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Abstract:

OBJECTIVE: To report the rate of diameter reduction of intracranial arteries during aneurysm clipping. Also,
in the subset of ruptured aneurysm (RA) the relationship between diameter reduction and symptomatic
vasospasm (SVS) Is investigated.

METHODS: A retrospective dataset containing demographics, aneurysm characteristics, vessel dynamics
and SVS in adults with surgically clipped intracranial aneurysms was analyzed. The vessel diameters were
recorded intraoperatively, both pre- and post-clipping. SVS was assessed by transcranial doppler ultrasound
or CT-angiogram in the presence of neurological deterioration. Backward multivariable logistic regression
models were applied to define variables associated with SVS.

RESULTS: A total of 117 surgically clipped adults with intracranial aneurysms were included of which 49
(42%) presented with subarachnoid hemorrhage due to a RA. Intraoperatively measured vessel diameters
were smaller in the RA group compared to the non-RA group. The vessel diameter changes before and after
placement of the surgical clip are comparable in all groups, with a mean reduction of 15% (RA, non-RA,
SVS and no-SVS). Incidence of SVS was 57.1% (in RA group), mean age 53 years and 73.5% were women.
Female sex was independently associated with the occurrence of SVS (p =.024)

CONCLUSIONS: Surgical aneurysm manipulation leads to a consistent reduction of 15% in intracranial
artery diameters. Although vessel diameters are smaller in patients with RA compared to non-RA, there is
no difference in intraoperative vessel diameter dynamics for both groups. We found no association

between the degree of vessel diameter reduction and the occurrence of symptomatic vasospasm in the RA

group.
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Manuscript:

INTRODUCTION

Vessel diameter reduction during surgical clipping of intracranial aneurysm is frequently encountered,
presumably due to direct vessel manipulation. While surgical aneurysm clipping is widely practiced, the
dynamic changes in the diameter of intracranial arteries during surgery have not been extensively
investigated. The main focus of this study is to investigate the occurrence of diameter changes of
intracranial arteries during aneurysm clipping for both RA and non-RA and to objectify these diameter
changes. In the subgroup of ruptured aneurysm (RA) one could hypothesize that more reactive blood
vessels (i.e., greater diameter reduction during the surgical procedure) could lead to a higher rate of
symptomatic vasospasm (SVS). The pathogenesis of SVS is complex, and multiple risk factors such as age,
aneurysm location, modified Fisher grade, the amount of blood in the Sylvian fissure, smoking and
hypertension have been identified in previous studies. . This study also aims to investigate the

relationship between intraoperative changes in vessel diameters and the subsequent occurrence of SVS.

METHODS

Study design and participants

In this cohort study, data from two neurovascular referral hospitals were retrospectively collected. All
surgically clipped RA and non-RA between July 2020 and December 2022 were eligible for inclusion. The
aneurysm clipping procedures were performed by vascular neurosurgeons. Both neurosurgical
departments routinely measured and documented vessel diameters pre- and post-clipping using a micro-
ruler (see figure 1.) for all surgically treated aneurysms, as a standard of care. Only vessels that had been
exposed for the aneurysm treatment, were analyzed. No additional dissection was done solely for the
purpose of this study. Ethical board approval was unnecessary given the analysis of anonymized patient

data and the standard of care treatment that was not altered for this study.
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Data collection and outcome measures

Clinical data were obtained by reviewing electronic medical records. Treating hospital, age, gender, arterial
hypertension, smoking, history of RA, polycystic kidney disease, familial history of intracranial aneurysmes,
multiple intracranial aneurysms, the indication for clipping, preoperative vasospasm, World Federation of
Neurosurgical Societies scale (WFNS), GCS at admission, presence of subarachnoid hemorrhage (SAH),
presence of intracerebral hemorrhage (ICH), modified Fisher grading scale, external ventricular drain
placement (EVD), aneurysm size, localization of the primary treated aneurysm, laterality of the primary
treated aneurysm, localization of a secondary aneurysm, SVS (after clipping), endovascular treatment for
SVS, delayed cerebral ischemia (DCl), shunting for hydrocephalus, SVS with focal neurological deficit,
modified Rankin score (mRS) at three months and presence of neuropsychological problems at last follow-
up were analyzed. Data regarding the blood vessel diameters (parent artery, bifurcation and secondary
bifurcation artery) before and after clipping, duration between measurements and relative reduction in
diameter pre- and post-clipping (in percentage) were obtained from the surgical reports. The diagnosis of
SVS was made following the criteria defined by the Japanese consensus of 2009 : 1. The presence of
neurological worsening; 2. No other identifiable cause of neurological worsening (e.g. hydrocephalus,
infection); and 3. Confirmation of vasospasm on medical imaging. ° In this study both transcranial doppler
ultrasound as well as CT-angiography were used as medical imaging modalities and the results were

interpreted by either a vascular neurologist or neurovascular interventional radiologist.

