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 Introduction

Digital subtraction angiography (DSA) is considered the 
gold standard for understanding the angioanatomy in rup-
tured and unruptured intracranial aneurysms (IAs) [1–5]. 
More recently, computed tomography angiography (CTA) 
has been introduced as an alternative imaging modality for 
ruptured aneurysms [6]. Sensitivities ranging from 77–97% 
and specificities ranging from 87–100% for the identification 
of ruptured aneurysms using CTA have been reported [3, 4, 
7–9]. High-resolution magnetic resonance angiography 
(MRA), on the other hand, is frequently used for unruptured 
aneurysms as an alternative noninvasive modality [10]. In a 
systematic review [11] of studies evaluating the value of 
MRA for the diagnosis of intracranial aneurysms, a pooled 
sensitivity of 95% and pooled specificity of 89% have been 
reported. By comparison, in 2000 the very first meta-analysis 

[12] reported a per-aneurysm pooled sensitivity and specific-
ity of MRA of 87% and 95% for the detection of IAs, respec-
tively. Both CTA and MRA can in many cases provide the 
necessary information for the preoperative planning of intra-
cranial aneurysms, comparable to DSA [10, 11, 13, 14]. In 
cases of mural calcifications, CTA has a sensitivity superior 
to that of MRA [10, 15].

The goal of this survey is to investigate the daily practice 
regarding indications for DSA before clipping of ruptured 
and unruptured IAs in an international panel of neurovascu-
lar specialists.

 Methods

 Survey Development and Distribution

We elaborated an anonymous survey containing 23 multiple- 
choice questions (see Appendix) to investigate when and 
why cerebrovascular specialists consider a DSA to be indi-
cated before the clipping of ruptured and unruptured IAs.

The survey was structured as follows. First, general ques-
tions about the responder’s specialty and institution were 
asked: country, specialty of responder, number of treated 
aneurysms as main surgeon, and number of treated ruptured 
and unruptured aneurysms per year at responders’ institu-
tion. Second, questions regarding the choice of aneurysm 
treatment and the quality of imaging modalities at the 
responders’ institutions were asked. Third, responders were 
asked the situations (unruptured aneurysms/ruptured aneu-
rysms/ruptured aneurysms with life-threatening hematoma) 
and aneurysm locations (MCA or locations other than MCA) 
in which microsurgical treatment is to be performed without 
preoperative DSA. Finally, responders were asked to select 
factors which in their view influence the need for  preoperative 
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DSA, from a list of aneurysm-, patient-, and treatment- 
related factors (Table 5).

A paper version of this survey was distributed to the 
attendees of the ninth European–Japanese Cerebrovascular 
Congress (EJCVC—www.ejcvc2018.com), which took 
place in Milan, Italy at 7–9 June 2018 and was thereafter col-
lected. The EJCVC is a biennial cerebrovascular meeting 
initiated in Zurich in 2001 and represents a unique opportu-
nity to gather the latest updates on neurovascular surgery and 
interventions for cerebrovascular diseases.

 Data Analysis

Data were manually imported into a digital database 
(Statistical Package for the Social Science) (SPSS) version 
24 for Windows (IBM, Armonk, New York, USA). The vari-
ous results were reported as value or proportion (%). 
Descriptive statistics were used to analyze the collected data. 
Categorical data were analyzed using the χ2 test. Statistical 
significance was defined at p < 0.05.

 Results

 Baseline Characteristics of Survey Responders

The total number of participants at the EJCVC was 152. The 
survey was offered to all participants at the entrance to the 
conference auditorium. A total of 93 surveys were distrib-
uted and 67 (72%) completed surveys were returned during 
the three days of the conference. The responders worked in 
13 different countries. The baseline characteristics are shown 
in Table 1.

Eighty-five percent of all responders were neurosurgeons, 
7.5% neurointerventionalists, and 7.5% hybrid neurosur-
geons. A hybrid surgeon is a cerebrovascular specialist able 
to treat aneurysms both by microsurgical and by endovascu-
lar methods.

