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Abstract

Introduction: Knowledge of risk factors for rebleeding after aneurysmal subarachnoid haemorrhage can help tailoring
ultra-early aneurysm treatment. Previous studies have identified aneurysm size and various patient-related risk factors
for early (<24h) rebleeding, but it remains unknown if aneurysm configuration is also a risk factor. We investigated
whether irregular shape, aspect- and bottleneck ratio of the aneurysm are independent risk factors for early rebleeding
after aneurysmal subarachnoid haemorrhage.

Patients and methods: From a prospectively collected institutional database, we investigated data from consecutive
aneurysmal subarachnoid haemorrhage patients who were admitted <24 h after onset between December 2009 and
January 2015. The admission computed tomographic angiogram was used to assess aneurysm size and configuration.
With Cox regression, we calculated stepwise-adjusted hazard ratios (HRs) with 95% confidence intervals (Cls) for
irregular shape, aspect ratio >1.6 mm and bottleneck ratio >1.6 mm.

Results: Of 409 included patients, 34 (8%) patients had in-hospital rebleeding <24 h after ictus. Irregular shape was an
independent risk factor for rebleeding (HR: 3.9, 95% ClI: 1.3—11.3) after adjustment for age, sex, PAASH score, aneurysm
location, aneurysm size and aspect- and bottleneck ratio. Aspect ratio >1.6 mm (HR: 2.3, 95% CI: 0.8-6.5) and bottle-
neck ratio >1.6mm (HR: 1.7, 95% CI: 0.8-3.6) were associated with an increased risk of rebleeding, but were not
independent risk factors after multivariable adjustment.

Conclusions: Irregular shape is an independent risk factor for early rebleeding. However, since the majority of sub-
arachnoid haemorrhage patients have an irregular aneurysm, additional risk factors have to be found for aneurysm
treatment prioritisation.
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found poor clinical condition on admission and aneu-
rysm size as risk factors for rebleeding.® ' In a study
on unruptured intracranial aneurysms, aneurysm irreg-
ularity was found to be an independent risk factor for
aneurysm rupture.'”> Case—control studies comparing
unruptured and ruptured intracranial aneurysms
showed that aneurysm irregularity and increased
aspect- and bottleneck ratio were associated with aneu-
rysm rupture.'® !> However, it is unknown if aneurysm
configuration is a risk factor for early rebleeding. We
aimed to investigate whether aneurysm irregularity and
aspect- and bottleneck ratio are independent risk fac-
tors for in-hospital rebleeding <24 h after ictus.

Patients and methods

Study population

The Institutional Review Board of the University
Medical Center Utrecht (UMCU) decided that no
formal approval needed to be obtained, since this
study entails an analysis of available data from routine
patient care. Patient data were retrieved from a pro-
spective institutional database from the UMCU, which
is a tertiary referral centre for patients with SAH. All
patients with a diagnosis of aSAH referred between 17
December 2009 and 1 January 2015 were included. The
diagnosis of aSAH was established by subarachnoid
blood on the computed tomography (CT) or xantho-
chromia of the cerebrospinal fluid in combination with
the presence of an aneurysm on CT angiography
(CTA) or digital subtraction angiography (DSA).
Exclusion criteria were: (1) patients with a non-
aneurysmal cause of SAH; (2) patients with a fusiform,
mycotic or dissecting intracranial aneurysm; (3) hospi-
tal admission >24 h after ictus; (4) recurrent SAH from
a previously ruptured aneurysm; (5) time of ictus
unknown; (6) absence or insufficient quality of a
CTA; (7) CTA slice thickness >1.0 mm and (8) multiple
aneurysms visualised on CTA and uncertainty which
aneurysm had ruptured.

