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Spontaneous regression of multiple flow-related aneurysms following treatment of an associated brain arteriovenous malformation: A case report
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Introduction: There is no consensus in the treatment strategy of intracranial aneurysms (IAs) associated with brain arteriovenous malformation (BAVM). In particular, it is unknown if a more aggressive approach should be considered in patients harboring a BAVM, in whom multiple aneurysms or a history of aneurysmal subarachnoid hemorrhage (aSAH) is present.



Case presentation: We report on an elderly woman harboring multiple aneurysms with a history of SAH due to rupture of an unrelated IA. On evaluation, she was also found to harbor a contralateral, left parietal convexity BAVM. Following resection of the latter, spontaneous regression of two large flow-related aneurysms was encountered.



Discussion: We discuss the therapeutic decision-making, risk stratification, and functional outcome in this patient with regard to the pertinent literature on the risk of hemorrhage in IAs associated with BAVM.
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Introduction

Intracranial aneurysms (IAs) in patients with brain arteriovenous malformation (BAVM) can be encountered on unrelated vessels or associated with the BAVM and classified as proximal, intranidal, or distal flow related (1, 2).

The need for treatment of flow-related IAs associated with BAVM is controversial. While flow-related IAs potentially harbor a higher risk of intracerebral hemorrhage (ICH), thus entailing a more unfavorable natural history (3), there is no consensus on its treatment strategy. Treatment of proximal flow–related IAs has been favored given the risk of rupture when sudden hemodynamic changes at the time of BAVM elimination occur (4), potential flow reduction through feeding arteries and subsequent IA regression following BAVM extirpation have prompted others to suggest the elimination of the BAVM first (5, 6). Thus, risk assessment on the presence of flow-related IAs in BAVM remains difficult, and no recommendation in these patients exists. Furthermore, it is unknown if a more aggressive approach should be considered in high-risk patients who are harboring multiple aneurysms or have a history of aneurysmal subarachnoid hemorrhage (aSAH).

Here, we report on an elderly woman with BAVM and multiple associated IAs, who had a history of aSAH due to rupture of an unrelated IA. Spontaneous regression of two flow-related aneurysms was encountered on complete resection of the associated BAVM. We discuss the therapeutic decision-making and risk stratification with regard to the pertinent literature on IAs associated with BAVM.



Case presentation

A 66-year-old woman suffered from aSAH due to rupture of a 10 mm posterior communicating artery aneurysm (PComA) on the right side. The three-dimensional digital subtraction angiography (3D-DSA) further demonstrated a 4 mm anterior communicating artery aneurysm (AComA) that filled arteriographically from the right side (Figure 1). In addition, we encountered a left postcentral gyral neopallial BAVM (Supplemented Spetzler-Martin, SSM, grade 5; namely size 1 point, venous drainage 0 points, eloquence 0 points, age 3 points, bleeding 1 point, compactness 0 points) (7), with two large distal flow–related aneurysms of the middle cerebral artery (MCA) on the M2 segment (20 mm) and the M3 segment (8 mm), (Figure 2) respectively. The ruptured PComA was coil embolized (Modified Raymond-Roy Classification, MRRC, class II) (8) and the patient harbored an uneventful recovery from the aSAH (Glasgow Outcome Scale, GOS 5). Six months after the ictus, the AcomA was coil embolized. One year after aSAH, interdisciplinary decision-making was consented for combined endovascular and surgical elimination of the BAVM before treatment of the flow-related IAs (7). The BAVM was intraoperatively partially embolized with Onyx (Medtronic, Minneapolis, United States) using a transarterial approach, and then surgically extirpated. Both indocyanine green (8) and intraoperative 3D-DSA (9–11) revealed complete elimination of the BAVM, along with early regression of both flow-related MCA aneurysms (Figures 3, 4). One-year follow-up was uneventful, with no evidence of reperfusion of the flow-related MCA aneurysms on MR angiography.
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FIGURE 1
DSA at baseline and at 6 months’ follow-up. (A,B) Sagittal angiogram showing coil embolization of a ruptured PComA on the right side. (C) Coil embolization of the unruptured AComA aneurysm at 6 months’ follow-up without missing sings of PComA reperfusion (both MRRC, class II).
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FIGURE 2
Early, middle, and late phases of DSA. (A–C) Sagittal (lateral) and (D–F) coronal (anterior-posterior) angiograms (views) demonstrating the adjacent flow-related MCA aneurysms on the left side with the associated BAVM. Note the presence of the BAVM venous ectasia in the later phase (C,F).
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FIGURE 3
TWIST MR angiography before and after BAVM elimination. (A–C) Axial, coronal, and sagittal TWIST (time-resolved angiography with interleaved stochastic trajectories) MR angiography depicting both flow-related MCA aneurysms and associated BAVM. (D–F) Complete regression of the flow-related MCA aneurysms following the encounter of BAVM elimination.
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FIGURE 4
Intraoperative angiogram after BAVM elimination. (A,B) Coronal and sagittal angiogram depicting regression of the flow-related MCA aneurysms following the encounter of BAVM elimination.




