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Which factors regulate cerebral blood flow?
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CPP, cerebral perfusion pressure; Pa0,, PaCO, partial pressure of oxygen/carbon dioxide in arterial blood
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What do the Guidelines say about blood gases?

Use crystalloids to
correct hypovolaemia

MAP > 65 mmHg
Decreasing or
normal lactate

Urinary output 7 p , .
>0.5 ml/kgh | ‘ N\ e — a0, 10-13 kPa,

Sa0, 94-98%
2aCo0, 4.5-6 kP
Use Tv or o-8 mikg

Fig. 2 Haemodynamic, oxygenation and ventilation targets

HUS Nolan et al. ICM 2021 —
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10% of patients are severe
return of spontaneous circ

Ulation
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v hyperoxaemic after

Moderate

Total | Hypoxaemia N({:’é[iﬁfl(’i[;;iu hyperoxaemia 11\'113:[::'[;111?1 p-
<8 kP: - ) kPa- : . ‘ alue”
(<8 kPa) kPa) H{]Llj-..l; 10 (>40 kPa) value
N (%)
CA-location 0.024

OHCA | 699 (63) L7 (7) 07 (44) 272 (39) 73 (10)
ITICA | 315 (28) 37 (12) 152 (42) 106 (33) 1 (13)
ICU CA| 96 (9) 14 (15) 14 (46) 29 (30) 9(9)

Humaloja et al Resuscitation 2019 et
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Could hyperoxia be harmful?
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However other studies have not shown this
associlation
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Fig. 2- Kaplan Meier analysis of one-year survival between oxygen groups. Groups are defined as following: hypoxemia

Pa0; <8kPa, normoxemia Pa0O. 8-16kPa, moderate hyperoxemia Pa0O, 16-40kPa and severe hyperoxemia
PaO; > 40 kPa.

Humaloja et al Resuscitation 2019
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ORIGINAL ARTICLE

Oxygen Targets in Comatose Survivors
of Cardiac Arrest

H. Schmidt, J. Kjaergaard, C. Hassager, S. Mglstrem, J. Grand, B. Borregaard,
L.E. Roelsgaard Obling, S. Veng, L. Sarkisian, D. Mamaev, L.O. Jensen,
B. Nyholm, D.E. Heafsten, J. Josiassen, J.H. Thomsen, J.J. Thune, M.G. Lindholm,
M.A. Stengaard Meyer, M. Winther-Jensen, M. Sgrensen, M. Frydland, R.P. Beske,
R. Frikke-Schmidt, S. Wiberg, S. Boesgaard, V. Lind Jorgensen, and J.E. Mgller

* 802 comatose patients resuscitated from a presumed cardiac reason
for the arrest

e 2x2 factorial design studying both oxygen and blood pressure
* Treated at two cardiac arrest centers in Copenhagen, Denmark

Schmidt et al. NEM 2022 .
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Restrictive (9 kPa) or liberal (14 kPa) oxygen
target

A Partial Pressure of Arterial Oxygen

30- + Restrictive oxygen target + Liberal oxygen target
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HUS Schmidt et al. NEM 2022
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No difference in outcome
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Liberal target 395 292 281 275 272 263 262

Figure 2. Kaplan—Meier Estimates of Survival.

Shown is the probability of survival without disability or coma at 90 days
after randomization (the primary composite outcome) in the two oxygen-
ation groups. Disability or coma was defined as a Cerebral Performance
Category of 3 or 4. Data are for the 789 patients who were included in the
intention-to-treat population. The inset shows the same data truncated at

15 days after randomization.
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How about carbon dioxide targets?
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Carbon dioxide levels and mortality after
cardiac arrest
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Fig. 1 Adjusted probability of in-hospital death by arterial carbon dioxide levels. Loess smoothing curve predicted from logistic regression model

adjusted for spline functions of age, lowest glucose, AP4-adj and Pa0,. Grey zones represent 95 % confidence intervals

