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lch management



AHA: Guidelines for the Management
of Spontaneous Intracerebral Hemorrhage,
Stroke 2010

 Konzervativni terapie:

* |CH <10cm3, nebo min. neurol. deficit
e GCS <5 (mozeckova ICH?)

* Chirurgie:

* mozeckova ICH >3cm, zhorsujici se deficit, komprese
kmene, nebo hydrocefalus

* lobarni ICH + mlady pacient + zhorsujici se neurol. deficit
* Nejasne:
 vsechna ostatni ICH



Recommendations
1. For most patients with ICH, the usefulness of sur-
gery is uncertain (Class IIb; Level of Evidence: C).
(New recommendation) Specific exceptions to this
recommendation follow
Patients with cerebellar hemorrhage who are deteriorat-
ing neurologically or who have brainstem compression

rom veniricular obstruction
should undergn surgical removal of the hemorrhage as
spon as possible (Class I; Level of Evidence: B). (Revised
from the previous guideline) Initial treatment of these
patients with ventricular drainage alone rather than
surgical evacuation is not recommended (Class III; Level
of Evidence: C). (New recommendation)
For patients presenting with lobar clots >30 mL and
within 1 cm of the surface, evacuation of supraten-
torial ICH by standard craniotomy might be consid-
ered (Class Ilb; Level of Evidence: B). (Revised from
the previous guideline)
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Early surgery versus initial conservative treatment in
patients with spontaneous supratentorial lobar intracerebral
haematomas (STICH Il): a randomised trial
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A David Mendelow, Barbara A Greqson, Elise N Rowan, Gordon D Murray, Anil Gholkar, PatrickM Mitchell, for the STICH Il lnvestigators
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Summary
Background The halance of risk and benefil from early neurosurgical intervention for conscious patients with

superficial lobar intracerebral haemorrhage of 10-100 mL and no intraventricular haemorrhage admitted within 48 h
of ictus is unclear. We therefore tested the hypothesis that early surgery compared with initial conservative treatment
could improve outcome in these patients.

Methods In this international, parallel-group trial undertaken in 78 centres in 27 countries, we compared early
surgical haematoma evacuation within 12 h of randomisation plus medical treatment with initial medical treatment
alone (later evacuation was allowed if judged necessary). An automatic telephone and internet-based randomisation
service was used to assign patients to surgery and initial conservative treatment in a 1:1 ratio. The trial was not
masked. The primary outcome was a prognosis-based dichotomised (favourable or unfavourable) outcome of the
8 point Extended Glasgow Outcome Scale (GOSE) obtained by questionnaires posted to patients at 6 months, Analysis
was by intention to treal. This trial is registered, number ISRCTN22153967.

Findings 307 of 601 patients were randomly assigned to early surgery and 294 to initial conservative treatment; 298 and
291 were followed up at 6 months, respectively; and 297 and 286 were it]-u:ludedsis, re;pﬁcth'el}
izl

of 297 patients in the early surgery group had an unfavourable outcome versus (78 [62%6) pf 286 patients in The
conservative treatment group (absolute diflerence 3-7%:[95% CI—4-3to 11- 6], cd dSFatic 0- 86 [0- 62 to 1- 20]; p=0- 367).

nterpretation The STICH 11 results confirm that early surgery does not increase the rate of death or disability at
6 months and might have a small but clinically relevant survival advantage for patients with spontaneous superficial
intracerebral haemorrhage without intraventricular haemorrhage,
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Trial of Early Minimally Invasive Removal

of Intracerebral Hemorrhage

G. Pradilla, J.J. Ratcliff, A.J. Hall, B.R. Saville, J].W. Allen, G. Paulon, A. McGlothlin,
R.J. Lewis, M. Fitzgerald, A.F. Caveney, X.T. Li, M. Bain, J. Gomes, B. Jankowitz,
G. Zenonos, B.J. Molyneaux, J. Davies, A. Siddiqui, M.R. Chicoine, S.G. Keyrouz,
J.A. Grossberg, M.V. Shah, R. Singh, B.N. Bohnstedt, M. Frankel, D.W. Wright,

and D.L. Barrow, for the ENRICH trial investigators*

ABSTRACT



NICO
BRAINPATH®

BrainPath has an

atraumatic tip designed

to minimize tissue

disruption during

advancement to the 4
surgical site. The

BrainPath family of +
products includes ' ’ 4 B
13.5mm and 11mm 3 |
diameter devices in P
a variety of lengths - :
to address multiple ' -
surgical needs. |

BrainPath allows for BrainPath allows surgeons to
bi-manual and micro-surgical easily maintain access to the
techniques to manage bleeding. surgical site.

NICO TOOLS tor ACCESS
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Select-Lock Shepherd’s Hook® MeniGLIDE® SecureHOLD Retractors® Navigation Probe Adapter*

Stabilizes the sheath with the ability Safely opens the meninges with Retracts and retains the skin with a Enables navigation without having
to lock it into place. surgeon control while protecting low-profile, wide-hook design. to pin the patient, creating the
collateral tissue. potential for less equipment and less
set-up time in the OR.

*2021 release




PRINCIPLES OF THE BRAINPATH APPROACH™
Referenced from Multi-Center & Single Center Studies

—
Minimizing Injury to Tissue’ ndl <

* Integrates with Navigation to Improve Trajectory Planning?

» Parafascicular Approach to Minimize Shear Forces applied to Pnmary
White Matter Tracts®

« Trans-Sulcal Corridors to preserve normal tissue to access lesion®

Direct Visualization to Manage Hemostasis' I

« Air Medium & Utilization of Bi-Manual Technique

Maximize Resection of Clot®

* Protects Healthy Tissue Behind and Below Aspirator
« Direct Visualization of Resection
« Ability to Resect Cross-Linked or Suction Liquefied Clot

134 Gales, ot al Winimally isvasive Trenasuical Resection of inbavesiriosier and Pesiventicuier Lesions Brough @ Tubuler Retrocioe Sysient Wulcentic Expesence and Ressits. Word Newsosusgery; 2018
Sain et ol Inftial Single Center Technicl Expesience oith he BralaPah Sysiem fr Acste Invacerebral Hemeerhage Evacuation. Operatve Newrosarpery 0:1-7, 2018
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RESULTS |
A total of 300 patients were enrolled, of Whohad anterior basal ganglia
hemorrhages and o) had lobar hemorrhages. After 175 patients had been en- |
rolled, an adaptation rule was triggered, and only persons with lobar hemorrhages
were enrolled. The mean score on thefility-weighted modified Rankin scale at 180 —
days was 0.458 in the surgery group and 0.374 in the control group (difference,
0.084; 95% Bayesian credible interval, 0.005 to 0.163; posterior probability of supe-
riority of surgery, 0.981). The mean between-group difterence was 0.127 (95% Bayes-
lan credible interval, 0.035 to 0.219) among patients with lobar hemorrhages and
—0.013 (95% Bayesian credible interval, —0.147 to 0.116) among those with anterior
basal ganglia hemorrhages. The i ercentage of patients who had died by 30 days was

n the surgery group and 18.0%)in the control group. Five patients (3.3%) in
the surgery group had postoperative rebleeding and neurologic deterioration.




END POINTS

The primary efficacy end point was the score on
the tlllty—welghted modified Rankln scale at
180 days. The modified Rankin scale is a seven-
level ordinal scale that ranges from 0 (no symp-

toms) to 6 (death); we assigned the following
utility weights to the seven levels: 1.0, 0.91, 0.706,
0.65, 0.33, 0.0, and 0.0 (with higher scores indi-
cating a better outcome, according to patients’
assessment).” These utility weights have been used
breviously in trials involving ischemic stroke.'*!8




Utility weighted mRS

| 1 (no significant disability)
12 (sight disablty)
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Mean utility value at 90 days
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CONCLUSIONS
Among patients in whom surgery could be performed within 24 hours after an acute
intracerebral hemorrhage, minimally invasive hematoma evacuation resulted in better

functional outcomes at 180 days than those with guideline-based medical manage-
ment. The effect of surgery appeared to be attributable to intervention for lobar
hemorrhages. (Funded by Nico; ENRICH ClinicalTrials.gov number, NCT02880878.)




11,603 Patients were assessed for eligibility

11,303 Were excluded
10,611 Did not meet inclusion criteria or met
exclusion criteria
1,259 Were <18 or >80 yr of age
3,618 Had a secondary cause of ICH: hemor-
rhagic conversion, trauma, ruptured
aneurysm, arteriovenous malformation,
vascular anomaly, Moyamoya disease,
venous sinus thromboses, a mass or
tumor, recurrent ICH within 1 yr, or
primary thalamic or infratentorial ICH
2,635 Had ICH volume <30 or >80 ml
406 Had intraventricular hemorrhage >50%
of either lateral ventricle
474 Were >24 hr from last known normal
821 Had GCS <5 or =14 or NIHSS <5
333 Had score on the modified Rankin scale
>1 before the hemorrhage occurred
214 Had do-not-resuscitate or comfort-
measures-only order
168 Were unable or declined to give consent
437 Had other exclusion criteria
246 Did not provide a reason
692 With anterior basal ganglia hemorrhage
were excluded after adaptation of
enrollment criteria

Y

300 Underwent randomization
(adaptation of enrollment criteria occurred
after 175 patients were enrolled)




300 Underwent randomization
(adaptation of enrollment criteria occurred
after 175 patients were enrolled)

l

150 Were assigned to the surgery group
48 Had anterior basal ganglia ICH
102 Had lobar ICH

l

1 Was lost to follow-up
2 Withdrew consent

Y

150 Were assigned to the control group
44 Had anterior basal ganglia ICH
106 Had lobar ICH

147 Had observed score on the modified
Rankin scale at 180 days

7 Were lost to follow-up
4 Withdrew consent

Y

'

139 Had observed score on the modified
Rankin scale at 180 days

150 Were included in the intention-to-treat
primary analysis

l

150 Were included in the intention-to-treat
primary analysis




Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Surgery Group

Characteristic (N=150)
Median age (IQR) —yr 64 (56-72)
Female sex — no. (%) 72 (48)
Median score on NIH stroke scale (IQR)7 16 (11-22)

Score on the Glasgow Coma Scale at randomization — no. (%)
4-8
9-14
Median hematoma volume (IQR) — mlf 54 (39-72)
Intraventricular hemorrhage present — no. (%)§ 65 (43)

ICH location — no. (%) 9

Anterior basal ganglia 48 (32)

Lobar 102 (68)

Left hemisphere 73 (49)
Median ICH score (IQR)| 2(1-2)
Median FUNC score (IQR)** 8 (6-8)
Median APACHE Il score (IQR) {7 12 (10-14)
Median CCl score (IQR):i 3(1-4)
Score on modified Rankin scale of <1 before ICH 29 (19)

occurred — no. (%)

Medical history — no./total no. (%)9q

Cardiovascular disease 123/150 (82)
Central nervous system disease 45/150 (30)
Endocrine or renal disorder 42/150 (28)
Cigarette smoking, current or former 59/132 (45)
Daily alcohol use 38/148 (26)
Time from patient last known to be well to randomization
=8 hr — no. (%) 42 (28)
=12 hr — no. (%) 73 (49)

Median (IQR) — hr 12.8 (7.8-18.7)

Control Group
(N=150)

62 (51-73)
78 (52)
18 (13-22)

29 (19)

121 (81)
55 (40-73)
59 (39)

44 (29)
106 (71)
79 (53)
2 (12
8 (6-8)
12 (11-14)
2 (1-4)
17 (11)

117/150 (78)
42/150 (28)
39/150 (26)
53/132 (40)
46/144 (32)

38 (25)
69 (46)
12.9 (7.5-17.7)




Table 1. (Continued.)

Surgery Group Control Group
Characteristic (N=150) (N=150)

Median time from patient last known to be well to 16.75 (10.70-21.25)
surgery (IQR) — hr

Median time from randomization to surgery (IQR) — hr 1.48 (0.97-2.43)

NA

NA




Score on the Modified Rankin Scale at 180 Days
(o O1 [H2 EH3 H4 HS5 He
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Percentage of Patients

Figure 2. Distribution of Surgery Effect and Observed Scores on the
Modified Rankin Scale.

The raw distribution of scores for disability on the observed modified
Rankin scale at 180 days is shown according to treatment group. Scores on
the modified Rankin scale range from 0 to 6, with a score of 1 or lower in-
dicating no or minimal deficit and 6 indicating death.




