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The Bare minimum of Stroke:

Sang-Bae Ko, MD, PhD

Division of Critical Care Neurology and Stroke

Seoul National University Hospital

M/75, HT, DM

Sudden left side weakness
LNT: 4h ago,

FAT: 3h 30min

Dysarthria, motor Gr Il
Hemineglect

NIHSS 2401712

wwwstroke-edu.or kr

Integrated Acute Stroke Flowsheet
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CRCS

NOTICE

www stroke-edu.or.kr

NIHSS 6, R/o Acute stroke R/o Rt. MCA infarction

Q1. ER O A& Initial Lab 5 4 2A40lM 712 LEQ 227

1) CBC

2) Glucose

3) Coagulation panel
4) CPA

5) EKG

Q2. Imaging modality of choice? CT

Early ischemic signs
1) Gray-white loss of differentiation
2) BG low density
3) Insular ribbon sign

For better sensitivity, change W40/L40

ER w/u: thrombolysis

Coagulation panel / PTINR1.7, aPTT

CBC: platelet count : 100K
Stroke mimicking condition

Hypoglycemia : glucose 50mg/dL
Initial heart evaluation: EKG, troponin

Af detection
Concomitant Ml

CPA : optional

no change in clincial decision process

Stroke Scale Training and Certification
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Early ischemic signs

1) Gray-white loss of differentiation
2) BG low density
3) Insular ribbon sign

For better sensitivity, change W40/L40

Brain MR
More sensitive to ischemia compared to CT

Water molecule Brownian movement

Ischemia -> cytotoxic edema ->
intracellular water increase
-> low degree of Free water movement

1l
voltage-dependent K' K
rsa| Na’ and Ca” channels
d 2T

impaired vesicle

iy membrane depolarization
3Na’
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MRA

Parenchymal imaging + Vessel imaging
-> stroke mechanism

i ¥ v )
l 20% l I 20-25% l I 20-25% l |_5t:| 25-30%

Large-artery Cardiac disease Small-artery disease || Other causes Cryptogenic stroke
atherosclerosis « Atrial fbrillation Penetrating artery « Dissection
« Extracranial ~12% * Ventricular thrombi occlusion due to « Hypercoagulability
(including aortic arch) « Valve disease » Lipohyalinosis » Vasculitis
» Intracranial ~8% «Reduced ventricular || « Migrai ke
contractifty « Drug abuse
Haemodynamic failure Cardiogenic Lacunar infarction Various mechanisms of infarction
with borderzone infarction embolism Various infarct morphology
(rare; not shown) (Leukoaraiosis)
Artery-to-artery embolism —‘

or autochthonous athero-
thrombosis (common)

Embolic Thrombotic

»
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Our patient, M/75, LNT 4h

Alleged CE Rt. MCA infarction =

Q3. What is your next step?
1) Aspirin 300mg £<F
2) Vessel 0| 2202 tPA = A|ZHHA210] AL
3) Vessel 0] 2+3{A{ IA thrombolysis
4) Y44 A 210] tPA candidate
5) Hemicraniectomy &

TISSUE PLASMINOGEN ACTIVATOR FOR ACUTE ISCHEMIC STROKE

-~ a
1k NATIONAL INSTITUTE OF NEUROLOGICAL DISOKDERS AXD STROKE 1-PA STROKE STUDY GRoUP* LS $ELRLL
ol . e of sl Haror "

hage witn 36 Hours of Tesimant
for ke,

Age limitation (-)

0. — OR estimsted ty mocet
3. e 95 Gl estmoted OR

. STARS” - S )
b bt el STS-HOST <
- FOA approval hoasy g o.: | |

) % i o 0 700 2o 20 o e 3

i

Thrombolysis with Alteplase 3 to 4.5 Hours
after Acute Ischemic Stroke

N EnglJ Med 2008;359:1317-29,

Intention-to-Treat Population
Score 0 1 2 3 4 5 6

Col IR B
s

} T T T
0 20 4 60 30 100
Age <80 Previous stroke with DM (- Patients (%)
Day 90
Intention.to-Treat Population Per.Protocol Population
odds ratio oddsratio
(95% CI) P value (95% CI) Palue
mRS score of 0 or 1} 1.34 (1.02-1.76) 004 147 (1.10-1.97) 0.001
MRS score of 0-2 130(095-178) 011 141(101-196) 004
Barthel Index score 295§ 1.23 (0.93-1.62) 015 1.33 (0.99-1.80) 0.06

