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What constitutes a dangerous cerebral aneurysm?

J Neuwrosurg 73:18-36, 1990

° Pa‘“ent age Ihe International Cooperative Study on the Timing of
neurysm Surgery

Part 1: Overall management results

e Location

Near F. Kasseor, MLD., James C. Torser, PuD., E. Crarke Havrey, Jgr., MDD,
Joun A. JANg, M.D., Pu.D., HaroLp P. Apams, M.D,, Gai. L. KonGasre, BS.N,,
AND PARTICIPANTS

« Comorbidities

Department of Neurological Surgery, University of Virginia Health Sciences Center, Charlottesville,
Virginia, and Department of Newrology. University of lowa. lowa City. lowa

I'ABLE 8

Rll/’llll‘('t/ aneurvsm size fdiametery and sire®

\ncur\ sm Small Large Ghant

Site (<12mm) (I3 24 mm} (> 24 mm) Total

ICA 790 (75.2) 233(22.2) 28(2.7) 1051 (29.38)
MCA 560 (71.2) 199(25.3) 27(34) 786 (22.3)
ACA 1158 (84.3) 207 (15.1) 92(0.7) 1374 (39.0)
VB 203 (76.3) 58 (21.8) S(1.9 266  (7.6)
other 37 (52.9) 6 (8.6) 1(1.4) 4 Q20

total 2748 (78.0) 703 (20.0) 70(2.0) 3521 (100.0)

*ICA = internal carotid artery;: MCA = middle cerebral artery:
ACA = anterior cerebral artery: VB = vertebrobasilar circulation.
Numbers in parentheses indicate percentages.
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What constitutes a dangerous cerebral aneurysm?

« Patient age
* Location

« Comorbidities

* Morphology
 Prior SAH
« Gender

* Aneurysm size IRREGULAR

B2UR | DEL MONTE
MEDICINE INSTITUTE FOR NEUROSCIENCE




Small unruptured aneurysms — How do you counsel?

67F retired school bus driver h/o DM2 (BMI 27) and migraines with
incidental bilateral ICA PCoA aneurysms
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Prospective trials suggest low risk of small
aneurysm rupture

Unruptured intracranial aneurysms: natural history, clinical
outcome, and risks of surgical and endovascular treatment

International Study of Unruptured Intracranial Aneurysms Investigators*

Lancet 2003; 362: 103-10
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Figure 1: Probability of subarachnoid haemorrhage over time
for patients who did not have surgery
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We see small aneurysms rupture all the time

44F — 3mm basilar apex 60F — 2mm MCA bifurcation

39M — 4mm ACoA
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25-year retrospective study of ruptured ANR at Johns
Hopkins

Small Ancurysms Account for the Majority and
Increasing Percentage of Ancurysmal Subarachnoid
Hemorrhage: A 25-Year, Single Institution Study

BACKGROUND: Prospective studies of unrupeused ansurysms have shown very low
mn«w-mmmpﬂn<nmmwmmmd
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L ASAN from 1991 10 209 wa anabyzed. Cnunmq-og

raphy idertifed the source of heenorrhage. Patients with nonaneurysmal eticlogies were
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10 2016, The average 30 was 53 y7 and 72% of patients weve famale; The wverage 58
dmmm}sn--lnm The average sie of ruptured aneurysms

P < 000, Oweeak, very smat mm( 5 mem) were resgonsile for aSAH in 41 of
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>1300 SAH, vessel of origin unchanged over time

Ruptured aneurysm vessel of origin over time
100%
17% 15% 13% 15% 16%
TABLE 1. Demographics %
Number Percent/standard deviation 80%
Total patients 1306 0%
Age 52.8 (0-94) +14.8 i
Female sex 936 72%
Race 50%
White 720 55%
Black 519 40% 40%
Other 67 5%
Size 30%
0-5 539 413% R
59 410 314%
94 198 152% 10%
14-25 123 9.4%
=25 35 27% 0%
1991-1996 1997-2001 2002-2006 2007-2011 2012-2016
WACA ®ICA =MCA Posterior circulation
FIGURE 1. Ruptired aneurysm vesel of origin over time.
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Ruptured aneurysm size over time
100%

5%

90%
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70%
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HO0-5mm ®E59mm N9-14mm =14-25mm

>25mm

2012-2016

FIGURE 2. Size of ruptured aneurysms over time.

