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Anatomical features of aneurysms, nature of hemorrhage, severity of angiospasm,
and clinical features in Patients with Ruptured Aneurysms of the AComA

The purpose of this study is to investigate the anatomical characteristics of hemorrhage and angiospasm in patients with ruptured
aneurysms of the anterior connecting artery (AComA) and identify factors that may contribute to the development of these complications.
The study is based on a review of medical records, imaging studies, and clinical data collected from patients with AComA aneurysms between
2008 and 2019.

The materials and methods: A total of 98 patients were included in the study, with a mean age of 47.8+11 years. The female-to-male
ratio was 1.04:1. Aneurysms were verified using computer tomography of the vessels of the head and neck, selective cerebral angiography,
and MRI angiography of cerebral vessels.

Results suggest that certain anatomical features of AComA aneurysms, such as size, location, and shape, may be associated with an
increased risk of hemorrhage and angiospasm. Hemodynamic factors, such as blood flow velocity and turbulence, may also play a role in
the development of these complications. The study highlights the importance of early diagnosis and prompt treatment of AComA aneurysms
and suggests that patients with larger aneurysms or those with irregular shapes or multiple lobes may require more aggressive management
strategies.

Conclusion. The findings of this study may help guide clinical decision-making and improve patient outcomes, by allowing clinicians
to tailor treatment strategies to the individual patient's needs and risk profile. Further research in this area is warranted to confirm and extend
these findings and to develop new approaches for preventing and managing these potentially life-threatening complications.

Key words anterior communicating artery, aneurysm, hemorrhage, angiospasm, subarachnoid hemorrhage, neurosurgery, hemodynamics,
treatment, management, risk factors, imaging, diagnosis, clinical data.
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AHaTOMiUYHi 0c00JIMBOCTI aHEBPU3M, XapaKTep KPOBOBUWJIHUBY,
BHPAKEHICTh aHTiOCHa3My i 0C00JIMBOCTI KJIIHIKN y XBOPUX 3 po3puBoM aHeBpusm IICA

Merta. JlocniuTy aHATOMIYHI XapaKTePUCTHKK KPOBOBUJIMBY Ta aHT10CTIa3My Y MAI€HTIB i3 PO3PHBOM aHEBPH3MH IIEPEIHBOT CIIOTYIHOT
aprepii (IICA) Ta BU3HaUUTH (aKTOPH, SIKi MOXKYTh CIIPHATH PO3BUTKY IINX YCKIIaJHCHb.

Marepianu i Metonn. 98 mamienTis, cepenHii Bik sikux 47.8+11 pokiB, a CHiBBiAHOLICHHS XKiHKU-40JI0BiKH ckiano 1.04:1. AueBpu3Mu
BepudiKyBamcs 3a JOIIOMOT0I0 KOMIT FOTepHOI ToMorpadii CyMH rooBH Ta IIHi, ceneKTuBHOI nepebdpanbHoi anriorpadii, MPT-anriorpadii
CY/IUH T'OJIOBHOTO MO3KY.

PesynbraTh i o6roBopennsi. OTpuMaHi B X0/1i JOCII/UKSHHS AaHi CBiA4aTh Mpo Te, 10 MeBHI aHaToMiuHi ocoOmBocTi aneBpm3M [ICA,
TaKi SIK po3Mip, po3TanryBaHH: Ta (JopMa, MOKYTh OyTH TTOB’sI3aHi 3 IiABUIIEHUM PU3MKOM KpPOBOTEUI Ta aHriocmasMy. ['eMouHaMigHi akto-
PH, TaKi SIK IIBUIKICTH KPOBOTOKY Ta TypOYJIEHTHICTh, TAKOK MOXYTh BiZirpaBaTh POJIb Y PO3BUTKY IIMX YCKIaAHEHb. Jl0CHiKeHHS 3acBiquye
BaJKJIMBICTh PAHHBOI {IATHOCTHKM Ta IIBUAKOTO JIiKyBaHHs aHeBpu3M [ICA Ta npumyckae, 1o narieHTy 3 OUIbIIMME aHEBpU3MaMK a00 aHeB-
pU3MaMH HeNpaBHIBHOT (POPMHU UM KiTbKOMA YaCTOYKAMM MOXYTb NOTpeOyBaT! OLIBII arpeCUBHUX CTPATerii JiKyBaHHS.