NIHSS score of 0 or 1, or >8-point improve-
ment from baseline§
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Age <80 QO Q mwwe
Age >80 O X

H= 3

Our patient, M/75, LNT 4h

Alleged CE Rt. MCA infarction s B o e

Q3. What is your next step?
1) Aspirin 300mg £2F
2) Vessel 0] 3OO 2 tPA & A|ZHHA|Q10] AL
3) Vessel 0] 2t5{A{ IA thrombolysis
4) G427 #A|210] tPA candidate
5) Hemicraniectomy &

tPA 0.9mg/kg BP: 195/100 mmHg
Q4. What to do?

1) Never give tPA
2) Wait until BP drops then give tPA
3) Give antihypertensive then give tPA

4) Give tPA regardless of BP

tPA AL20| O, 220/120 mmHg 7HA|= BP 24 52| %S
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After tPA administration, NIHSS improved to 2
left side motor: arm 1, leg 1

Q5. What should we do?
A) Admission to ICU
B) minor stroke, admission to General ward
C) admission to Stroke unit
D) Discharge the patient

AYE
Subtotal (95% C1) .Wt\ 157 . 075(0.65,090]
b
Revew: Organisad care or ke o 50 == o
ML E2FSE= e

s aterati

d folow-

Treatment Contro

N N

jonvill 2003

Nottingham 1396 (GMW) e 76

Trendhem 1991 s4110 81110

1240

036021,061]
0.75 [ 0.64,0.88 |
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Lomior  vaus Kauo vaus Kauo
Subgroup ___log[Odds Ratio] __SE Total IV, Fixed, 95% CI IV, Fixed. 95% CI
Age
Ageupto 75yrs <0151 0175 482 417 086(061,1.21] +
Age over 75 yrs -0139 0181 77 321 087[061,124) 4 Pinteraction=0.94
Sex
Male -0.315 0203 312 313 073(049,109) -+
Female -0329 0186 350 315 072(050,104) —+  Pinteraction= 0.98
Stroke severity
Mild stroke 003 0219 741 634 1.03(067,158) ¥
Moderate stroke -0.261 0.111 1347 1233 077(062,0.96) +
Severe stroke -0616 0141 640 471 054(0.41,071) o Pinteraction =0.03
Type
Infarct -0.386 0199 985 760 068(0.46, 1.00] =5
Haemonthage -0635 0.308 231 131 053(029,097] —4|  Pinteraction = 0.51
001 100

01 10
Favours [experimental] Favours [control)

tPA -> no improvement

Q> Next step?
1) Wait and see
2) Sedate patient for neuroprotection
3) Give Aspirin
4) IA thrombectomy

5) Heparin
o A Randomized Trial of Intraarterial Treatment for Acute
Endovascular Therapy aficr Intravenous t-PA versus t-PA Alone Ischenic Stroke
for Stroke
———

Overal CIL)

] [
89| 12 [ma] 1 -‘ a4

Rankin Distribution i r
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tPA -) no improvement

Q> Next step?

1) Wait and see

2) Sedate patient for neuroprotection - =
3) Give Aspirin

4) IA thrombectomy

5) Heparin

This patient was admitted to SU
Q6. Which is correct?
A) Liberalize BP medication, up to 220/120 mm Hg
B) Give Oxygen via nasal prong
C) strict glucose control below 120 mg/dL
D) Give Aspirin as soon as possible
E) Use N/S rather than D5W

To minimize the risk of hemorrhagic transformation
Strict BP control < 180/105

Glucose: 140 - 180 mg/dL

Routine Oxygen is not beneficial
high Pa02 -)> decrease CBF

ASA treatment Early administration of aspirin in patients treated with

. . alteplase for acute ischaemic stroke: a randomised
Main fluid controlled trial

Glucose free

o7% a6k ﬂ vox 5% 7%
an ) &) ®) 31
U3 168% 202 4% 12%
) ©4) = a6

&
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Early administration of aspirin in patients treated with
alteplase for acute ischaemic stroke: a randomised
controlled trial Lancet 2012;380:731-37

