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ABSTRACT

AIM: To identify the risk factors for aneurysmal intra-procedural rupture (IPR) of intracranial aneurysms suring endovascular 
treatment, and to discuss its management and outcomes.   
MATERIAL and METHODS: A total of 106 patients with cerebral aneurysm who have undergone endovascular treatment (EVT) 
were included in this study, with a mean follow-up period of 17.2 months. Risk factors for IPR, such as the aneurysm’s location, size 
and morphology, etc. were evaluated, and the chi-squared test was used for statistical analysis. Clinical outcomes were assessed 
using the modified Rankin scale (mRS) at 15 months.
RESULTS: Among all 106 patients who have undergone EVT, five (4.7%) had aneurysmal IPR as well as ruptured aneurysms with 
subarachnoid haemorrhage (SAH). Among those five patients, primary coiling was performed in three cases and balloon/stent-
assisted coiling was performed in two cases, with complete occlusion of the aneurysmal sac achieved in four (4/5) patients. Clinical 
follow-up with the mRS scores of the patients revealed mortality in one patient (20%), favourable outcomes in three patients (60%) 
and unfavourable outcomes in one patient (20%).
CONCLUSION: Aneurysmal IPR is considered a rare but important complication of endovascular coiling that is associated with 
poor clinical outcomes. Several risk factors are significantly associated with IPR, such as small-sized aneurysm (<3.5 mm), presence 
of bleb and parent vessel tortuosity. Acom location, irregular shape and past episode of SAH also increase the risk of IPR, but such 
association was found to be statistically insignificant in our study. Although IPR is considered a devastating complication, good 
clinical outcomes can be achieved with early detection and proper management using rapid aneurysmal coil packing and occlusion.
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series (2,4,11,14). Although many previous studies have placed 
emphasis on the management and outcomes of patients with 
IPR (2,8,10,14), only very few studies have reported on the risk 
factors responsible for aneurysmal IPR. Despite its rarity, IPR 
is associated with a high rate of mortality and poor outcomes 
in up to 60% of the cases (4,10). Therefore, it is important 
to identify the risk factors for aneurysmal IPR to improve the 

█   INTRODUCTION

Intra-procedural rupture (IPR) of cerebral aneurysms is 
a serious complication of endovascular treatment (EVT) 
that is associated with a high rate of mortality and poor 

outcomes. Generally, IPR is a relatively rare complication of 
EVT, with a reported incidence rate of 2%–5% in various case 
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patient outcomes. In this study, we evaluated the possible risk 
factors for aneurysmal IPR and discussed its management 
and outcomes for patients.

█   MATERIAL and METHODS
A total of 106 patients with cerebral aneurysm who have 
undergone EVT from October 2018 to October 2020 at our 
institute were included in this study. Cases were divided 
into 90 cases with ruptured aneurysm and 16 cases with 
unruptured aneurysm. It was found that five patients had IPR 
and that all of them had ruptured aneurysms with subarachnoid 
haemorrhage (SAH). Risk factors for IPR were evaluated, 
such as the aneurysm’s location, size and morphological 
characteristics, as well as parent artery tortuosity. Patients 
with IPR were also compared to those without in terms of the 
presence of risk factors for IPR. The odds ratio (OR) was then 
calculated, and the chi-squared test was used to determine 
the p-value. Clinical outcomes were assessed using the 
modified Rankin scale (mRS) at 6 and 15 months and were 
graded as good (score: 1–3), bad (score: 4–5) or worse (score: 
6, death), with a follow-up period of 16–19 months (mean: 
17.2 months). Then, a literature review was conducted to 
discuss the possible causes of aneurysmal IPR as well as its 
management.

Procedure

All patients who were admitted with aneurysmal SAH or 
unruptured aneurysms were examined and graded clinically 
using the Hunt and Hess Scale (HHS) on admission. All 
patients underwent EVT under general anaesthesia through 
the right femoral route using an Infinix-i Biplane angiography 
suite (Toshiba America Medical Systems, Tustin, CA, USA). 
After femoral puncture, all patients were heparinised with 
a 100 IU/kg heparin bolus (activated clotting time: >300 s). 
Digital subtraction angiography (DSA) was performed on the 
region of interest in a 3D rotation view. Then, reconstructed 
images of 3D angiography were used to characterise the size, 
shape and morphology of the aneurysm. After evaluating the 
aneurysm, a decision was made regarding the appropriate 
type of procedure needed (coiling, stent/balloon-assisted 
coiling or a flow diverter) and hardware to be used (catheter, 
distal access or micro-catheter). Patients who were planned 
for stent-assisted coiling were given dual antiplatelet agents 
(300 mg of aspirin and 30 mg of Prasugrel) through Ryles tube, 
with intravenous Abciximab administered in a few cases. 
EVT was performed using high-resolution DSA and proper 
road map guidance carefully with check DSA after each coil 
placement. After ensuring satisfactory aneurysm occlusion 
and completing the procedure, patients were moved to the 
intensive care unit (ICU) and their puncture sheath was removed 
after 4–6 hours with compression dressing. All patients were 
then discharged after spending variable amounts of time in 
the ICU depending on their recovery rate, and all of them were 
followed up radiographically with DSA/computed tomography 
(CT) angiography or magnetic resonance angiography and 
their clinical outcomes were assessed using the mRS at 16–19 
months.