Table 2. Efficacy End Points.*
Value for Value for Esti mated Difference Posterior Probability
End Point No. of Patients Surgery Group  Control Group (95% Credible Interval)f of Superiority::
Surgery Control Total
Primary end point
Mean score on the utility-weighted modified Rankin scale at 180 147 139 286 0.458 0374 0.084 (0.005 to 0.163) 0.981
daysf§

Anterior basal ganglia hemorrhage location 40 47 87 0.340 0.381 -0.013 (-0.147 to 0.116)

Lobar hemorrhage location 99 100 199 0.513 0.371 0.127 (0.035 t0 0.219)
Secondary end pointsY| Odds Ratio (95% Cred-

ible Interwval)|

ICU length of stay — days** 141 132 273 6.9+6.8 9.7+7.6 -2.832 (-4.527 to-1.134)
Hospital length of stay — days** 141 132 273 14.9+11.2 18.1+11.9 -3.125 (-5.903 to -0.393)
Surgery effect on modified Rankin scale

At discharge or 7 dayst 148 144 292 0.376 (0.230 t0 0.577)

At 30 days 147 146 293 0.504 (0.326 to 0.741)

At 90 days 143 139 282 0.665 (0.437 to 0.970)

At 180 days 147 139 286 0.658 (0.433 to 0.957)
Hematoma reduction after completion of surgery — %11 147 NA NA 73.2+37.8 NA 0.871 (0.792 t0 0.951)
Hematoma volume after completion of surgery — mli:i 147 NA NA 14.9+21.7 NA 0.725 (0.604 to 0.845)
Score of <3 on modified Rankin scale at 180 days — no. (%)(§ 147 139 286 74 (50.3) 57 (41.0) 9.2 (-2.0to 20.3)
Exploratory end points 150 150 300
Mechanical ventilation** — no. (%) 88 (58.7) 78 (52.0) 6.7 (4.6 to 17.8)
No. of days receiving mechanical ventilation** 141 132 273 5.3+6.3 8.8+6.6 -3.5 (-5.7to -1.5)
Decompressive hemicraniectomy — no. (%) 5(3.3) 30 (20.0) -16.6 (-23.9t0 -9.9)
Median hematoma reduction (IQR) — % 87.7 NA

(65.15-96.61)
Median volume after completion of surgery (IQR) — ml 7:17 NA
(1.95-17.34)

Volume after completion of surgery <15 ml — no. (%) 109 (72.7) NA




Table 3. Safety End Points.*

End Point
Death by 30 days — no. (%)

Postoperative rebleeding associated with neurologic
deterioration — no. (%)

Change in hematoma volume — ml:
One or more serious adverse events — no. (%)

Death in the hospital after randomization — no. (%)

Surgery
Group
(N=150)

14 (9.3)
5 (3.3)

~43.9+30.09
95 (63.3)
7 (4.7)

Control Group
(N =150)

27 (18.0)
NA

4.0+17.82
118 (78.7)
19 (12.7)

Posterior
Estimated Difference Probability of
(95% Credible Interval) Superiority
8.7 (-16.4 to -1.0) 0.987
NA
-47.91 (-53.59 to -42.36) >0.999
~15.3 (-25.4 to -5.2) 0.998
20 (21415 [0 1 3) 0.994

* Plus—minus values are means +SD. Percentages were compared across treatment groups with the use of a Bayesian beta-binomial model
with noninformative prior distributions. Details regarding safety events are provided in Table S12.

T Rebleeding was defined as growth in hematoma volume between the initial CT and follow-up neuroimaging. Neurologic deterioration was
defined as an increase of 4 or more points on the NIH stroke scale or a decrease of up to 2 points on the GCS that was not explained by
planned medical interventions (e.g., sedatives, analgesics, and procedures).

+ The absolute change in hematoma volume was calculated as the follow-up neuroimaging volume minus the baseline volume. This was
a safety measure (i.e., increase in volume can be an early sign of inadequate surgical procedures). One value was missing in the control

group.




In this trial of minimally invasive surgical
evacuation of intracerebral hemorrhage of 30 to

80 ml within 24 hours after onset, weighted dis-
ability scores were better with surgery plus medi-
cal management than with medical management
alone. The result was apparently attributable to
intervention for lobar supratentorial hemorrhages.
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Hemorrhage: Hospi
Janel Hanmer, MD, PhD, Gustavo Pradilla, MD, Jonatha

Unit cost‘m

y Minimally Invasive

tal And Societal Perspectives
n J Ratcliff, MD, Alex Hall,

1. University of Pittsburgh, Pitsburgh, PA 2. Enayl DW& RN, Kenneth J Smith, MD, MS

MIPS MM

ICU LOS (days) $5,104 63 91
Total ICU cost $32,155 $46 446
Non-ICU LOS (days) $2,883 16 6.9
Total non-ICU cost $21.911 $19.893
MIPS OR time (min) 41 178
MIPS OR time cost (total) $7,208
MIPS Surgeon fee $1,203
MIPS device costs $5,705
Total MIPS cost $14,206 0
Non-MIPS costrisk $9,364 8.0% 23.2%
Total other procedure cost $749 $2175
Rehospitalization cosrisk  $14,688 35.0% 58.0%
Total rehospitalization cost $5,.141 $8,519
Total initial hospitalization cost (per pt)

Including sur:eon fees $69,111 $68,515

Omitﬁng surgeon fees 567‘653 : $68,035
Total italization costs with readmission cost (pef pt)

g s iz

Omitting surgeon fees ' '

Table 1 includes estimated
costs for MIPS vs MM
strategies from the hospital
perspective (grey rows).

In lobar ICH, MIPS strategy
costs were $2782 less per
patient than MM ($74,252 vs
$77,034) when including
rehospitalization costs and
surgeon fees (dark pink row)

Findings were similar when
rehospitalization costs and
surgeon fees were excluded
(light pink rows).

Cost  Incr Cost (QALY DALY ICER
MIPS  $1062%
MM 516,500 TRIZTN 01368 ORI DGR

AIICH
MIPS SN0 01611
(Y} $I20465 S0 on

’ Ve

[FOREE VI —

r.
..
................

Aoy et gw 43 gl

For Lobar Hemorrha
less and gained 0.0514 QALY per

ges: Surgery cost $1\0,279

patiént

Removal Of Intracerebral

Unieney ol
l‘ilhburgh

Table 2 shows the incremental
cost effectiveness analysis of
MIPS vs MM from the US
healthcare perspective. The
cost includes hospital costs
from Table 1 and non-hospital
Costs such as nursing home
care. MIPS in lobar ICH cost
$10,279 less and gained 0.0514
QALY per patient compared 1o
MM; thus MIPS dominated MM
(dark pink boxes)

Figure 1 ilustrates results when
all parameters were vaned
smultaneously over plausbie
ranges in a probablistic
sensitivity analysis. MIPS was
dominant in >31% of 10,000
model teratons and favored in
>38% at $100,000/QALY gained
(a common US benchmark)

Dominated = more costly,
less offective
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Lancet, 15th May, 2024

Decompressive craniectomy plus best medical treatment
versus best medical treatment alone for spontaneous

severe deep supratentorial intracerebral haemorrhage:

a randomised controlled clinical trial

Jurgen Beck, Christian Fung, Daniel Strbian, Lukas Bitikofer, Werner | Z'Graggen, Matthias F Lang, Seraina Beyeler, Jan Gralla, Florian Ringel,
Karl Schaller, Nikolaus Plesnila, Marcel Arnold, Werner Hacke, Peter Jini, Alexander David Mendelow, Christian Stapf, Rustam Al-Shahi Salman,
Jenny Bressan, Stefanie Lerch, Arsany Hakim, Nicolas Martinez-Majander, Anna Piippo-Karjalainen, Peter Vajkoczy, Stefan Wolf,

Gerrit A Schubert, Anke Hollig, Michael Veldeman, Roland Roelz, Andreas Gruber, Philip Rauch, Dorothee Mielke, Veit Rohde, Thomas Kerz,
Eberhard Uhl, Enea Thanasi, Hagen B Huttner, Bernd Kallmiinzer, L Jaap Kappelle, Wolfgang Deinsberger, Christian Roth, Robin Lemmens,

Jan Leppert, Jose L Sanmillan, Jonathan M Coutinho, Katharina A M Hackenberg, Gernot Reimann, Mikael Mazighi, Claudio L A Bassetti,
Heinrich P Mattle, Andreas Raabe, Urs Fischer, on behalf of the SWITCH study investigators*




Decompressive craniectomy plus best medical treatment
might be superior to best medical treatment alone in
people with severe deep supratentorial intracerebral
haemorrhage, but the evidence is weak. The point
estimate of the treatment effect was higher than that seen
with any other specific intervention previously tested in
people with intracerebral haemorrhage. Based on the

95% CI a null effect is plausible, but harm is unlikely. The
results of SWITCH apply to a subgroup of people with
severe deep intracerebral haemorrhage and cannot be
generalised to people with intracerebral haemorrhage in
other locations. Irrespective of treatment, survival was
associated with severe disability in both treatment groups.




Safety set Received decompressive Received best medical  Risk difference p value
(n=197)  craniectomy plus best treatment alone (n=94) (95% Cl)
medical treatment (n=103)
Any serious adverse event 83(42%) 42 (41%) 41 (44%) -3% (-16to 11) 0-77
Cardiac disorders 7 (4%) 2 (2%) 5 (5%) -3% (-10t0 2) 0-26
Gastrointestinal disorders 2 (1%) 2 (2%) 0 2% (-2to7) 0-50
General disorders and administration site conditions 15 (8%) 6 (6%) 9 (10%) -4% (-12t0 4) 0-42
Hepatobiliary disorders 1(1%) 1 (1%) 0 1% (-3to5) 1.00
Immune system disorders 1(1%) 1 (1%) 0 1% (-3to5) 1.00
Infections and infestations 23(12%) 12 (12%) 11 (12%) 0(-9to9) 1.00
Injury, poisoning, and procedural complications 15 (8%) 10 (10%) 5 (5%) 4% (-31t0 12) 0-29
Metabolism and nutrition disorders 2 (1%) 1(1%) 1(1%) 0(-5to4) 1-00
Neoplasms benign, malignant, and unspecified 3(2%) 2 (2%) 1(1%) 1% (-4 to 6) 1.00
(including cysts and polyps)
Nervous system disorders 34 (17 %) 17 (17%) 17 (18%) -2%(-12t0 9) 0-85
Psychiatric disorders 1(1%) 0 1(1%) -1% (-61t0 3) 0-48
Renal and urinary disorders 3(2%) 1 (1%) 2 (2%) -1% (-7 to 3) 0-61
Respiratory, thoracic, and mediastinal disorders 9 (5%) 3(3%) 6 (6%) -3% (-11to 3) 031
Surgical and medical procedures* 15 (8%) 8 (8%) 7 (7%) 0(-8to8) 1.00
Vascular disorders 2 (1%) 1(1%) 1(1%) 0(-5to4) 1-00
Data are numbers and percentages of participants with at least one serious adverse event involving the respective system organ class. Incidences are shown in the appendix
(p 33). *Including two decompressive craniectomies at days 8 and 9.
Table 3: Serious adverse events




Modified Rankin scale score

o M1 2 13 14 E=5 W6
180 days (n=190)

Decompressive craniectomy plus

best medical treatment (n=95) 4

Best medical treatment
alone (n=95)

365 days (n=182)

Decompressive craniectomy plus

best medical treatment (n=93) -

Best medical treatment
alone (n=89)

40
Proportion of participants (%)

Figure 2: mRS score at day 180 and day 365

mRS scores are shown for participants for whom data were available. Scores range from 0 (no symptoms) to

6 (death). The thick dashed line between the stacked bar charts shows the cutoff for primary outcome (mRS 5-6).
Numbers in the bars refer to the number of participants. mRS=Modified Rankin Scale.