BucHoBkH. Pe3ynsraty [boro AOCHIHKEHHS MOXKYTH JOTIOMOTTH Y MPUHAHATTI KIiHIYHUX PILICHB 1 MOKPALIATH PE3YIbTaTH JIIKyBaHHS
TAMi€HTIB, JO3BOJSIOUHM KIHIICTaM MPUCTOCOBYBATH CTpATETii JIIKyBaHH: JI0 HOTPed KOXKHOTIO maiieHTta Ta npodino pusuky. HeobxinHi
TOJAJIBIII TOCII/PKEHHS B ITiH Taiy3i, o0 MiATBEPINTH Ta PO3LMIMPHUTH IIi BUCHOBKH Ta PO3POOUTH HOBI IiIXOAH JI0 3ar00iraHHs Ta JiKyBaH-
Hfl LIMX MOTEHLIHHO HeOe3MeYHNX JUIS KUTTS YCKIIa[HEHb.

Kutro4oBi ciioBa: nepenss croy4Ha aprepis, aHeBpH3Ma, KPOBOBHIIMB, aHTioCTa3M, CyOapaXxHOINaIbHINH KPOBOBIINB, HEHPOXipypris,
reMOJIMHAMIKa, JIIKyBaHHS, JTIKyBaHHS, (hJaKTOPH PU3KKY, Bi3yaizallis, AiarHOCTHKA, KIIHIYHI TaHi.
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Introduction. Ruptured aneurysms of the AComA
are a common cause of subarachnoid hemorrhage (SAH),
a condition that can have devastating neurological
consequences. SAH remains a significant cause of
morbidity and mortality worldwide, despite advances
in diagnosis and management. Understanding the
anatomical characteristics associated with hemorrhage
and complications such as cerebral vasospasm is crucial
for improving outcomes in patients with ruptured AComA
aneurysms [1]. By investigating these characteristics,
the research aims to contribute to the understanding of
the underlying mechanisms and potentially identify new
strategies for intervention and prevention.

The uniqueness of this research lies in its specific
focus on the anatomical characteristics of hemorrhage and
angiospasm in patients with ruptured AComA aneurysms.
While previous studies have explored various aspects of
SAH and cerebral vasospasm, this research narrows down
its investigation to the AComA region, which has its own
anatomical complexities and clinical implications. By
focusing on this specific subset of aneurysms, the study
aims to provide a more detailed and targeted analysis,
potentially uncovering unique characteristics or patterns
that could help refine treatment strategies for these specific
aneurysms. The study's findings may contribute to the
existing body of knowledge in neurology, neurosurgery,
and vascular medicine, offering new insights into the
pathophysiology of AComA aneurysms and their associated
complications.

The purpose of this study is to investigate the anatomical
characteristics of hemorrhage and angiospasm in patients
with ruptured aneurysms of the anterior connecting artery
(AComA) and to identify factors that may contribute to
the development of these complications. The study aims
to provide a better understanding of the pathophysiology
of subarachnoid hemorrhage (SAH) and associated
complications in patients with AComA aneurysms, which
could potentially inform the management and treatment of
these patients. The study may also aim to identify potential
predictors of hemorrhage and angiospasm in patients
with AComA aneurysms, which could help guide clinical
decision-making and improve patient outcomes.

The materials used include medical records, imaging
studies (such as computed tomography [CT] scans,
magnetic resonance imaging [MRI], and angiography),
and clinical data collected from 98 patients with ruptured
AComA aneurysms between 2008 and 2019 at at the
Uzhgorod Regional Center of Neurosurgery and Neurology
and the "MLE and ShMD" KNP of the Zaporizhzhia City
Council.