█   RESULTS
Among the 106 patients who have undergone EVT, five 
(4.7%) had aneurysmal IPR, which is defined in our study 
as the extrusion of coil, micro-wire or catheter outside the 
aneurysmal sac with evidence of extravasation of contrast 
on angiography. It should be noted that all five patients with 
IPR had previous episodes of SAH (three males, two females; 
mean age: 63 years). HHS of patients on admission was (1,2-
good, 3- moderate, 4,5-bad) good in 2, moderate in 2 and bad 
in 1 patient.

Risk Factors for IPR

Evaluating the risk factors for IPR showed that the most 
common location observed in IPR was Acom in three cases 
(60%), with an OR of 2.2, followed by one case with MCA and 
another with ICA-Pcom. It was observed, however, that an 
aneurysm located at Acom increased the risk for IPR, though 
statistically insignificantly (p=0.37).

Evaluation of the aneurysm’s morphology revealed an irregular 
aneurysm shape (bi-lobed or multi-lobed) and the presence 
of a visible bleb or nipple, which are associated with an 
increased risk for IPR (OR=1.86, p=0.5 and OR=8.62, p=0.058, 
respectively), though statistically insignificantly.

Aneurysms that are 3.5  mm or smaller are considered to be 
‘small sized’ for evaluating the risk of rupture. In this study, a 
small-sized aneurysm (≤3.5 mm) has been observed to be a 
statistically significant risk factor for IPR, with four patients 
having small aneurysms (OR=11.53, p=0.032).

We also evaluated the presence of parent artery tortuosity 
(ICA in our study as all IPR cases anterior circulation) as a risk 
factor for IPR. Arterial tortuosity generally increases the stored 
potential energy in delivery systems, which can indirectly lead 
to IPR. In this study, it was found that parent artery tortuosity is 
statistically significantly (p=0.048) associated with aneurysmal 
IPR, with four patients (80%) having this condition (OR=9.4).

It was also found that the presence of previous episode of 
SAH increased the risk for IPR (OR=2.12) in our study. The 
association is statistically insignificant (p=0.61) though all 
patients with IPR had SAH only because of the overall more 
incidence (85%) of SAH cases in our sample population. 
Although intra-operative hypertension may possibly increase 
the incidence of IPR, only one patient had a hypertension 
episode in our study (Table I).

Management

In this study, the causes for IPR were evident in four out of 
the five cases: coil mass in three patients and micro-catheter 
in one patient. In the remaining patient, rupture occurred 
while doing angiography to prepare a roadmap image before 
aneurysmal cannulation.

After identifying the IPR, reversal of heparinisation was 
performed immediately with protamine sulphate (1 mg/100 
IU), and blood pressure was reduced to a permissible 
range (systolic blood pressure: 85–95 mmHg) by infusing 
Propofol. Then, the depth of anaesthesia was increased using 
Thiopentone or midazolam to reduce cerebral metabolism.
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Primary coiling was completed in three of the five patients by 
gradually filling soft coils until the leak stops. One patient with 
a persistent leak after two coils required balloon assistance 
to occlude the neck and place the coil. In one patient with an 
ICA-Pcom aneurysm, a second micro-catheter was used and 
stent-assisted coiling (Enterprise 2; Codman) was performed. 
This patient developed parent artery thrombosis due to 
stenting, which resolved after the intra-arterial injection of 
Abciximab with development of post-operative hemiparesis, 
which improved partially over months.

Outcome

Post procedural CT scan revealed intra-ventricular 
haemorrhage in one patient, who died after two days even 
after placing an external ventricular drain (EVD), resulting in 
an overall IPR case mortality of 20%. Two patients developed 
hydrocephalus and required shunt procedures, which resulted 
in favourable recovery. Complete occlusion of the aneurysmal 
sac was achieved in four patients, and partial occlusion 
was achieved in one patient (MCA aneurysm), who was 
subsequently treated. Clinical follow-up with the mRS scores 
of the patients (mean: 17.2 months) revealed good recovery in 
three (60%) patients and poor recovery in one (20%) patient 
(Table II).

Illustrative Cases

1) A 50 years’ male patient with small sized (3.4 x 2.5mm) 
ruptured Acom aneurysm presented with HHS 2 (case-1), had 

IPR with microcatheter extrusion and dye extravasation evident 
on DSA. Patient managed with reversal of heparinization, 
lowering of blood pressure and coiling continued. After 
completion of coiling aneurysm completely occluded. Patient 
was electively ventilated for 24 hours, and shifted out of ICU 
after extubation. Patient had good recovery and discharged 
on 8th day without any neurological deficit with 17 months 
follow up mRS score of 1 (Figure 1A-D).