Decompressive Best medical
craniectomy plus  treatment
best medical alone (n=101)
treatment (n=96)
Age at inclusion, years 60 (49-68) 61 (53-67)
Sex
Male 64 (67%) 70 (69%)
Female 32 (33%) 31(31%)
Glasgow Coma Scale 10 (9-12) 10 (9-12)
NIHSS score* 18 (16-22) 19 (15-21)
Pre-stroke score on the modified Rankin scalet
0 80 (83%) 86 (85%)
3! 16 (17%) 15 (15%)
Volume of haematoma, mL# 55 (45-74) 59 (44-77)

Systolic blood pressure, 142 (130-154) 150 (130-170)
mm Hg§

Blood glucose level, mmol/L{[ 7-5(6-4-9-2) 7-4 (6-3-8-9)
Risk factors
Previous ischaemic stroke 7 (7%) 6 (6%)

Previous asymptomatic 0 0
intracerebral haemorrhage

History of hypertension 51 (53%) 60 (59%)
History of diabetes 19 (20%) 15 (15%)
Known heart disease 18 (19%) 12 (12%)

Haematoma with 27 (28%) 30 (30%)
intraventricular haemorrhage
extension

Medication

Warfarin or other 6 (6%) 9 (9%)
anticoagulant

Acetylsalicylic acid or other 17 (18%) 17 (17%)
antiplatelet agent

Baseline imaging||
T 94 (98%) 100 (99%)
MRI 2 (2%) 1(1%)

Side of intracerebral haemorrhage
Left 43 (45%) 54 (53%)
Right 53 (55%) 47 (47%)
Graeb score** 2.0 (0-0-5-0) 3-0 (0-0-5-0)

Symptom onset to 23 (13-37) 25 (12-41)
randomisation, hours

Symptom onset to imaging, 6-9 (2-5-18-6) 7-5(3-0-19-5)
hours




Pravdepodobnost benefitu / poskozeni
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Individual Patient Data Subgroup Meta-Analysis of Surgery
for Spontaneous Supratentorial Intracerebral Hemorrhage
Barbara A. Gregson, PhD; Joseph P. Broderick, MD; Ludwig M. Auer, MD; Hunt Batjer, MD;

Xian-Cheng Chen, MD; Seppo Juvela, MD; Lewis B. Morgenstern, MD; George C. Pantazis, MD;
Onno PM. Teernstra, PhD; Wen-Zhi Wang, MD; Mario Zuccarello, MD; A. David Mendelow, FRCS

Study Surgery Conservative OR (fixed) OR (fixed)
or sub-category n/N n/N 95% CI 95% CI
l 01 <8hrs l

Morgenstern 12/13 10/12 - I> 2.40 [0.19, 30.52]
Zuccarello a/7 3/4 ¢ O 0.44 [0.03, 6.70]
Chen 97/123 75/90 —_—l 0.75 [0.37, 1.51]
Teernstra 20/23 23/27 - 1.16 [0.23, 5.81]
Mendelow 80/87 75/86 e e g 1.68 [0.62, 4.55]
Wang 66/144 95/136 —— 0.37 [0.22, 0.60]
Subtotal (95% Cl) 397 355 S 0.59 [0.42, 0.84]

Total events: 279 (Surgery), 281 (Conservative)
Test for heterogeneity: Chiz = 10.18, df =5 (P = 0.07), I? = 50.9%
Test for overall effect: Z = 2.93 (P = 0.003)

02 8 <24 hrs

Morgenstern 0/1 2/3 L — 0.20 [0.00, 8.82]
Zuccarello 0/2 4/7 J—a 0.16 [0.01, 4.40]
Chen 69/90 59/80 —i— 1.17 [0.58, 2.35]
Teernstra 3/3 2/2 Not estimable
Mendelow 134/158 167/197 —’— 1.00 [0.56, 1.80]
Wang 12/30 13/22 L 0.46 [0.15, 1.42]
Subtotal (95% CI) 284 311 ‘ 0.90 [0.60, 1.35]
Total events: 218 (Surgery), 247 (Conservative)
Test for heterogeneity: Chi?=3.71, df =4 (P = 0.45), I? = 0%
Test for overall effect: Z = 0.52 (P = 0.60)

en 40/50 42/60 1t 1.71 [0.71, 4.16]
Teernstra 9/9 4/5 o 6.33 [0.21, 188.16)
Mendelow 164/223 167/214 —— 0.78 [0.50, 1.21]
Wang 9/20 12/23 = 0.75 [0.23, 2.50]
Subtotal (95% Cl) 302 302 < 0.93 [0.64, 1.34]

Total events: 222 (Surgery), 225 (Conservative)
Test for heterogeneity: Chi? = 3.77, df = 3 (P = 0.29), I = 20.5%
Test for overall effect: Z = 0.41 (P = 0.68)

01 02 05 1 2 5 10
l Favours surgery  Favours conservative
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MMSERLUCE




SSource:

Study Surgery Conservative OR (fixed) OR (fixed)
or sub-category n/N n/N 95% CI 95% CI

| 01 Age < 50 |
Juvela 12/12 6/8 » 9.62 [0.40, 231.42]
Morgenstern 6/7 4/5 < - [ 1.50 [0.07, 31.57]
Zuccarello 0/1 0/2 Not estimable
Chen 65/84 26/41 L 1.97 [0.87, 4.46]
Teernstra 1/1 1/1 Not estimable

Mendelow 70/96 71/98 1.02 [0.54, 1.93]
Wang 21/48 21/40 0.70 [0.30, 1.63]
Subtotal (95% Cl) 249 195 1.18 [0.78, 1.78]

Total events: 175 (Surgery), 129 (Conservative)
Test for heterogeneity: Chi = 4.86, df =4 (P = 0.30), P =17.7%
Test for overall effect: Z = 0.77 (P = 0.44)
Juvela 13/14 15/18 & » 2.60 [0.24, 28.15]
Morgenstern 6/6 4/7 b 10.11 [0.41, 247.48]
Zuccarello 2/6 4/5 fe= 0.13 [0.01, 2.00]
Chen 124/161 131/167 —a— 0.92 [0.55, 1.55]
Teernstra 17/18 9/11 = ' 2 3.78 [0.30, 47.56]
Mendelow 197/247 216/263 —— 0.86 [0.55, 1.33]
Wang 54/120 85/121 —— 0.35 [0.20, 0.59]
Subtotal (95% CI) 572 592 L 2 0.71 [0.54, 0.94]
Total events: 413 (Surgery), 464 (Conservative)
Test for heterogeneity: Chiz = 15.66, df = 6 (P = 0.02), 2= 61.7%
Test for overall effect: Z = 2.44 (P = 0.01)
Morgenstern 1/2 4/4 & 0.11 [0.00, 4.48]
Zuccarello 2/2 3/4 & - I 2.14 [0.06, 77.54]
Chen 17/18 19/22 & » 2.68 [0.25, 28.31]
Teernstra 15/16 18/21 = b 2.50 [0.23, 26.60]
Mendelow 111/125 122/136 + 0.91 [0.42, 1.99]
Wang 12/26 14/20 L 0.37 [0.11, 1.25]
Subtotal (95% Cl) 189 207 ‘ 0.82 [0.46, 1.46] P
Total events: 158 (Surgery), 180 (Conservative) e
Test for heterogeneity: Chi? = 4.94, df = 5 (P = 0.42), > = 0%
Test for overall effect: Z = 0.66 (P = 0.51)

01 02 05 1 2 5 10

Favours surgery = Favours conservative
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Study Surgery Conservative OR (fixed) OR (fixed)

or sub-category n/N n/N 95% CI 95% Cl
Oveld 1/1 1/2 4 - » 3.00 [0.06, 151.19]
Morgenstern 3/3 0/1 » 21.00 [0.27, le46.18]
Zuccarello 0/3 1/3 4 - 0.24 [0.01, 8.62]
Chen 0/1 3/3 4 0.05 [0.00, 3.73]
Teernstra 2/2 3/6 =—p 5.00 [0.17, 146.64]
Mendelow 64/88 67/96 1.15 [0.61, 2.19]
Subtotal (95% CI) 98 111 t 1.17 [0.66, 2.09]
Total events: 70 (Surgery), 75 (Conservative)
Test for heterogeneity: Chi? = 5.44, df =5 (P = 0.36), 1> = 8.1%
Test for overall effect: Z = 0.54 (P = 0.59)
l02 Volume 20 - 50 mll
8/8 T/10 =) 7.93 [0.35, 179.96]
Morgenstern 4/5 4/6 - » 2.00 [0.13, 31.98]
Zuccarello 1/2 3/4 4 = » 0.33 [0.01, 11.94]
Chen 123/164 159/212 —— 1.00 [0.62, 1.60]
Teernstra 9/11 10/10 —= 0.18 [0.01, 4.27]
Mendelow 163/207 178/219 —— 0.85 [0.53, 1.37]
Wang 87/194 120/181 —— 0.41 [0.27, 0.63)
Subtotal (95% Cl) 591 642 <P 0.69 [0.54, 0.89]
Total events: 395 (Surgery), 481 (Conservative)
Test for heterogeneity: Chi* = 12.68, df = 6 (P = 0.05), I* = 52.7%
Test for overall effect: Z = 2.88 (P = 0.004)
l03 Volume 50 - 80 mll
uvela 4/10 8/9 4 - 0.33 [0.01, 9.286)
Morgenstern 4/4 3/4 = o 3.86 [0.12, 126.73]
Zuccarello 1/2 2/3 4 - » 0.50 [0.01, 19.56]
Chen 66/78 12/13 4 = 0.46 [0.05, 3.886]
Teernstra /8 12/12 +—= 0.20 [0.01, 5.57]
Mendelow 96/111 102/119 1.07 [0.50, 2.25]
Subtotal (95% CI) 213 160 t 0.88 [0.47, 1.85]
Total events: 183 (Surgery), 140 (Conservative)
Test for heterogeneity: Chi? = 2.48, df =5 (P =0.78), 1= 0%
Test for overall effect: Z = 0.40 (P = 0.69)
l04 Volume >= 80 ml l
uvela /7 4/5 -—p 5.00 [0.17, 150.92]
Maorgenstern 2/3 5/5 +—= 0.15 [0.00, 5.18]
Zuccarello 2/2 1/1 Not estimable
Chen 13/16 2/2 ¢ & » 0.77 [0.03, 20.02]
Teernstra 13/13 3/4 b 11.57 [0.38, 350.10]
Mendelow 55/62 62/63 R ——— 0.13 [0.02, 1.06] T
Subtotal (95% CI) 103 80 e 0.56 [0.19, 1.60] e
Total events: 92 (Surgery), 77 (Conservative) . . . T
Test for heterogeneity: Chi? = 7.06, df = 4 (P = 0.13), I? = 43.3% Individual Patient Data Subgroup Meta-Analysis of Surgery
Test for overall effect: Z = 1.09 (P = 0.28) for Spontaneous Supratentorial Intracerebral Hemorrhage Ul

0..1 d_z [)'_5 1 2 5 1 0 Barbara A. Gregson, PhD; Joseph P. Broderick, MD; Ludwig M. Auer, MD; Hunt Batjer, MD;
Xian-Cheng Chen, MD; Seppo Juvela, MD; Lewis B. Morgenstern, MD; George C. Pantazis, MD;
Favours surgery  Favours conservative Onno PM. Teernstra, PhD; Wen-Zhi Wang, MD; Mario Zuccarello, MD; A. David Mendelow, FRCS
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2024/25 Intracerebyrg Haemorrhage Guidelines

SUPRATENTORJAL ICH

PICO 4.1.3: In adults with acute s

Pontaneous supratentorial ICH. does minimally | i
removal (MIS) of the glot y Invasive surgical

VETSUs no surgery reduce the risk of death or dependence?

Evidence-based Recommendation

In adults with supratentorial ICH. we suggest for early (<24 hours) minimally invasive evacuation of the
haematoma to reduce mortality and to improve functional outcome in those with lobar ICH, whereas
the effect in deep hematomas remains uncertain.

Quality of evidence: Low Gx())
Strength of recommendation:

N AZSOOATON




MIS

To neni o jednom produktu

To je nastaveni moderni NCH

Eloquentni kortex, drahy, planovani, navigace
Minimalizace kortikalni incize

Setreni okoli ICH

Minimalizace koagulace
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etal., JNIS 2018

et al, Neurosurg Focus 2011



ESO a EANS 2024/25 ICH
Co se zmenilo?

Vice studii, vice doporuceni k NCH
Hlavni pozitivni faktory: Casna operace, lobarni ICH, GCS 8-13

Hlavni negativni faktory: pozdni operace, thalamicke ICH, GCS 3-7

Dalsi studie na MIS




Zavery |:

Pacienti: GCS 8-14, vek 5o-7or
Nacasovani : 24h, 12h, 8h

Objem : 30-8om|

Lokalizace: lobarni hematomy — evakuace

hluboke — dekomprese???



Zavery |l

ENRICH: evidence

SWITCH : MRS 4?






Maligni otok mozku



Key Points

The terms cytotoxic and vasogenic edema do not capture all of the relevant mechanisms
involved in edema formation after ischemic stroke.

Frequent, serial assessment of level of arousat 15 the most important component of
neurologic monitoring for patients with large stroke.

The possibility of swelling should be considered 1n any patient with a National Institutes
of Health Stroke Scale score-of greater-than10-and-alarge vessel occlusion.
Identification of patients at high risk for swelling after 1schemia should be performed
1sing early MRI prior to any neurologic deterioration.

Reperfusion in large terrifory infarctions can lead to hemorrhagic transformation, which
can exacerbate swelling and tissue shifts.

High-risk patients should be transterred early after stroke onset to centers where a
multidisciplinary team, including critical care neurologists and neurosurgeons, 1s available.




Steroids, barbiturates, and hypothermia are strategies that should be avoided in | | |
treating patients with hemispheric infarction and ischemic swelling. il
The 0531'1]0131‘ gap should preferentially be used over the absolute serum osmolarity to
guide osn

Decomprebbwe cramectomv should be considered in all patients under 60 years
1ge with decreased level of ammal that 1s attributable to swelling.