Statistical analysis

Data are presented as mean +/- standard deviation, median (interquartile range / IQR), or frequencies
(percentage), when appropriate. Groups were compared with the unpaired student’s t-test for normally
distributed variables, the Mann-Whitney U test for skewed variables and the chi-squared test for

categorical variables. A correlation matrix was created to examine multicollinearity. Multivariable logistic
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regression analysis was performed to identify factors independently associated with SVS. Analyses were

performed using SPSS software version 29.

RESULTS

RA versus no-RA group

A total of 117 adults were included, of which 68 had surgery for non-RA and 49 for RA. Baseline
characteristics for both groups are listed in tables 1 and 2. Baseline characteristics such as sex, age, history
of smoking and arterial hypertension did not differ between the groups. Also, the aneurysm related
variables such as size, location and side of ruptured aneurysm did not differ between the groups. The non-
RA group had zero cases of SVS compared to the 57.1% in the RA-group (p < .001). Patients with RA had a
significantly higher intra-operative rupture rate (32.7% vs. 4.4%, p < .001). The initial diameter of the
feeding artery in RA and the first post-bifurcation artery was smaller compared to the non-RA group
(respectively 2.5 mmvs 3mm, p<.001 and 1.7 mmvs. 2.0 mm, p =.002). There was no difference between

the two groups regarding the relative vessel diameter reduction pre- and post-clipping.

Table 3 presents a comparison of the feeding artery diameters of the main arterial branches of the
aneurysms in both the RA and non-RA group based on location of the aneurysm. Both MCA and the internal
carotid artery were significantly smaller in the RA-group compared to the non-RA group, respectively 2 mm

vs 3 mm (p <.001) and 3.5 mm vs 4 mm (p = .04).

SVS versus no-SVS group
Baseline characteristics are listed in table 4, grouped by SVS status within the RA-group since no SVS were
observed in the non-RA group. 28 adults (57.1%) within the RA-group had SVS. In the SVS-group there was

a higher rate of female sex (p = .025), history of smoking (p =.017) and right sided aneurysms (p= 0.007).
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mRS at three months was worse in the SVS-group (p < .001). Age, arterial hypertension, aneurysm size,
aneurysm location, GCS at admission, WFNS-grade, Fisher grading scale, presence of ICH, EVD placement
and chronic hydrocephalus were comparable between the SVS and the no-SVS group. Finally, all the

operative-related variables of measured vessel diameters were comparable between the two groups.

Variables independently related to SVS

Table 5 presents the variables associated with SVS in a multivariable logistic model. Gender, history of
smoking, age, localization of aneurysm, history of arterial hypertension and modified fisher grading scale
were entered in successive multiple regression models. According to this model female gender is

associated with symptomatic vasospasm (OR 7.4, p value of 0.024).

DISCUSSION

To the best of our knowledge, this study is the first to investigate intraoperatively measured artery
diameters during intracranial aneurysm clipping and its potential relationship with SVS. In the RA group
the intraoperatively measured absolute diameters of the feeding artery and bifurcation artery were smaller
compared to the non-RA group (p < .001). This held true for different aneurysm locations, such as the
middle cerebral artery (median of 2 mm compared to 3 mm, p < .001) and the internal carotid artery
(median of 3.5 mm compared to 4 mm, p = .04). In their meta-analysis regarding the diameters of the
intracranial arteries, Mirza et al. reported a mean of 2.55 mm +/- 0.42 for the middle cerebral artery and
3.93 mm +/- 0.79 for the internal carotid artery. ® A reduction in absolute vessel diameter of the large
vessels has been observed in mice with induced subarachnoid hemorrhage. Neulen et al. reported this
vessel diameter reduction and observed that hypoperfusion occurred independently of this diameter
reduction. 7 Wang et al. reported that in patients with ruptured aneurysms (RA), both vessel diameter and