Seventeen percent of responders had treated more than 
500 aneurysms as main surgeon, 18% between 200 and 500 
aneurysms, 10% between 100 and 200 aneurysms, 23% had 
treated between 20 and 100 aneurysms, and 12% between 1 
and 20 aneurysms. Twenty percent of responders had never 
treated an aneurysm as a main surgeon.

Twenty-eight percent of all responders worked at institu-
tions that treated 50–100 unruptured aneurysms per year, 
while 48% of all responders worked at institutions that 
treated 20–50 unruptured aneurysms per year.

Twenty-seven percent of all responders worked in institu-
tions where the number of ruptured aneurysms treated per 
year is 50–100, while 54% of responders worked at an insti-
tution treating 20–50 ruptured aneurysms per year.

Concerning the final decision for the type of treatment, 
80% of responders assume an interdisciplinary approach (on 
neurovascular boards or by directly discussing the cases 
among neurosurgeons, neuroradiologists, and neurologist).

Ninety-one percent of all responders worked at institu-
tions offering good quality CTA and 97% at an institution 
with a good quality MRA (at least 1.5 T). Good quality neu-
roimaging is defined as imaging capable of displaying every 
vessel of the circle of Willis in high definition. In cases where 
a preoperative DSA is considered indicated, 82% of respond-
ers also request tridimensional rotational sequences.

No statistical differences were seen in the baseline char-
acteristics between survey responders from Europe and 
Japan.

 Impact of Aneurysm Location and Rupture 
Status

For MCA aneurysms, 64% of survey responders would treat 
unruptured aneurysms without preoperative DSA, and 60% 

Table 1 Baseline characteristics of 67 respondents to the survey

Number of respondents (%)
Continent
Europe 50 (75)
Japan 16 (24)
Other 1 (1)
Specialty
Neurosurgeon 57 (85)
Neurointerventionalist 5 (7.5)
Hybrid surgeon 5 (7.5)
Number of aneurysms treated as a main surgeon
None 13 (20)
1–20 8 (12)
20–100 15 (23)
100–200 7 (10)
200–500 12 (18)
>500 11 (17)
Number of treated UNRUPTURED aneurysms at institution per 
year
<20 14 (21)
20–50 32 (48)
50–100 19 (28)
>100 2 (3)
Number of treated RUPTURED aneurysms at institution per year
<20 11 (16)
20–50 36 (54)
50–100 18 (27)
>100 2 (3)
Final decision for the type of treatment
Interdisciplinary 53 (80)
Neurosurgeon 10 (15)
Neurointerventionalist 1 (2)
Hybrid surgeon 2 (3)
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of responders would treat ruptured MCA aneurysms with-
out preoperative DSA. Ninety-seven percent of responders 
would treat ruptured MCA aneurysms with life-threatening 
hematoma without preoperative DSA (Table 2).

Regarding aneurysms in locations other than the MCA, 
68% of survey responders would treat unruptured aneu-
rysms without preoperative DSA, and 73% of responders 
would treat ruptured aneurysms without preoperative 
DSA. Ninety- six percent of all responders would treat rup-
tured aneurysms in other locations than the MCA with 
life-threatening hematoma without preoperative DSA 
(Tables 2 and 3). There were no statistically significant dif-
ferences in decision-making regarding preoperative DSA 
for aneurysm treatments between European and Japanese 
neurosurgeons.

Because 20% of all responders never treated an aneurysm 
as a main surgeon, in Table 3 we adapted a crosstab of surgi-
cal aneurysm treatment without preoperative DSA based on 
aneurysm location and performed a calculation excluding 
survey responders who never treated an aneurysm as main 
surgeon. Results do not show significant changes if one does 
not consider the surgeons who never clipped an aneurysm 
(Tables 2 and 3).