SanneM Zinkstok. Yvo B Roos, on behalf of the ARTIS investigators

Score 0 1 2 3 K 5 6
Standord R 216% 17.8% 5% 97%
(n=320) @1 (69) (57) 8) (@1
Aspirin 143% 168% 230% 202% B4% 112%
(n=322) (46) (54) (74) (65) 1) (36)
f T T a T T
0 20 40 60 80 100
Patients (%)
Aspirin Standard Relative risk (95% CI)  p value*
(n=148) treatment
(n=137)
Initial ischaemic stroke (including progressive stroke) 99(66:9%) 102 (74:5%) 0-90 (077 t0 1-04) 016
Recurrent ischaemic stroke 10(6-8%) 3(22%) 309(087t01089) 009
Symptomatic intracranial haemorrhage 11(7-4%) 1(07%) 1018 (133t077-83) 0006

M/45  HT (+) for 10Y Sudden LOC, 1ha

Q6. What is your choice?

A) Call NS, and prepare surgery

B) Should not decrease BP

C) Elevate BP for better perfusion

D) Give prophylactic AED

E) Consider ICP lowering when indicated

hematoma expansion » 33%, 38% in 24h
BP plays lots of role

otesive loodpreser redstion i e cosbrl
haemorhage sl (NTERACT: andomised ot il
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Intensive blood pressure reduction in acute cerebral
haemorrhage trial (INTERACT): a randomised pilot trial

Lancet Neurol 2008;7: 391-99

Guideline Intensive Ooidelm Intensive Difference 3
(n-201) (n-203) (n172) (ne178) (5%
Age (years) 62(13) 6312 e .
Rapid Blood-Pressure Lowering in Patients
with Acute Intracerebral Hemorrhage
N Engl ) Med 2013;368:2355-65.
Table 2. Treatment of Patients with Intracerebral Hemorrhage.
Guideline-
Intensive Recommended
Blood-Pressure Blood-Pressure
Lowering Lowering
Variable (N=1399) (N=1430) P Value
Time from ICH to start of treatment — hr <0.001
Median 4.0 45
Interquartile range 29-5.1 30-70
Table 3. Primary, Secondary, and Safety Outcomes at 90 Days.*
Guideline-
Intensive Recommended
lood-Pressure  Blood-Pressure
Lowering Lowering Odds Ratio
Variable (N=1399) (N=1430) (95% Cl) P Value
Primary outcome: death or major disability — no./total no. (%) 719/1382 (52.0)  785/1412 (55.6) 087 (0.75-101)  0.06
Secondary outcomes
Score on the modified Rankin scale — no./total no. (%)% 087(0.77-100) 004

The Intracerebral Hemorrhage Acutely Decreasing
Arterial Pressure Trial

Table 1. Baseline Characteristics of Randomized Patients

<150mmHg  <180mmHg P
Target (n=39)  Target (n=36) Value

Age (mean=SD) 70.7:125 68.7x11.1 0.46
Male 26 (67%) 28 (78%) 0.28
Symptom onset to 7.83(3.25-16.75) 8.54 (3.80-15.75) 0.94
randomization (median, IOR)

Randomized <6 h 18 (46%) 17 (42%) 093

Table 2. Effects of Blood Pressure Treatment on Cerebral Perfusion, Hemorrhage Growth, and Clinical
Outcome

<150 mmHg Target (1=37) <180 mmHg Target (n=36) P Value

Relative perfusion measures (mean=SD)

Perhematoma rCBF 089:009 018
Ipsiteral hemispher 1CBF 099:005 o001
Perhematona rCBY 0912015 om
Ipsiateal hemispheric (CBY 098:005 090:006 05

Clrical outcomes (median, I08)
608 Score (21) 15(11-15) 15(13-15) 050
 Value NHSS Score 21) 16-17) 136-17) 075
006 665 Seore 24h) 15(1075-15) 101315 06t
NHSS Score 24 1) 106-19 12620 085
w0 30-day mottalty 7079% 4% 040
: 90-day Barthl Index 95 (70-100) 95 (40-100) 051
90-day miS 25(1-575) @9 065
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Early seizures in intracerebral hemorrhage

Incidence, associated factors, and outcome

r
Table 1

for categorical variables®

Vascularrisk factors, n (%]
Male gender
Arterial hypertension
Diabetes
Hypercholesterolemia
Ncohol sbuse®
Smoking®

Radiologic data. (%)
Corticalnvalvement

Intraventricular

Subarachnoid extension
Subdural extension
Hydrocephaly.

Midine shift

Multiple ICHs.