This study adhered to ethical guidelines and involved
human subjects. Prior to its commencement, the study
protocol was reviewed and approved by the local bioethics
committee. The research procedures were conducted
in strict accordance with the principles outlined in the
Helsinki Declaration of Human Rights. Written informed
consent was obtained from all participating patients. In
cases where patients were unable to provide consent due
to incapacitation, consent was obtained from their relatives
who had the authority to make decisions on their behalf.
The ethical considerations and informed consent process

ensured the protection and welfare of the study participants
throughout the research.

Inclusion and Exclusion Criteria for the Study on
AComA Aneurysms. In this study, we established specific
inclusion and exclusion criteria to ensure the selection of
appropriate participants and to maintain consistency in the
analysis. The following were the inclusion criteria:

Diagnosis: Participants must have been diagnosed
with an AComA (Anterior Communicating Artery)
aneurysm based on preoperative digital subtraction
angiography (DSA).

Aneurysm Neck Height: The aneurysm must have had a
neck height greater than 10 mm from the level of the anterior
clinoid process, as determined by sagittal T2-weighted
brain images or sagittal brain images reconstructed using
preoperative computed tomography angiography (CTA).

Aneurysm Dome Height: The aneurysm must have had
a dome height greater than 15 mm from the level of the
anterior clinoid process.

Aneurysm Dome Projection: The aneurysm must have
projected in an anterior, superior, and posterior direction.

Treatment Method: Participants must have undergone
surgical clipping of the aneurysm using either a pterional
approach or interhemispheric approach.

Evaluation: The postoperative clipping state must have
been assessed based on postoperative CTA.

The following was the exclusion criterion:

A high-positioned ACoA (Anterior Cerebral Artery)
aneurysm treated by endovascular coiling was excluded
from the study.

Treatment Decision:

The decision regarding the treatment method, surgical
clipping or endovascular coiling, was based on catheter
angiography. Surgical treatment was preferred over
endovascular treatment in the following situations:

Wide-necked aneurysm requiring stent-assisted
technology.

Aneurysm with an arterial branch incorporated into
the sac.

Difficulty in navigating the microcatheter into the
aneurysm, provided that the patient had no comorbidity
or hemostasis-related issues. The study has also used
specialized tools and techniques to measure and analyze
hemodynamic factors, such as transcranial Doppler
ultrasound, in order to assess the risk of hemorrhage and
angiospasm in these patients. The specific materials and
methods used in the study depend on the research questions
and hypotheses being investigated.

Methods. In this study, we performed a comprehensive
analysis of patients who underwent surgical treatment for
ruptured anterior communicating artery (AComA) aneurysms
at our institutions between January 2008 and December
2019. Our data collection encompassed demographic
information, clinical presentation, radiological findings, and
surgical outcomes. To gain a thorough understanding of the
anatomical characteristics, we assessed various parameters
such as aneurysm location, size, neck width, and dome
shape using preoperative angiography and intraoperative
observation. Furthermore, we evaluated the extent of
hemorrhage and cerebral vasospasm through computed
tomography (CT) scans and transcranial Doppler (TCD)
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ultrasonography. By incorporating these comprehensive
assessments, our study provides valuable insights into the
surgical management and outcomes of patients with ruptured
AComA aneurysms, aiding in advancing the understanding
and treatment of this condition.

To verify aneurysms, multiple imaging techniques
were employed including tomography of the head and
neck vessels using a Toshiba "Astelion" CT scanner
manufactured in 2016 with a serial number of 4CC162106,
selective cerebral angiography using an Optima IGS
330 angiography unit manufactured in 2019 with a serial
number of 80071260314, and MRI angiography of cerebral
vessels using an i Open 0.36 T scanner manufactured in
2005 with a serial number of Toc102633006. Transcranial
dopplerography was also used to study cerebral
hemodynamics using a Philips HD7 ultrasound diagnostic
system manufactured in 2014 with a serial number of
69935. Statistical data processing was performed using the
R statistical program package (version 4.0.0) distributed
under the GNU General Public License 3, as well as the
Microsoft Office Excel 2007 program.