Most recent 5yr interval:

e 50% 5mm or less

e 84%<10mm
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Similar trend toward increasing proportion of very small

dneurysms in the literature
Publication Enrollment Enrollment <Smm

Author year Location Patients start finish (%)
Lee et al. (40) 2015 Korea 200 2012 2014 47
Froelich(26) 2016 Australia 131 2010 2015 49
Dolati(27) 2015 Canada 123 2008 2012 37
Zhao(28) 2014 China 766 2006 2013 51
Kashiwazaki(16) | 2013 Japan 851 2003 2011 28
Tahir(17) 2009 Pakistan 55 2004 2007 24
Nahed(18) 2005 USA 152 2001 2004 33
Taylor(19) 2004 USA 127 1998 1999 33
Forget(20) 2001 USA 245 1996 2000 35
Shiue(21) 2011 Australia 432 1995 1998 22
ISAT(24) 2002 Intl 2143 1994 1997 52
Horiuchi(22) 2006 Japan 2577 1988 2002 39
Osawa(23) 2001 Japan 2055 1988 1998 38
Ohashi(42) 2004 Japan 280 1984 2001 26
Inagawa(41) 2010 Japan 285 1980 1998 24
Kassell(12) 1983 Intl 676 1980 1987 13
Rosenorn(13) 1993 Denmark 908 1978 1983 18 -
Sundt(14) 1982 USA 644 1969 1981
Mccormick(15) 1970 USA 54 1970 1970
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Increased use of noninvasive vascular imaging has
identified more unruptured aneurysms

Table 3. Aggregate procedure volumes, 2002 vs
2007

%
Yot Change

. - . St -2007
Trends in the Utilization of CT T sos7 sazer  eori )

Angiography and MR Angiography of aLhead vra 272387 377,820 39%
the Head and Neck in the Medicare %@,S e

- Neck CTA 9,796 115,021 1,074%
Population Allneck MRA 192653 253170  31%
David P. Friedman, MD, David C. Levin, MD, Vijay M. Rao, MD All neck 202,449 368,191 82%
examinations
All CTA 18,783 198,318 956%
Duplex 2,533,820 3,038,905 20%
ultrasound
Catheter 234,160 159,006 —32%
angiography

@
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Small aneurysms missed on noninvasive imaging

Accuracy of Computed Tomography Angiography in the Diagnosis
of Intracranial Aneurysms

Gustavo Pradilla’, Robert T. Wicks', Uri Hadelsberg®, Philippe Gailloud’?, Alexander L. Coon’, Judy Huang’,
Rafael J. Tamargo'

Table 10. Results Summary Table 7. Size of Aneurysms.Missed By
Computed Tomography Angiography
False CTA positives: 27 cases of total (CTA) but Found on Digital Subtraction

but ruled es
< False CTA negatives: 29 cases of tota Size Total Aneurysms
Aneurysms missed by CTA 134 (21.6% > -
Egonﬂrmed by DSA of cases) : er small (0—5 mm) 28 (9689
Small (6—10 mm) 1(3.4%)

CTA, computed tomography angiography; DSA, digital
subtraction angiography.

Medium (11—15 mm) 0
Large (16—24 mm) 0
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Increased identification has led to increased interventions for
unruptured aneurysms

- = Clipping —Coiling - Total

G Clipping and Coiling of Unruptured Intracranial Aneurysms Among Medicare
5 Beneficiaries, 2000 to 2010
Jessica J. Jalbert, Abby J. Isaacs, Hooman Kamel and Art Sedrakyan

Stroke. 2015:46:2452-2457; originally published online August 6, 2015;

Over 25 years, elective interventions for
have increased from 33% to 80% of total
aneurysm treatments at JHH

Rate per 100 000 Medicare Beneficiaries

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Figure 1. Rates of clipping and coiling of unruptured intracranial
aneurysms per 100000 Medicare beneficiaries, 2000 to 2010.
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SAH incidence has not changed despite increased elective
treatments
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o ” Clipping and Coiling of Unruptured Intracranial Aneurysms Among Medicare
==Cippog:or Colhg,—SAH Beneficiaries, 2000 to 2010
Jessica J. Jalbert, Abby J. Isaacs, Hooman Kamel and Art Sedrakyan
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Figure 3. Age- and sex-standardized rates of clipping or coiling
and of subarachnoid hemorrhage per 100000 Medicare benefi-
ciaries, 2000 to 2010.




