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Objective: Complications in neuroendovascular therapy for cerebral aneurysm (AN) affect the clinical course of patients. 
Patient conditions, operating procedures, and operator expertise were highlighted as risk factors for complications. 
These risk factors often combine and constitute particularly strong risks, resulting in a worsened clinical course. In this 
study, we performed a multifactorial assessment of complication risks in neuroendovascular therapy.
Methods: We analyzed patient data from the Japanese Registry of NeuroEndovascular Therapy 3, which is a 
nationwide retrospective cohort study of neuroendovascular procedures conducted between 2010 and 2014. Patients 
who underwent coil embolization for a ruptured anterior communicating artery (Acom) AN, an internal carotid artery-
posterior communicating artery (IC-PC) AN, or basilar artery bifurcation (BA-bif) AN were included in this analysis. 
Information on 16 explanatory variables and 1 objective variable for each patient was obtained from the dataset as 
nominal variables. The explanatory variables consisted of patient factors, procedural factors, and an operator factor. 
The objective variable was whether the following complications occurred: intraprocedural bleeding, postprocedural 
bleeding, and procedure-related infarction. The specific situations involving multiple risk factors associated with high 
complication rates were identified using a programmed method. The impact of the absence of a supervising physician 
was also assessed.
Results: A total of 2971 patients were analyzed. The complication rates for patients with Acom ANs, IC-PC ANs, and 
BA-bif ANs were 12.9%, 10.2%, and 13.7%, respectively. A total of 15 specific situations were identified as follows: 3 
related to an Acom AN, with complication rates ranging from 19.3% to 20.3%; 4 related to an IC-PC AN, with complication 
rates ranging from 15.6% to 17.9%; and 8 related to a BA-bif AN, with complication rates ranging from 20.6% to 33.3%. 
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In 4 of these situations, the absence of a supervising physician significantly impacted complication rates. For instance, 
the complication rate for patients with IC-PC AN treated under local anesthesia was 16.0% overall, but it was 23.8% 
without supervising physicians.
Conclusion: Multifactorial assessment based on patient, procedural, and operator factors provides more reliable risk 
estimations and will help improve the clinical course.

Keywords▶   cerebral aneurysm, complication, supervising physician

Introduction

Complications in neuroendovascular therapy for cerebral 
aneurysm (AN) affect the clinical course of patients.1–3) 
Patient conditions, operating procedures, and operator 
expertise have been highlighted as risk factors for compli-
cations.4–13) Although risk factors are often statistically cal-
culated as independent risk factors, they can combine and 
sometimes present strong risks, resulting in a worsened 
clinical course.14–16) Therefore, it is necessary to perform 
a multifactorial assessment to evaluate the risk in patients 
with multiple risk factors.17)

The Japanese Registry of NeuroEndovascular Treatment 
3 (JR-NET3) is a nationwide retrospective cohort study that 
includes 40177 neuroendovascular procedures conducted 
between 2010 and 2014.18) This dataset is widely utilized 
in many studies due to its large volume, high coverage, and 
few missing data points.19–23) In this study, we performed a 
multifactorial assessment of complication risks in neuroen-
dovascular therapy using the JR-NET3 dataset.

Materials and Methods

All patients who underwent coil embolization for a rup-
tured anterior communicating artery (Acom) AN, an inter-
nal carotid artery-posterior communicating artery (IC-PC) 
AN, or a basilar artery bifurcation (BA-bif) AN enrolled in 
the JR-NET3 study were included in this analysis. Patients 
with AN at other sites were not included because the num-
ber of patients was insufficient to apply the methods used 
in this study. Patients under 15 years of age, treated more 
than 4 days after onset, treated for multiple ANs simulta-
neously, or with any missing data were excluded from the 
study.

Information on 16 explanatory variables and 1 objective 
variable for each patient was obtained from the dataset as 
nominal variables. The explanatory variables consisted 
of patient factors, procedural factors, and an operator 