Results. A total of 98 patients were included in the
study, with a mean age of 47,8+11 years. The female-to-
male ratio was 1.04:1.

The aneurysms were classified into four categories:
medium size (6-15 mm), small size (up to 6 mm), large
size (15-25 mm) and giant size (more than 25 mm). Of
the 98 patients, 44 (44.9%) had aneurysms of medium
size, 38 (38.8%) had small size aneurysms, 15 (15.3%)
had large size aneurysms and one (1%) had a giant size
aneurysm. 75 (76.5%) of the patients had aneurysm neck
and 23 (23.5%) did not.

The direction of the dome was classified according to
the classification of M.G. Yasargil 1984, which includes
the following categories: anterior, posterior, superior,
inferior, and mixed projection. The direction of the dome
of the aneurysms was as follows: anterior — 20 (20.4%),
posterior — 22 (22.4%), superior — 30 (30.6%), inferior —
17 (17.3%), and mixed projection — 9 (9.2%).

Among these aneurysms, 19 (19.4%) were
multichambered, while 79 (80.6%) were single-chambered.
All aneurysms were saccular in shape.

Additionally, 28 (28.6%) patients had aneurysms of
other cerebral arteries in addition to the aneurysm of the
anterior connecting artery. Of these, 23 (82.1%) had two
aneurysms, 4 (14.3%) had three aneurysms, and 1 (3.6%)
patient had four aneurysms.

Based on angiographic examination, the study
investigated the possibilities of combining AComA
aneurysms with aneurysms located in other areas of the
brain vessels. (Table 1).

Angiospasm occurred in 59 (60.2%) patients, of which
22 (37.3%) had widespread angiospasm. Hemorrhage
occurred in 28 (28.6%) patients, and in 38 (38.8%) patients,
aneurysm rupture was accompanied by the formation of an
intracerebral hematoma or SAH.

In patients with ruptured AComA arterial aneurysms,
the nature of subarachnoid hemorrhage was assessed at
admission to the hospital using brain computed tomography,
which was performed in 95 patients. The severity of
subarachnoid hemorrhage was determined using the Fisher
Grading Scale (Fisher Grading Scale, 1980). Based on the
CT results, it was established that 9 (9.47%) patients had
Grade I subarachnoid hemorrhage according to the Fisher
Grading Scale, 33 (34.74%) had Grade II, 18 (18.95%) had
Grade I1I, and 38 (40%) had Grade IV.

The types of intracranial hemorrhages according to
Fisher's classification are illustrated in Figures 1-4.

Blood is observed in the prechiasmal cistern, as well
as around the brain stem and lateral sulci. The blood clots
have a thickness greater than 1 mm.

The presence of blood in the subarachnoid space
surrounding the cerebral gyrus and lateral sulcus is detected
bilaterally. The blood clots have a thickness less than 1 mm.

An intracerebral hematoma is identified in the right
frontal lobe of the brain, causing slight displacement of the
midline structures.

Hemorrhage is observed in both the subarachnoid space
and the body and lateral horns of the right lateral ventricle.

Intracerebral hematoma was detected in 30 out of 98
patients (30.6%). The most common location was in the
frontal lobes, found in 26 cases (87.7%), followed by the
corpus callosum in 3 cases (9.1%), and/or transparent
membrane in 2 cases (6.7%). The volume of the hematoma
ranged from 1 to 77 cm? (average 24.0 £ 17.4 cm?), with
most patients (21 out of 30, or 71.0%) having a hematoma
volume of less than 10 cm?®.