Majority of patients in ISUIA selected out for elective
intervention

Unruptured intracranial aneurysms: natural history, clinical Procedures
outcome, and risks of surgical and endovascular treatment Patients were assigned to one of two cohorts—operated or
International Study of Unruptured Intracranial Ansurysms Investigators® unoperated—based on whether surgical or endovascular

treatment of at least one unruptured intracranial

Lancet 2003; 362: 103-10 A 3
aneurysm was planned on clinical grounds at the time the

Patients without previous subarachnoid patient was first seen at the ISUIA centre. All patients
haemorrhage (group 1)
0-30+
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w=25mm.. Findings 4060 patients were assessed—1692 did not have
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Figure 1: Probability of subarachnoid haemorrhage over time

for patients who did not have surgery were selected out for surgery
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Less selected prospective studies have shown annual rates
of rupture approaching 1%

The NEW ENGLAND JOURNAL of MEDICINE 2418 Stroke September 2013
100
ORIGINAL ARTICLE
80
:
The Natural Course of Unruptured Cerebral 8«
" o
Aneurysms in a Japanese Cohort $
40
c
]
; - s
The UCAS Japan Investigators™ o
20
—I 3k patients
1004 0.05 1009 a25mm P<0.001 by log-rank test —t= censaced svents
% 10-24 mm P<0.001 by Wilcoxon test
% 00 —— 7-9mm 0
£ 078 Jd 0754  ——5-G6mn —— re——
':i 0.03 o — gmm 14 w ®  ® @ &
% i f./'/_ Year of Follow-up
z 9501 0014 e 0505 Paberts w2 109 72 13 3
f} 0.00. o 4 2 3 Figure 1. Kaplan-Meier curve showing cumulative rates of aneu-
2 025 0.25+ rysm rupture for all patients. The markers of the curves indicate
& censored events. SAH indicates subarachnoid hemorrhage.
0.00 T 7 0.00 y ~ Y —_ . .
0 i : Poo 1 2 3 Natural History of Unruptured Intracranial Aneurysms
Years after Diagnosis Years after Diagnosis

A Long-term Follow-up Study

Seppo Juvela, MD, PhD: Kristiina Poussa, MD: Hanna Lehto, MD: Matti Porras, MD, PhD
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AHA has dropped language recommending
conservative treatment of aneurysms <10mm

AHA Scientific Statement
recomn] 4 In consideration of the apparent low risk of hemorrhage
aswenef  from mcidental small (<10 mm) aneurysms in patients fu

without previous SAH. treatment rather than observa-
tion cannot be generall'v ad\'ocated However. spec1al

o8 SLCHO0N pau this group. Likewise, small aneurysms ap-
hm ihe lOmmdameerslzeLh with daughies

The treatment risk of patients w ith UIAs is Il‘|d(t‘(| lo
advancing age, medical comorbidities, and aneurysm
location and size, so in older patients (>65 years of
age) and those with associated medical comorbidities
with small asymptomatic UIAs and low hemorrhage
risk by location, size, morphology, family history, and
other relevant factors, observation is a reasonable
alternative (Class Ha; Level of Evidence B).

R DeEL MONTE

MEDICINE INSTITUTE FOR NEUROSCIENCE



Early case at Strong: 49F 3mm ruptured A2-3 aneurysm
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Implications for counseling patients with cerebral
aneurysms

e Size threshold limits
identification of dangerous ANR
and ability to reduce SAH

e Patients with incidental
aneurysms of all sizes should
be evaluated for rupture risk

Imm ICA termination

@
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Small bilateral posterior communicating artery
aneurysms obliterated with flow diversion

Amorphous clot — Organizing clot Collagen formationand Endothelialization
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Low complications in the largest single-institution
experience with flow diversion

I N S CLINICAL ARTICLE
—F

TABLE 4. Clinical outcomes

Value )

Declining complication rates with flow diversion of Ouicome Clagsic Flex Tolal  Vaje
anterior circulation aneurysms after introduction of the LOS in days 0.085
I')égell:;i SFlex: analysis of a single-institution series of Mean = SD 260248 201233 227=41
5 ses

Range 1-48 1-30 1-48
*Geoffrey P. Colby, MD, PhD,' Matthew T. Bender, MD,' Li-Mei Lin, MD,? Narlin Beaty, MD,’ Discharge POD 1 158 (52_7) 235 (74'4) 393 (59,2) 0.003
Justin M. Caplan, MD, Bowen Jiang, MD,' Erick M. Westbroek, MD,' Bijan Varjavand, MD,! T = T P R O R T L DAY A D S R T
Jessica K. Campos, MD,' Judy Huang, MD,! Rafael J. Tamargo, MD," and Alexander L. Coon, MD' Discharge home/prior 236 (93.7) 300(%4.9) 536 (34.4) 0.509

level of care

'Department of Neurosurgery, Johns Hopkins Medicine, Baltimore, Maryland; and *Department of Neurosurgery, University of

e e s | Major complication 14 (5.6) 6(1.9) 20(3.5) 0.019 l

Minor complication 28 (11.1) 22 (-Z.O) 50(8.8) 0.083

Mortality 4 (1.6) 2 (0.6) 6(11) 0.270

. Minor stroke 2(0.8) 3(0.9) 5(09 0.820

PEDZOmM 1Le ophthalmic Major stroke 5200 1(03) 6 (1,1]) 0.054
ICH 6(24) 4(1.3) 10(18) 0316