Helmerhorst et al. Crit Care 2016
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Targeting two different levels of both @
arterial carbon dioxide and arterial oxygen

after cardiac arrest and resuscitation: a
randomised pilot trial

Pekka Jakkula' ®, Matti Reinikainen?, Johanna Hastbacka', Pekka Loisa’, Marjaana Tiainen®, Ville Pettild',
Jussi Toppila®, Marika Lahde®, Minna Backlund', Marjatta Okkonen', Stepani Bendel’, Thomas Birkelund®,
Anni Pulkkinen?, Jonna Heinonen', Tuukka Tikka', Markus B. Skrifvars''® and COMACARE study group

HUS Jakkula et al ICM 2018 msvuonsr
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Methods and results

* Factorial 23 design

* Multicenter
e 5 centers in Finland and one in Denmark

* Targeting high-normal (6 kPa) or low normal (4.5 kPa) levels
of carbon dioxide for 36 hours after ICU admission

* 120 patients with cardiac arrest and ventricular fibrillation as
the initial rhythm

mmmmmmmmmm
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NIRS blinded to clinicians

Fig. 2 Picture of the COMACARE treatment target card attached to Fig. 3 Picture of the near-infrared spectroscopy monitor blinded
a ventilator from the treating personnel

L > - J

HUS Jakkula et al Trials 2017 mmm
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Separation between carbon dioxide
groups

7

- High-normal PaCO,

g Tidal volume =5.4 ml/kg, frequency 11
37.5 mmHg ;r.;
% -sr« Low-normal PaCO,
all
Tidal volume=5.8 ml/kg, frequency 12
0 3 6 9 12 15 18 21 24 27 30 33 36
* Time from ICU admission (h) R

Jakkula et al. ICM 2018 o
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Difference in NIRS in carbon dioxide

groups
90 _
— High-normal PaCO,
80 == | ow-normal PaCO,
S
o 70
©
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p < 0.001
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Time from ICU admission (h) %
Jakkula et al. ICM 2018 s
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Difference in NSE between carbon
dioxide groups

q — High-normalPaCO, =—Low-normalPaCQO,
40

Serum NSE (pg/l)
e ]
= ]
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Time from cardiac arrest (h) - N
Jakkula et al. ICM 2018 isamonsr
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P tC d A est Care 2022

1700 patient RCT on mild hypercapnia will be
published early 2023

Cardiac Arrest

HUS Emm
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How about electrolyte management after cardiac
arrest...?!?

WHO CARES?

H | |S HELSINGIN YLIOP: ISTO
HELSINGFORS UNIVERSITET
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good
outcome
(CPC 1)

poor
outcome

(CPC 5)
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Rapid onset of acute Rapid correctionof | e
hyponatremia chronic hypernatremia

l l

Rapid decrease in plasma
sodium concentration

1 l

Cerebral edema

HUS Sterns etal. NEJM 2015 Egono
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How common are sodium disorders in
cardiac arrest patients?

Heart and Vessels
https://doi.org/10.1007/s00380-022-02020-3

ORIGINAL ARTICLE q

Check for
updates

Early prognostic impact of serum sodium level among out-of-hospital
cardiac arrest patients: a nationwide multicentre observational study

in Japan (the JAAM-OHCA registry)

Haruka Shida'22. Tasuku Matsuyama?( . Sho Komukai® - Taro Irisawa® - Tomoki Yamada® - Kazuhisa Yoshiya® -
Changhwi Park” - Tetsuro Nishimura® - Takuya Ishibe® - Yoshiki Yagi'® - Takeyuki Kiguchi'' - Masafumi Kishimoto'?.
Sung-Ho Kim'? . Yasuyuki Hayashi'* - Taku Sogabe'® - Takaya Morooka'® - Haruko Sakamoto'” - Keitaro Suzuki'® .
Fumiko Nakamura'® - Norihiro Nishioka' - Yohei Okada’ - Satoshi Matsui?? - Satoshi Yoshimura' - Shunsuke Kimata' -
Shunsuke Kawai' - Yuto Makino' - Taku Iwami?' - Tetsuhisa Kitamura®® on behalf of the CRITICAL Study Group
Investigators