Data extraction

Imaging data were reviewed for aneurysm shape, neck,
width, length and size. We also collected data on age,
sex, time and date of ictus, date of admission, Prognosis
on  Admission of Aneurysmal Subarachnoid
Haemorrhage (PAASH) score,'® location of the aneu-
rysm, time and date of ancurysm treatment and time
and date of rebleeding occurrence <24h after ictus.
Since we aimed to identify risk factors for rebleeding
<24 after ictus, we included in our dataset only instan-
ces of rebleeding that occurred <24h after ictus.
Rebleeding was defined as a sudden clinical

deterioration with signs of increased haemorrhage on
the subsequent CT scan. In intubated and sedated
patients in whom a CT scan to confirm the suspicion
of rebleeding was not performed because of the limited
clinical consequences, rebleeding was defined as a
sudden increase in blood pressure with fresh blood sud-
denly coming out of the external ventricular drain. The
time of rebleeding was based on either the start of clin-
ical symptoms or the confirmation by a CT scan if time
of symptom onset was unclear.

Measurements of aneurysm characteristics

The shape of the aneurysm was dichotomised into reg-
ular and irregular. An aneurysm was considered irreg-
ular if blebs, multiple lobes or aneurysm wall
protrusions were present.'® If such irregularities were
present due to the peri-aneurysmal environment, the
aneurysm was also considered irregular. Length was
defined as the maximum distance between the centre
of the aneurysm neck to the aneurysm dome, width
as the maximum width of the aneurysm perpendicular
to the aneurysm length and size as the maximum aneu-
rysm diameter (online supplementary material Figure
1). Additional details on aneurysm measurements are
given in the online supplementary material. Cut-off
values for aspect- and bottleneck ratio were determined
in advance and based on previous studies.'*!7 Since
bottleneck ratio has only been investigated as a contin-
uous variable, we based the bottleneck cut-off score on
aspect ratio studies.'®!” Aspect ratio (length/neck) was
categorised into three categories (<1.3mm, 1.3—1.5mm
and >1.6mm) and bottleneck ratio (width/neck) into
two categories (<1.6mm and >1.6mm). One author
(IK), who was masked for clinical information, per-
formed all aneurysm measurements and determined
whether the aneurysm was irregular after being trained
by an experienced neuro-interventional radiologist
(IvdS). In case of doubt, the aneurysm measurements
or the shape of the aneurysm was reviewed by an expe-
rienced neuro-interventional radiologist (IvdS) during
a consensus meeting (<10% of aneurysms).

Statistical analysis

Kaplan Meier curves were generated for time to occur-
rence of rebleeding <24 h. Data were censored if aneu-
rysm treatment or death occurred. If more than one
episode of rebleeding occurred, we used the time to
the first rebleeding. Cox proportional hazard regression
was used to calculate hazard ratios (HRs) with 95%
confidence intervals (CIs). HRs were stepwise-
adjusted in different models. In model 1, we adjusted
for age, sex and PAASH score. In model 2, we addi-
tionally adjusted for the location of the aneurysm,
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Figure |. Patient flowchart.

SAH: subarachnoid haemorrhage; aSAH: aneurysmal subarachnoid haemorrhage; AVM: arteriovenous malformation; CTA: computed

tomography angiography.

aneurysm size, aneurysm shape, aspect- and bottleneck
ratio. Analyses were performed with the prespecified
aspect- and bottleneck categories and with aspect-
and bottleneck ratio as continuous variables.

Results

We included 409 patients (Figure 1). Patient- and aneu-
rysm characteristics are shown in Table 1 for patients
with and without rebleeding. PAASH score could not
be determined for four intubated patients.