factor. The patient factors were young (50 years old or 
younger), elderly (76 years old or older), severe (World 
Federation of Neurosurgical Societies Grade 4–5), small 
AN (less than 3 mm), large AN (greater than 10 mm), and 
non-saccular AN. The procedural factors were local anes-
thesia, double catheter technique, balloon-assisted tech-
nique, stent-assisted technique, no antiplatelets, no heparin, 
bioactive coils, hydrocoils, and single-plane angiography. 
The operator factor was whether at least 1 supervising 
physician participated in the procedure. Supervising physi-
cians refer to Board Certified Consulting Specialists of the 
Japanese Society for Neuroendovascular Therapy.24) The 
objective variable was whether the following complica-
tions occurred: intraprocedural bleeding, postprocedural 
bleeding, and procedure-related infarction. Intraproce-
dural bleeding was defined as an aneurysmal rupture, a 
vessel rupture, or a vessel perforation during the proce-
dure. Postprocedural bleeding was defined as symptom-
atic bleeding from the AN or a vessel within 30 days after 
the procedure. Procedure-related infarction was defined 
as a symptomatic cerebral infarction confirmed by imag-
ing within 30 days after the procedure. “No antiplatelets” 
refers to the confirmation that antiplatelet agents were not 
used before the procedure. Information on the aneurysmal 
neck was not included as an explanatory variable, as it was 
not obtained as continuous values.

Multifactorial assessment was performed using the fol-
lowing 3-step programmed method (Fig. 1).

Step 1: For each AN site, the complication rate was cal-
culated using the number of patients as the denominator and 
the number of patients with complications as the numerator 
(CRsite). For each AN site, combined risk factors were com-
prehensively created employing the 15 explanatory vari-
ables except the operator factor (Supplementary Table). 
The complication rate was calculated for patients meeting 
each combined risk factor (CRcombined). A combined risk fac-
tor was identified as a multifactorial risk factor (MFR) if 
the associated CRcombined exceeded 1.5 times the CRsite.
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Fig. 1  Identification of multifactorial risk factors. The table demonstrates the procedure for identifying MFRs, using the case 
of Acom aneurysm as an example. The overall CRsite is 12.9%. The complication rate for patients meeting each CRcombined is 
calculated individually. The combination 1 does not match as an MFR because CRcombined is under 1.5 times CRsite. The com-
bination 3 matches as an MFR because CRcombined is over 1.5 times CRsite. The combination 30 does not match as an MFR 
because CRcombined is under 1.1 times that of the combination 3. The combination 110 matches as an MFR because CRcombined 
is over 1.1 times those of the combination 14 and 15. The combination 124 does not match as an MFR because the number 
of patients meeting the condition is under 5% of the total number of patients with Acom aneurysm. Acom, anterior communi-
cating artery; CRsite, complication rate; CRcombined, combined risk factor; MFRs, multifactorial risk factors 
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Step 2: MFRs that did not meet the following criterion 
were removed: the number of patients meeting an MFR 
must be at least 5% of the number of patients with ANs at 
the same site. This criterion was intended to reduce MFRs 
with inadequately high complication rates due to sampling 
bias.

Step 3: MFRs that did not meet the following criterion 
were removed: the complication rate of the MFR with an 
additional risk factor must be at least 1.1 times that of the 
original MFR. This criterion was intended to reduce MFRs 
that only subdivide patients with the same risk.

After identifying the MFRs, the complication rates in 
patients meeting each MFR (CRwhole) were calculated. In 
addition, the complication rates in the absence of super-
vising physicians (CRabsence) were calculated. The error in 
the complication rate was defined as 100 divided by the 
number of patients meeting each MFR. The lack of over-
lap in the error ranges of CRwhole and CRabsence was defined 
as a significant impact on the complication rate due to the 
absence of a supervising physician.

This study was approved by the Ethics Committee of 
Tohoku University (2024-1-674).

Results

A total of 3342 patients were included, and 371 patients 
were excluded; 2971 patients were analyzed, which were 
composed of 1290 patients with an Acom AN, 1265 
patients with an IC-PC AN, and 416 patients with a 
BA-bif AN (Fig. 2). Among these, 354 patients (11.9%) 
had the following complications: 154 patients (5.2%) 
had intraprocedural bleeding, 17 patients (0.6%) had 
postprocedural bleeding, and 183 patients (6.2%) had 
procedure-related cerebral infarction. The prevalence of 
risk factors and complications in patients with each aneu-
rysmal site is shown in Table 1.

The complication rates for patients with an Acom 
AN, IC-PC AN, or BA-bif AN were 12.9%, 10.2%, and 
13.7%, respectively. A total of 15 MFRs were identified: 
3 MFRs related to an Acom AN, 4 MFRs related to an 
IC-PC AN, and 8 MFRs related to a BA-bif AN. The 
complications in patients meeting each MFR are shown 
in Table 2.

The absence of supervising physicians significantly 
impacted complication rates in the following 4 MFRs: an 
Acom AN treated using a balloon-assisted technique with-
out antiplatelets, a large IC-PC AN, an IC-PC AN treated 
under local anesthesia, and a BA-bif AN treated using a 

balloon-assisted technique with single-plane angiography 
(Fig. 3).

