¢ Primary Neurologic cause  * General critical care

- Severestroke — Sepsis

- Status epilepticus — Severeaspiration pneumonia
- Head trauma — For CRRT

- ICPissues - Hemodynamic and ventilator

oy
systems lungs

General critical care:
Infection & sepsis

F/ 89
Sudden aphasia, Rt. Side weakness

Next day

- Feverupto 38.3
- CRP:85

- CPA: unremarkable

Antibiotics ?
Early sepsis?

sis-induced hypotension

bove upper imits laboratory normal

Urine output < 0.8 mL/kg/hr for mare than 2 hrs despite adequate flud resuscitation

of p

Pao,/Fo, < 200 in the presence of pnun
Greatinhe > 20mg/dL. (1768 ymol/L)
Bilrubin > 2m/dL (342 ymol/L)

Coagulopathy (international normalized ratio >1.5) O Oseptic
Severe Shock

O . H Severe Sepsis + Hypotension
Sepsis Sepsis

SIRS + Infection

Sepsis + End Organ Damage

SIRS

Temp. >38°C or <36°C, HR >90, RR >20 or PaCQ, <32,
'WBCs >12,000 or <4,000 or >10% bands
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o Drotrecogin Alfa (Activated) jn-Adtlts with Septic Shock

CONCLUSIONS 2012
DrotAA did not siggil [V reduce mortality at 28 or 90 days, as compared with
placebo jaeprficnts with septic shock. (Funded by Eli Lilly; PROWESS-SHOCK

calTrials.gov number, NCT00604214.)

o Hydrocortisone Therapy for Patients wil 1c Shock
conctusions 2008

Hydrocortisone did not unpmve s or reversal of shock in patients with septic
shock, either overall o lents who did not have a response to corticotropin,
although hy tisone hastened reversal of shock in patients in whom shock
rsed. (ClinicalTrials.gov number, NCT00147004.)

¢ Early Goal directed therapy
- 46.5% ->30.5% : 16% improvement

A BA|2F Ot resuscitation

& L L o
% 1. Fluid resuscitation

A. Initial Resuscitation

1. Protocolized, quantitative resuscitation of patients wl\h sepsis- mduced issue hypoperfusion (defined in this document as hypotension
persisting after inital fluid challenge or blood lactat mmol/L). the first 6 hrs of

a) Central venous pressure 8-12mm Hg

b) Mean arterial pressure (MAP) = 65mm Hg

) Urine output 2 0.5 mL/kg/hr

d) Central venous (superior vena cava) or mixed venous oxygen saturation 70% or 65%, respectively (grade 1C).

2. In patients with elevated lactate levels targeting resuscitation to normalize lactate (grade 2C).

e R D

MAP Mean Aterial
s, SOV0: Cantal Vanous Oratraton

orboth |

& Crystllod
<ammkg

Coloig
3

seomangissonniey SNEENEmy < — B/00¢ pressure (Pressors)

<—Preload, volume resuscitation

8-12mmHg

265mm Hg s80mm Hg ;
w TemsusoaIels g0, <—Systemic perfusion
o iiepsigars <70 (INOtropes, Transfusion)

% 1. Fluid resuscitation : CVP 8-12 mmHg

Principe offlid challenge
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G. Fluid Therapy of Severe Sepsis
1) Crystalloids as the inital luid of choice in the resuscitation of severe sepsis and septic shock (grade 18).
2[Againstihe use of hydroxygihylsfarches for fluid resuscitation of severe sepsis and sep(lc shock (grade 1B).
3. JAIBiRinn the fluid resuscitation of severe sepsis and septic shock Wi patieils! I ystaloidsi(grade 2C).

4. Initial fluid challenge in patients with sep: d tissue vith suspicion of to achieve a minimum
of B0mL7/kg of crystalloids (a portion of this may be albumin equua{snt) More rapid administration and greater amounts of fluid
may be needed in some patients (grade 1C).

5. Fluid challenge technique be applied wherein fluid d as long as there is either
based on dynamic (eg, change in pulse pressure, stroke volume variation) o static (eg, arerial pressure, heart rate) variables (UG).