Shida et al. Hear and Vessels 2022 mswmcrso
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Out-of-hospital cardiac arrest
registered from 2014 to 2017
n= 34,754

r

Resuscitation

attempted by

physicians on hospital arrival

n=3

3,921

No resuscitation attempt in hospital n = 833

r

Prehospital (Utstein) data available
n = 30,856

L 4

No prehospital data n= 3,065

L

Laboratory data available

n=>2

3,265

v

Unavailable laboratory data n= 7,591

r

Cardiac arrest in adults

n=>2

2,742

Children aged <18 years n = 523

r

Non-traumatic cause

n=1

7,264

Traumatic cause n= 5,478

Eligible for analysis
n=5,160

L 4

Mot achieved ROSC n= 11,266
Unavailable serum sodium data n = 838

5 International Symposium on

Post Cardiac Arrest Care 2022

October 20*-21*, 2022
Skane Uni

iversity Hospital, Lund, Sweden

Shida et al. Hear and Vessels 2022

h 3
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Incidence of sodium abnormalities

13% 75% 12%
All Patients Hyponatremia Normal sodium level Hypernatremia
(Na< 135 mEg/L) (135<Na<14)5) (145 <Na
mEqg/L) mEq/L)
(n=5160) (n=696) (n=3854) (n=0610)
* »

Shida et al. Hear and Vessels 2022 P
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Table 1 Patient characteristics and pre-/fin-hospital information by serum sodium levels

All Patients Hyponatremia Normal sodium level Hypemnatremia — P-values®
(MNa< 135 mEg/L) (135<Ma<I143) (145 < Na
mEqg/L) mEg/L )
(r=5160}) (H=694) (= 3854 (H=610)
Patient characteristics
Men, m (%) 3347 649y 430 (647 2476 {64.2) 421 {69.0) 0071
Age, year, median (IQR) T3 (62-82) Ta (65-84) 72 {62-82) 75 (61-84) < 0.001
Ape_ catesorv. i (%) D.003

Elderly patients with more commonly
unwitnessed cardiac arrests and with a
non-shockable initial rhythm

PEAS Asystole 3304 (B67.9) 564 (81.0) 2479 {64.3) 461 (75.8)

Presence of pulse 4382 (9.3) 47 (6.8) 384 {(10.0) 51 (B.4)

Epinephrine, i (%) | 398 310y 213 (H0.6) 1181 {30.6) 24 {334 0.371
Advanced airway management, n (%) 2425 470y 322 (46.3) 1825 (47.5) 74 (449) 0464
EMS mesuscitation time (call to hospital 32 (2640, 32 (26-397 32 (26-39) 33 (Z7-41) 0.022

arrival), median (IQR), min .

e

HUS Shida et al. Hear and Vessels 2022 e

IIVERSITET
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Associations with better outcome

Odds ratio

120 130 140 150 160

Shida et al. Hear and Vessels 2022

h 3
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How about correcting the low sodium?

Very little data available but....

ORIGINAL RESEARCH

Srain Hypoxia Is Associated With Neuroglial

njury in Humans Post—Cardiac Arrest

Ryan L. Hoiland“®, Philip N. Ainslie, Cheryl L. Wellington, Jennifer Cooper, Sophie Stukas, Sonny Thiara, Denise Foster,

Nicholas A. Fergusson, Edward M. Conway, David K. Menon®, Peter Gooderham, Veronica Hirsch-Reinshagen,
Donald E. Griesdale, Mypinder S. Sekhon

%*. ha

UsS Hoiland et al. Circ Res 2019 esmawonsr
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Invasive PbtO, measurement

+ May estimate oxygen use and
brain metabolism

+ Fast to react to local oxygen
changes

+ Excellent device standardisation

- Measures local oxygen content

- Bleeding complications possible

- Slower to initiate

- Smaller sampling volume

- Significant procedural expertise
needed

- Higher cost (for disposables)

* Brain tissue oxygen
(pbO2) monitoring in 18
post cardiac arrest
patients

* |nfusion of hypertonic
saline

e Measurement of brain
tissue oxygen before and
after

HUS Hoiland et al. Circ Res 2019 e

uuuuuuuuuuuuuu



=N
o

.
o

Decrease of the
cerebral oedema?!?