The ruptured aneurysm was treated <24h in 180
patients (44%). Rebleeding <24h occurred in 34
(8%) patients. In 32 patients, the episode of rebleeding
fulfilled the criteria of a sudden clinical deterioration
with signs of increased haemorrhage on the subsequent
CT scan. In two patients, the episode of rebleeding
fulfilled the criteria of a sudden increase in blood

pressure with fresh blood suddenly coming out of the
external ventricular drain. Rebleeding occurred in 30/
256 patients (12%), with an irregular aneurysm and in
4/153 (3%) with a regular aneurysm. In total, 256
patients (63%) had an irregular aneurysm. The
Kaplan-Meier curves illustrate cumulative rebleeding
incidence rates within 24 h (Figure 2(a)) and according
to aneurysm shape, aspect- and bottleneck ratio
(Figure 2(b) to (d)). In univariable analyses, aneurysm
shape, aspect- and bottleneck ratio >1.6 mm were risk
factors for rebleeding <24 h (Table 2). In multivariable
analysis, irregular aneurysm shape remained an inde-
pendent risk factor (HR 3.9, 95% CI: 1.3-11.3) after
adjustment for age, sex, PAASH score, location of the
aneurysm, aneurysm size, aspect- and bottleneck ratio.
Aspect ratio (>1.6 vs. <1.3mm; HR 2.3, 95% CI: 0.8—
6.5) and bottleneck ratio (>1.6 vs. <l.6mm; HR 1.7,
95% CI: 0.8-3.6) were associated with an increased risk
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Table 1. Patient- and aneurysm characteristics.

Patients with Patients without
All patients rebleeding <24h rebleeding <24h
N =409 (%) N =34 (%) N =375 (%)
Female sex (%) 294 (72) 27 (79) 267 (71)
Mean age (SD) 57 (13) 58 (12) 57 (13)
Mean PAASH score (SD)* 2(I) 3(1 2 ()
Anterior aneurysm location (%) 346 (85) 28 (82) 318 (85)
Aneurysm size in mm (%)
<49 11 (27) 309 108 (29)
5.0-6.9 96 (24) 4 (12) 92 (25)
7.0-9.9 100 (24) 12 (35) 88 (24)
>10.0 102 (25) 15 (44) 87 (23)
Irregular aneurysm shape (%) 256 (63) 30 (88) 226 (60)
Aspect ratio (%)
<13 149 (36) 5 (15) 144 (38)
1.3-1.5 81 (20) 7 (21) 74 (20)
>1.6 179 (44) 22 (65) 157 (42)
Bottleneck ratio (%)
>1.6 146 (36) 21 (62) 125 (33)
SD: standard deviation.
?PAASH score could not be determined in four intubated patients.
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Figure 2. Kaplan-Meier one minus survival curves of time to rebleeding occurrence (a); according to the shape of the aneurysm (b);
aspect ratio (c); and bottleneck ratio (d).
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Table 2. Aneurysm characteristics and risk of rebleeding <24 h.
Crude HR Model | HR Model 2 HR
Rebleeding incidence, % (95% Cl) (95% Cl) (95% Cl)

Aneurysm shape

Regular 3 Ref Ref Ref

Irregular 12 4.7 (1.6-13.2) 4.9 (1.7-14.1) 3.9 (1.3-11.3)
Aspect ratio

<I.3 3 Ref Ref Ref

1.3-1.5 9 2.6 (0.8-8.2) 2.8 (0.9-8.7) 2.5 (0.8-8.0)

>1.6 12 3.8 (1.5-10.1) 3.7 (1.4-5.7) 2.3 (0.8-6.5)
Bottleneck ratio

<l.6 5 Ref Ref Ref

>1.6 14 3.2 (1.6-6.3) 2.8 (1.4-5.7) 1.7 (0.8-3.6)

Note: Model I: HR adjusted for sex, age and PAASH score. Model 2: HR adjusted for sex, age, PAASH score, location of the aneurysm, aneurysm size,

aneurysm shape, aspect- and bottleneck ratio.

Ref: reference value; PAASH: Prognosis on Admission of Aneurysmal Subarachnoid Haemorrhage; HR: hazard ratio; Cl: confidence interval.

of rebleeding, but both were not independent risk fac-
tors after multivariable adjustment (Table 2). Aspect-
and bottleneck ratio as continuous variables were also
not independently associated with rebleeding (data
not shown).