=
8 2. Pressors

Stroke Volume or Pulse Pressure

If (PPmax-PPmin) .
! paar PPVCA) = opmaxsPPminyz 100

H. Vasopressors
Vasopressor therapy initially to target a.mean arterial pressure (MAP) of 65mm Hg (grade 1C).

2, Norepinephrine as the first choice vasopressor (grade 1B).

@

Epinephrine (added o and potentially substituted for norepinephiine) when an additional agent is needed to maintain adequate
blood pressure (grade 2B).

4, Vasopressin 0,03 units/minute can be added to norepinephrine (NE) with intent of efther raising MAP or decreasing NE
dosage (UG).

Low dose vasopressin is not recommended as the singe iniial vasopressor for treatment of sepsis-induced hypotension and
vasopressin doses higher than 0.03-0.04 units/minute should be reserved for salvage therapy (failure to achieve adequate
MAP with other vasoprc=sor agents) (UG),

o

6. Dopamine as an al agen ine onlyin highly selected patients (eg, patients with low risk of
tachyarthythmias and absolute or reatie bvadycavma) grade 20).

=

Phenylephrine is not recommended in the treatment of septic shock except in circumstances where (a) rorepinephrine is
associated with serious arrhythmias, (b) cardiac outputis known to be high and blood pressure persistently low o (c) as salvage
therapy when combined notrope/vasopressor drugs and low dose vasopressin have failed to achieve MAP target (grade 1C).

Low-dose dopamine should not be used for renal protection (grade 1A).

Al patients requiring vasopressors have an arterial catheter placed as soon as practical if resources are available (UG).
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lllustrative Comparative Risks®

(95% CI) Quality
Relative No. of of the

Assumed Corresponding Effect Participants Evidence

Outcomes Risk Risk (95%Cl)  (Studies) (GRADE) Comments
Dopamine Norepinephiine

Short-term mortalty Study population RRO91 2043 (6studes) ©6BO
530 per 1000 482 per 1000 (440 to 524) (sais056) moderate!
Serious adverse erents Study population RRO47 1931 (2studes) 0600
;?I:x;v;:“e;\;ncuw 228 per 1000, 82 o1 1000 34t 195) (03519059) moderate
Serious adverse Study population RRO35 1931 (2studes) ©8®0
;vrehnyvtsh VTG 501000 15 100002y ©1910060 moderat

Too much
vasopressin
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4 Oxygen Extraction J
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Perfusion DO,=Ca0, + CO Dobutamine. Milrinone
Oxygen delivery: = =

Transfusion, if needed (HCT <30)
Ca0,=[(520, + 1.39 x Hb) + (0.0031 + Pa0,)]

-8 Antibiotics and culttre
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SURVIVING SEPSIS CAMPAIGN BUNDLES

TO BE COMPLETED WITHIN 3 HOURS:

1) Measure lactate level

2) Obtain blood cultures prior to administration of antibiotics

3) ini broad spectrum antibioti

4) Administer 30 mL/kg crystalloid for hypotension or lactate >4mmol/L

TO BE COMPLETED WITHIN 6 HOURS:
5) Apply vasopressors (for hypotension that does not respond to initial fluid resuscitation)
to maintain a mean arterial pressure (MAP) 2 65 mm Hg
6) In the event of persistent arterial hypotension despite volume resuscitation (septic
shock) or initial lactate 24 mmol/L (36 mg/dL):
- Measure central venous pressure (CVP)*
- Measure central venous oxygen saturation (Scvo,)*
7) Remeasure lactate if initial lactate was elevated"

C. Diagnosis

1. Cultures as clnically appropriate before antimicrobial therapy if no significant delay (> 45 mins) n the start of antimicrobial(s) (grade
1C). Atleast 2 ets of blood cultures (both acrobic and znaerobic bottles) be obtained before antimicrobial therapy vith at least 1 drawn
percutaneously and 1 drawn through each vascular access device, unless the device was recently (<48 frs) nserted (grade 1C).

D. Antimicrobial Therapy

1. Administration of effective intraverous antimicrobials ithin the first hour of recognition of sepic shock (grade 1B) and severe
sepsis without septic shock (grade 1C) as the goal of therapy.

2a.Initial empiric anti-infective therapy of one or more drugs that have activity against all liely pathogens (bacterial and/or fungal or
viral) and that penetrate in adequate concentrations info tissues presumed to be the source of sepsis (grade 1B).