Lobar locationt
Presence of cldlesion”

Presence o lacunes”

Allpatients
(n=522)

27452)
334(64)
78015
154(30)
129025
98(19)

257049)
1322
2006
1000191
20038)
3166

76(15)
168(32)

Patients with
ESin=71)

41(58)
45(63)
710/

2231)
2332
15021

3002
16(23)
466
1105
2434)
7010/

1247)
2332

pValue

0368
0904
0202
0770
0124
0671

Outcome Following ICH

for the CHANT investigators

Drug Use is
Neurocrit Care (2009) 1

Poor outcome - Good outcome P

Age (years). median 73 (65-78) 63(56-73) <0.001

Male sex STUR2(70%) 134209 (64%) 038

Hematoma volume (ml). 14-57) 13(6-22) <0.001
median (IQR)

Intraventricular 43/82(52%) 571209 27%)  <0.001
hemorrhage

Lobar location of 20/8226%) 25209 (12%)  0.004
hemorrhage

Infratentorial 1/82 (1%) 71209 (3%) 032
hemorrhage location

Glasgow coma score. 14(12-15) 15 (14-15) <0.001
median (IQR)

AED use IS2 (18%) 82090 (4%) <0001

Prior warfarin use W2 (17%) 6209 3%) <0001

Surgical intervention 8/82(10%) 77209 (3%) 003

ICH score =2 36/82 (44%) 23209 (11%) <0001

d with Poor

Table 3 Multivariable logistic regression model to predict poor
outcome (defined as a modified Rankin score of 5 or 6) at day 90

OR  95%Cl 3
Age (per year) 106 103110 <0.001
Hematoma volume (per ml) 104 102-106  <0.001
Presence of intraventricular blood 298 1.54-5.76 0.001
Glasgow coma score (per point)  0.82  0.68-0.99 0.04
Prior warfarin use 403 106-1528 004
AED use 6.83 0.001

Early surgery versus initial conservative treatment in
patients with spontaneous supratentorial intracerebral
haematomas in the International Surgical Trial in
Intracerebral Haemorrhage (STICH): a randomised trial

Lancet 2005;365:387-97

09
08

07+

Probability of survival

— Early surgery
Initial conservative

Numbers

atrisk (alive)
Early surgery 477
Initial 505
consenvative

0 60

366 337
380 349

321
339

T T T
120 150 180 210
Days

314 309 304 304
329 324 319 316

304
316
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Study Eady Initial conservative Odds ratio Odds ratio
or surgery treatment (fixed) (fixed)
subcategory N N 9sncl 95w cl
Age

H « -

Side of haematoma

Left hemisphere 1867246
Fight hemnpher 16 §
Site of haematoma

-

5. 5 1
Depth from cortical surface
Tem 170025 1927266 - 9 (047-1
1om 1741208 184 4 +a— 1.39 (086

Early surgery versus initial conservative treatment in
patients with spontaneous supratentorial lobar intracerebral

haematomas (STICH I1): a randomised trial [S—
lseN Rowen Gordon DMy Ani Gk, f
Early surgery group Inital conservative:
(n=288) treatment group (n=62)
Surgery

Craniotomy 284(99%) 59(95%)

Craniectomy 1(<1%) 3(5%)

Minimally invasive™ 30%)

1o [E—

Pebsbityclsnial

log.rankp-0073

ICP issues
0] %
7 (¥4
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M/56 sudden vomiting
V/S:96/55 - 102 - 25 - 37.2
What is the first step in ICP management?

1) Mannitol  2) Hyperventilation
3) Emergent surgery 4) BP elevation

B e | [
; y c000000
A VASGULAR CAUBER
R o g
i
i - § $n w0
. - £ .
A ® Menororslprossus (k| B " Meanarorlprassurs
®
o
£ ey L
£ - L
= e
5] & i i
-
o2 i =
70 80 20 100 110
MAP (mmHg)
* Mannitol: 184KD sugar OH OH
- Osmotic diuresis HO OH
o o . . &
- Rapid onset: within minutes OH OH
— Last up to 5 hrs (Peak 2hrs)
- Form: 15% -25% g/100m| et e of Acion
Table 1. Comparison of Osmotic Agents e pum,
Solution Sodium Concentration Osmolarity
Concentration (mEqlL) (mOsmiL)
Ringer's lactate 130 275 b o, [ s
. 154 308 p- el
0.02 242 684 Coteang
0.03 513 1062 Fre, B>
Mannitol 20% nla 1098 A—
Mannitol 25% n/a 1375
0.075 1283 2566
0.234 4004 8008 S Ve (17 oot P
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Mannitol induced kidney injury