 Impact of Surgeon Experience on Decision 
to Perform a Preoperative DSA

The benchmark for an experienced surgeon was set at 100 
treated aneurysms as main surgeon. Forty-five percent of survey 
responders classify as experienced aneurysm surgeons. Table 4 
represents a crosstab of the impact of a surgeons’ experience on 
the decision to perform a preoperative DSA. Because in cases of 
life-threatening hematoma nearly all survey responders decide 
to waive a preoperative DSA (Tables 2 and 3), the impact of 
experience in these cases was not calculated.

In cases of unruptured aneurysms in locations other than 
the MCA, experienced neurosurgeons treat aneurysms sig-
nificantly more often without a preoperative DSA, compared 
to less experienced colleagues (experienced vs. less- 
experienced: 80% vs. 43%, p = 0.002).

In cases of unruptured MCA aneurysms, a similar trend is 
seen: Experienced neurosurgeons perform surgeries without 

preoperative DSA more often than less experienced col-
leagues (experienced vs. less-experienced: 71% vs. 49%, 
p = 0.08).

For ruptured MCA aneurysms and ruptured aneurysms in 
other locations, the data again show differences in absolute 
numbers, whereby preoperative DSAs are less frequently 
requested by experienced neurosurgeons (but without reach-
ing significant differences between the experienced and less- 
experienced group).

 Factors Influencing the Decision to Perform 
a Preoperative DSA

Table 5 summarizes aneurysm-related factors, patient-
related factors, and treatment-related factors that influence 
the choice of survey responders to perform a preoperative 
DSA.

The most important aneurysm-related factors indicating 
a preoperative DSA examination are: aneurysmal shape 
(fusiform or dissecting aneurysms: >80% of responders 
ask for a preoperative DSA); infectious aneurysm etiology 
(72% of responders); maximum aneurysm diameter 
>25  mm (85% of responders); paraclinoidal or posterior 
circulations aneurysms (>70% of responders); possible 
perforators and vessels arising from aneurysm sac (85% of 
responders for both); intra-aneurysmal thrombus (73% of 
responders); and previous treatment (90% of survey 
responders).

There are no patient-related factors (age, clinical status) 
(Table  5) that influence the decision for a preoperative 
DSA.

Table 2 Crosstab of surgical aneurysm treatment without preoperative 
DSA based on aneurysm location—all survey responders

Number of respondents (%)

Aneurysm 
location

Unruptured 
aneurysm

Ruptured 
aneurysm

In case of life 
threatening 
hematoma

MCA 43 (64) 40 (60) 65 (97)
Other 
location

45 (68) 49 (73) 64 (96)

Table 3 Crosstab of surgical aneurysm treatment without preoperative 
DSA based on aneurysm location—excluding survey responders who 
never treated an aneurysm as main surgeon

Number of respondents (%)

Aneurysm 
location

Unruptured 
aneurysm

Ruptured 
aneurysm

In case of life- 
threatening 
hematoma

MCA 37 (70) 36 (68) 51 (96)
Other 
location

39 (74) 39 (74) 51 (96)

Table 4 Impact of surgeon’s experience to treat aneurysm without pre-
operative DSA

Experienced surgeon (n (%))

Aneurysm location YES (n = 30) NO (n = 37) p-value
MCA
Unruptured 23 (71) 22 (49) 0.08
Ruptured 24 (80) 25 (68) 0.20
Other location
Unruptured 24 (80) 16 (43) 0.002
Ruptured 22 (73) 19 (51) 0.18

When Is Diagnostic Subtraction Angiography Indicated Before Clipping of Unruptured and Ruptured Intracranial Aneurysms…
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Regarding treatment-related factors, 78% of responders 
would ask for a DSA preoperatively in cases where a flow- 
replacement bypass is contemplated as a treatment option. 
Similarly, 85% of responders would ask for a preoperative 
DSA to assess the collateral circulation in cases where the 
possibility of bypass is evaluated.

 Discussion

The goal of the survey was to investigate, among an interna-
tional panel of neurovascular specialists participating at the 
ninth EJCVC, the workup and in particular the indication for 
preoperative DSA for patients undergoing microsurgical 
treatment of ruptured or unruptured intracranial aneurysms.