2b. Antimicrobial regimen should be reassessed daiy for potential deescalation (grade 1B).

3. Use of low procalcitonin levels or similar biomarkers to assist the clinician in the discontinuation of empiric antibiotics in patients
whoinitially appeared septic, but have no subsequent evidence of infection (grade 2C).

4a. Combination empirical therapy for neutropenic patients with severe sepsis (grade 2B) and for patients with difficult-to-treat, multidrug-
resistant bacterial pathogens such as Acinetobacter and Pseudomonas spp. (grade 2B). For patients with severe infections
associated with respiratory faiure and septic shock, combination therapy with an extended spectrum beta-lactam and either an
aminoglycoside or a fluoroquinolone is for P. aeruginosa bacteremia (grade 2B). A combination of betarlactam and macrolide for
patients with septic shock from bacteremic iae infections (grade 2B)

General critical care:
Ventilator

008 og ] 1,

Heahy  locl  sptemic  Severs septic
Infections  Infections  sepsis thock

© Immedate effectiveness of AB
™ Secondary response to therapy with the change of AB
© Therapeutic ailure

e M/75, Lt. MCA infarction, M1 severe stenosis
e ABGA 7.24-55-66-92%, RR28 BP90/60
¢ [ntubation : Choice of drug ?

- 1) Midazolam

- 2) Propofol

- 3) Valium

— 4) Etomidate

- 5) ¥R/ olM

45
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C% 18 Midazolam

Dazepam Midazolam Midazolam: prolonged effect
Cmax ing/m) 28 133 Hemodynamic effect
Hypotension

Cmax ng/ml) 1618 646
Half-life (hours) 215 22

YF () 9.4% 97.9%

ETOMIDATE 0.3 mgkg .
Etomidate

Hemodynamic stability
- No hypotension
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Rapid Disuse Atrophy of Diaphragm Fibers in Mechanically
Ventilated Humans

N Engl) Med 2008;358:1327.35.
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Even within 18hrs of controlled ventilation
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C% 1% Time course

e Controlled ventilation: AC-PC/ AC-VC

¢ SIMV or PSV

¢ CPAP

¢ T-piece

Q% 18 Ventilator induced lung injury

Lower tidal volumes
— Survival

ischarge

nal tidal volumes
rvival

Proportion of Patients
o
&

-~ Discharge
0 20 4 60 80 100 120 140 160 180
Days after Randomization

High volume, high pressure Emlkg, Pplat < 30emH20

g inches vy M/75, 170cm, 75kg,  Initial setting TV?

or 50+ 0.91cheight in m— 152.4)

B Femdes ininckes oy 1) 365m1 2) 450ml 3) 700ml 4) 1200ml

or 455+ 0.3 (heightia cm — 1524)

TV should be based on IBW, not actual BW

Q% “I Continuoussedation

¢ For medical reasons
- Lung, sepsis, irritability etc.
— Several days after stopping sedation
— Patient won'’t regain consciousness, no response
— What is wrong?




Context-sensitive halt-life
(min)

Context-sensitive half-time (min)
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Remifentanil

Infusion duraton (h)

100 200 300 400 500
Duration of infusion (min)

600

Context sensitive half life prolongation
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Neurologic critical care
ICP management

Co

Revised

lumbia

Stepwise

- Fentanyl
~ Precedex : 0.4mcg/Kg/h— dose titration

- Midazolam : 0.05-0.2mg/Kg/h

— Propofol : propofol infusion syndrome, infection, hypotension

S

¢ Reversible sedation to allow repeated neuro-examination

* Drugs: Decrease brain metabolism -> decrease ICP

—o—1cP
—s—cep)

minutes

Nearocrit Care (2009)

¢ Craniectomy: more definitive
— Bifrontal : Traumatic brain injury
- Hemicraniectomy

- o
s |
» @ 0d DO

VASCULARCALIBER

i ® CBF (%)
43 Stage2
is
D) Stagel  stage0 @
5
SE | stag o
3 = 2®
= CBY (%)
Intact autoregulation
% s 75 100 125 1% 15
A

Mean arterial pressure  (mm Ho)