Discussion

Risk assessment in the presence of flow-related IAs in BAVM is difficult as it is mostly based on case series and, as such, represents Class III evidence (12). In the randomised trial of Unruptured Brain Arteriovenous malformations (ARUBA), the incidence of AVM-associated (i.e., flow-related and located on an AVM feeding artery or intranidal) and unrelated IAs was 16.1% and 4.9%, respectively (13). While information on spontaneous regression of IAs upon AVM treatment was not particularly reported, Gross and Du calculated in their meta-analysis that the presence of IAs increased the risk of hemorrhagic presentation by a factor of 1.8 (14). Brown RD et al. reported that the risk of hemorrhage among patients with IAs and a coexisting unruptured AVM was 7% at 1 year compared with 3% among those with an AVM alone (15). Certain authors have suggested that prenidal IAs are more likely to present with hemorrhage compared with intranidal aneurysms (5, 16), while others have found that distal flow-related and intranidal aneurysms that are immediately adjacent to the site of arteriovenous shunting may be more prone to rupture, given the higher flow, pressure, and shear stress on the vessel wall (17), with yet inconsistent results (18). As such, the need for treatment of flow-related IAs associated with BAVM is an ongoing matter of debate, as treatment strategy remains empirical. In addition, it is unknown if a more aggressive approach should be considered in patients who are harboring multiple aneurysms or present with history of aneurysmal aSAH. Given the missing treatment guidelines, the treatment risk should be carefully weighed against the natural history of the disease, which remains poorly understood (14). On one hand, it has been proposed that treatment of associated IAs in unruptured BAVMs should follow the same guidelines that exist for the treatment of unruptured IAs (19). On the other hand, IAs are generally thought to harbor an increased risk of hemorrhage when being associated with BAVMs (3–5, 14, 20). In contrast, unrelated IAs do not appear to increase the risk of BAVM rupture, carrying similar risk of hemorrhage to that of common saccular aneurysms (19).

Given the size of the flow-related IAs, treatment might have been indicted with regard to potential rupture before the elimination of the BAVM. It can be argued that given the history of aSAH, treatment toward direct endovascular coil embolization is favored (21, 22). The use of adjuvant devices for assisted coiling, i.e., flow diversion, however might not be deemed appropriate given the fact that anti-platelet agents would have been required henceforth, with treatment of the BAVM still pending. The effects of BAVM treatment on the natural history of proximal flow–related IAs is vaguely reported in the literature. Redekop and colleagues reported on only one (4.3%) patient with proximal flow–related IAs that disappeared following BAVM treatment, with four (17%) IAs becoming smaller, while IAs that arise on distal feeding arteries had a high probability of regressing when >50% reduction of the BAVM was attained (5). Alike, Eliava S. et al. reported one patient where the aneurysm spontaneously regressed after AVM treatment in a total of 205 aneurysms associated with BAVM (23).