The analysis of the survey showed that in more than 80% 
of responders, the final decision for the type of aneurysm 
treatment at the responder’s institution is taken in an interdis-
ciplinary setting.

Tables 2 and 3 show a crosstab of microsurgical aneurysm 
treatment without preoperative DSA based on aneurysm 
location and rupture status. For MCA aneurysms, approxi-
mately 60% of responders perform microsurgery without 
preoperative DSA, regardless of rupture status. For aneu-
rysms in  locations other than MCA, microsurgery is done 
without preoperative DSA in 68% of unruptured and 73% of 
ruptured cases. In the case of ruptured MCA and non-MCA 
aneurysms with life-threatening hematoma, the vast majority 
of the responders (96% and 97%, respectively) perform sur-
gery without preoperative DSA.

This high percentage of responders who do not perform a 
DSA in cases of life-threatening hematoma is to be expected. 

Table 5 Aneurysm-, patient- and treatment-related factors influencing 
the choice to perform a preoperative DSA

Number of respondents 
answering YES (%)

Aneurysm-related factors
Aneurysm location
• Middle cerebral artery (MCA) proximal 
(M1-M2 segments)

29 (43)

• Middle cerebral artery (MCA) distal 
(M3-M4 segments)

31 (46)

• Carotid-posterior communicating artery 
(PCom)

35 (52)

• Carotid-anterior choroidal artery (ACho) 41 (61)
• Carotid-T 34 (51)
• Carotid-hypophyseal 41 (61)
• Carotid-paraclinoidal (ophthalmic) 48 (72)
• Anterior cerebral artery (ACA) proximal 
(A1-A2 segments)

31 (46)

• Anterior cerebral artery (ACA) proximal 
(A3-A4 segments)

29 (43)

• Anterior communicating artery (ACom)
         – Anterior projecting 31 (46)
         – Posterior projecting 39 (58)
         – Superior projecting 37 (55)
         – Inferior projecting 33 (49)
• Posterior circulation:
         – posterior inferior cerebellar artery 
(PICA)

47 (70)

         – others (anterior inferior cerebellar 
artery, superior cerebellar artery, basilar 
artery, posterior cerebral artery)

51 (76)

Aneurysmal morphology
• Etiology:
         – Saccular 25 (37)
         – Fusiform 54 (81)
         – Dissecting 58 (87)
         – Infectious (i.e., mycotic) 48 (72)
• Shape:
         – Irregularity (bleb/lobulation/
daughter aneurysm)

40 (60)

         – Broad neck 41 (61)
• Maximum diameter (single):
         – <5 mm 22 (33)
         – >10 mm 35 (52)
         – >25 mm 57 (85)
• Possible perforators arising from the 
aneurysm

57 (85)

• Efferent vessels arising from aneurysmal 
sac

57 (85)

• Calcification/atherosclerotic plaque of the 
aneurysm wall

26 (39)

• Intra-aneurysmal thrombus 49 (73)
• Recurrence/previous treatment 60 (90)
• Computational fluid dynamic analysis 
based decision

20 (30)

Patient-related factors
• Patient age:

Table 5 (continued)

Number of respondents 
answering YES (%)

         – <40 20 (30)
         – 40–60 18 (27)
         – >60 18 (27)
• Clinical situation:
         – SAH 22 (33)
         – Cranial nerve deficit 23 (34)
         – Clinical mass effect 26 (39)
         – Radiological mass effect 23 (34)
         – Previous SAH 29 (43)
Treatment-related factors
• Bypass contemplated 52 (78)
         – Visualization of possible donor 
artery (e.g. STA)

51 (76)

         – Visualization of possible recipient 
artery

47 (70)

• Collateral circulation 57 (85)

M. Sebök et al.
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In these cases there is no time for a DSA examination: the 
hematoma must be evacuated and the brain decompressed.

For MCA aneurysms without life-threating hematoma, 
40% of responders ask for a DSA preoperatively. This is 
quite a high percentage, especially if one considers the pos-
sible complications of a DSA: According to the literature, 
neurological complications after a DSA examination occur 
in 2.63% of cases, where 0.14% of these are strokes with 
permanent disability [16].