000000

OEF(%)
VASCULAR CALIBER

Stroke 2003

Cerebral Blood Flow
(mU100 gimin)
8

B

" Impaired autoregulation

T T
B % % 75 10 125 1% s

Mean arterial pressure (MM Ha)
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ICP (mm Hg)
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MAP (mmHg)

¢ ICP/ MAP scatterplot -> intact cerebral autoregulation
* MAP should be maintained >90 mm Hg
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e Mannitol: 184KD sugar OH OH
— Osmoticdiuresis HO s OH
- Rapid onset: within minutes OH OH
- Lastup to 5 hrs (Peak 2hrs)
- Form:15% -25% g/100ml Direticstes of Acon
-
Table I. Comparison of Osmotic Agents Sy e ==
Solution Sodium Concentraion  Osmolarity &
Concentration (mEq/L) (mOsm/L)
Ringer's lactate 130 275
0009 154 308
002 242 684 -
0.03 513 1062 T HE™
Mannitol 20% nla 1098 i
Mannitol 25% nla 1375
0.075 1283 2566
0234 4004 8008 ER—

e Mannitol Stopping point S-osm < 320 (?) : No strong
evidence !!!

Osmolality and osmotic gap

Timing of Measurement No ML-ARI* MLARI* 2 Valuet
osmolality (mOsmikg)

baseline 3019 303 x4 0556

before MI-ARI 32022 M0 0481

peak 320+22 344+25 0025

956 CltorExp (B)
Variabe B Covtiient se pVale Ep®  Lower Urer

APACHE Il core oli6 00t6 0013 s s 129
congestive heart failure 2417 1147 0035 nas LI83 106291
constnt 26 1158 0000 0010

Major CLINICAL AND PHYSIOLOGICAL BENEFITS OF
EARLY HIGH DOSEs OF MANNITOL FOR
INTRAPARENCHYMAL TEMPORAL LOBE HEMORRHAGES
WITH ABNORMAL PupPILLARY 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®

pupilry __ No.ofpatientt - pupillary Nosof patients
improvement HDMgroup  (DMgroup  Total ~ improvement HDM group DM group  Total
Yes 10 3 13 Yes 44 29 73
No 5 10 8 No 13 27 40
< UoE7 TN T TTOT TITeTT Ao o 1 EUILLARIE TEDUILS
- Higher dose (1.4 g/kg ) was more powerful than 0.7 g/kg in TBIRCT
Neurosurgery 2002
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| # Mechanism of Renal injury

¢ Direct Mannitol effect

— Not merely due to hypersomolarity
¢ Hypertonic saline: much fewer RF

— Acute tubular necrosis
— Pre-renal type injury
¢ Euvolemia : mandatory




¢ Osmolar gap : Measured osm - Calculated osm
— Well correlated with Mannitol concentration

L Crit Care Med 2004;
® o

£ s

Ew s

HS Sk

- 0G>55m0sm
¢ Retrospective analysis:
— Mannitol induced RF (+): OG > 65 mOsm
— Mannitol induced RF (-): OG < 55 mOSm

Bilateral pupil dilatation
Coma
No pain response

What to do?
1) More mannitol

2) Give up
3) Decompressive surgery

¢ Side effect / complication
— Toorapid infusion -> hypotension over 10min
- Electrolyte imbalance, hypernatremia
- Serum osmolarity increase, ARF
- CPN

- Tissue necrosis -> prefer central line

A/ Introduction to Critical Care Neurology | Il

Progressive swelling

Increased mannitol dose to 1g/kg

- saline (1)

e HTS: 3%-23.4% £ \m
- 0.9% Normal saline : 308 mEq/L T —"
— Dose: 23.4% - 30cc or equivalent amount of osmolarity \ —

- F2|th2} 11.7% NACLAIP ; 40mEq/20cc - 60cc IV shooting

Table . Comparison of Osmortic Agerts 34 gaisa 24 0 Tamt 20w
Solution Sodium Concentration Osmolarity
Coneshtration (mEqlL) (mOsmL) =
Ringer’s lactate 130 275
0.009 154 308 Lt
0.02 242 684
0.03 513 1062
Mannitol 20% nfa 1098
Mannitol 25% nfa 1375
0.075 1283 2566
0234 4004 8008