Yet no solid conclusions can be drawn whether coexisting IAs and other BAVM characteristics are risk factors for subsequent hemorrhage (18, 24). Based on a literature review and on institutional experience, Flores and colleagues proposed that for unruptured BAVM with proximal flow–related IAs, treatment decision should be based on the IAs themselves (12). As such, bleeding risk should be considered, taking into account the IA's size, morphology, and location and age-specific risk factors as reported by the International Study of Unruptured Intracranial Aneurysms (ISUIA) (25, 26). Thus, given the size of both flow-related IAs, treatment might have been indicated with regard to potential rupture before the elimination of the BAVM. The same was true for the unrelated AComA. Given the history of aSAH, treatment toward endovascular coil embolization in the 4 mm IA was favored (21, 22). As for the unruptured BAVM itself, according to the ARUBA trial, the spontaneous annual risk of hemorrhage was noted to be 2.2% (13). Therefore, it remains controversial whether the size of the BAVM is a strong predictor for hemorrhage. While some studies reported an increased risk of hemorrhage in small BAVMs (<3 cm) (27, 28), others noted an increased risk of subsequent hemorrhage in larger BAVMs (>5 cm) (14, 29). With a SSM grade of ≤6 of this BAVM, surgical morbidity is acceptably low (30). We proceeded with partial intraoperative BAVM embolization, followed by surgical resection, with immediate control 3D-DSA revealing spontaneous regression of the two flow-related aneurysms. This finding was confirmed by follow-up MRA at six months and one-year follow-up. Potential flow reduction through feeding arteries and subsequent thrombosis and thus IAs regression following BAVM resection might have been the underlying mechanism (5, 6). Given the missing treatment guidelines the treatment risk should be carefully weighed against the natural history of the disease, which remains poorly understood (12, 31).



Conclusions

Given the missing treatment guidelines and the still startling regression of flow-related aneurysms encountered on treatment of the associated BAVM, the surgical and interventional risk should be carefully weighed against the natural history of the disease, which remains poorly understood.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



Author contributions

SM and HJS contributed to the drafting, and critical revision of the manuscript. LA contributed to study conception, data collection, drafting of the manuscript, critical revision and final approval of the article. PG and JA contributed to data acquisition, and critical revision and final approval of the article. AT, LR, and GAS contributed to critical revision. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Joint Writing Group of the Technology Assessment Committee American Society of I, Therapeutic N, Joint Section on Cerebrovascular Neurosurgery a Section of the American Association of Neurological S, Congress of Neurological S, Section of S, the Section of Interventional Neurology of the American Academy of N, Atkinson RP, Awad IA, Batjer HH, Dowd CF, Furlan A, Giannotta SL, et al. Reporting terminology for brain arteriovenous malformation clinical and radiographic features for use in clinical trials. Stroke. (2001) 32(6):1430–42. doi: 10.1161/01.str.32.6.1430

2. Khayat HA, Alshareef F, Alshamy A, Algain A, Alhejaili E, Alnabihi O, et al. Pure endovascular management of an arteriovenous malformation and an aneurysm both supplied by anterio-Inferior cerebellar artery: a case report and a review of literature. Front Neurol. (2017) 8:382. doi: 10.3389/fneur.2017.00382

3. da Costa L, Thines L, Dehdashti AR, Wallace MC, Willinsky RA, Tymianski M, et al. Management and clinical outcome of posterior fossa arteriovenous malformations: report on a single-centre 15-year experience. J Neurol Neurosurg Psychiatry. (2009) 80(4):376–9. doi: 10.1136/jnnp.2008.152710

4. Thompson RC, Steinberg GK, Levy RP, Marks MP. The management of patients with arteriovenous malformations and associated intracranial aneurysms. Neurosurgery. (1998) 43(2):202–11; discussion 211–2. doi: 10.1097/00006123-199808000-00006

5. Redekop G, TerBrugge K, Montanera W, Willinsky R. Arterial aneurysms associated with cerebral arteriovenous malformations: classification, incidence, and risk of hemorrhage. J Neurosurg. (1998) 89(4):539–46. doi: 10.3171/jns.1998.89.4.0539

6. Meisel HJ, Mansmann U, Alvarez H, Rodesch G, Brock M, Lasjaunias P. Cerebral arteriovenous malformations and associated aneurysms: analysis of 305 cases from a series of 662 patients. Neurosurgery. (2000) 46(4):793–800; discussion 800–2. doi: 10.1097/00006123-200004000-00004