Imaging biomarkers of swetling ar . iches to prevent swelling are two
important areas for further research.




m Considerations for Decompressive Craniectomy in Patients With Hemispheric
Infarction and Ischemic Swelling

Specific Examples

Search for confounders in setting of
neurologic deterioration

Reference examinations (to be obtained in
setting of neurologic deterioration)

Imaging

Examination

Proceed with decompressive craniectomy

Scenario 1

Scenario 2

Sedatives or other medications that may impact level of arousal

Metabolic derangements
Temperature elevation
Inadequately treated infection

Hydrocephalus
Monconvulsive seizures

Reference CT should be obtained irrespective of the examination

Performed in conjunction with reference CT, using Glasgow Coma Scale
(GCS) and National Institutes of Health Stroke Scale (NIHSS) as guides

If reference examination is a GCS score of <9 or NIHSS item 1a is
>1 and CT shows evidence of increased midline shift

If there is further neurologic deterioration from the reference
examination on at least two hourly examinations

New loss of following commands or cued stimuli
No longer localizing to painful stimuli
New pupillary abnormality (eq, anisocoria)

MNoticeably less brisk response to pain, ideally as assessed by
two examiners

Corroborating evidence of mass effect on CT or repeat CT




Methodology

Ideally performed within 48 hours of symptom onset (but may be
ormed after this point)

Timing of decompressive craniectomy

Performed within 3 hours of decision to proceed with
compressive craniectomy

Ideally at least 12 hours after |V tissue plasminogen activator

Hematology If international normalized ratio (INR) is >1.3, fresh-frozen plasma
or prothrombin complex concentrate, in addition to vitamin K, are
given to the patient prior to surgery

Technique Large question mark incision from widow's peak to zygoma
Bone flap of at least 12-cm diameter

Medial limit of craniotomy should be 2 cm from midline

Expansive duraplasty

Resection of infarcted tissue is not recommended




dekomp.
kraniektomie

proischemii 10 9




01470 mm

05.06.1954
B2Y M
1761903
14.122016
10:45:44

—— s P

T e e e

17.03 2017
06:3p:39

—e




USTREDNI VOJENSKA NEMOCNICE —
VOJENSKA FAKULTNI NEMOCNICE PRAHA
1. LEKARSKA FAKULTA UNIVERZITY KARLOVY V PRAZE
USTAV KLINICKYCH NEUROOBORU
= NEUROCHIRURGICKA A NEUROONKOLOGICKA KLINIKA

“““ prof. MUDF. David Netuka, Ph. D.
piednosta

Kuncuv memorial 2025

26. ¢ervna od 15 hodin
Novotneho lavka 201/1, Praha 1 — Staré Mésto

Program

[

15:00 — 15:20 Uvod
15:00 — 15:05 D. Netuka
15:05-15:10 M. Vokurka
15:10—-15:15 V. Masopust
15:15-15:20 M. Sames

15:20 — 16:00 Zvana prednaska
prof. PhDr. Martin Kovar, Ph.D.: Trumpova Amerika a/versus Evropa




16:30 —17:30
16:30 - 16.40
16.40 —16.50
16.50 —17:00
17.00 -17.15
17.15-17.30

17:30 — 18:10
17.30-17.40
17.40 —17.50
17.50 —18.00
18.00 —-18.10

Odborne prednasky

D. Netuka: UKN

D. Netuka: Klinicka randomizovana studie v ¢asopise s IF 93,7

R. Voldiich: Lécba intraneuralnich peronealnich gangliovych cyst
R. Kuéera: Komplexni spinalni program?

M. Majovsky: Al a denni praxe

Kazuistiky

J. Kasik: Spinalni piipad

M. May: Kranialni piipad

T. Moravec: Bolestivy piipad

M. Cemny: Elektrofyziologicky piipad
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SAH management



I S
Key Points

* Subarachnoid hemorrhage 1s more frequent in women than men and more frequent in
minority populations compared to white Americans.

+ (ase-fatality rates ot hospitalized patients with subarachnoid hemorrhage have decreased
with the advent of neurocritical care, endovascular therapy, and more refined

MICrosurgic :
¢ most important points in the management of patients with subarachnoid hemo
are prompt evaluation and diagnosis, immediate transfer to appropriate centers,

expeditious diagnosis and treatment of the bleeding source, and overall good neurocritical
ring to available treatment guidelines.
* In some Instances, diagnosis of subarachnord hemorriiage can be elusive owing to
atypical findings on presentation such as seizures at onset, acute encephalopathy, and
concomitant subdural hematoma and head trauma.
Tivi’[y of CT for detection of subarachnoid blood may be 98% to TOUY% when—_
amed within 12 hours of onset of symptoms, compared to lumbar puncture. ———
* The diagnosis of subarachnoid hemorrhage 1s supported by the finding of xanthochromia
in CSF.




« All pﬂ’[lEI‘l’[H W 1ﬂ 14 dl’iEI‘l stic (_Tm,'m Or w 1th either Equn uu:i] o1 dl'iEI] stic lumbar puncture

Any of the following L,]um,fi] hu,turs shuuld pnrumpt a u’url\upn Tur subarachnoid
hemun‘hage in patients older than 40: neck pain or stiffness, witnessed loss of
consclousness, and symptom onset during exertion plus thunderclap headache and
pain on neck flexion.

Mean arterial blood pressure should be maintained at less than 110 mm Hg or systolic
blood pressure at less than 160 mm Hg until the ruptured aneurysm is secured, while
avolding hypotension.

The severity of neurologic impairment and the amount of subarachnoid bleeding on
admission are the strongest predictors of neurologic complications and outcome.




. . - . u . i u u ‘
—— + Admission of patients with subarachnoid hemorrhage to low-volume centers is associatec

vith higher 30-day mortality compared to admission to high-volume centers.
» Overall, whenrconstderng treatment of unruptured aneurysms—endovascular coiling
__should be-preterredover surgical clipping whenever possible.
» Patients with subarachnoid hemorrhage are at risk for several significant neurologic
complications, including hydrocephalus, cerebral edema, delayed cerebral 1schemia,
rebleeding, seizures, and neuroendocrine abnormalities.
The best measure to reduce the risk of rebleeding is the early treatment of
unsecured aneurysms.,
About 60% of patients with subarachnoid hemorrhage who undergo external ventricular
drain insertion will have successful weaning and the others may require chronic
ventriculoperitoneal shunt msertion
Anticonvulsant administration (particularly phenytoin) has been associated with worse
inical outcome.
Delayed cerebral 1schemia is defined as any neurologic deterioration (focal or global)
presumed secondary to cerebral i1schemia that persists for more than | hour and cannot be
explained by any other neurologic or systemic condition.
Possible underlying conditions implicated in the pathogenesis of delayed cerebral
1schemia include cerebral vasospasm, microcirculatory constriction, microthrombosis,
cortical spreading depression, and delayed cellular apoptosis.




Nimodipine should be administered to all patients with subarachnoid hemorrhage to
decrease the risk of delayed cerebral ischemia and poor functional outcome.

=

Euvolemia should be maintained at all times, while prophylactic hypervolemia should I I

be avoided.

Delayed cerebral 1schemia must be suspected when patients with subarachnoid hemorrhage ot
develop focal neurologic impairment or a decrease of at least 2 points on the Glasgow Coma
Scale that lasts for more than 1 hour and cannot be explained by any other cause.

Any new hypodensities on CT imaging 24 to 48 hours after aneurysm treatment should

be regarded as cerebral infarctions from delayed cerebral ischemia.

Transcranial Doppler thresholds for vasospasm include mean cerebral blood flow
velocities of less than 120 cm/s for absence and more than 200 cm/s or a Lindegaard

ratio of greater than 6 for presence.
Digital subtract A1 APy 1S e 2ot ToHfordciccHor : artery vasospasm.

CT perfusion ﬁndmgs of elevated mean transit time of greater than 6.4 seconds may
be additive to CT angiography in predicting delayed cerebral ischemia and has

been recommended as a threshold for decreased cerebral perfusion.

Once patients experience neurologic deterioration suggestive of delayed cerebral
ischemia, rescue therapies are initiated with induced hypertension as first-line modality.
In high-risk patients with poor neurologic status, diagnosis and treatment of delayed cerebral
ischemia may be somewhat subjective and mostly based on neuromonitoring findings.




Cardiopulmonary alterations are among the most common systemic complications of
subarachnoid hemorrhage.

Pulmonary edema or acute respiratory distress syndrome in patients with subarachnoid
hemorrhage should be treated with judicious use of diuretics and other standard heart
failure therapies targeting euvolemia and normal cerebral perfusion pressure.

Fever 1s the most common non-neurologic complication in patients with

subarachnoid hemorrhage.

Fever in patients with subarachnoid hemorrhage has been associated with poor
clinical outcome.

Deep venous thrombosis prophylaxis should be administered to all patients with
subarachnoid hemorrhage.

Fluid restriction should be avoided 1n patients with subarachnoid hemorrhage, and
hyponatremia should be treated with oral free water restriction while maintaining euvolemia.
Anemia 1n patients with subarachnoid hemorrhage has been associated with delayed
cerebral 1schemia and worse clinical outcome.




TV ITX K] Risk Factors for Subarachnoid Hemorrhage

» Nonmodifiable Risk Factors

Age

Female sex

Prior history of aneurysmal subarachnoid hemorrhage

Family history of subarachnoid hemorrhage

History of aneurysm in first-degree relatives (especially in two or more relatives)
» Modifiable Risk Factors

ypertension

Cigarette smoking

Heavy alcohol use

Sympathomimetic drug use (eg, cocaine)
» Other

Certain genetic disorders (eg, autosomal dominant polycystic kidney disease,
type IV Ehlers-Danlos syndrome)

Anterior circulation aneurysms are more likely to rupture in patients who are
younger than 55 years of age

Posterior circulation aneurysms are more likely to rupture in men
Significant financial or legal problems within the past 30 days

Cerebral aneurysms of more than 7 mm in diameter




Typical presentation:

vomiting, meningismus,

Atypical presentation:

associated head trauma

Severe headache with nausea and

diminished level of consciousness,
localizing neurologic signs

Seizure, confusional state,

'

Head CT without contrast material

|

'

Subarachnoid
hemorrhage

1

CT angiography or
cerebral angiography

'

No subarachnoid
hemorrhage

:

Lumbar puncture

v

|

:

|

:

found

Aneurysm

:

i

Prompt

treatment

l

Unequivocally abnormal
(xanthochromia, elevated red
cell count unchanged from
tube 1 to tube 4)

Abnormal but equivocal
(elevated red cell count
without xanthochromia or
analysis of only 1 tube)

Normal

:

Normal

'

FIGURE 1-2

Repeat CT angiog-
raphyin 1-3wk

l

Image brain,
brainstem, and
spinal cord

CT angiography or cerebral
angiography

Stop

:

Aneurysm

found

'

treatment

Prompt

Diagnostic algorithm for subarachnoid hemorrhage.




T CITR ] Clinical and Radiologic Grading Scales for Subarachnoid Hemorrhage®

World Federation of Neurological
Surgeons Scale®

Modified Fisher Scale®®

Grade

Glasgow
Coma Scale

Neurologic
Examination

Subarachnoid
Hemorrhage

Intraventricular
Hemorrhage

15
13-14
13-14
7-12

3-6

No motor deficit
No motor deficit
Motor deficit

With or without
motor deficit

With or without
motor deficit

Absent
Minimal
Minimal

Thick®

ThickP

Absent
Absent in both lateral ventricles
Present in both lateral ventricles

Absent in both lateral ventricles

Present in both lateral ventricles




Summary of Key Recommendations for 'I:he Management of Patients With
Subarachnoid Hemorrhage (ot

Treatment
Decision

Bood pressure control

American Heart Association/American
stroke Association®”

Neurocritical Care Society'*®

ood pre ontrol  Between the time of SAH symptem onset eat extreme ertensioc ]

Cardiopulmonary
complications

and aneurysm cbliteration, blood pressure
should be controlled with a titratable
agent to balance the risk of stroke,
hypertension-related rebleeding, and
maintenance of cerebral perfusion
pressure (Class |, Level B).

The magnitude of blood pressure control
to reduce the risk of rebleeding has not
been established, but a decrease in systolic
blood pressure to less than 160 mm Hg

is reasonable (Class lla, Level C).

Maintenance of euveclemia and normal
circulating bl lume is recommended
to prevent d d cerebral ischemia
(Class |, Level B).

Mo recommendations given.

The use of prophylactic anticonvulsants
may be considered in the immediate
posthemerrhagic peried (Class llb, Level B).

The routine long-term use of antico
is not recommended (Class |ll, Level B).

Treat extreme hypertension in patients
with an unsecured, recently ruptured
aneurysm. Modest elevations in blood
pressure (mean blood pressure of less than
110 mm Hg) de not require therapy.
Premorbid baseline blood pressures should
be used to refine targets and hypotension
should be avoided (low guality of evidence,
strong recommenda

Intravascular volume management should
target euvolemia and aveoid prophylactic
hypervolemic therapy. In contrast, there is
evidence for harm from aggressive
administration of fluid aimed at achieving
hypervolemia (moderate guality

of evidence, strong recommendation).

Baseline cardiac assessment with serial
enzymes, ECG, and echocardiography is
recommended, especially in patients
with evidence of myocardial dysfunction
(low quality of evidence, strong
recommendation).

Monitoring of cardiac cutput may be useful
in patients with evidence of hemodynamic
instability or myocardial dysfunction

(low guality of evidence, strong
recommendation).

Routine use of anticonvulsant prophylaxis
with phenyteoin is not recommended
after SAH (low guality of evidence,
strong recommendaticon).

if anticonvulsant pr-,ph',ll.:ris is used, a short
course (3-7 days) is recommended
guality of evidence, weak reco rr|rr|F-n|:|.:t|| .