Discussion

This study shows that irregular aneurysm shape is an
independent risk factor for rebleeding <24 h after ictus.
Aspect- and bottleneck ratio were also associated with
an increased risk of rebleeding but were not indepen-
dent risk factors.

So far, no other studies have investigated aneurysm
configuration as potential risk factors for rebleeding
<24h after ictus. One study assessed aneurysm wall
surface irregularity, aspect- and bottleneck ratio as
potential predictors for rebleeding before aneurysm
treatment.'® In that study, only 17% of the included
patients were admitted to the hospital <24 h after ictus.
Aneurysm wall surface irregularity was identified as an
independent predictor for rebleeding. Aneurysm
height, aspect- and bottleneck ratio were not indepen-
dent predictors for rebleeding. Another study investi-
gated whether the presence of an aneurysmal bleb was
associated with rebleeding, but no association was
found in contrast to our results.'” A plausible explana-
tion for this discrepancy is that our study used a wider
definition for aneurysm irregularity, namely the pres-
ence of blebs, multiple lobes or aneurysm wall
protrusions.

Studies on aneurysm haemodynamics provide a pos-
sible explanation for the increased risk of rebleeding in
irregularly shaped aneurysms.?’ >* Increased wall shear
stress has been suggested to induce localised
wall damage and eventually bleb formation.?%?'
In addition, aneurysmal blebs showed higher pulsatile

forces.””> We hypothesise that localised wall damage
and high pulsatile forces result in rupture and rebleed-
ing of irregularly shaped aneurysms.

A different pathophysiological mechanism may
underlie the increased risk of rebleeding in patients
with a high aspect- or bottleneck ratio. These ratios
are higher if the aneurysm is more elongated or if the
dome is broader in comparison to the neck. Since the
size of the neck determines the in- and outflow into the
aneurysm, the blood flow will be more turbulent than
pulsating, rendering a low flow in aneurysms with a
high aspect- or bottleneck ratio.”*** The low blood
flow in the aneurysm has been hypothesised to cause
disruption of the aneurysm wall integrity possibly lead-
ing to rupture and rebleeding.*>**

A strength of our study is that we performed multi-
variable analyses in which we accounted for patient-
and aneurysm-related variables. In addition, since we
investigated risk factors for rebleeding <24h after
ictus, we included in our dataset only patients with
instances of rebleeding that had occurred <24 h after
ictus. Risk factors for rebleeding <24 h may differ from
risk factors for rebleeding >24h after ictus, also with
regard to their morphological characteristics. Another
strength of our study is that one author performed all
aneurysm measurements to rule out interobserver var-
iation, and that this author was masked for the occur-
rence of rebleeding at time of aneurysm assessment. A
limitation is that the observed proportion of patients
with rebleeding is probably an underestimation, since
we did not include events of sudden clinical deteriora-
tion suspicious for rebleeding before a head CT scan
was obtained. A second limitation is that inaccurate
classification of rebleeding could have occurred in intu-
bated and sedated patients in whom a head CT scan
confirming the suspicion of rebleeding was not per-
formed. A sudden increase in blood pressure may
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occur due to other complications than rebleeding and it
can be difficult to determine whether it is fresh blood or
cerebrospinal fluid mixed with old blood coming out of
the external ventricular drain. A more accurate defini-
tion of rebleeding for these patients would have been
‘an increase in intracranial pressure in addition to fresh
blood suddenly coming out of the external ventricular
drain’. Unfortunately, intracranial pressure measure-
ments were not routinely recorded and thus we do
not have these data available. A third limitation is
that 5% of the aneurysm measurements were per-
formed on a CTA made at the referring hospital. The
difference in quality of the CTA performed at the refer-
ring hospital might have resulted in less precise meas-
urements for these patients. Also, the external validity
is limited since aneurysm configuration was assessed
once by one author; thus, we have no data on inter-
and intraobserver variability. Although we had to
exclude one-third third of our patients with aSAH
because of various reasons, we still had sufficient sta-
tistical power to assess the three determinants describ-
ing aneurysm configuration. Lastly, we based the
bottleneck cut-off score on previous aspect ratio stud-
ies. Depending on the distribution of rebleeding events
in our sample, this may have influenced our results.
However, in both models, aspect- and bottleneck
ratio as continuous variables were also not indepen-
dently associated with rebleeding. Cut-off scores were
used since, in our opinion, these are easier to use in
clinical practice for aneurysm treatment prioritisation
than a continuous scale.