Discussion

We performed a multifactorial assessment of complication 
risks in neuroendovascular therapy for ruptured ANs. A 
total of 15 MFRs, which are particularly strong risks cre-
ated by combining risk factors, were identified using a pro-
grammed method.

Identifying MFRs revealed the increased risks in spe-
cific situations. For example, patients with a large BA-bif 
AN treated using a double catheter technique had a com-
plication rate of 29.6%, whereas patients with a BA-bif 
AN had a complication rate of 13.7%, patients with a 
large BA-bif AN had a complication rate of 16.2% (data 
not shown), and patients with a BA-bif AN treated using 
a double catheter technique had a complication rate of 
22.0%. Similarly, patients with an IC-PC AN treated 
with a balloon-assisted technique using bioactive coils 
had a complication rate of 15.6%, whereas the rate was 
between 10.2% and 10.9% when a balloon-assisted tech-
nique and/or bioactive coils were used (data not shown). 
Only focusing on individual risk factors does not fully 
assess such increased risks. Combining risk factors 
enables multifactorial assessment, as analogous insights 
have been reported.25–27) Thus, multifactorial assessment 
provides more reliable risk estimates.

In a multifactorial assessment of complication risks, 
an operator factor is also crucial. In 4 MFRs, complica-
tion rates were significantly higher when supervising 
physicians were absent. This indicates that the absence of 
supervising physicians may contribute to the occurrence of 
complications. This finding is not surprising, as the role of 
expertise in avoiding complications has been emphasized 
across various fields.28–30) The presence of supervising phy-
sicians is thought to be especially important in certain situ-
ations, given that their absence did not significantly impact 
complication rates in the other 11 MFRs. Thus, in addition 
to patient and procedural factors, taking operator factors 
into account provides more reliable risk estimations.

Complication risks in neuroendovascular therapy can 
be decreased by decision-making based on MFRs. For 
example, patients with an IC-PC AN had a high com-
plication rate under local anesthesia and in the absence 
of supervising physicians. Recognizing this should lead 
to performing procedures under general anesthesia or 
with supervising physicians in such cases. This means 
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Fig. 2  Flowchart of patient selection. A total of 2971 patients were analyzed in this 
study. Acom, anterior communicating artery; AN, aneurysm; BA-bif AN, basilar artery 
bifurcation AN; IC-PC, internal carotid artery-posterior communicating artery 

Table 1  Patient background

Acom IC-PC BA-bif

(n = 1290) (n = 1265) (n = 416)

Factor

  Young (≤50) 389 (30.2%) 229 (18.1%) 103 (24.8%)

  Elderly (≥76) 297 (23.0%) 499 (39.4%) 100 (24.0%)

  Severe (WFNS grade ≥4) 451 (35.0%) 385 (30.4%) 159 (38.2%)

  Small (<3 mm) 118 (9.1%) 44 (3.5%) 40 (9.6%)

  Large (≥10 mm) 69 (5.3%) 190 (15.0%) 74 (17.8%)

  Nonsaccular type 3 (0.2%) 0 (0.0%) 1 (0.2%)

  Local anesthesia 102 (7.9%) 100 (7.9%) 42 (10.1%)

  Single plane angiography 271 (21.0%) 293 (23.2%) 125 (30.0%)

  Double catheter 71 (5.5%) 127 (10.0%) 59 (14.2%)

  Balloon assist 176 (13.6%) 683 (54.0%) 191 (45.9%)

  Stent assist 5 (0.4%) 38 (3.0%) 18 (4.3%)

  No antiplatelet 1163 (90.2%) 1112 (87.9%) 352 (84.6%)

  No heparin 76 (5.9%) 59 (4.7%) 24 (5.8%)

  Bioactive coil 115 (8.9%) 140 (11.1%) 43 (10.3%)

  Hydrocoil 26 (2.0%) 39 (3.1%) 18 (4.3%)

  Without supervising physicians 508 (39.4%) 505 (39.9%) 189 (45.4%)

Complications

  Intraprocedural bleeding 81 (6.3%) 50 (4.0%) 23 (5.5%)

  Postprocedural bleeding 7 (0.5%) 8 (0.6%) 2 (0.5%)

  Cerebral infarction 79 (6.1%) 71 (5.6%) 33 (7.9%)

Acom, anterior communicating artery aneurysm; BA-bif, basilar artery bifurcation aneurysm; IC-PC, internal carotid  
artery-posterior communicating artery aneurysm; WFNS, World Federation of Neurosurgical Societies 
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that MFRs support decision-making for a better clinical 
course. Similarly, patients with a small Acom AN expe-
rienced a high complication rate, particularly due to the 
occurrence of intraprocedural bleeding. Recognizing this 
should lead to greater attention directed toward recov-
ery shots for intraprocedural bleeding in such cases. This 
means that MFRs support decision-making for minimiz-
ing damage. Thus, multifactorial assessment will help 
improve the clinical course.