Continuous EEG monitoring should be
considered in patients with poor-grade
SAH who fail to improve or who have
logic detericration of undetermined
A i vidence,

ecommendatio



Ssummary of Key Recommendations for the Management of Patients With
Subarachnoid Hemorrhage Cotinned from page 1273

Treatment
Decision

American Heart Association/American
Stroke Association®®

Neurocritical Care Society'>®

Fever treatment

Glucose control

Aggressive control of fever to a target of
normothermia by use of standard or

advanced temperature-modulating systems

& reasonable in the acute phase of 5AH
(Class lla, Level B).

Careful glucose management with strict
avoidance of hypoglycemia may be

considered as part of the general aitical

care management of patients with SAH
(Class llb, Level B).

During the pericd of risk for delayed cerebral
ischemia, control of fever is desirable;

intensity should reflect the individual
patient's relative risk of ischemia (low
guality of evidence, strong recommendation).

Surface cooling or intravascular devices
are more effective and should be employed
when antipyretics fail in cases where fever

control is highly desirable (high quality of
evidence, strong recommendation).

Hypoglycemia (serum glucose of less than
80 mg/dL) should be avecided (high gquality

of evidence, strong recommendation).

Serum gluccse should be maintained
below 200 mg/dL (moderate quality of
evidence, strong recommendation).




Deep venous
thrombosis
prophylaxis

Delayed cerebral
ischemia

Heparin-induced thrombocytopenia and
deep venous thrombaosis are relatively
frequent complications after SAH. Early
identification and targeted treatment are
recornmended, but further research is needed
to identify the ideal screening paradigms
(Class |, Level B).

Cral nimedipine should be administered to
all patients with SAH (Class |, Level A).

Maintenance of euvelemia and normal
circulating bloed velume is recommended

to prevent delayed cerebral ischemia
(Class |, Level B).

Prophylactic hypervelemia or balloon
angioplasty before the development of
angiocgraphic spasm is not recommended
(Class I, Level B).

Transcranial Doppler is reascnable to
menitor for the develepment of arterial
vasospasm (Class lla, Level B).

Perfusicn imaging with CT er MRI can be

wseful to identify regions of potential
brain ischemia (Class lla, Level B).

Measures to prevent deep venous
thrembosis should be employed in all
patients with 5AH (high quality of evidence,

strong recommendation).

The use of unfractionated heparin for
prophylaxis could be started 24 hours

after undergeing aneurysm obliteration

(moderate quality of evidence,
strong recommendation).

Cral nimodipine (60 mg every 4 hours)
should be administered after SAH for
a period of 21 days (high quality of
evidence, streng recommendation).

The goal should be maintaining
euveclemia, rather than attempting
hypervclemia (moderate quality

of evidence, strong reccmmendation).

Transcranial Doppler may be used for
menitering and detection of large artery
vasospasm with variable sensitivity
(moderate quality of evidence,

strong recommendaticn).

Digital subtraction angiography is the
gold standard for detection of large
artery vasospasm (high quality of evidence,
strong recommendation).




T TR ] Summary of Key Recommendations for the Management of Patients With
Subarachnoid Hemorrhage Continued from page 1274

Treatment
Decision

American Heart Association/American
Stroke Association®®

Meurocritical Care Society'®®

Anemia and
transfusion

Hyponatremia

of hypertensicn is recommended
for patients with delayed cerebral ischemia
unless blocd pressure is elevated at
baseline or cardiac status precludes it
(Class |, Level B).

Patients clinically suspected of delayed
cerebral ischemia should undergo a
trial of induced hypertension
(mederate guality of evidence,

strong recommendation).

Cerebral angioplasty androrsetective
intra-arterial vasodilator therapy is
reasonable in patients with symptomatic
vasospasm, particularly those who are
not respoending to hypertensive therapy
(Class lla, Level B).

The use of packed red blood cell
transfusion to treat anemia might be
reasonable in patients with SAH who
are at risk of cerebral ischemia. The
optimal hemoglebin goal is still to be
determined (Class llb, Level B).

The use of fludrocortisone acetate and
hypertonic saline sclution is reasonable
for preventing and correcting
hyponatremia (Class lla, Level B).

Ertevascutar-treatment Using
intra-arterial vasodilators and/or
angioplasty may be considered for
vasospasm-related delayed cerebral
schemia (moderate guality of evidence,
strong recommendation).

Patients should receive packed red bloed
cell transfusions to maintain hemoglobin
wncentration above 8-10 g/dL (moderate
quality of evidence, strong
recommendation).

Fluid restriction should not be used to

treat hyponatremia (weak guality of
evidence, strong recommendation).

Early treatment with hydrocortisone
or fludrocortisone may be used to
limit natriuresis and hyponatremia
(moderate guality of evidence,

weak recommendation).

Mild hypertonic saline sclutions can be used
to correct hyponatremia (very low quality
of evidence, strong recommendaticn).




T 1R ] Preferences for Treatment of Unsecured Aneurysms

Preferred Treatment
Characteristics Modality

Advanced age Endovascular coiling

Poor clinical grade Endovascular ceiling
Multiple underlying systemic conditions Endovascular coiling
Aneurysms with wide neck-to-bedy ratio Surgical clipping

Mormal arterial branches arising from dome or body Surgical clipping
of aneurysm

Middle cerebral artery aneurysm Surgical clipping
Top-of-the-basilar aneurysm Endovascular coiling
Aneurysm associated with large parenchymal hematoma  Surgical clipping
High surgical risk Endovascular coiling
Patient preference Endovascular coiling

Clinical equipoise® Endovascular coiling

- Unsacurad anaurysm & considerad ajually suiabe for aither endovascular ool NG Srsurdical Chppang.




Initial treatment Avoid

'{E_—a'rr;l aﬂe{:—"rrgg: i r:iigslu}n St « Hypotension + Hypoglycemia - Anticonvulsants unless

-5 davs 7— «Increased ICP  « Hyponatremia documented seizures
. ._-,-f’,: ﬁﬁgdiﬁiﬂ?‘ =10 « Low CPP « Hypomagnesemia - Low-volume center without access
« Systolic BP <180 mim Hg before  « Fewver « Hypocarbia to endovascular specialists and
aneurysm repair - Hypovolemia - Hypoxia multidisciplinary neurocritical care

« Euvolemia .
- Hemoglobin >8 g/dL Hyperglycemia

1 r 1
Low risk High risk High risk
WEMS5 1, 2, no or thin SAH, WFMSS 1-3, ne or thin SAH with Inaccessible due to sedation or
no IVH, older age . IVH ar thick SAH without IVH [ WEFNSS 3-5, thick SAH with IVH
¥

Li Li "Meuralogic assessment hourly, fluid balance

Neurclogic assessment every 4 * Neurologic assessment every every 6 hours, consider fludrocortisone, dai
hours, fluid balance every 2 hours, 2 hours, fluid balance every weight, TCD -:IairI;r, mrh H,;u;‘.,,l,,ggn anély

TCD every second day 12 hours, TCD every second day blood flow monitor, arterial catheter
' T '

Mo change neurologically, normal TCD and CTP

N
Low risk High risk l

Consider transfer to lower-level  Consider transfer to lower-level Elevated TCDO velociies | | Mo change

monitoring 510 days after SAH - menitoring 7-10 days after SAH (=120 cmys or Lindegaard  neur cally,
T ratio =3), abnormal CTR, normal TCD,

Elevated TCD velocities (120 cm/s  Elevated TCD velocities (>120 cm/s n;b;mifr’gﬁa‘,‘m b beain

or Lindegaard ratio »3), increased | or Lindegaard ratio >3], abnormal flow, neurologic cerebral Blood
vigilance for DCI CTP, neurclogic deterioration deterloration flow

' v v '

Detect causes of neurologic deterioration | Consider transfer to lower-level

1 | mionitaring 14 days after SAH
Correct identified causes (eq, seizures, | l

increased ICP, hydrocephalus, Mo major identified causes for deterioration: CTA/CTP or catheter angiogram |
hyponatremia, infections) Consider empiric induced hypertension if aneurysm has been repaired

1 R
[No major elevation of MTT or angiographic | |CTP elevated MTT or angiographic|  |Deficit persists =60 minutes or patient
vasospasm; or deficit resolves vasospasm, persisting deficit cannot tolerate induced hypertension

L] Y

n— - [Induced hypertension, fluidbaluses | | | Consider catheter angiography and
Continue monitoring &5 necessary, vigilant monitoring balloon andfor phamacologic angioplasty

L




Lancet. 2005 Sep 3-9;366(9488):809-17.

International subarachnoid aneurysm trial (ISAT) of neurosurgical clipping versus endovascular coiling in 2143 patients with
ruptured intracranial aneurysms: a randomised comparison of effects on survival, dependency, seizures, rebleeding, subgroups,
and aneurysm occlusion.

Molyneux AJ KerrRS Yu LM Clarke M Sneade M Yarnold JA Sandercock P International Subarachnoid Aneurysm Trial (ISAT)
Collaborative Group

Author information

FINDINGS:

....... 250 (23.5%) of 1063 patients allocated to endovascular treatment were dead or dependent at 1 year,
compared with 326 (30.9%) of 1055 patients allocated to neurosurgery, an absolute risk reduction of 7.4%
(95% CI 3.6-11.2, p=0.0001).

The early survival advantage was maintained for up to 7 years and was significant (log rank p=0.03)......

INTERPRETATION:

In patients with ruptured intracranial aneurysms suitable for both treatments, endovascular coiling is more
likely to result in independent survival at 1 year than neurosurgical clipping; the survival benefit continues
for at least 7 years. The risk of late rebleeding is low, but is more common after endovascular coiling than
after neurosurgical clipping.


https://www.ncbi.nlm.nih.gov/pubmed/16139655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molyneux AJ[Author]&cauthor=true&cauthor_uid=16139655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kerr RS[Author]&cauthor=true&cauthor_uid=16139655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu LM[Author]&cauthor=true&cauthor_uid=16139655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clarke M[Author]&cauthor=true&cauthor_uid=16139655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sneade M[Author]&cauthor=true&cauthor_uid=16139655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yarnold JA[Author]&cauthor=true&cauthor_uid=16139655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sandercock P[Author]&cauthor=true&cauthor_uid=16139655
https://www.ncbi.nlm.nih.gov/pubmed/?term=International Subarachnoid Aneurysm Trial (ISAT) Collaborative Group[Corporate Author]
https://www.ncbi.nlm.nih.gov/pubmed/16139655

Risk of recurrent subarachnoid haemorrhage, death, or
dependence and standardised mortality ratios after clipping
or coiling of an intracranial aneurysm inthe International
Subarachnoid Aneurysm Trial (ISAT): long-term follow-up

T [ f HES| P N o o alt H | Y S L e B e I T P £ e s e HI e 12 AT =]l s s
Andrew | Molenau, Richard § C Kerr, Jacqueline Birke, Najib Ramzi, Julia Yarmold, Mary Sneads, joan Rischmiller, for the ISAT collaborators

Summary

Background Our aim was to assess the longterm risks of death, disability, and rebleeding in patients randomly
assigned to clipping or endovascular coiling after rupture of an intracranial aneurysm in the follow-up of the
International Subarachnoid Aneurysm Trial (ISAT).

Methods 2143 patients with ruptured intracranial aneurysms were enrolled between 1994 and 2002 at
43 neurosurgical centres and randomly assigned to clipping or coiling, Clinical outcomes at 1 year have been
previously reported. All UK and some non-UK centres continued long-term follow-up of 2004 patients enrolled in
the original cohort. Annual follow-up has been done for a minimum of 6 years and a maximum of 14 years (mean
follow-up 9 years). All deaths and rebleeding events were recorded. Analysis of rebleeding was by allocation and by
treatment received. ISAT is registered, number ISRCTN49866681.

Findings 24 rebleeds had occurred more than 1 year after treatment. Of these, 13 were from the treated aneurysm (ten
in the coiling group and three in the clipping group; log rank p=0-06 by intention-to-treal analysis) There were
8447 person-years of follow-up in the coiling group and B177 person-years of follow-up in the clipping group.
Four rebleeds occurred from a pre-existing aneurysm and six from new aneurysms. At 5 years, 11% (112 of 1046) of
the patients in the endovascular group and 14% (144 of 1041) of the patients in the neurosurgical group had died
{log-rank p=0-03). The risk of death at 5 years was significantly lower in the coiling group than in the clipping group
jrelative risk 0-77, 95% CI 0-61-0-98; p=0-03), but the proportion of survivors at 5 years who were independent did
not differ between the two groups: endovascular 83% (626 of 755) and neurosurgical 82% (584 of 713), The standardised
maortality rate, conditional on survival at 1 year, was increased for patients treated for ruptured aneurysms compared
with the general population (1-57, 95% CI 1-32-1-82; p<0-0001).