_SAH 3(12)  1(03)  4(07) 0217

Transient deficit 3(1.2) 10(3.2) 13(23) 0119

CN palsy 7(2.8) 1(0.3) 8(14) 0013

latrogenic dissection 0{0.0) 3(0.9) 3(05) 0121

Groin hematoma 13(5.2) 7(2.2) 20(3.5) 0.059

Groin infection 4(16) 0(0.0) 4(07) 0025

CN = cranial nerve; LOS = length of stay; POD = postoperative day.
Values are presented as the number of aneurysms (%) unless stated otherwise. |
TITUTE FOR NEUROSCIENCE



Expanding endovascular toolbox
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Open surgery needed: Unruptured true PICA

* 63F p/w vertigo and 4mm irregular aneurysm along lateral medullary segment
of PICA treated w/ far lateral SOC for clipping




Open surgery needed: True aneurysm of a fetal
posterior communicating artery

40M p/w headaches and blurry vision
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ISUIA relies on inflated estimate of risks associated with treatment

Unruptured intracranial aneurysms: natural history, clinical
outcome, and risks of surgical and endovascular treatment

International Study of Unruptured Intracranial Aneurysms Investigators'

Lancet 2003; 362: 103-10

Open surgical Endovascular
Group 1 (n=1591) Group 1 (n=409)
At 30 days
Surgery-related death 28 (1-8%) 8 (2-0%)
Disability
Rankin score of 3-5 only 48 (3:0%) 9 (2.2%)
Impaired cognitive status only 68 (4-3%) 13 (3-2%)
Rankin score of 3-5 and impaired cognitive status ] &
Overall morbidity and mortality for all patients w 3
At 1 year
Surgeny-related death 43 (2:7%) 14 (3-4%)
Disability
Rankin score of 3-5 only 22 (1-4%) 4 (1-0%)
Impaired cognitive status only 87 (5:5%) 13 (3-2%)

Both Rankin score of 3-5 and impaired cognitive status T g
Overall morbidity and mortality* for all patients 200 (12:6%) 0 9-8%)
*Overall morbidity and mortality Includes death, and one of both Rankin score 3-5ama impaired cc
Table 5: Outcome 30 days and 1 year after surgery
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Subsequent studies of elective coiling have shown lower risks

TREATMENT OF UNRUPTURED CEREBRAL ANEURYSMS %%D Endovascular Treatment
—_— .
BY EMBOLIZATION WITH GUGLIELMI DETACHABLE < of Intracranial Unruptured
Coits: CASE-FATALITY, MORBIDITY, AND EFFECTIVENESS & Aneurysms: Systematic Review and
IN PREVENTING BLEEDING—A SYSTEMATIC REVIEW
Results: Seventy-one studies were included. Procedural unfavorable
OF THE LITERATU RE outcome was found in 4.8% (random-effect weighted av-
. . i i erage; 189 of 5044) of patients (99% confidence interval
RESULTS: We included 30 studl.esA One thousand thrge hundred seventy-nine patients [CI]: 3.9%. 6.0%). Immediate angiographic results showed
were available for the calculation of the case-fatality rate, 794 for the permanent satisfactory occlusion in 86.1% (2660 of 3089) of UAs.
morbidity rate, and 703 for the bleeding rate. The case-fatality rate was 0.6% (95% Recurrences were shown in 321 (24.4%) of 1316 patients
confidence interval, 0.2-1%), the permanent morbidity rate was 7% (95% confidence followed up for 0.4-3.2 years. Retreatment was performed
interval, 5.3-8.7%), and the bleeding rate was 0.9% per year (95% confidence in 9.1% (random-effect weighted average; 166 of 1699) of
interval, 0.41-1.4%). Only incompletely coiled UCAs of 10 mm or more accounted for patients (99% CI: 6.2%, 13.1%). The annual risk of bleed-
the bleeding events. Morbidity decreased from 8.6% to 4.5% (P < 0.05) when the ing after EVT was 0.2% (random-effect weighted average;
midyear of study (average calendar year of treatment) was 1995 or later. nine of 1395) of patients (99% CI: 0.1%, 0.3%). but clini-
cal follow-up was short, limited to the first 6 months for
Neurosurgery 55:767-778, 2004 DOI: 10.1227/01.NEU.0000137653.93173.1C www.neurosurgery-online.com 76.7% (n= 1071) of l‘eporlcd ])alicrlls.
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