7. Gruter BE, Mendelowitsch I, Diepers M, Remonda L, Fandino J, Marbacher S. Combined endovascular and microsurgical treatment of arteriovenous malformations in the hybrid operating room. World Neurosurg. (2018) 117:e204–14. doi: 10.1016/j.wneu.2018.05.241

8. Foster CH, Morone PJ, Tomlinson SB, Cohen-Gadol AA. Application of indocyanine green during arteriovenous malformation surgery: evidence, techniques, and practical pearls. Front Surg. (2019) 6:70. doi: 10.3389/fsurg.2019.00070

9. Marbacher S, Kienzler JC, Mendelowitsch I, D'Alonzo D, Andereggen L, Diepers M, et al. Comparison of intra- and postoperative 3-dimensional digital subtraction angiography in evaluation of the surgical result after intracranial aneurysm treatment. Neurosurgery. (2019) 87(4):689–96. doi: 10.1093/neuros/nyz487

10. Andereggen L, Baebler S, Anon J, Remonda L, Fandino J, Marbacher S. Three-dimensional visualization of aneurysm wall calcification by cerebral angiography: technical case report. J Clin Neurosci. (2020) 73:290–3. doi: 10.1016/j.jocn.2020.02.008

11. Marbacher S, Mendelowitsch I, Gruter BE, Diepers M, Remonda L, Fandino J. Comparison of 3D intraoperative digital subtraction angiography and intraoperative indocyanine green video angiography during intracranial aneurysm surgery. J Neurosurg. (2018) 131(1):64–71. doi: 10.3171/2018.1.JNS172253

12. Flores BC, Klinger DR, Rickert KL, Barnett SL, Welch BG, White JA, et al. Management of intracranial aneurysms associated with arteriovenous malformations. Neurosurg Focus. (2014) 37(3):E11. doi: 10.3171/2014.6.FOCUS14165

13. Mohr JP, Parides MK, Stapf C, Moquete E, Moy CS, Overbey JR, et al. Moskowitz AJ, international ai. Medical management with or without interventional therapy for unruptured brain arteriovenous malformations (ARUBA): a multicentre, non-blinded, randomised trial. Lancet. (2014) 383(9917):614–21. doi: 10.1016/S0140-6736(13)62302-8

14. Gross BA, Du R. Natural history of cerebral arteriovenous malformations: a meta-analysis. J Neurosurg. (2013) 118(2):437–43. doi: 10.3171/2012.10.JNS121280

15. Brown Jr RD, Wiebers DO, Forbes GS. Unruptured intracranial aneurysms and arteriovenous malformations: frequency of intracranial hemorrhage and relationship of lesions. J Neurosurg. (1990) 73(6):859–63. doi: 10.3171/jns.1990.73.6.0859

16. Elhammady MS, Aziz-Sultan MA, Heros RC. The management of cerebral arteriovenous malformations associated with aneurysms. World Neurosurg. (2013) 80(5):e123–9. doi: 10.1016/j.wneu.2013.06.004

17. D'Aliberti G, Talamonti G, Cenzato M, La Camera A, Debernardi A, Valvassori L, et al. Arterial and venous aneurysms associated with arteriovenous malformations. World Neurosurg. (2015) 83(2):188–96. doi: 10.1016/j.wneu.2014.05.037

18. Halim AX, Singh V, Johnston SC, Higashida RT, Dowd CF, Halbach VV, et al. Characteristics of brain arteriovenous malformations with coexisting aneurysms: a comparison of two referral centers. Stroke. (2002) 33(3):675–9. doi: 10.1161/hs0302.104104

19. Rammos SK, Gardenghi B, Bortolotti C, Cloft HJ, Lanzino G. Aneurysms associated with brain arteriovenous malformations. AJNR Am J Neuroradiol. (2016) 37(11):1966–71. doi: 10.3174/ajnr.A4869

20. Stein KP, Wanke I, Forsting M, Oezkan N, Huetter BO, Sandalcioglu IE, et al. Associated aneurysms in infratentorial arteriovenous malformations: role of aneurysm size and comparison with supratentorial lesions. Cerebrovasc Dis. (2016) 41(5-6):219–25. doi: 10.1159/000443540