Interpretation There was an increased risk of recurrent bleeding from a coiled aneurysm compared with a clipped
aneurysm, but the risks were small. The risk of death at 5 years was significantly lower in the coiled group than it
was in the clipped group. The standardised mortality rate for patients treated for ruptured aneurysms was increased
compared with the general population.
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(log-rank p=0-03). The risk of death at 5 years was significantly lower in the coiling group than in the clipping group
(relative risk 0-77, 95% CI10-61-0-98; p=0.03), but the proportion of survivors at 5 years who were independent did
not differ between the two groups: endovascular 83% (626 of 755) and neurosurgical 82% (584 of 713). The standardised
mortality rate, conditional on survival at 1 year, was increased for patients treated for ruptured aneurysms compared
with the general population (1-57, 95% CI1-32-1-82; p<0-0001).

Interpretation There was an increased risk of recurrent bleeding from a coiled aneurysm compared with a clipped
aneurysm, but the risks were small. The risk of death at 5 vears was significantly lower in the ceiled group than it
was in the clipped group. The standardised mortality rate for patients treated for ruptured aneurysms was increased
compared with the general population.




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)

Andrew | Molyneux, Jacqueline Birks, Alison Clarke, Mary Sneade, Richard S C Kerr

Summary
Background Previous analyses of the International Subarachnoid Aneurysm Trial (ISAT) cohort have reported on the
risks of recurrent subarachnoid haemorrhage and death or dependency for a minimum of 5 years and up to a
maximum of 14 years after treatment of a ruptured intracranial aneurysm with either neurosurgical clipping or
endovascular coiling. At 1 year there was a 7% absolute and a 24% relative risk reduction of death and dependency in
the coiling group compared with the clipping group, but the medium-term results showed the increased need for re-
treatment of the target aneurysm in the patients given coiling. We report the long-term follow-up of patients in this
UK cohort.

Methods In ISAT, patients were randomly allocated to either neurosurgical clipping or endovascular coiling after a
subarachnoid haemorrhage, assuming treatment equipoise, between Sept 12, 1994, and May 1, 2002. We followed up
1644 patients in 22 UK neurosurgical centres for death and clinical outcomes for 10.0-18-5 years. We assessed
dependency as self-reported modified Rankin scale score obtained through yearly questionnaires. Data for recurrent
aneurysms and rebleeding events were collected from questionnaires and from hospital and general practitioner
records. The Office for National Statistics supplied data on deaths. This study is registered, number ISRCTN49866681.

Findings At 10 years, 674 (83%) of 809 patients allocated endovascular coiling and 657 (79%) of 835 patients allocated
neurosurgical clipping were alive (odds ratio [OR] 1:35, 95% CI 1-06-1-73). Of 1003 individuals who returned a
questionnaire at 10 years, 435 (82%) patients treated with endovascular coiling and 370 (78%) patients treated with
neurosurgical clipping were independent (modified Rankin scale score 0-2; OR 1-25; 95% CI 0-92-1-71). Patients in
the endovascular treatment group were more likely to be alive and independent at 10 years than were patients in the
neurosurgery group (OR 1-34, 95% CI 1-07-1-67). 33 patients had a recurrent subarachnoid haemorrhage more than
1 year after their initial haemorrhage (17 from the target aneurysm).

Interpretation Although rates of increased dependency alone did not differ between groups, the probability of death
or dependency was significantly greater in the neurosurgical group than in the endovascular group. Rebleeding was
more likely after endovascular coiling than after neurosurgical clipping, but the risk was small and the probability of
disability-free survival was significantly greater in the endovascular group than in the neurosurgical group at 10 years.
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Findings At 10 years - f 809 patients allocated endovascular coiling an -@)- 835 patients allocated
neurosurgical clipping were alive (odds ratio [OR] 1-35, 95% CI 1:06-1-73). Of T003 individuals who returned a
questionnaire at 10 }'Ears, vatients treated with endovascular coiling and@pati&nts treated with
neurosurgical clipping were independent (modified Rankin scale score 0-2; OR 1-25; 95%C10.92-1-71). Patients in

the endovascular treatment group were more likely to be alive and independent at 10 years than were patients in the
neurosurgery group (OR 1-34, 95% CI 1-07-1-67). 33 patients had a recurrent subarachnoid haemorrhage more than

1 year after their initial haemorrhage (17 from the target aneurysm).

Interpretation Although rates of increased dependency alone did not differ between groups, the probability of death
or dependency was significantly greater in the neurosurgical group than in the endovascular group. Rebleeding was
more likely atter endovascular coiling than after neurosurgical clipping, but the risk was small and the probability of
disability-free survival was signihcantly greater in the endovascular group than in the neurosurgical group at 10 years.




Improved Cognitive Outcomes With Endovascular Coiling
of Ruptured Intracranial Aneurysms
Neuropsychological Outcomes From the International Subarachnoid
Aneurysm Trial (ISAT)

Richard B. Scott, PhD; Fiona Eccles, DPhil; Andrew J. Molyneux, MBBChir; Richard S.C. Kerr, MS;
Peter M. Rothwell, FMedSci; Katherine Carpenter, Dip Psych

“onclusions—Cognitive impairment occurred in approximately one third of patients who were not otherwise disabled
according to the modified Rankin Scale in N-ISAT and was more frequent in the neurosurgery group. These results have
implications for management of ruptured intracranial aneurysms and more generally for interpretation of the outcomes
of clinical trials that use the modified Rankin Scale. (Stroke. 2010:41:1743-1747.)




The Barrow Ruptured Aneurysm Trial

Clinical article

Cameron G. McDovcarr, MDD Rogert F. Sretzieer, MDD Josepn M. Zasramskr, MDD,
SHAHRAM Partovi, MLD. 2 Navcy K. HiLes, Pa.D..* PETeEr Nakagi, MLID.,!
anD Feviee C. ALevQuergue, M.D.!

Divisions af ‘Newrological Surgery and ‘Newroradiology, Barrow Newrological Institure, 5t. Joseph's Hospital
and Medical Center, Phoenix, Arizona; and Department of Neurology, University of California,
San Francisco, California

Qbject. The purpose of this ongoing study is to compare the safety and efficacy of microsurgical clipping and
endovascular coil embolization for the treatment of acutely rupturad cerebral aneurvsms and to determine if one
traatment is superior to the other by examining clinical and angiographic outcomeas. The authors examined the null
hypothesis that no difference exists between the 2 treatment modalities in the setting of subarachnoid hemorrhage
(SAH). The current report is limited to the clinical results at | vear after treatment.

Methods The authors scresnad 725 patients with SAH, remlnng_ in 30 eligible patients who were enrolled pro-
spectively in the study after giving their informed consent. Patients were assigned in an alternating fashion to surgical
aneurysm clipping or endovascular coil therapy. Intake evaluations and outcome measurements were collected by
nurse practiionars independant of the treating surgeons. Ultimately, 238 patients were assigned to angurysm “hp-
ping and 233 to coil embolization. The 2 treatment groups were well matched. There were no anatomical exclusions.
Crossing over was allowed, but primary outcome analysis was based on the initial treatment modality assignment.
Postireatment care was standardized for both groups. Patient outcomes at | vedar were independently assessaed using
the modified Rankin Scale (mRS)_A poOr OULCOMmE Was defined as an mRS score > 2 at | vear. The primary outcoms
was based on the assigned group: that is, by intent to treat.

Results. One vear after treatment, 403 patients were available for evaluation. Of these, 3538 patients had actu-
ally undergone treatment. The remainder either died before treatment or had no identifiable source of SAH. A poor
outcome (MRS score > 2) was obsarved in 33.7% of the patients assignad to ansurysm clipping and in 23.2% of the
patients assigned to coil embolization (OR 1,68, 93% CI 1. 08-2.61:p =002). Of treatad patients assigned to the coil
group, 124 (62 3%) of the 199 who were eligible for any treatment actually received endovascular coil embolization.
Patients who crossad over from codl to clip treatment fared worse than patients assigned to coil embolization, but no
worse than patients assigned to clip occlusion. No patient treated by coil embolization suffered a recurrent hemor-
rhaga.

Conclusions. One year aftar treatment, a policy of intant to treat favoring coil embolization resultad in fewer
poor outcomas than -.T|l|l" occlusion. Although most aneurvsms assigned to the coil treatment group were treated by
coil embolization, a substantial number crossed over to nurgh._l clipping. Although a policy of intent to treat favoring
coil embolization resulted in fewer poor outcomes at |1 vear, it remaing important that high-quality surgical clipping
be available as an alternative treatment modality. (DOJ: 10 317172001 8 INSI0I767)




Conclusions. One vear after treatment, a policy of intent to treéat favoring coil embolization resulted in fewer
poot outcomeas than hIL|_ occlusion. Although most ._u-=ur'-.~.r: 5 assignad to the coil treatment group were traated by

.:.'-LI embolization, a substantial number crossad over to 1IJI"|-__L..|_| ..|L|_|_I.II|-__ Although a policy of inteént to treat favoring
coil embolization resulted in fewer poor outcomes at |1 year, it remains important that high-quality surgical clipping
t.h available as an alternative treatment modality. (DOS: 10317172011 8INSIOI767)




The Barrow Ruptured Aneurysm Trial: 3-year results

Clinical article

F. SeTzLER, M.D.! Cavieron G, McDovcace, MDD
LD ,][Zt!il-'.li'll M. Zapramskr, M.D,,! HA.‘_‘-JE.‘\' K. HiLrs, Pu.D.
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aneurysm obliteration and a significantly lower rate of recurrence and retreatment. In post hoc analysis examining
only anterior :-ir:-ulai[i-'-n LNEUTYSMS, N0 OULLOME di[‘[‘ﬂrﬂuhe t-*t'-'-'-:'-en the 2 treatment cohorts was observad at 1Y
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The Barrow Ruptured Aneurysm Trial: 6-year results

Robert F. Spetzler, MD,' Cameron G. McDougall, MD,' Joseph M. Zabramski, MD,’
Felipe C. Albuquerque, MD, Nancy K. Hills, PhD,** Jonathan J. Russin, MD,!
Shahram Partovi, MD,* Peter Nakaji, MD,' and Robert C. Wallace, MD*
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gutcame betwesn the 2 treatments for anteriar circulation aneurysms. This was not the case .
ation ansurysms, where coil embalization appeared to provide a sustained advantage aver clipping. Ansurysm
obliteration rates in BRAT were significantly lower and retreatment rates significantly higher in the patients undergaing
cailing than in thase undergaing clipping. However, despite the fact that retreatment rates were higher after cailing, no
recurrent hemarrhages were known to have occurred in patients undergaing cailing in BRAT whao were fallowed up for
6 years. Sufficient questions remain about the relative benefits of the 2 treatmeant modalities to warrant further well-
designed randomizad trials.

Iﬂl”ﬁ SIONS Although BRAT was statistically underpowered to detect small differences, these result
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Asymptomatic Hemorrhagic Events and Functional Outcomes in Acute Stroke: A
Secondary Analysis of the DIRECT-MI Randomized Clinical Trial.

‘“'L Chen R, Hua W, Zhang Y, Zhang Y, Zhang H, Zhang Y, Liu J, Yang P, Zhang X, Zhang L.
OO JAMA Netw Open. 2025 Mar 3:8(3):¢252411. doi: 10.1001/jamanetworkopen.2025.2411.
2020- 2025 PMID: 40152857  Free PMC article.  Clinical Trial.

IMPORTANCE: Asymptomatic hemorrhagic infarction (HI) and subarachnoid hemorrhage (SAH) after

PUBLICATION DATE
endovascular treatment (EVT) for acute ischemic stroke are commonly considered low risk, but their

O 1 year long-term impact on functional outcomes is unclear. ..RESULTS: A total of ...

@ 5 years




JAMA Neurology | Original Investigation

Effectiveness of Lumbar Cerebrospinal Fluid Drain
Among Patients With Aneurysmal Subarachnoid Hemorrhage
A Randomized Clinical Trial

INTERVENTION A total of 144 patients were randomized to receive an additional lumbar drain
after aneurysm treatment and 143 patients to standard of care only. Early lumbar drainage
with 5 mL per hour was started within 72 hours of the subarachnoid hemorrhage.

subarachnoid hemorrhage. At 6 months, 47 patients n the lumbar drain group and
64 patients((44.8%) )n the standard of care group had amunfavorable neurological outcome




mRS score at 6 mo

o []1 PBz[0: B4 []s [s

Lumbar drain group (n=144)

Standard of care group (n=143)

Patients, %



Key Points Question

* Does prophylactic lumbar cerebrospinal fluid drainage improve
clinical outcomes measured by the modified Rankin Scale score
among patients with aneurysmal subarachnoid hemorrhage?



Taleb et al. Critical Care, 2025

Liberal versus restrictive transfusion

strategies in subarachnoid hemorrhage:
a secondary analysis of the TRAIN stud




* TRAIN trial [26], a prospective, multi-center, phase 3, parallel-
group, randomized, investigator-initiated, pragmatic, openlabel,
outcome-assessor blinded study conducted in 72 ICUs across 22
countries (NCT02968654).




* a restrictive group: transfusions were given
when Hb levels dropped below 7 g/dL

*liberal group: transfusions were administered
at levels below g g/dL.



Glasgow Outcome Scale Extended (GOS-E) at 180 D
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* a multivariable analysis indicated that being randomized to the
liberal group was independently associated with higher rates of
favorable outcome.




JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Restrictive vs Liberal Transfusion Strategy in Patients With Acute Brain Injury
The TRAIN Randomized Clinical Trial

* Patients with acute brain injury and anemia randomized to

than those randomized to a restrictive
strategy.

Figure 4. Distribution of Glasgow Outcome Scale Extended (GOS-E) Scores 180 Days After Randomization
(Secondary Outcome)

GO5-E score at 180 d

L]y [(J2 2 W2 [ [ W7 BPeE

Mo symptoms

Liberal strategy
(n=393)

Restrictive stratagy - ' ' ' E Each cell corresponds to a score on
{n=413) : the scale; the width of each cell
3 represents the percentage of patients
with that score. The vertical dashed
line indicates the GOS5-E score used
for dichotomization.




Shane W. English, et al.
N Engl J Med 2025;392:1079-1088

* In patients with aneurysmal subarachnoid hemorrhage and
anemia, a liberal transfusion strategy did not result in a lower risk
of an unfavorable neurologic outcome at 12 months than a

re StI’ICtIVe Strategy Score on the Modified Rankin Scale
0 1 2 3 B4 EBS BB
Liberal-Strategy

Group 63 76
(N=364)

Restrictive-
Strategy Group | 26
(N=3&1)

40 50 &0 VO BO S0 100

Percentage of Patients

Figure 2. Functional Neurologic Outcome at 12 Months.




* 39 patients were included in the primary efficacy analysis.

* In the control group, 11 of 19 patients (58%) developed moderate or
sever)e aVS compared with 4 of 20 patients (20%) in the implant group (P
=.02).

* a lower clinical need for vasospasm rescue therapy in the implant group
(2 of 20 patients [10%]) compared with the control group (121 of 19
patients [58%]; P = .002).

* new cerebral infarcts were noted in 6 of 19 patients (32%) in the control
group and in 2 of 20 patients (10%) in the implant group (P = .13).

o At ?]2 weeks, favorable outcomes were noted in 12 of 18 patients (67%)
in the control group and 16 of 19 patients (84%) in the implant group (P

=L 2



Ultra-Early and Short-Term Tranexamic Acid Treatment in
Patients With Good- and Poor-Grade Aneurysmal
Subarachnoid Hemorrhage, Tjerkstra MA, Neurology, 2024

* important argument against the use of TXA treatment in patients
with aSAH, by showing worse clinical outcomes in patients with
good-grade aSAH treated with TXA and no clinical benefit of TXA
in patients with poor-grade aSAH,
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SAH management

* Centra versus KCC
* Chiriendo
* Neexistuje 3H

* Stale nimodipine p.o.

* TCD

* Hypertenze

* PTA

*iv + ia leky experimentalne/studie




Treatment of unruptured and
ruptured intracranial

aneurysms
D. Netuka, N. Svoboda
Department of Neurosurgery and Neurooncology

1st Medical Faculty, Charles University, Central Military
Hospital, Prague, Czech Republic



Unruptured Intracranial Aneurysms

* ¢ Epidemiology:

* Prevalence aprox. 3.2%

* Symptoms:
* Asymptomatic 50-85%
* H/A 10-35%
* CN palsy 4-6%
* Epi/cognitive 1-2%

- Annual rupture rate: 0,5-1,5%



Real Prevalence?

> J Neurol Neurosurg Psychiatry. 2022 Aug;93(8):902-907. doi: 10.1136/jnnp-2022-329270.
Epub 2022 Jun 10.

Prevalence of unruptured intracranial aneurysms:

impact of different definitions - the Tromso Study

Liv-Hege Johnsen 1 2, Marit Herder 3 2, Torgil Vangberg ¢ 4, Roar Kloster 2 %,

Tor Ingebrigtsen 2 ®, Jargen Gjernes Isaksen # 2 ® Ellisiv B Mathiesen # 2 ©




Indication for Treatment

* Increased risk of rupture
* outweights procedural M/M

* Symptomatic



Rupture — Risk Factors

» Patient-Specific Risk Factors

Risk Factor Relative Risk
Increase

(High Blood .

Pressure)
(Current or Past
Smoker) 374X
Excess Alcohol Consumption 2X
Family History of Aneurysm
Rupture X
4-6X

(History of SAH)

Annual Rupture Rate (%)
1.0-3.0%

2.0-4.0%
1.5-3.0%

2.0-5.0%

3.0-6.0%



Rupture — Risk Factors

» Patient-Specific Risk Factors

Risk Factor Relative Risk Increase Annual Rupture Rate (%)
2X 1.5-3.0%
1.5-2X 1.0-3.0%
1.5-2X 1.0-3.0%

Japanese or Finnish
Ethnicity

Connective Tissue

Disorders (e.g., Ehlers-

Danlos, Marfan’s 5-10X 5.0-10.0%
Syndrome, Polycystic

Kidney Disease)

2-4X 2.0-4.0%



Risk Factor

Aneurysm Size
<5 mm

5-7 mm

7-10 mm

Aneurysm-Specific Risk Factors

Relative Risk of Rupture

Larger aneurysms rupture more
often

Low risk
Moderate risk
Increased risk
High risk
Very high risk

Annual Rupture
Rate (%)

0.1-0.5%
0.5-1.0%
1.0-3.0%
3.0-10%
10-30%



Aneurysm-Specific Risk Factors

Risk Factor

Aneurysm Location

Middle Cerebral Artery (MCA)

Anterior Communicating
Artery (ACommaA)

Posterior Communicating
Artery (PCommaA)

Relative Risk of Rupture

Posterior circulation & communicating
arteries at higher risk

Reference (baseline risk)

2x higher risk than MCA

2-3x higher risk than MCA

High rupture risk
Very high risk

Annual Rupture
Rate (%)

0.5%

1.0-2.0%

1.5-3.0%

3.0-5.0%
5.0-10.0%



Risk Factor

Aneurysm Shape

Smooth & round
aneurysm

Aneurysm Growth

Stable aneurysm

Aneurysm-Specific Risk Factors

Relative Risk of Rupture

Irregular shape or presence of a
"daughter sac" increases risk

Reference (baseline)

2-5x higher risk

Growth increases rupture risk
significantly

Reference (baseline)

10-20X higher risk

Annual Rupture
Rate (%)

0.5%

1.0-5.0%

0.1%
3.12%



Small Aneuryms

* Annual risk 0,36% (review, 2017)
* 35% of ruptured aneurysms < 5 mmt!!

* Increased risk:



Risk Assessment, Scores

Scoring System

PHASES Score

UIATS Score

ELAPSS Score

ISUIA Study

UCAS Japan

Purpose

Predicts 5-year rupture
risk

Helps
decide treatment vs.
observation

Predicts aneurysm
growth risk

Older rupture risk data

Japanese population
rupture risk

Key Features

Most widely used

Patient-centered

Useful for follow-up
planning

Less accurate today

Confirms PHASES
findings



PHASES Score

PHASES SCORE

POPU LATION:

-North American, European
(other than Finnish): 0 points
-Japanese: 3 points

-Finnish: 5 points

/" SIZE OF ANEURYSM:

- <7 mm: 0 points
- 7-9.9 mm: 3 points
-10-19.9 mm: 6 points
- 220 mm: 10 points

/ HYPERTENSION:

-No: 0 points - <70 years:
-Yes: 1 point - 270 years:

——

[ EARLIER SUBARACHNOID SITE OF ANEURYSM:

HEMORRHAGE

(from other aneurysm): -Internal carotid artery:
-Middle cerebral artery:

-No: 0 points -Anterior communicating/
Yes: 1 point Posterior communicating/
Posterior circulation:

5-YEAR ABOSLUTE RISK OF RUPTURE
- 6 points: 1.7% - 10 points: 5.3%
- 7 points: 2.4% - 11 points: 7.2%
- 8 points: 3.2% -2 12 points: 17.8%

- £ 2 points:
- 3 points:
- 4 points:
- 5 points:

- 9 points: 4.3%

https://www.sciencedirect.com/science/article/pii/S2214751917302633

0 points
1 point

0 points
2 points

4 points




UIATS SCORE

PATIENT:

- -Age: 0-4 points

-Risk factors incidence: ___ 1-19 points
Previous SAH, familial UIA or SAH,
ethnicity, current smoking,
hypertension, autosomal polycystic
kidney disease, current drug abuse,
current alcohol abuse

~Clinical symptoms from UIA:_1-12 points
Cranial nerve deficit, clinical or
radiological mass effect, thrombo-
embolic events, epilepsy

-Other: 1-3 points
Reduced quality of life due to fear of
rupture, aneurysm multiplicity

. -Life expectancy: 1-4 points

“\.-Comorbid disease:

2.7 points "\

Y ANEURYSM:

-Maximum diameter: ___ 0-4 points
€39 mm, 4-6.9 mm, 7-12.9 mm,
13-249 mm, 225 mm

-Morphology: 1-4 points
Irregularity or lobulation, size
ratio>3 or aspect ratio >1.6

-Location: 2-11 points
Basilar bifurcation,
vertebrobasilar artery,
anterior/posterior
communicating arteries

-Other: 1-8 points
Aneurysm growth, de novo
formation, contralateral
stenooclussive vessel disease

UIATS SCORE

{ TREATMENT:

-Age related risk: _____
<40, 41-60, 61-70,
71-80, >80 years

-Aneurysm size-related

risk: 0-5 points

<6 mm, 6-10 mm,

10.1-20 mm, >20 mm
-Aneurysm complexity-related
risk: 0-3 points

High, low
-Intervention related
risk (constant):

0-5 points

5 points

-Favors UIA repair: points from Patient (age, risk factor incidence, clinical symptoms and other) and Aneurysm.
i ana pomts from Patlent (life expectancy, comorbid disease) and Treatment.

11 10

https://www.sciencedirect.com/science/article/pii/S2214751917302633


https://www.sciencedirect.com/science/article/pii/S2214751917302633

Patient

Aneurysm

Treatment

Age (single)

Risk factor incidence
(multiple)

Clinical Symptoms related to
UIA (multiple)

Other
(multiple)

Life expectancy due to
chronic and/or malignant
Diseases (single)

Comorbid disease
(muitiple)

Maximum diameter
(single)

Morphology
(multiple)

Location
(single)

Other
(multiple)

Age-related risk

(single)

Aneurysm size-related risk
(single)

<40 years
40-60 years
61-70 years
71-80 years
> 80 years

Previous SAH from a different aneurysm
Familial intracranial aneurysms or SAH
Japanese, Finnish, Inuit ethnicity

Current cigarette smoking

Hypertension (systolic BP > 140 mm Hg)
Autosomal-polycystic kidney disease
Current drug abuse (cocaine, amphetamine)
Current alcohol abuse

Cranial nerve deficit

Clinical or radiological mass effect
Thromboembolic events from the aneurysm
Epilepsy

Reduced quality of life due to fear of rupture
Aneurysm multiplicity

< 5 years
5-10 years
> 10 years

Neurocognitive disorder
Coagulopathies, thrombophilic diseases
Psychiatric disorder

=3.9mm

4.0-6.9 mm

7.0-12.9 mm

13.0-24.9 mm

225 mm

Irregularity or lobulation

Size ratio > 3 or aspectratio > 1.6

BasA bifurcation

Vertebral/basilar artery

AcomA or PcomA

Aneurysm growth on serial imaging
Aneurysm de novo formation on serial imaging
Contralateral stenoocclusive vessel disease
<40 years

41-60 years

61-70 years

71-80 years

> 80 years

<6.0mm

6.0-10.0 mm

10.1-20.0 mm

>20 mm

Aneurysm complexity-related High

risk

Intervention-related risk

Low

Constant*
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ELAPPS Score

Earlier SAH

Location of aneurysm

Age (years)

Population

Size (mm)

Shape

Criteria

Previous subarachnoid
hemorrhage

MCA (middle cerebral
artery)

ACA/PCA/Posterior
circulation

ICA (internal carotid
artery)

<40
40—60

=60

Japanese

Other populations
S5

25

Regular shape

Irregular shape
(daughter sacs, lobules)

Total ELAPSS
score

3-year growth
risk (%0)

~3—5% (Low
risk)

~10—20%
(Moderate risk)

~30-50% (High
risk)

Recommended
management

Longer
intervals
between
imaging (e.qg.,
every 2—3
years)

Regular
surveillance
imaging (e.qg.,
annually)
Consider
treatment
(clipping/coilin
g); close
imaging
follow-up




Al PREDICTION?

* Review over 20.000 pts
* |A prediction useful
* Does not demonstrate superiority

* Retrospective

* Over 5000 pts treated conservatively

* 5ruptured

* IA was able to detect growth before
rupture in all cases
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ESO - UIA

* a multidisciplinary setting (neurosurgery, neuroradiology and
neurology) at centers

only in centres performing the proposed treatment in
with (ruptured or unruptured) aneurysms per year per
neurosurgeon or neurointerventionalist.



30 per interventionalist

38 40 34 49 40 33 21 32

O 48 18 25 15 25 65 33



PICO 1: In adult patients with unruptured intracranial aneurysms does any type of
microsurgical or endovascular aneurysm occlusion compared to no aneurysm
occlusion improve outcomes?