Our survey results suggest that a surgeons’ experience 
plays a role in deciding whether a preoperative DSA is indi-
cated. A clear difference between experienced (>100 treated 
aneurysms as main surgeon) and less experienced neurosur-
geons is seen especially in cases of unruptured aneurysms: 
experienced surgeons ask for a preoperative DSA signifi-
cantly less frequently in these patients.

Regarding the difference in requests for a preoperative 
DSA in MCA aneurysms, an almost-significant difference is 
seen in unruptured aneurysms (p = 0.08) and a trend toward 
statistical significance is seen in ruptured aneurysms 
(p  =  0.20) between experienced surgeons and less experi-
enced surgeons.

To simplify our questionnaire and the statistical workup, 
we separated the aneurysm location into MCA and locations 
other than the MCA. As a consequence, the non-MCA group 
includes a heterogeneous group of aneurysms from the ante-
rior and posterior circulation.

According to the consensus among neurovascular special-
ists, a preoperative DSA is performed more often for aneu-
rysms of the posterior circulation. Our survey confirms this 
trend: ≥70% of survey responders perform a preoperative 
DSA in patients with posterior circulation aneurysms. 
Therefore, the higher percentage of survey responders per-
forming surgeries without DSA in  locations other than the 
MCA compared to MCA aneurysms regardless of rupture 
status (unruptured locations other than MCA vs. unruptured 
MCA aneurysms: 68% vs. 64%; ruptured locations other 
than MCA vs. ruptured MCA aneurysms: 73% vs. 60%) is a 
surprising finding.

Factors which in a high percentage of responders (>70%) 
lead to the request for a preoperative DSA are: location of 
the aneurysm in the posterior circulation or paraclinoid 
aneurysms, non-saccular aneurysmal shape (fusiform or dis-
secting), infectious aneurysm etiology, maximum diameter 
of the aneurysm >25  mm, possible perforators or efferent 
vessels arising from the aneurysm sac, intra-aneurysmal 
thrombus, previous treatment of the aneurysm, bypass con-
templated, and to assess the collateral circulation. All these 
factors could be considered as characteristics of complex 
aneurysms. This is an expected finding since a general con-
sensus among the cerebrovascular specialists exists wherein 
any angioanatomical feature indicating the presence of a 
complex aneurysm should lead to a more detailed workup, 

including preoperative DSA. The aneurysmal complexity is 
namely related to at least one of the following features: (1) 
size ≥2.5 cm, (2) anatomic location (vertebral, basilar, para-
clinoid), (3) involvement of critical perforating or branch 
vessels, (4) previous treatment (endovascular or surgical), 
(5) dissecting, fusiform, saccular lesions with very broad 
neck, (6) intraluminal thrombosis, and (7) atherosclerotic 
plaques and calcifications of the aneurysm wall and/or neck 
[17–24]. There are no patient-related factors (except clinical 
status) that influence the decision for a preoperative 
DSA.  This is an expected finding because in cases of bad 
clinical status, often caused by life-threatening hematoma, 
there is no time for a preoperative DSA.

One of the aims of the survey was to assess in which 
direction the use of diagnostic DSA before microsurgical 
management of ruptured and unruptured cerebral aneurysms 
is moving among European and Japanese neurosurgeons. 
Several advantages of both noninvasive CTA and invasive 
DSA are known and should be considered, as well as the pos-
sible complications of DSA.  Previous studies introduced 
CTA as an alternative imaging modality for ruptured IAs and 
reported sensitivities ranging from 77–97%, and specificities 
ranging from 87–100% [3, 4, 7, 8]. The most recent meta- 
analysis by Menke et  al. [8] was published in 2011 and 
encompassed 45 previous studies, for a total of 3643 patients 
with ruptured and unruptured aneurysm. This meta-analysis 
reported an overall CTA sensitivity of 97.2% and a specific-
ity of 97.9%, as well as a per-aneurysm sensitivity of 95% 
and specificity of 96.2%.