PbtO, (mmHg)
N
o

-
o

Pre Post

Infusion of hypertonic saline

HUS Hoiland et al. Circ Res 2019 P
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How about potassium?

h 3

n
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in out-of-hospital cardiac arrest using CAPTURES database of Korea:

Does hypokalemia have good neurological outcomes

in out-of-hospital cardiac arrest?

Dong Sun Choi'*=°F Sang Do Shin"*“EF Young Sun Ro2®F, Kyung Won Lee*?~

Total EMS-accessed OHCA
n=1,616

Pre-hospital ROSC

n=175

| Transfer from other hospital

n =298

CPR not attempted at ED

Y

h=297

Missing laboratory test data

A4

A4

n=333

Included in analysis
n=913

Fig. 1. Flow chart of patient inclusion

] 1]
Serum K < 3.5 mEg/L 3.5 < Serum K < 5.5 mEq/L and 5.5 mEq/L < Serum K
n =46 n=370 n =497
5% 40%

Choi et al. AXEM 2020
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Factors associated with potassium derrangements

Table 1. Demographics of out-of-hospital cardiac arrest patients according to inftial serum potassium level

. Total Hypokalemia Normokalemia Hyperkalemia
S I T A T A T A I e
Total 913 46 370 497
Age [vears] 0.0001°¢
18-64 372 40.7 27 587 173 46.8 172 346
65-74 209 2289 10 21.7 24 227 115 231
75+ 332 364 g 196 13 305 210 423
median A0 LL_78 cacg AR_T3 AR CA_ThA 77 C7_7Q nnnacef

Higher potassium with increasing age, female gender,
diabetes, non-shockable rhythm, unwitnessed arrests...

LRIy FTR I e

Vves 222 243 13 283 68 184 141 284 0,001 37

Prehospital shockable rhythm <0.00018¢
yes 189 207 22 478 121 327 46 Q3

Witnessed arrest 0.0007°
yes 590 4.6 34 739 262 708 254 59.2

Bystander CPR 0.1819
ves 379 415 23 500 162 438 194 39.0

Public location 00182
Wes 230 25.2 15 326 108 292 107 215

EMS defibrillation <0.0001b¢c
yes 214 234 21 AL 7 127 343 66 133 -

HUS Choi et al. AXEM 2020 JEme
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Potassium levels and survival

Table 3. Effect of initial serum potassium level on survival outcomes

Outcome Unadjusted Adjusted*

Parameter

95% ClI 95% Cl

Primary outcome: neurologically favorable survival

total 913 41 45 - - - -

hypokalemia 46 12 26.1 5.87 (2.66-12.95) <0.001 (1.67-11.91) 0.0012

normokalemia 370 21 5.7 1 - = - -

hyperkalemia 497 8 1.6 0.27 (0.12-0.62) <0.001 (0.31-2.02) 0.0414
Secondary outcome: survival to discharge

total 913 88 96 - - - - - -

hypokalemia 46 15 326 2.89 (1.46-5.72) <0.001 2.25 (1.05-4.82) 0.0011

normokalemia 370 53 14.3 1 - - 1 - -

hyperkalemia 497 20 4.0 0.25 (0.15-0.43) <0.001 040 (0.22-0.72) <0.0001

* adjusted to age, gender, hypertension, diabetes mellitus, initial shockable rhythm, EMS defibrillation, arrest location, bystander CPR, arrest to arrival time,
severe acidosis, renal insufficiency, and hypoxia. OR — odds ratio; 95% Cl — 95% confidence interval.

3

HUS Choi et al. AXEM 2020 msvuonsr
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Conclusions

* The evidence suggests aiming at “normality”
pa0, 10-13 kPa, paCO, 4.5-6 kPa

* Oxygen and carbon dioxide influence brain oxygenation but we do not
really know whether that is useful

* The TAME trial will provide more evidence soon...

 Disorders of sodium and potassium occur and appear appear more
common in complicated arrests

* Very little conclusive evidence with regards to treatment so we simply
need to follow “usual care” principles

e Should hypertonic be studied as a treatment?

mmmmmmmmmm
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Questions?

markus.skrifvars@hus.fi
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