Survived ICP crisis
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 Decrease PaCO, -> Vasoconstriction-> decrease CBV -> ICP |
¢ Side effect : brain hypoxia, even PaC02 around 30 mm Hg
- Fixed degree of hyperventilation without brain oxygen monitoring can

be harmful
Spontaneous hyperventilation and brain tissue Scatterplos o P02 agaist €028X
hypoxia in patients with severe brain inury Book2 14v* 1510
P02 = Lowess

Ermanuel o, Wil S Lus Fomandes. Pao Koz
Manwoll Markon Morgan Stwat,? Kwon Loe, 7 Jan Cagssn, -

€ Saner Comoly, Steptan A ey, Neers Bl

Pbt02, mmHg

Patient with ICH

End-tidal COZ, mmHg . eur eursuy Pychiny 201081 753757

¢ Mechanism
- Decreases metabolism
- Coupled decrease in CBF

1o0r

woonenn 6% 11°C
ol L oy
oo
70| IMean® SE)

cuno, (s conTnoL)

37 20 8w e m 37

TEMPERATURE (°C)

¢ Targettemperature
~ CA:33(32-34)
- For ICP: <35.5(35)

Mean # standard deviation
0

ﬂim

seventiion M Subtues Moberma Wperonciing e G Deomeive
Gamae e

Neurocrit Care (2009)

v, dec. inico (mmbe)
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3 . . .
& il IS AT e A Cooling ‘Rewarming:
g . 7
i L /
g 35
i ’ Y4
- PPN
27 96128 v8r28 0630 S 07102 07103 07/08 07/05
Koet al. 2010
e i
Coolingdecreases CBF (ICP decrease) x;uchTqurggfﬁurgency
Rewarming-> rebound ICP/CBF increase
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1 Physiological response
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Locus subcoeruleus
Cold sensors

Rooa T ¢ e

Core body Temperature: 37

% NO?’H(‘V'CHCV%\CHCLH'OHS
Peripheral T : 2-4 "Clower

Promotes shivering
Nucleus Raphe magnus
Heatsensors o =
Serotoninergicneurons
Inhibitsshivering
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Normd&rain injury

Vasoconstetioonstrigtiosdila tiéasodilatiorfdrenergic mediated

NST NST

(%)

\

ShiveringShivering

Vasoconstriction
NST (non shivering thermogenesis) :
Brown fat lipid oxidation

eatingSweating

| | | I
35 36 37 38 39 40

Core body temperature
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8 Columbia anti-shivering protocol

e BSAS Effect of §

'ring on Brain Tissue Oxygenation During Induced Prevention of Shivering During Therapeutic Temperature
Normothes

in Patients With Severe Brain Injury Modulation: The Columbia Anti-Shivering Protocol

Nauro Ol Sz Frangos
il oy Wik - . A Kotk

H. Alex Choi - Sang Bae Ko - Mary Presciutti - Luis Fernandez +
Score Definition Peter D, Le Roux - Joshua M. Levine
0 None: no shivering noted on palpation of the masseter,
wall Step Intervention Dose
1 Mild: shivering localized to the neck and/or thorax only 50
2 Moderate: shvering involies gross mevement of the . 0 Baseline Acetaminophen 650-1000 mg Q46 h
upper extrenites (i adition to neck and thorax Bk o i
3 Severe: shivering involves gross movements of the o ApEons 30mg Q
trunk and upper and lower extiemities Bas Magnesium sulfate 0.5-1 mg/h IV Goal (34 mg/dl)
2
3 E s o Skin counterwarming 43°C/MAX Temp
ﬁ. § % 1 Mild sedation Dexmedetomidine 0.2-1.5 megkg/h
% 254 . or Fentany] starting dose 25 meg/h
H Opioid Meperidine 50-100 mg M or IV
i =1 b 2 Moderate sedation Dexmedetomidine and Opioid ~ Doses as above
2.l I " basaline shivering 3 Deep sedation Propofol 50-75 meg/kg/min
é T 4 Neuromuscular blockade  Vecuronium 0.1 mg/kg IV
g I
2

T T T T
0 1 2 3
Bedside Shivering Assessment Scale (BSAS)
Badjatia Stroke. 2008
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