Of the patients with a ruptured AComA aneurysm,
61% were admitted in a clear state of consciousness, while
only 2% were comatose. However, the presence and size
of an intracerebral hematoma, severity of intraventricular
hemorrhage (if present), and prevalence of angiospasm were
factors that affected the level of consciousness. Patients
in a coma or sopor often had subarachnoid hemorrhage

Table 1
Options for combining multiple aneurysms
Options for combining aneurysms Number of patients Number of aneurysms
AComA + right MCA 10 2
AComA + left MCA 8 2
AComA + right ICA 1 2
AComA + left ICA 3 2
AComA +2 MCA 2 3
AComA + ICA+ 2 MCA 1 4
ACA + right ICA 1 2
ACA + left ICA 1 2
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Fig. 1. An axial projection computed tomography
of the brain revealing subarachnoid hemorrhage
resulting from AComA rupture

Fig. 2. Computed tomography of the brain.
Axial projection. Subarachnoid hemorrhage
in AComA rupture

Fig. 3. Computed tomography of the brain.
Axial projection. Subarachnoid hemorrhage
and intracerebral hematoma in AComA rupture

complicated by intracerebral hematoma, intraventricular
hemorrhage, and pronounced angiospasm. In conscious
patients, angiospasm was only observed in 88% of cases,
while 50% of patients with impaired consciousness up to
sopor or coma had pronounced angiospasm.

To evaluate the severity of subarachnoid hemorrhage
in patients upon admission, the Hunt-Hess scale was

Fig. 4. Computed tomography of the brain.
Axial projection. Subarachnoid hemorrhage
and intraventricular hemorrhage in AComA rupture

used. The evaluation showed that 30 patients (30.6%)
were classified as grade 1, 38 patients (38.8%) as grade 2,
20 patients (20.4%) as grade 3, 8 patients (8.2%) as grade 4,
and 2 patients (2.0%) as grade 5.

Discussion. The present study contributes valuable
insights into the anatomical characteristics of hemorrhage
and angiospasm in patients with ruptured anterior
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connecting artery (AComA) aneurysms. Our findings
highlight the association between certain anatomical
features of AComA aneurysms and an increased risk of
these complications. These results align with previous
studies that have identified similar risk factors for AComA
aneurysm rupture and associated complications [1-3].

Our study reveals that medium-sized aneurysms are the
most common in patients with AComA aneurysm rupture,
while small and large-sized aneurysms are also prevalent
in this patient population, consistent with previous
research [4, 5]. Clinicians should consider aneurysm size
when determining the appropriate treatment approach for
these patients.

Furthermore, we observed that the majority of patients
with AComA aneurysm rupture have aneurysms with a
neck, although a significant proportion of patients have
aneurysms without a neck. This factor should be carefully
considered when determining the optimal treatment
strategy.

The direction of the aneurysm dome was found to vary
widely in patients with AComA aneurysm rupture, with
superior being the most common direction, followed by
posterior and anterior. Evaluating the dome direction is
crucial for selecting an appropriate treatment approach.

Additionally, our study revealed that a significant
proportion of patients with AComA aneurysm rupture
have multiple cerebral artery aneurysms [6]. Therefore,
it is important for clinicians to thoroughly evaluate
the presence of other cerebral artery aneurysms when
planning treatment [7, 8]. This emphasizes the need for
a comprehensive assessment of all cerebral arteries in
patients with a ruptured AComA aneurysm.

Early diagnosis and prompt treatment of AComA
aneurysms are crucial, as treatment delays may increase the
risk of hemorrhage and associated complications. Larger
aneurysms or those with irregular shapes or multiple lobes
may require more aggressive management strategies,
such as microsurgical clipping, to mitigate the risk of
rupture and minimize the likelihood of hemorrhage and
angiospasm [9—12].

Overall, our study sheds light on the pathophysiology
and management of subarachnoid hemorrhage (SAH)
and associated complications in patients with AComA
aneurysms, aligning with prior research [13—15]. The
identification of specific anatomical and hemodynamic risk
factors for hemorrhage and angiospasm can inform clinical
decision-making and improve patient outcomes by enabling
personalized treatment strategies based on individual needs
and risk profiles [16].

