4) 0.106
Hyperlipidemia 10 (13.9)  1 (9.1) 1.000
Cerebral infarction history 10 (13.9)  1 (9.1) 1.000
aPTT <27 (sec) 14 (19.4)   4 (36.4) 0.242
INR <0.9 2 (2.8)  0 (0.0) 0.751
Procedure time >3 (hour) 22 (30.6)   9 (81.8) 0.002*

Ruptured aneurysm 27 (37.5)   8 (72.7) 0.046*

Aneurysm location 1.000
  ACA 17 (23.6)   3 (27.3)
  MCA 18 (25.0)   2 (18.2)
  ICA 18 (25.0)   3 (27.3)
  Posterior circulation 19 (26.4)   3 (27.3)
Aneurysm type 0.294
  Saccular 61 (84.7)   8 (72.7)
  Fusiform 2 (2.8)  0 (0.0)
  Dissection 6 (8.3)   3 (27.3)
  BBA 3 (4.2)  0 (0.0)
Data are presented as n (%) or mean±standard deviation.
DM: diabetes mellitus; HTN: hypertension; aPTT: activated partial thromboplastin time; INR: international normalized ratio; ACA: anterior
cerebral artery; MCA: middle cerebral artery; ICA: internal carotid artery; BBA: blood blister-like aneurysm.
*Statistically significant value.

Fig. 2. A 73-year-old man presented with a wide-necked unruptured aneurysm at the anterior communi-
cating artery. (A, B) Thrombus (arrow) was observed in the left proximal A2 after the last coil insertion.
(C) After intra-arterial and intra-venous infusion of tirofiban, the left proximal A2 was recanalized.

infarction was referred to our neurosurgical department for 
treatment of a unruptured aneurysm in the anterior communi- 
cating artery (ACoA). He had no neurological deficits. We plan- 
ned endovascular treatment and the patient was preloaded 
for 5 days with clopidogrel 75 mg and aspirin 100 mg daily. 
DSA demonstrated a 3.8×4.2-mm wide-necked aneurysm at 
the left ACoA. As the frame coil failed to deploy, we performed 
SAC. Enterprise (Codman & Shurtleff, Raynham, MA, USA) stent 

was placed from right proximal A2 to right proximal A1. A 
total of 7 coils were inserted in the aneurysm sac using the 
jailing technique. Thrombus was observed in the left proximal 
A2 and aneurysm junctional area after the last coil insertion 
(Fig. 2A, B). After intra-arterial and intra-venous infusion of 
Tirofiban, the left proximal A2 was recanlized (Fig. 2C). The 
patient was discharged without neurological deficits.
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Table 4. Demographic and clinical data of 11 patients with thromboembolic complications
Patient 

no.
Sex/
Age

Aneurysm   
location/Type

Rupture Symptom Tirofiban Recanalization DWI Stent type SAC technique HH 
grade

mRS

1 M/57 BA/wide neck N Y Y Y N Enterprise Jailing 0
2 F/83 MCA/wide neck N N Y Y N Enterprise Jailing, through the stent 0

3 M/73 ACoA/wide neck N N Y Y Y Enterprise Jailing 0
4 M/40 VA/dissection Y N Y Y N Neuroform Jailing II 0
5 F/58 VA/dissection Y N N Y Enterprise Jailing IV 6

6 M/65 PCoA/wide neck Y N N Y Enterprise Jailing IV 6
7 M/51 ACoA/wide neck Y N Y Y N Enterprise Jailing, through the stent II 0

8 M/52 MCA/wide neck Y N Y Y N Enterprise Coil-then-stent II 0
9 F/75 ICA/BBA Y N Y Y N Enterprise Jailing IV 6
10 F/69 PCoA/wide neck Y N Y Y Y Enterprise Jailing II 0

11 F/49 ACoA/wide neck Y N N N N Enterprise Jailing III 1

M: male; F: female; BA: basilar artery; MCA: middle cerebral artery; ACoA: anterior communicating artery; VA: vertebral artery; PCoA: 
posterior communicating artery; ICA: internal carotid artery; BBA: blood blister-like aneurysm; DWI: diffusion-weighted imaging; SAC: 
stent-assisted coiling; HH grade: Hunt and Hess grade; mRS: modified Rankin scale.