1) Pre-renal azotemia: diuretic effect
Myth: N/S 150cc replacement Maintain euvolemia

2) high osmolarity? Osmolality and osmotic gap
Timing of Measrement— NoMIARI® MLAREp Vaei
s-osm: 320
osmolality (mOsnvkg)
HTS: less AKI haselne W0 = 0356
before MI-ARI 202 kX ] 0481
peak 320+ 2 34405 0025

3) Direct tubular damage: Mannitol concentration

® Mannitol
- concentration ~ OG
£e
%m Na, glu, BUN monitoring
i

0G =55 safe

M/48 180cm, 80kg
extensor posturing

BP: 160/88

Mannitol ?

1) 50cc 2) 100cc 3) 150cc 4)200cc

Minimum effective MNT dose

MAJOR CLINICAL AND PHYSIOLOGICAL BENEFITS OF
&= 0.5g/kg EarLy HiGH Doses OF MANNITOL FOR
INTRAPARENCHYMAL TEMPORAL LOBE HEMORRHAGES
WITH ABNORMAL PUPILLARY WIDENING:

A Ranpomizep TRIAL

o o s

No.ofpatnts No.of s

Tovgr vy Tod TP ooy cougey Tl

MaJor CLINICAL AND PHYSIOLOGICAL BENEFITS OF
EARLY HIGH DOsEs OF MANNITOL FOR
INTRAPARENCHYMAL TEMPORAL LOBE HEMORRHAGES
WITH ABNORMAL PuPILLARY WIDENING:

A RANDOMIZED TRIAL

TABLE 3. Early improvement of bilateral pupillary widening in ~ TABLE 4. Early improvement of unilateral pupillary widening

the two groups of patients” in the two groups of patients*
Pupillary No. of patients Pupillary No. of patients
improvement  HpMgroup  CDMgroup  Total  IMPrOVEMENt  ppMeroup  CDMgroup  Total
Yes 10 3 13 Yes 44 29 73
No 5 10 15 No 13 27 40

o MEMO o0—y
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AML M2, Gr (-) sepsis -» sudden vomiting

ICU doctor initiated Mannitol 100cc g 6h
Increased MNT up to 1g/kg

Pupils were blown bilaterally

Should we give up?

Hypertonic saline

Table 1. Comparison of Osmoric Agents

=
=4 P ey
\ & Concentrat on (mEqll) (mOsmiL)
g [ 0009 154 08
o A o
; ot 0% ;
R -
4 -

Usual dose, 23.4% 30cc, so, 11.7% 60cc
Too rapid infusion, sudden hypotension=
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Table 1. Systemic Responses to Rapid Hypertonic

Saline Infusion

Time after HTS

administration

Baseline 45 5 min
HR (beats/min) 101 = 8 103 = 6 114 + ¢
MAP (mm Hg) 95 + 4 51 = 5° 113 = 8¢
PP (mm Hg) 36=x3 48 + 4 47 = &
MPAP (mm Hg) 14 =1 171" 15+1
CO (Limin) 28 1.0 392 1.1% 4.0+ 09
SV (mL) 26415 38519 343421
SVR (dynes-s.em™®) 2628 + 220 1069 * 159 2071 = 367"
PVR (dynes-s:«em™) 261 = 18 187 = 16* 174 = 23°

HTS 11.

7% q 6h

Pt can walk and talk on OPD f/u

Hypertonic saline versus mannitol for the treatment of elevated
intracranial pressure: A meta-analysis of randomized clinical

trials*

Name

Afifi et al
Battison et al
Francony et al
ichai et al
Schwarz et al

Overall

s 1 2
Favors Mannitol Favors Sodum

RR (95% C1)

1.19(0.93,1.51)
1.14 (0.85, 1.54)
0.90 (0.69, 1.18)
1.28 (0.98, 1.68)
1.39 (0.99, 1.95)

1.16(1.00, 1.33)

o MEMO o0—y




Azgmt MZo| A2 WG
Aol

~0
-l

&

=

HTS

Bolus therapy, not 3% -> 11.7% in Korea

Higher permeability coefficient 1.0, compared to Mannitol
May last up to 4-6hr

Safer than MNT even in patients with renal failure

Preferred via Central line