Conclusions:

1. The majority of patients in this study had medium-
sized AComA aneurysms, followed by small, large, and
giant-sized aneurysms. The direction of the aneurysm
dome varied, with anterior, posterior, superior, inferior, and
mixed projections observed.

2. Multichambered aneurysms were found in 19.4% of
cases, while single-chambered, saccular-shaped aneurysms
were more prevalent (80.6%).

3. Approximately one-third of the patients had
aneurysms in other cerebral arteries in addition to the
AComA aneurysm, most commonly with two additional
aneurysms present.

4. Angiospasm was a common occurrence in patients
with AComA aneurysms, affecting 60.2% of individuals.
Widespread angiospasm was observed in a significant
proportion of these cases.

5. Hemorrhage occurred in 28.6% of patients, with
aneurysm rupture often accompanied by the formation of
an intracerebral hematoma or subarachnoid hemorrhage
(SAH).

6. The severity of SAH, as determined by the Fisher
Grading Scale, varied among patients, with Grade II and
Grade IV being the most common grades.

7. Intracerebral hematomas were present in 30.6%
of patients, primarily located in the frontal lobes. Most
hematomas had a volume of less than 10 cm®.

8. The level of consciousness upon admission was
influenced by factors such as the presence and size of
an intracerebral hematoma, severity of intraventricular
hemorrhage (if present), and the prevalence of angiospasm.

Further research and investigation are needed to validate these findings and explore effective strategies for preventing
and managing complications associated with AComA aneurysms.

Funding. No targeted funding reported.

Conflicts of interest. Author has no conflict of interest to declare.

REFERENCES
1. Xu, M., Lv, N,, Sun, K., Hong, R., Wang, H., Wang, X., Xu, L., Chen, L., & Xu, M. (2022). Morphological and Hemodynamic
Risk Factors for the Rupture of Proximal Anterior Cerebral Artery Aneurysms (A1 Segment). Frontiers in aging neuroscience,
14, 835373. https://doi.org/10.3389/fhagi.2022.835373
2. Detmer, F.J., Chung, B.J., Jimenez, C. et al. Associations of hemodynamics, morphology, and patient characteristics
with aneurysm rupture stratified by aneurysm location. Neuroradiology 61, 275-284 (2019). https://doi.org/10.1007/
s00234-018-2135-9
3. Jirjees S, Htun Z, Aldawudi I, et al. (July 14, 2020) Role of Morphological and Hemodynamic Factors in Predicting Intracranial
Aneurysm Rupture: A Review. Cureus 12(7): €9178. 10.7759/cureus.9178
4. Ma C, Mao L, Zhang G, et al. Associations between morphological parameters and ruptured anterior communicating artery
aneurysm: A propensity score-matched, single center, case-control study. Interventional Neuroradiology. 2022;0(0). https://doi.
org/10.1177/15910199221108308
5. Tang, X., Zhou, L., Wen, L., Wu, Q., Leng, X., Xiang, J., & Zhang, X. (2022). Morphological and Hemodynamic Characteristics
Associated With the Rupture of Multiple Intracranial Aneurysms. Frontiers in neurology, 12, 811281. https://doi.org/10.3389/
fneur.2021.811281

163

Hayxkosuil gichux Yorceopoocvkozeo yrieepcumemy, cepis « Meduyunay, eunyck 2 (68), 2023 p.