Table 3. Crude odd ratio and adjusted odd ratio of the significant variable for thromboembolic complication in univariate and multi- 
variate logistic regression analysis
Variables Crude OR (95% CI) Adjusted OR (95% CI)
Ruptured aneurysm  4.44 (1.09-18.21)  2.63 (0.52-13.31)
Age (year) 1.05 (0.97-1.14) 1.07 (0.99-1.16)
Smoking  8.50 (1.20-60.39)  6.51 (1.04-40.91)
Procedure time (hour) >3 3.29 (1.39-7.80) 2.84 (1.33-6.09)
OR: odds ratio; CI: confidence interval.

Fig. 3. A 51-year-old man presented with a Hunt and Hess grade II subarachnoid hemorrhage (SAH).
(A) A brain computed tomography scan demonstrates a Fisher grade III SAH. (B) The right carotid artery 
angiogram during procedure demonstrates thrombus formation (arrow) and total occlusion on the right
proximal A2. (C) After infusion of tirofiban according to the protocol, the right anterior cerebral artery
(A2) was recanalized (arrow).

2) Patient 7

A 51-year-old man presented to the emergency room after 
the sudden onset of thunderclap headache. The patient had 
no other significant medical history and no neurological deficits 
except for neck stiffness on neurologic examination. A non-con- 
trast computed tomography scan of the brain was performed 
immediately, demonstrating Fisher grade III SAH (Fig. 3A). The 

patient was rated as grade II according to Hunt and Hess scale 
for SAH. DSA showed a wide-necked ruptured aneurysm in 
the ACoA. SAC via use of the jailing technique for obliteration 
of aneurysm was performed due to the frame coil failed to 
deploy. Enterprise stent was placed from right proximal A2 
to right proximal A1. During the procedure, thrombus was 
formed around the neck of the aneurysm, and then the right 
proximal A2 was completely occluded (Fig. 3B). After infusion 



Thromboembolic Complications of Stent-Assisted Coiling

70  www.thenerve.net

of Tirofiban according to the protocol, the right anterior cerebral 
artery (A2) was recanalized (Fig. 3C). Then, using the through 
the stent technique, the coil was additionally inserted into 
the aneurysm for complete embolization. The patient was dis- 
charged without neurological deficits after 2 weeks.

DISCUSSION

SAC in unruptured aneurysms is currently accepted to be 
a safe treatment option. SAC enables denser aneurysm packing 
with increased neck coverage, and may also improve treatment 
durability through a combination of flow diversion, parent ve- 
ssel straightening, and fibroelastic tissue formation along the 
neck of the aneurysm8,10,15,20,25). SAC provides a high rate of 
adequate occlusion, leading to a decrease in the recanalization 
rate in long-term follow up10,23). Several studies have demon- 
strated that the risk for complications in coiling using stents 
is not significantly higher than the risk for complications in 
coil-only treatments15,22). In the present study, none of the 
3 patients who experienced thromboembolic complications 
among the unruptured aneurysms who underwent SAC expe- 
rienced permanent morbidity.

Although the utility of SAC has been demonstrated, throm- 
boembolic complications during the procedure and additional 
risks associated with antithrombotic agents have been regarded 
to be serious impediments to the use of stents in patients with 
acute ruptured aneurysms. SAH in the acute period triggers 
the coagulation cascade, leading to a hypercoagulable state 
with a high tendency for clotting or thrombosis. Interventional 
procedures and inserted stents activating platelet function 
potentially induce thromboembolism9). In addition, SAH pati- 
ents did not undergo antiplatelet therapy before the procedure. 
Lessne et al.22) reported that in patients undergoing SAC, there 
was a 3.1% rate of thromboembolic complications in unruptured 
aneurysms and 20% in those with SAH. Bechan et al.3) compared 
complications of SAC in unruptured and ruptured aneurysm 
groups, with thromboembolism occurring in 4% and 20%, res- 
pectively. Similar to previous studies, we found that the throm- 
boembolic complication rate for SAC in patients with ruptured 
aneurysms was significantly higher than that for SAC of un- 
ruptured aneurysms. Thromboembolic complications occurred 
in 11 of 83 aneurysms that underwent SAC, among which 3 
occurred in 48 unruptured aneurysms (6.3%; p=0.046) and 8 
occurred in 35 ruptured aneurysms (22.9%; p=0.046).