This study has several limitations. First, the identified 
MFRs comprised only some potential MFRs. For exam-
ple, IC-PC AN patients treated using a balloon-assisted 
technique with hydrocoils had a high complication rate; 
however, due to the small number of patients meeting 
the criteria, it was not identified as an MFR in the anal-
ysis using the JR-NET3 dataset. Also, MFRs for ANs 
other than Acom AN, IC-PC AN, and BA-bif AN were 
not analyzed. Moreover, information regarding aneu-
rysm morphology, including the aneurysmal neck, is not 
reflected in the MFR. Further accumulation of data will 
help identify additional MFRs. Second, procedural fac-
tors may be biased due to the occurrence of complica-
tions. For example, Acom AN patients treated using a  

balloon-assisted technique without antiplatelets had a 
high complication rate; this result suggests that the use 
of balloon catheters induces complications, or the result 
could be biased due to the use of balloon catheters to 
address complications. Prospective data collection will 
help resolve this bias. Third, the reasons for the compli-
cations in these identified situations are not discussed. 
For example, patients with an IC-PC AN treated under 
local anesthesia had a high complication rate; however, 
the reason why local anesthesia is associated with com-
plications in treating IC-PC ANs cannot be determined 
from the current dataset alone. Studies with chemical 
and/or physical perspectives are crucial to resolve such 
questions. Fourth, this study analyzes procedures per-
formed between 2010 and 2014, without considering 
subsequent developments. Information on new devices 
and improvements in device performance will provide 
more interesting insights. Fifth, there are no datasets of 
similar scale from other countries, and we did not verify 
the possibility that the results are specific to our coun-
try. It is hoped that our country’s research findings will 
encourage similar studies to be promoted worldwide.

Table 2  Multicatorial risk factors of complication

Aneurysmal 
site

Multifactorial risk factors

Number of patients Complication rate

Meeting 
MFR

With  
complication

Intraprocedural 
bleeding

Postprocedural  
bleeding

Procedure-related  
cerebral infarction

Total

Acom Small 118 24 16.1% 0.0% 4.2% 20.3%
No antiplatelet, no  
  heparin

65 13 15.4% 1.5% 3.0% 20.0%

No antiplatelet, balloon  
  assist

161 31 8.7% 0.6% 9.9% 19.3%

IC-PC Large 190 34 4.2% 0.5% 13.2% 17.9%
Local anesthesia 100 16 6.0% 1.0% 9.0% 16.0%
Balloon assist, bioactive  
  coil

77 12 6.5% 2.6% 6.5% 15.6%

Balloon assist, young,  
  no antiplatelet

108 19 5.6% 1.9% 10.2% 17.6%

BA-bif Double catheter 59 13 5.1% 1.7% 15.3% 22.0%
Bioactive coil 43 12 7.0% 0.0% 20.9% 27.9%
Local anesthesia 42 11 14.3% 2.4% 9.5% 26.2%
Young, single plane  
  angiography

30 10 10.0% 0.0% 23.4% 33.3%

Young, severe 32 8 9.4% 0.0% 15.7% 25.0%
Elderly, single plane  
  angiography

25 6 12.0% 0.0% 12.0% 24.0%

Balloon assist, single  
  plane angiography

63 13 7.9% 1.6% 11.1% 20.6%

Large, double catheter 27 8 3.7% 3.7% 22.2% 29.6%

Acom, anterior communicating artery; BA-bif, basilar artery bifurcation aneurysm; IC-PC, internal carotid artery-posterior communicating artery; MFR, multifac-
torial risk factor   
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Fig. 3  The impact of the absence of supervising physicians. The white bar graph illustrates the complication rates for patients with various mul-
tifactorial risk factors. In contrast, the gray bar graph displays the complication rates in the absence of supervising physicians. The absence of 
supervising physicians significantly impacted complication rates in the 4 multifactorial risk factors marked with an asterisk. Acom, anterior commu-
nicating artery aneurysm; BA-bif, basilar artery bifurcation aneurysm; IC-PC, internal carotid artery-posterior communicating artery aneurysm 
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Conclusion

We performed a multifactorial assessment of complication 
risks in neuroendovascular therapy. Multifactorial assess-
ment based on patient, procedural, and operator factors 
provides more reliable risk estimations and will help 
improve the clinical course.
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