SATAJIBHA XIPYPIT'IA (BCI XIPYPI'IYHI JIMUCLMILIIHN)

6. Soares, F. P., Velho, M. C., & Antunes, A. C. M. (2019). Clinical and morphological profile of aneurysms of the anterior
communicating artery treated at a neurosurgical service in Southern Brazil. Surgical neurology international, 10, 193. https://
doi.org/10.25259/SNI 41 2019

7. Cai, W., Hu, C., Gong, J., & Lan, Q. (2018). Anterior Communicating Artery Aneurysm Morphology and the Risk of Rupture.
World neurosurgery, 109, 119-126. https://doi.org/10.1016/j.wneu.2017.09.118

8. Vitosevi¢, F., MiloSevi¢ Medenica, S., Kalousek, V., Mandi¢-Rajcevi¢, S., Vitosevi¢, M., Lepi¢, M., Rotim, K., & Rasuli¢, L.
(2022). CLINICAL CHARACTERISTICS AND MORPHOLOGICAL PARAMETERS ASSOCIATED WITH RUPTURE OF
ANTERIOR COMMUNICATING ARTERY ANEURYSMS. Acta clinica Croatica, 61(2), 284-294. https://doi.org/10.20471/
acc.2022.61.02.15

9. Neyazi, B., Swiatek, V. M., Skalej, M., Beuing, O., Stein, K. P., Hattingen, J., Preim, B., Berg, P., Saalfeld, S., & Sandalcioglu,
I. E. (2020). Rupture risk assessment for multiple intracranial aneurysms: why there is no need for dozens of clinical,
morphological and hemodynamic parameters. Therapeutic advances in neurological disorders, 13, 1756286420966159. https://
doi.org/10.1177/1756286420966159

10. Mocco, J., Brown, R. D., Jr, Torner, J. C., Capuano, A. W., Fargen, K. M., Raghavan, M. L., Piepgras, D. G., Meissner, 1.,
Huston, J., III, & International Study of Unruptured Intracranial Aneurysms Investigators (2018). Aneurysm Morphology and
Prediction of Rupture: An International Study of Unruptured Intracranial Aneurysms Analysis. Neurosurgery, 82(4), 491-496.
https://doi.org/10.1093/neuros/nyx226

11. Pierot, L., Barbe, C., Ferré, J. C., Cognard, C., Soize, S., White, P., & Spelle, L. (2020). Patient and aneurysm factors associated
with aneurysm rupture in the population of the ARETA study. Journal of neuroradiology = Journal de neuroradiologie, 47(4),
292-300. https://doi.org/10.1016/j.neurad.2019.07.007

12. Soldozy, S., Norat, P., Elsarrag, M., Chatrath, A., Costello, J. S., Sokolowski, J. D., Tvrdik, P., Kalani, M. Y. S., & Park, M. S.
(2019). The biophysical role of hemodynamics in the pathogenesis of cerebral aneurysm formation and rupture, Neurosurgical
Focus FOC, 47(1), E11. Retrieved Apr 22, 2023, from https://doi.org/10.3171/2019.4. FOCUS19232

13. Lv, N., Karmonik, C., Chen, S. et al. Wall Enhancement, Hemodynamics, and Morphology in Unruptured Intracranial
Aneurysms with High Rupture Risk. Transl. Stroke Res. 11, 882—889 (2020). https://doi.org/10.1007/s12975-020-00782-4

14. Liu Q, Jiang P, Wu J, Gao B and Wang S (2019) The Morphological and Hemodynamic Characteristics of the Intraoperative
Ruptured Aneurysm. Front. Neurosci. 13:233. https://doi.org/10.3389/fnins.2019.00233

15. 1dil Soylu, A., Uzunkaya, F., & Akan, H. (2021). Anterior communicating artery aneurysms: Nonmodifiable morphological
parameters associated with rupture risk. Journal of neuroimaging : official journal of the American Society of Neuroimaging,
31(5), 940-946. https://doi.org/10.1111/jon.12896

16. Kocur, D., Przybytko, N., Niedbata, M., & Rudnik, A. (2019). Alternative Definitions of Cerebral Aneurysm
Morphologic Parameters Have an Impact on Rupture Risk Determination. World neurosurgery, 126, el57—el64.
https://doi.org/10.1016/j.wneu.2019.01.283

164 Hayxosuii éichux Yarceopoocvkoeo ynieepcumemy, cepis «Meouyunay, eunyck 2 (68), 2023 p.