Generally, the incidence of thromboembolic complications 
is higher in patients with SAH than in those with unruptured 
aneurysms due to the increased coagulation cascade and ab- 
sence of antiplatelet therapy before the procedure12). Risk fac- 
tors for thromboembolic complications have been discussed 
in previous studies. Chalouhi et al.10) analyzed the predictors 
of thromboembolic complication in 552 patients (552 aneu- 
rysms) who were treated with SAC. Acutely ruptured aneurysms 
(OR=2.8; 95% CI=1.1-7; p=0.01), delivery of coils before stent 

placement (OR=5.2; 95% CI=2-15; p=0.002), and carotid ter- 
minus/middle cerebral artery aneurysm locations (OR=3.2; 95% 
CI=1.2-8.5; p=0.02) were statistically significant independent 
predictors of complications. Cai et al.7) studied the association 
between different stenting procedures and procedure-related 
complications of SAC for ruptured, wide-necked aneurysms. 
Stenting procedures using the coil-then-stent technique demon- 
strated a higher rate of symptomatic thromboembolic compli- 
cations compared with the jailing-outside-of-the-stent and the 
coil-through-the-struts techniques. In this study, smoking (OR= 
6.51; 95% CI=1.04-40.91), and procedure time >3 hr (OR=2.84; 
95% CI=1.33-6.09) were statistically significant independent 
predictors for thromboembolic complication.

Procedure time was defined as the time between the first 
and the last angiographic run, since this time period could 
easily be assessed from time prints on the images. Long pro- 
cedure duration could be associated with the use of a device, 
aneurysmal size, and procedural morbidity13). Another previous 
study reported that longer procedure times may be affected 
by multiple procedural manipulations of each aneurysm and/or 
an inefficient periprocedural processes, and that reducing the 
procedure duration can be the most effective modifiable factor 
an interventionist can use to reduce the risk for thromboembo- 
lism after coil embolization of an intracerebral aneurysm21). If 
thromboembolic complications occur, several measures may 
be implemented, such as mechanical thrombus fragmentation 
and selective injection of a thrombolytic agent13). Tirofiban 
demonstrated excellent recanalization effects and satisfactory 
outcomes in patients with thromboembolic complications un- 
dergoing SAC9,14,17). In the present study, we used Tirofiban 
infusion in 8 patients with thromboembolic complications during 
SAC procedures, all of whom exhibited recanalization without 
hemorrhagic complications related to Tirofiban infusion.

Our study was limited by the absence of randomization 
of the study groups. The results reflect the experience of a 
single neurovascular center that uses a specific technique and 
anticoagulation protocols, which may not be readily generaliza- 
ble to other centers. Individual responses to antiplatelet medi- 
cation were not tested. Because DWI was not routinely perfor- 
med, the incidence of clinically silent infarcts has likely been 
underestimated. Furthermore, our study was limited by its re- 
trospective design and small sample size. Platelet function tes- 
ting was not performed in all patients before antiplatelet therapy. 
Finally, only thromboembolic complications were examined 
and hemorrhagic complications were not considered.

CONCLUSION

The thromboembolic complication rate for SAC in patients 
with ruptured aneurysms was significantly higher than for SAC 
of unruptured aneurysms. Moreover, smoking and long proce- 
dure duration were independent risk factors for thromboem- 
bolic complications in SAC. However, there was no permanent 
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morbidity of thromboembolic complications, there seems to 
be no reason to reluctant SAC due to the risk of thromboembolic 
complications in patients with SAH. 
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