flow velocity decreased, with lower values observed a few days after the rupture compared to the first day.
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& However, there was no comparison between the RA and the non-RA group. The pathophysiology of this
phenomenon is not well understood but is thought to be related to an inflammatory cascade leading to
vascular wall irritation and subsequent vessel diameter and velocity reduction. ° Therefore, the current
study adds to the limited data of predominantly in vivo studies describing reduced vessel diameter in adults
with RA. Next, diameter reduction was compared between RA and non-RA groups, something not
previously reported in the literature. Interestingly, the relative diameter reduction pre- and post-clipping
was comparable between the two groups with a mean of 15% +/- 12. A subgroup analysis of the SVS and
no-SVS group within the RA group, did not show a difference regarding the relative diameter reduction or
the absolute diameter values, even after correction for the location of the aneurysms. No correlation was
found between the diameter dynamics during the surgical procedure and the occurrence of SVS both for
RA and non-RA. These findings suggest that vessel diameter reduction is a direct effect of the surgical
manipulation of the arteries, and not solely dependent on the presence or absence of rupture and blood
in the subarachnoid space. The pathophysiology of symptomatic vasospasm and DCl is not only based on
the reduction of vessel diameter, but other mechanisms are involved such as inflammation and
immunologic factors. Even with the diameters of the vessels being reduced during surgery, it is apparent
that the flow was maintained sufficiently since not all patients experience DCI. These findings may seem
intuitive, however it stillimportant to objectify the vessel diameter reduction with clinical studies to further
understand intracranial aneurysms. Cerebral autoregulation and anesthetic parameters also play a role in
maintaining good cerebral perfusion during aneurysmal clipping. These findings challenge a widely
accepted assumption about the risk of SVS occurrence in microsurgical clipping of RA.

Several risk factors for SVS have been previously identified in the literature. Our study reveals
female sex as an independent risk factor for SVS within the RA-group. The rate of smokers was higher in
the SVS group but did not reach statistical significance in the multivariate analysis. Regarding the

proportion of patients with ruptured aneurysm developing SVS, a recent meta-analysis by Donaldson et al.
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made a pooled estimate of 42% (95% Cl 0.39 — 0.46), slightly below the present incidence of 57.1%. In
contrast, a range of 30-70% has been reported earlier. 1! Both ruptured and non-ruptured aneurysms occur
more often in women, with a meta-analysis by De Rooij et al. reporting that 65% of aneurysms occur in
females . 12 In this study we report a similar incidence of 73.5%. A meta-analysis by Chandra et al. reported
a mean age of 58.3 years +/- 7.1 for ruptured aneurysm. 12 In this study we report a similar mean age of 53
years +/- 13. 61.2% of adults in the RA-group had a mRS of 2 or less at three months, confirming earlier
reports. 4

Multiple studies have correlated the presence of subarachnoid hemorrhage, smoking, history of
hypertension, younger age, female sex, modified Fisher grade and amount of blood in the Sylvian fissure
with the occurrence of SVS 16 |n this study, not all of these correlations were confirmed. In the
univariate analysis, a correlation between female sex (p =0.025) and smoking (p =.017) and the occurrence
of SVS was found. Right-sided aneurysms are more prevalent in the SVS group (p = .007). However, a
collinearity matrix showed that this finding is confounded, as most right-sided ruptured aneurysms in this
study population were found in smokers (p = .018). Since no previous reports indicate a higher incidence
of SVS in right-sided ruptured aneurysms, we omitted this finding from the multivariate analysis. The final
multivariate model, containing female sex, smoking and other potential risk factors (age, localization of
aneurysm, history of arterial hypertension, modified Fisher grade), confirmed female sex as an
independent risk factor for the occurrence of SVS. Finally, there was no correlation between the occurrence
of ruptured aneurysms and the development of SVS.

Some strengths of this study are as follows. The study includes a representative population
containing both ruptured and non-ruptured aneurysms, making comparison to a control group possible.
Second the data is diversified by including patients from two tertiary centers. A standardized definition of
SVS was used, making future comparison with other studies easier. All aneurysms were operated in the

first 24 hours, before the occurrence of symptomatic vasospasm (usually between day 4 and 10), making

10
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it possible to assess the arteries when cerebral autoregulation is still effective. Some limitations of this
study are as follows. The vessel diameters were all grouped together regardless of the aneurysm location
leading to confounding. However, the aneurysm locations are evenly distributed, mitigating this issue. The
current study design does not allow to draw conclusions on causality. Furthermore, we do not report racial
characteristics of the patients. Also, there was no assessment of the arterial blood flow during surgery. It
can be argued that using a micro-ruler can potentially lead to inaccurate measurements due to microscope
angle and ruler placement, however the relative diameter reduction measured via this method remains
accurate. Also the arteries themselves are barely touched by the ruler, reducing potential bias by artery

manipulation due to the pressure of the micro-ruler.

CONCLUSIONS

In conclusion, surgical manipulation leads to consistent vessel diameter reduction of 15% during surgical
clipping of intracranial aneurysms. Intraoperatively measured arterial diameters were smaller in the RA
group compared to the non-RA group. The diameter changes before and after placement of a surgical clip
are comparable in all groups (RA, no-RA, SVS and no-SVS). There is no association between vessel diameter
changes and the occurrence of SVS. Multivariable logistic regression analysis showed that female sex was

independently associated with SVS.
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Figure legend

Figure 1. Intraoperative measurement of the C7 segment of the internal carotid artery during microsurgical

aneurysm clipping using a 0.1-mm ruler.
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