2) 58 years’ female presented with SAH and 4.8 x 3.6 sized 
multilobed right MCA aneurysm with HHS of 2 (case-4). She 
had IPR of aneurysm before sac cannulation while taking 
DSA. Exact cause of IPR not determined but postulated to be 
due to contrast injection pressure jet into the sac. Aneurysm 
was cannulated and coiling of aneurysm was done and leak 
stopped after 3 coil placement. Small part of neck visible 
after partial coiling was left due to risk of rerupture to be dealt 
afterwards in second intervention if required. She developed 
hydrocephalus on follow up CT scans and had undergone 
CSF diversion procedure. Her mRS score at 15.3 months is 1 
showing good recovery (Figure 2A-D).

█   DISCUSSION
It has been reported in several previous studies that the 
incidence of aneurysmal IPR during coil embolisation ranges 
from 2% to 5% (2,4,11). In their meta-analysis, Cloft et al. 
mentioned that the incidence of IPR is high in cases with 
ruptured aneurysm (up to 7.7%), and quite low in cases with 

Table I: Risk Factors for IPR of Aneurysm 

Risk factor IPR patients 
(n=5)

Non IPR patients 
(n=101) Odd’s ratio p

Acom location 3 40 2.2 0.376

Small size (3.5 mm or less) 4 26 11.53 0.032

Irregular shape 3 45 1.86 0.5

Presence of bleb 4 32 8.62 0.04

Vessel tortuosity 4 30 9.4 0.048

Previous SAH 5 85 2.12 0.61

HTN 2 43 0.91 0.92

IPR: Intraprocedural rupture, SAH: Subarachnoid haemorrhage, HTN: Hypertension.

Table II: Patient Characteristics and Outcome

Sr. No Age (years) Location Size (mm) Cause of IPR HHS on admission mRS score Outcome

1 50 Acom 3.4x2.5 Cath. 2 1 Good

2 62 Acom 3.1x3 Coil 3 3 Good

3 71 Acom 2.4x2.4 Coil 3 6 Death

4 58 MCA 4.8x3.6 ND 2 1 Good

5 74 ICA-Pcom 3.1x2 Coil 4 4 Bad

HHS: Hunt and hess scale, ND: Not determined, mRS: Modified Rankin scale.
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Figure 2: Illustrative case 2. 
Patient of ruptured right MCA 
bifurcation aneurysm with neck 
of 3.6mm. A) 3D image with 
multi-lobed irregular aneurysm 
with bleb, B) DSA image of 
aneurysm, C) IPR is evident 
with dye leak denoted by 
thick red arrow, D) image after 
completion of partial coiling 
with no dye leak and remaining 
part of neck denoted by thin red 
arrow. 

Figure 1: Illustrative case 1. Patient of ruptured Acom aneurysm with neck of 1.9mm. A) 3D image showing aneurysm morphology and 
irregular shape, B) DSA image of aneurysm, C) IPR evident with dye leak denoted by black arrow, D) DSA image after completion of 
coiling and sac occlusion.

unruptured aneurysm (ranging from 1% to 2%) (2). In our 
study, we found that the incidence of IPR is higher (4.9%), 
with all five patients with IPR having ruptured aneurysms. 
However, none of the patients with unruptured aneurysms 
were found to have IPR in our study. Such a higher rate of 
IPR may be explained by the large percentage of cases with 
ruptured aneurysms (90 out of 106) in our study.

Several previous studies have investigated the risk factors 
for IPR and proposed that an aneurysm located at Acom 

is considered an independent risk factor for IPR, with an 
incidence rate of 7% (5-7,17). Similar finding was observed in 
our study, with most patients (three out of five) with IPR having 
an Acom aneurysm.

According to Sujuki et al., Tsutsumi et al. and Rooij et al., 
small-sized aneurysms are considered a high risk factor for 
IPR because of the less available space for coil mass and 
fragile walls (16-18). In our study, similar to what has been 
found in previous studies, small-sized aneurysms (3.5 mm or 
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to 60%) and poor outcomes (2,10,11,14). However, recently, 
advances in endovascular technology with the progressive 
development of soft coils and newer techniques have improved 
the outcomes of IPR cases, achieving a mortality rate of 
10%–20% (1,15,19-21). In our study, the clinical outcomes 
of patients with IPR, measured on the mRS (mean follow-up 
of 17.2 months), were favourable in 60% (3/5) of the cases. 
Moreover, one patient with IPR died (mortality rate: 20%), and 
one had poor clinical outcome with severe disability.

█   CONCLUSION
Aneurysmal IPR is considered a rare but important 
complication of endovascular coiling that is associated 
with poor clinical outcomes. The presence of a small-sized 
aneurysm (<3.5 mm), the presence of bleb and parent vessel 
tortuosity are significantly associated with an increased risk 
for IPR. Whereas Acom location, irregular shape and a past 
episode of SAH also increase the risk for IPR, although such 
association has been found to be statistically insignificant in our 
study. Although IPR is considered a devastating complication, 
it is possible to obtain favourable clinical outcome by early 
detection and proper management with rapid aneurysmal coil 
packing and occlusion.
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