Study n N weight ES(95%CI)

Rinaldo 2016/2020 8 214 7.71% 0.90(0.46-1.78) ——
Juvela 2019 34 142 13.08% 1.11(0.80-1.55) —a—
Murayama 2016 56 1556 1567% 0.76 (0.59-0.99) -
Guresir 2013 3 384 10.11% 0.20(0.07-0.59)
Ishibashi 2013 26 603 981% 1.85(1.27-2.70) —a—
Morita 2012 111 5720 16.53% 0.95(0.79-1.14) |
Sonobe 2010 7 374 948% 0.54(0.26-1.10) e
Broderick 2009 2 113 222% 1.20(0.33-4.26) S
Wiebers 2003 62 1692 1540% 0.78(0.59-1.02) =
B
| I B e

Total 309 8886 100% 0.81(0.61-1.05)
F=73.3%, p=0.000
0.07 050 100 200 4.50

Figure 1. PICO 1 aneurysm rupture rates at 1 year in single arm studies.
n: number of events; N: number of patients; Cl: confidence interval; ES: estimated 1-year rupture rate.




Lyidence-pased recommenaavion

In adult patients in whom the estimated 5-year risk of
aneurysm rupture is higher than the risk of the preventive
treatment modality, we suggest preventive aneurysm repair
with the treatment modality that is most effective and safe

for that particular aneurysm.

Quality of evidence:
Strength of recommendation:

dn adult patients with growth of a UIA detected at follow up

imaging, we suggest preventive aneurysm repair. However,
despite an increased risk of rupture in such patients, this risk
remains to be weighed against the risk of treatment complications.

Quality of evidence:
Strength of recommendation:




Expert opinion

For adult patients with UIA we suggest that the recommen-
dation for versus against preventive aneurysm repair by the
multidisciplinary team should be based on:
- aneurysm-related risk factors for rupture, that is, UIA size,
location and lobulation,
risk factors for rupture, that is, previous SAH from a
different ancurysm, family history for UIA or SAH, smoking

and hypertension,

UIA growth (I mm in any diameter) or de novo formation
on seraal imaging,

life expectancy,

risk factors for treatment complications, that is, patient
age and comorbid disease, aneurysm morphology and
complexity and estimated risk of treatment)




Expert opinion

In adult patients with UIA who present with clinical symptoms,
such as cranial nerve deficits, mass effect and thromboembolic
events, we suggest preventive aneurysm repair, taking into
account life expectancy and risk of treatment complications

In asymptomatic adult UIA patients with significant comorbid
diseases and/or reduced life expectancy (<Syears), we
SUZEEest NO preventive aneurysm repair




EKPCI’( consensus statement

For adult patients with UIA we suggest assessing such
patients within a multidisciplinary setting (i.e. neurosurgery,
interventional neuroradiology neurology) at large volume
centres (consulting at least 100 UIA patients per year)

For adult patients with UIA we suggest that the recommen-
dation for versus against preventive aneurysm repair by the
multidisciplinary team should be based on:
aneurysm-related risk factors for rupture, that is, UIA size,
location and lobulation,
risk factors for rupture, that is, previous SAH from a
different aneurysm, family history for UIA or SAH, smoking
and hypertension,
UIA growth (I mm in any diameter) or de novo formation
on serial imaging,
life expectancy,
risk factors for treatment complications, that is, patient
age and comorbid disease, aneurysm morphology and
complexity and estimated risk of treatment).

In adult patients with UIA who present with clnical symptoms,
such as cranial nerve deficits, mass effect and thromboembolic
events, we suggest preventive aneurysm repair, taking into
account life expectancy and risk of treatment complications

In asymptomatic adult UIA patients with significant comorbid
diseases and/or reduced life expectancy (<Syears), we
SUZEest NO preventive aneurysm repair

In adult patients with UIA we suggest that the final
management decision is made in a shared decision-making
process between the physician and the patient, based on the
recommendation by the multidisciplinary team and patient-
related psycho-sociological factors.




PICO 2: In adult patients with unruptured intracranial aneurysms does any type of
microsurgical occlusion compared to any type of endovascular occlusion improve
outcome?

Evidence-based recommendation

In adult patients with UIA, we cannot make an overall
recommendation that states which UIA treatment modality
(either endovascular or microsurgical) is preferred based on
the curremt data

Quality of evidence
Strength of recommendation: -

in adult pavients with UIA, we suggest to take into account
in the choice between endovascular and microsurgical
treatment, the following conditions which impact on the risk
benefit profile of the procedures

~ increasing age (increased risk of complications for
microsurgical treatment),
female sex (shightly increased risk for endovascular therapy,
strongly decreased risk for microsurgical treatment),
indication for anticoagulation (strongly increased for
microsurgical treatment),

a broad neck of the ancurysm (increased risk for
endovascular treatment), aneurysm calcification (increased
risk for microsurgical treatment),

location on the postenior dirculation (shightly increased
risk for endovascular therapy and strongly increased risk
{or microsurgical treatment)




PICO 2: In adult patients with unruptured intracranial aneurysms does any type of
microsurgical occlusion compared to any type of endovascular occlusion improve
outcome?

* FD only in very selected cases

In adult patients with ULA, we suggest flow diverting stents as a
treatment option only if no other endovascular or microsurgical
options to occlude the ancurysm (compiete occlusion or neck
remnant only) at a risk lower than the expected S-year risk of
rupture are availlable and i the risk of rupture outweighs the

risk of treatment with flow diverting stents

Quality of evidence
Strength of recommendation




PICO 3. In adult patients with unruptured intracranial aneurysms does any type and frequency of
follow-up imaging followed by aneurysm occlusion in case of aneurysm growth or other change
compared to no follow-up imaging improve outcome?

Evidence-based recommendation

In adult patients with a UIA in whom the risk of treatment
complications is higher than the 5-year risk of rupture, we
recommend radiological monitoring to detect future UIA
growth or morphological change for patients in whom
treatment remains an option that were initially observed.

Quality of evidence:
Strength of recommendation: Strong for intervention

In adult patients with a UIA that shows recent growth during
radiological monitoring, we suggest preventive aneurysm
repair. However, despite an increased risk of rupture in such
patients, this risk remains to be weighed against the risk of
treatment complications.

Quality of evidence:
Strength of recommendation:




Expert consensus statement

In adult patients with UIA undergoing radiological monitoring
to detect potential aneurysm growth or morphological
change, we suggest that the frequency and duration of follow-
up imaging should be based on aneurysm- and patient-related
risk factors of growth or rupture and risk of treatment. This
should be agreed upon in a shared decision-making process
between physician and patient based on the recommendation
by the multidisciplinary team and patient-related psycho-
sociological factors.

In adult patients with UIA undergoing radiological
monitoring to detect potential aneurysm growth or
morphological change, we suggest that radiological follow-
up should be continued as long as preventive treatment
remains an option.

In adult patients with UIA undergoing radiological monitoring
to detect potential aneurysm growth or morphological
change, we suggest that radiological follow-up should be

performed with MRA or CTA.




PICO 4: In adult patients with unruptured intracranial aneurysms does any life-style modification
or any medical treatment (e.g. anti-inflammatory drugs, antihypertensive drugs, statins) in
comparison to no treatment improve outcome?

Evidence-based recommendation

In adult patients with UIA who smoke, we recommend
smokingcosin:

Quality of evidence:
Strength of recommendation: Strong for intervention

In adult patients with UIA ae recommend

treatment of increased blood pressure.

Quality of evidence:
Strength of recommendation: Strong for intervention

patients with UIA, we suggest t& not start treatment
q cid xo decrease the risk of aneurysm

growth or rupture,

Quality of evidence:
Strength of recommendation: -

In adult patients with UIA, we suggest t@ not start treatment
decrease the risk of aneurysm growth or
rupture.

Quality of evidence:
Strength of recommendation: —




Expert consensus statement

For adult patients with an UIA who do not undergo
preventive occlusion, we suggest that there is no contra-
indication for platelet aggregation inhibitors if needed for
another indication.

For adult patients with an UIA who do not undergo preventive
occlusion, we suggest keeping blood pressure <130/80mm

Hg.

For adult patients with an UIA who do not undergo
preventive occlusion, we suggest that no restrictions should

be imposed regarding sexual activity or any physical or
sporting activity.




PICO 5: In adult patients with occluded unruptured aneurysms, does any type and
frequency of follow-up imaging compared to no follow-up imaging improve
outcome?

Recommendations:

For adult patients with a treated UIA in whom aneurysm re-
treatment remains an option, we suggest an initial radiological
follow-up 3 to |2months after UIA repair to detect potential
UIA remnants or recurrence.

Quality of evidence:
Strength of recommendation:

In adult patients with a treated UIA and recurrence of the

aneurysm, we recommend that the pros and cons of re-
treatment in the short-term versus a future radiological
follow-up are agreed upon in a shared decision-making
process between the physician and patient based on the
recommendation by the multidisciplinary team and patient-
related psycho-sociological factors.

Quality of evidence:
Strength of recommendation: Strong for intervention




Expert consensus statement

We suggest that MR-angiography should be the primary

tool for follow up imaging of endovascularly treated
aneurysms, CTA for microsurgically treated aneurysms and
that DSA should only be considered if MRA and CTA are

not conclusive




Ruptured Aneurysms

* Incidence: ~10 per 100,000 annually
* Mortality: 30-50% within 6 months, improved

* 30% of survivors remain dependent



Surgical treatment

Surgical Method

Microsurgical
Clipping

Aneurysm Trapping

Aneurysm Wrapping

Aneurysm Bypass
with Trapping

Aneurysm Direct
Suturing

Indications

First-line for anterior
circulation aneurysms,
wide-neck aneurysms

Fusiform, dissecting
aneurysms, cases with
vessel rupture

Fragile aneurysm
walls, non-clipable
aneurysms

Large, fusiform
aneurysms requiring
parent artery occlusion

Small aneurysm neck,
intraoperative rupture

Advantages

Definitive occlusion,
low recurrence

Eliminates risk of rupture
completely

Reinforces the wall,
prevents growth

Maintains cerebral blood
flow

Vessel preservation, no
implant needed

Limitations

Higher perioperative risk

Requires bypass
revascularization to maintain
blood flow

Does not fully occlude the
aneurysm, risk of late rupture

Technically challenging, risk
of graft failure

Limited to rare cases,
technically challenging



Neurosurgical Equipment

* Neuronavigation

* Brain Relaxation-positioning, Mannitol, CSF release,
etc.

 Retraction?

* Temporary clipping
 MEP, SSEP, awake

* Proximal Control
* ICA occlusion, adenosin, rapid ventricular pacing

e Distal control



Blood-flow after clipping



Endovascular treatment

* Endovascular Coiling
* Indications: Small-medium aneurysms, high surgical risk patients
* Limitations: Higher recurrence, incomplete occlusion in wide-neck aneurysms

* Flow Diversion Stents (Pipeline, Surpass)
* Indications: Large, giant, and fusiform aneurysms
* Limitations: Requires dual antiplatelet therapy, delayed aneurysm occlusion

* Stent-Assisted Coiling
* Indications: Wide-neck or complex bifurcation aneurysms
 Limitations: Higher thrombosis risk, requires antiplatelet therapy

* Intrasaccular Flow Disruptors (WEB Device)
* Indications: Bifurcation aneurysms
e Limitations: Limited to certain locations



USTREDNI VOJENSKA NEMOCNICE —
VOJENSKA FAKULTNI NEMOCNICE PRAHA
1. LEKARSKA FAKULTA UNIVERZITY KARLOVY V PRAZE
USTAV KLINICKYCH NEUROOBORU
= NEUROCHIRURGICKA A NEUROONKOLOGICKA KLINIKA

“““ prof. MUDF. David Netuka, Ph. D.
piednosta

Kuncuv memorial 2025

26. ¢ervna od 15 hodin
Novotneho lavka 201/1, Praha 1 — Staré Mésto

Program

[

15:00 — 15:20 Uvod
15:00 — 15:05 D. Netuka
15:05-15:10 M. Vokurka
15:10—-15:15 V. Masopust
15:15-15:20 M. Sames

15:20 — 16:00 Zvana prednaska
prof. PhDr. Martin Kovar, Ph.D.: Trumpova Amerika a/versus Evropa




16:30 —17:30
16:30 - 16.40
16.40 —16.50
16.50 —17:00
17.00 -17.15
17.15-17.30

17:30 — 18:10
17.30-17.40
17.40 —17.50
17.50 —18.00
18.00 —-18.10

Odborne prednasky

D. Netuka: UKN

D. Netuka: Klinicka randomizovana studie v ¢asopise s IF 93,7

R. Voldiich: Lécba intraneuralnich peronealnich gangliovych cyst
R. Kuéera: Komplexni spinalni program?

M. Majovsky: Al a denni praxe

Kazuistiky

J. Kasik: Spinalni piipad

M. May: Kranialni piipad

T. Moravec: Bolestivy piipad

M. Cemny: Elektrofyziologicky piipad