Although irregular shape of the aneurysm is an inde-
pendent risk factor for early rebleeding, we need addi-
tional risk factors for aneurysm treatment
prioritisation, since two-thirds of the patients without
rebleeding also has an irregular aneurysm. To identify
the optimal candidates for ultra-early aneurysm treat-
ment, larger studies are needed to develop risk predic-
tion models to determine absolute risks for early
rebleeding and risks of complications of ultra-
early treatment.

Acknowledgements
N/A

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Informed consent

Written informed consent was not sought for the present
study because the Institutional Review Board of the
UMCU waived informed consent.

Ethical approval

Ethical approval for this study was waived by the
Institutional Review Board of the UMCU because it concerns
a retrospective analysis of data obtained during routine clin-
ical care.

Guarantor
MV.

Contributorship

MYV conceptualised the project and drafted the study proto-
col. IK performed aneurysm measurements, collected and
analysed data and drafted the manuscript. JG contributed
to the statistical analysis. IvdS trained IK on performing
aneurysm measurements and reviewed measurements in
case of doubt. All authors reviewed and edited the manu-
script and approved the final version of the manuscript.

ORCID iD
Inez Koopman () http://orcid.org/0000-0001-9648-3024

References

1. Vergouwen MD, Jong-Tjien-Fa A, Algra A, et al. Time
trends in causes of death after aneurysmal subarachnoid
hemorrhage: a hospital-based study. Neurology 2015;
86: 59-63.

2. Connolly ES, Rabinstein AA, Carhuapoma JR, et al.
Guidelines for the management of aneurysmal subarach-
noid hemorrhage: a guideline for healthcare professionals
from the American Heart Association/American Stroke
Association. Stroke 2012; 43: 1711-1737.

3. Steiner T, Juvela S, Unterberg A, et al. European Stroke
Organization guidelines for the management of intracra-
nial aneurysms and subarachnoid haemorrhage.
Cerebrovasc Dis 2013; 35: 93—112.

4. Oudshoorn SC, Rinkel GJE, Molyneux AJ, et al
Aneurysm treatment <24 versus 24-72 h after subarach-
noid hemorrhage. Neurocrit Care 2014; 21: 4-13.

5. Rawal S, Alcaide-Leon P, Macdonald RL, et al. Meta-
analysis of timing of endovascular aneurysm treatment in
subarachnoid haemorrhage: inconsistent results of early
treatment within 1 day. J Neurol Neurosurg Psychiatry
2017; 88: 241-248.

6. Boogaarts HD, van Lieshout JH, van Amerongen MJ,
et al. Aneurysm diameter as a risk factor for pretreatment
rebleeding: a meta-analysis. J Neurosurg 2015;
122: 921-928.

7. Machiel Pleizier C, Algra A, Velthuis BK, et al. Relation
between size of aneurysms and risk of rebleeding in

patients  with  subarachnoid haemorrhage. Acta
Neurochir (Wien) 2006; 148: 1277-1279; discussion
1279-1280.


http://orcid.org/0000-0001-9648-3024
http://orcid.org/0000-0001-9648-3024

Koopman et al.

159

10.

11.

13.

14.

15.

16.