In a comparative analysis between CTA and DSA for the 
diagnosis of ruptured intracranial aneurysms, Philipp et al. 
[25] concluded that the accuracy of CTA for the diagnosis of 
ruptured intracranial aneurysm may be lower than previously 
reported: in fact they found a low sensitivity of CTA (57.6%) 
for aneurysms smaller than 5 mm in size, located adjacent to 
bony structures, and for those arising from small caliber par-
ent vessels.

The “Guidelines for the Management of Patients With 
Unruptured Intracranial Aneurysms” from the American 
Heart Association/American Stroke Association [9] recom-
mend that due to its high sensitivity and specificity, even for 
smaller aneurysms, CTA can be considered as an initial diag-
nostic test for aneurysm detection and screening. However, 
the reconstruction methods may not accurately depict the 
true neck/dome/adjacent small vessel anatomy, but CTA is 
very useful in identifying mural calcification and thrombus, 
which can have a significant impact on treatment decisions 
[15, 26].

Several other advantages of CTA and MRA over DSA 
have been recognized, including reduced cost, avoidance of 
arterial injury and stroke, rapid acquisition, and retrospective 
manipulation of data. Furthermore, it is important to mention 
that both the radiation dosage and the volume of contrast 
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media is inferior with CTA than DSA (one-third to one-half 
for a single CTA compared to a four-vessel DSA) [10, 15].

The most appropriate use of the above-mentioned imag-
ing modalities, especially CTA and DSA, in guiding medical 
decision-making for treatment of ruptured and unruptured 
intracranial aneurysms, remains an issue of debate.

 Limitations

Our survey has several limitations, particularly with regard 
to responder bias and generalizability. First, the survey was 
distributed to participants of the EJCVC 2018 and therefore 
the results represent the current European and Japanese prac-
tice but might not be generalizable to other regions. Second, 
responses were voluntary and could lead to a selection bias 
for people with a particular interest and/or knowledge in 
these issues. Finally, 20% of all responders never treated an 
aneurysm as a main surgeon, indicating a possible limited 
experience in preoperative decision-making. Nonetheless, 
this subgroup of responders could have answered by using 
the decision-making algorithm of their working institution, 
which was the reason we included them in our analysis. 
However, we adapted a crosstab of surgical aneurysm treat-
ment without preoperative DSA based on aneurysm location 
and performed a calculation excluding the responders who 
never treated an aneurysm as main surgeon. The results do 
not show significant changes if one does not consider the 
surgeons who never clipped an aneurysm (Tables 2 and 3).

 Conclusion

There is still a high variability in the surgeons’ preoperative 
decision-making regarding the indication for DSA before 
clipping of intracranial aneurysms, except in case of rup-
tured aneurysms with life-threatening hematoma, where 
most of the responders perform surgery without preoperative 
DSA. For MCA aneurysms, approximately 60% of respond-
ers perform microsurgery without preoperative DSA, regard-
less of rupture status. For aneurysms in locations other than 
MCA, microsurgery is done without preoperative DSA in 
68% of unruptured and 73% of ruptured cases.

The factors favoring the execution of a DSA before clip-
ping are related to the complexity of the aneurysm: aneurys-
mal shape (fusiform, dissecting), etiology (infectious), size 
(>25 mm), possible presence of perforators or efferent ves-
sels arising from the aneurysm, intra-aneurysmal thrombus, 
previous treatment, location (posterior circulation or paracli-
noid), and flow-replacement bypass contemplated for final 
aneurysm treatment.

Moreover, a surgeons’ experience plays a role in the 
decision- making regarding preoperative DSA, with experi-
enced surgeons (>100 aneurysms treated as main surgeon) 
requesting preoperative DSAs less frequently. This effect is 
especially pronounced in patients with unruptured 
aneurysms.

 Appendix: Survey Questions

 1. In which country do you work?
…………………………………………………

 2. At which institution do you work? (if you want to 
answer)

…………………………………………………
 3. Which specialist are you?