21. Molyneux AJ, Kerr RS, Birks J, Ramzi N, Yarnold J, Sneade M, et al. Risk of recurrent subarachnoid haemorrhage, death, or dependence and standardised mortality ratios after clipping or coiling of an intracranial aneurysm in the international subarachnoid aneurysm trial (ISAT): long-term follow-up. Lancet Neurol. (2009) 8(5):427–33. doi: 10.1016/S1474-4422(09)70080-8

22. Molyneux AJ, Birks J, Clarke A, Sneade M, Kerr RS. The durability of endovascular coiling versus neurosurgical clipping of ruptured cerebral aneurysms: 18 year follow-up of the UK cohort of the international subarachnoid aneurysm trial (ISAT). Lancet. (2015) 385(9969):691–7. doi: 10.1016/S0140-6736(14)60975-2

23. Eliava S, Dmitriev A, Shekhtman O, Yakovlev S, Kheireddin A, Pilipenko Y. Treatment of brain arteriovenous malformations with hemodynamic aneurysms: a series of 131 consecutive cases. World Neurosurg. (2018) 110:e917–27. doi: 10.1016/j.wneu.2017.11.114

24. Ogilvy CS, Stieg PE, Awad I, Brown Jr RD, Kondziolka D, Rosenwasser R, et al. Recommendations for the management of intracranial arteriovenous malformations: a statement for healthcare professionals from a special writing group of the stroke council, American stroke association. Circulation. (2001) 103(21):2644–57.doi: 10.1161/01.cir.103.21.2644

25. Wiebers DO, Whisnant JP, Huston 3rd J, Meissner I, Brown Jr RD, Piepgras DG, et al. Unruptured intracranial aneurysms: natural history, clinical outcome, and risks of surgical and endovascular treatment. Lancet. (2003) 362(9378):103–10. doi: 10.1016/s0140-6736(03)13860-3

26. Murayama Y, Takao H, Ishibashi T, Saguchi T, Ebara M, Yuki I, et al. Risk analysis of unruptured intracranial aneurysms: prospective 10-year cohort study. Stroke. (2016) 47(2):365–71. doi: 10.1161/STROKEAHA.115.010698

27. Yamada S, Takagi Y, Nozaki K, Kikuta K, Hashimoto N. Risk factors for subsequent hemorrhage in patients with cerebral arteriovenous malformations. J Neurosurg. (2007) 107(5):965–72. doi: 10.3171/JNS-07/11/0965

28. Langer DJ, Lasner TM, Hurst RW, Flamm ES, Zager EL, King Jr JT. Hypertension, small size, and deep venous drainage are associated with risk of hemorrhagic presentation of cerebral arteriovenous malformations. Neurosurgery. (1998) 42(3):481–6; discussion 487–9. doi: 10.1097/00006123-199803000-00008

29. Hernesniemi JA, Dashti R, Juvela S, Vaart K, Niemela M, Laakso A. Natural history of brain arteriovenous malformations: a long-term follow-up study of risk of hemorrhage in 238 patients. Neurosurgery. (2008) 63(5):823–9; discussion 829–31. doi: 10.1227/01.NEU.0000330401.82582.5E

30. Kim H, Abla AA, Nelson J, McCulloch CE, Bervini D, Morgan MK, et al. Validation of the supplemented spetzler-martin grading system for brain arteriovenous malformations in a multicenter cohort of 1009 surgical patients. Neurosurgery. (2015) 76(1):25–31; discussion 31–2; quiz 32–3. doi: 10.1227/NEU.0000000000000556

31. Steiger HJ. Recent progress understanding pathophysiology and genesis of brain AVM-a narrative review. Neurosurg Rev. (2021) 44(6):3165–75. doi: 10.1007/s10143-021-01526-0



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Spontaneous regression of multiple flow-related aneurysms following treatment of an associated brain arteriovenous malformation: A case report

		Introduction



		Case presentation



		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Spontaneous regression of multiple flow-related
aneurysms following treatment of an
associated brain arteriovenous
malformation: A case report





OPS/images/fsurg-09-860416-g001.jpg





OPS/images/fsurg-09-860416-g002.jpg





OPS/images/fsurg-09-860416-g003.jpg






OPS/images/fsurg-09-860416-g004.jpg








OPS/images/ld.jpg





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