. Naidech AM, Janjua N, Kreiter KT, et al. Predictors and

impact of aneurysm rebleeding after subarachnoid hem-
orrhage. Arch Neurol 2005; 62: 410-416.

. Davies BM, Chung KH, Dulhanty L, et al. Pre-protec-

tion re-haemorrhage following aneurysmal subarachnoid
haemorrhage: where are we now? Clin Neurol Neurosurg
2015; 135: 22-26.

Guo L-M, Zhou H-Y, Xu J-W, et al. Risk factors related
to aneurysmal rebleeding. World Neurosurg 2011;
76: 292-298.

Shiue I, Arima H, Hankey GJ, et al. Location and size of
ruptured intracranial aneurysm and serious clinical out-
comes early after subarachnoid hemorrhage: a
population-based study in Australasia. Cerebrovasc Dis
2011; 31: 573-579.

. Morita A, Kirino T, Hashi K, et al. The natural course of

unruptured cerebral aneurysms in a Japanese cohort. N
Engl J Med 2012; 366: 2474-2482.

Backes D, Vergouwen MD, Velthuis BK, et al.
Difference in aneurysm characteristics between ruptured
and unruptured aneurysms in patients with multiple
intracranial aneurysms. Stroke 2014; 45: 1299-1303.
Bjorkman J, Frosen J, Tahtinen O, et al. Irregular shape
identifies ruptured intracranial aneurysm in subarachnoid
hemorrhage patients with multiple aneurysms. Stroke
2017; 48: 1986—1989.

Lindgren AE, Koivisto T, Bjorkman J, et al. Irregular
shape of intracranial aneurysm indicates rupture risk irre-
spective of size in a population-based cohort. Stroke
2016; 47: 1219-1226.

Greving JP, Wermer MJ, Brown RD, et al. Development
of the PHASES score for prediction of risk of rupture of

17.

19.

20.

21.

22.

23.

24.

intracranial aneurysms: a pooled analysis of six prospec-
tive cohort studies. Lancet Neurol 2014; 13: 59-66.

Ujiie H, Tamano Y, Sasaki K, et al. Is the aspect ratio a
reliable index for predicting the rupture of a saccular
aneurysm? Neurosurgery 2001; 48: 495-502-3.

. Solanki C, Pandey P and Rao K. Predictors of aneurys-

mal rebleed before definitive surgical or endovascular
management. Acta  Neurochir (Wien) 2016;
158: 1037-1044.

Inagawa T, Kamiya K, Ogasawara H, et al. Rebleeding
of ruptured intracranial aneurysms in the acute stage.
Surg Neurol 1987; 28: 93-99.

Cebral JR, Sheridan M and Putman CM. Hemodynamics
and bleb formation in intracranial aneurysms. AJNR Am
J Neuroradiol 2010; 31: 304-310.

Russell JH, Kelson N, Barry M, et al. Computational
fluid dynamic analysis of intracranial aneurysmal bleb
formation. Neurosurgery 2013; 73: 1061-1069.
Hayakawa M, Katada K, Anno H, et al. CT angiography
with electrocardiographically gated reconstruction for
visualizing pulsation of intracranial aneurysms: identifi-
cation of aneurysmal protuberance presumably associat-
ed with wall thinning. Am J Neuroradiol 2005;
26: 1366-1369.

Ujiie H, Tachibana H, Hiramatsu O, et al. Effects of size
and shape (aspect ratio) on the hemodynamics of saccu-
lar aneurysms: a possible index for surgical treatment of
intracranial aneurysms. Neurosurgery 1999; 45: 119-129;
discussion 129-130.

Ryu C-W, Kwon O-K, Koh JS, et al. Analysis of aneu-
rysm rupture in relation to the geometric indices: aspect
ratio, volume, and volume-to-neck ratio. Neuroradiology
2011; 53: 883-889.



	table-fn1-2396987318803502
	table-fn2-2396987318803502
	table-fn3-2396987318803502
	table-fn4-2396987318803502