 (a) neurosurgeon
 (b) neurointerventionist (interventional neuroradiologist)
 (c) hybrid surgeon
 (d) neurologist
 (e) neurointensivist (Neuro Intensive Care)
 (f) other: ………………………….

 4. What is your position?
 (a) chairman
 (b) senior consultant (attending clinician)
 (c) junior consultant (attending clinician)
 (d) fellow
 (e) resident
 (f) other: ………………………………….

 5. How many aneurysms have you treated in your 
career as main surgeon?
 (a) none
 (b) 1–20
 (c) 20–100
 (d) 100–200
 (e) 200–500
 (f) >500

 6. How many patients with unruptured intracranial 
aneurysms are treated at your department per 
year?
 (a) <20
 (b) 20–50
 (c) 50–100
 (d) >100

 7. How many patients with ruptured intracranial aneu-
rysms are treated at your department per year?
 (a) <20
 (b) <50
 (c) 50–100
 (d) >100

M. Sebök et al.
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 8. Who takes the final decision for the type of 
treatment?
 (a) interdisciplinary (boards or discussion of the case 

among neurosurgeons, neuroradiologists, 
neurologists)

 (b) neurosurgeon
 (c) neurointerventionalist (interventional neuroradiologist)
 (d) hybrid surgeon
 (e) neurologist
 (f) neurointensivist (Neuro Intensive Care)
 (g) others: ……………………….

 9. Do you (or surgeons at your institution) nowadays 
treat surgically only aneurysms of the middle cere-
bral artery (MCA)?
 (a) yes
 (b) no
 (c) I do not know

 10. Have you (or surgeons at your institution) treated 
surgically in the past also intracranial aneurysms in 
other locations (i.e., not MCA aneurysms)?
 (a) yes
 (b) no
 (c) I do not know

 11. Does the neurosurgeon at your institution sometime 
decide by himself to treat a MCA aneurysm surgi-
cally without having involved the neurointervention-
ist in the decision-making?
 (a) yes
 (b) no
 (c) I do not know

 12. Does the neurosurgeon sometime decide by himself 
to treat an aneurysm in other locations (i.e., not MCA 
aneurysms) surgically without having involved the 
neurointerventionist in the decision-making?
 (a) yes
 (b) no
 (c) I do not know

 13. Does the neurointerventionist sometimes decide by 
himself to treat an aneurysm endovascular without 
having involved the neurosurgeon in the 
decision-making?
 (a) yes
 (b) no
 (c) I do not know

 14. Have you at your institution good quality Computed 
Tomography Angiography (CTA)?
 (a) yes
 (b) no

 15. Have you at your institution good quality Magnetic 
Resonance Angiography (MRA) with at least 1.5 T or 
more?

 (a) yes
 (b) no

 16. Do you treat surgically unruptured MCA aneurysms 
without preoperative Digital Subtraction 
Angiography (DSA)?
 (a) yes
 (b) no
 (c) I do not clip
 (d) I have not clipped yet

 17. Do you treat surgically unruptured aneurysms in 
other locations (i.e., not MCA-aneurysms) without 
preoperative DSA?
 (a) yes
 (b) no
 (c) I do not clip
 (d) I have not clipped yet

 18. Do you treat surgically ruptured MCA aneurysms 
without preoperative DSA?
 (a) yes
 (b) no
 (c) I do not clip
 (d) I have not clipped yet

 19. Do you treat surgically ruptured aneurysms in other 
locations (i.e., not MCA-aneurysms) without preop-
erative DSA?
 (a) yes
 (b) no
 (c) I do not clip
 (d) I have not clipped yet

 20. Do you operate ruptured MCA aneurysms without 
preoperative DSA in case of life-threatening 
hematoma?
 (a) yes
 (b) no
 (c) I do not clip
 (d) I have not clipped yet

 21. Do you operate ruptured aneurysms in other 
locations (i.e., not MCA-aneurysms) without pre-
operative DSA in case of life-threatening 
hematoma?
 (a) yes
 (b) no
 (c) I do not clip
 (d) I have not clipped yet

 22. By preoperative DSA, do you always ask for tridi-
mensional rotational sequences?
 (a) yes
 (b) no
 (c) I do not clip
 (d) I have not clipped yet
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 23. Which of the following criteria influence your choice 
to perform a preoperative DSA? If you do not know 
one or more answer, please do not cross the relative 
box.

Aneurysm-related factors
Aneurysm location

Middle cerebral artery (MCA) proximal (M1-M2 segments)                      Ο  yes   Ο  no

Middle cerebral artery (MCA) distal (M3-M4 segments)                           Ο  yes   Ο  no

Carotid-posterior communicating artery (PCom)                          Ο  yes   Ο  no

Carotid-anterior choroidal artery (ACho)                                Ο  yes   Ο  no

Carotid-T                                                                                                   Ο  yes   Ο  no

Carotid-hypophyseal                                                              Ο  yes   Ο  no

Carotid-paraclinoidal (ophthalmic)                                                            Ο  yes   Ο  no

Anterior cerebral artery (ACA) proximal (A1-A2 segments)                      Ο  yes   Ο  no

Anterior cerebral artery (ACA) proximal (A3-A4 segments)                     Ο   yes   Ο  no

Anterior communicating artery (ACom)

Anterior projecting                                              Ο  yes   Ο  no

Posterior projecting                                                                     Ο  yes   Ο  no

Superior projecting                                                                      Ο  yes   Ο  no

Inferior projecting                                                      Ο  yes   Ο  no

Posterior circulation: posterior inferior cerebellar artery (PICA)    Ο  yes   Ο  no

Posterior circulation: others (anterior inferior cerebellar artery, superior cerebellar 

artery, basilar artery, posterior cerebral artery)                             Ο  yes   Ο  no

Aneurysmal morphology

Etiology:

Saccular                                                                                                    Ο  yes   Ο  no

Fusiform                                                                                                    Ο  yes   Ο  no

Dissecting                                                                                                 Ο  yes   Ο  no

Infective (i.e.: mycotic)                                                                              Ο  yes   Ο  no

Shape:

Irregularity  (bleb/ lobulation/daughter aneurysm)                                  Ο  yes   Ο  no

Broad neck                                                                                      Ο  yes   Ο  no

Others                                                                                                     Ο  yes   Ο  no

Maximum diameter (single)

< 5mm                                                                                                     Ο  yes   Ο  no

>10 mm                                                                                                Ο  yes   Ο  no

>25mm          Ο  yes   Ο  no

Possible perforators arising from the aneurysm Ο  yes   Ο  no

Efferent vessels arising from aneurysmal sac Ο  yes   Ο  no

Calcification/atherosclerotic plaque of the aneurysm wall Ο  yes   Ο  no

Intra-aneurysmal thrombus Ο  yes   Ο  no

Recurrence/previous treatment Ο  yes   Ο  no

Computational fluid dynamic analysis based decision Ο  yes   Ο  no

Patient-related factors
Patient age:

<40                                                                                                            Ο  yes   Ο  no

40-60                                                                                                         Ο  yes   Ο  no

>60 Ο  yes   Ο  no

Clinical situation:

SAH                                                                                                          Ο  yes   Ο  no

Cranial nerve deficit                Ο  yes   Ο  no

Clinical mass effect                                                                                   Ο  yes   Ο  no

Radiological mass effect                                                                           Ο  yes   Ο  no

Previous SAH   Ο  yes   Ο  no

Others: …………………………………………………………………           Ο  yes   Ο  no

Treatment-related factor

Bypass contemplated                                                                                            Ο  yes   Ο  no

Visualization of possible donor artery (e.g. STA)                                     Ο  yes   Ο  no

Visualization of possible recipient artery                                                  Ο  yes   Ο  no

Collateral circulation                                                                                              Ο  yes   Ο  no

Others…………………………………………………………………………….          Ο  yes   Ο  no   
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