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Abstract

Background: Bolus administration of adrenaline during cardiopulmonary resuscitation (CPR) results in only short-term increases in systemic and
cerebral perfusion pressure (CePP) with unclear effects on cerebral oxygenation. The aim of this study was to investigate the effects of bolus com-
pared to continuous adrenaline administration on cerebral oxygenation in a porcine CPR model.

Methods: After five minutes of cardiac arrest, mechanical CPR was performed for 15 min. Adrenaline (45 ng/kg) was administered either as a bolus
every five minutes or continuously over the same period via an infusion pump. Main outcome parameter was brain tissue oxygen tension (PnO>),
secondary outcome parameters included mean arterial pressure (MAP), intracranial pressure (ICP), CePP and cerebral regional oxygen saturation
(rSO,) as well as arterial and cerebral venous blood gases.

Results: During CPR, mean MAP (45 + 8 mmHg vs. 38 + 8 mmHg; p = 0.0827), mean ICP (27 + 7 mmHg vs. 20 + 7 mmHg; p = 0.0653) and mean
CePP (18 + 8 mmHg vs. 18 + 8 mmHg; p = 0.9008) were similar in the bolus and the continuous adrenaline group. Also, rSO, (both 24 + 6 mmHg;
p = 0.9903) and cerebral venous oxygen saturation (18 = 12% versus 27.5 + 12%; p = 0.1596) did not differ. In contrast, relative PO, reached
higher values in the continuous group after five minutes of CPR and remained significantly higher than in the bolus group until the end of
resuscitation.

Conclusion: Continuous administration of adrenaline improved brain tissue oxygen tension compared with bolus administration during prolonged
CPR.

Keywords: Adrenaline, Epinephrine, Advanced cardiac life support, Cardiac arrest, Cardiopulmonary resuscitation, Cerebral perfusion
pressure, Intracranial pressure, Brain oxygenation, Near infrared spectroscopy, Oxygen/blood, Pigs

flow. The increase in coronary perfusion pressure, for example, is
closely linked to the return of spontaneous circulation and the
increase in cerebral perfusion pressure (CePP) is associated with
Current resuscitation guidelines recommend the administration of an improvement in cerebral oxygen delivery and cerebral
1 mg adrenaline every 3-5 min during adult cardiopulmonary resus- metabolism,”® which are generally considered essential to prevent
citation (CPR)." Through its alpha1-adrenoceptor activity, adrenaline hypoxic brain damage. However, we along with others demonstrated
induces vasoconstriction of arterial resistance vessels, thereby that the adrenaline-mediated increase in systemic and cerebral
increasing systemic perfusion pressures required for organ blood perfusion pressures is short-lived and decreases after repeated

Introduction

* Corresponding author at: Department of Anaesthesia and Intensive Care Medicine, Medical University of Innsbruck, Innsbruck, Austria.
E-mail address: gabriel.putzer@i-med.ac.at (G. Putzer).
" Julian Wagner and Simon Mathis contributed equally to this work.
https://doi.org/10.1016/j.resplu.2024.100738
Received 20 June 2024; Received in revised form 2 July 2024; Accepted 23 July 2024

2666-5204/© 2024 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.resplu.2024.100738&domain=pdf
https://doi.org/10.1016/j.resplu.2024.100738
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gabriel.putzer@i-med.ac.at
https://doi.org/10.1016/j.resplu.2024.100738
https://doi.org/10.1016/j.resplu.2024.100738
http://www.sciencedirect.com/science/journal/26665204
http://www.elsevier.com/locate/resuscitation-plus

2 RESUSCITATIONPLUS 19 (2024) 100738

administration,*® which might be one reason of inadequate cerebral
blood flow and oxygen delivery during CPR. This is especially true for
prolonged CPR, as prolonged periods of no or low flow result in end-
organ damage such as hypoxic-ischaemic brain injury, which deter-
mines neurological outcomes after successful resuscitation.”

Therefore, we aimed to investigate the effects of bolus versus
continuous adrenaline administration on cerebral oxygenation during
CPR. We hypothesised that continuous administration might improve
cerebral oxygenation compared to bolus administration in response
to more stable systemic and cerebral hemodynamics. For this pur-
pose, twenty pigs were resuscitated for 15 min, with one group
receiving an adrenaline bolus of 45 pg/kg every five minutes and
the other group receiving the same dose continuously over the same
period using a syringe pump.

Methods

Ethics approval

This pilot animal study was approved by the Institutional Animal Care
and Use Committee of the University of Innsbruck and the Austrian
Ministry of Science, Research and Economy (Protocol number
BMBWEF-66.011/0124-V/3b/2018). The study was conducted at the
experimental research unit of the Department of Anaesthesia and
Intensive Care Medicine of the Medical University of Innsbruck.
Experiments were done in compliance with EU regulations for animal
experimentation (Directive 2010/63/EU of the European Parliament
and the European Council) and reporting is in accordance with cur-
rent ARRIVE guidelines.

Experiment and animal preparation

This study was conducted on twenty 12- to 16-week-old domestic
pigs of both sexes with a median weight of 41.8 kg (IQR 38.8—
44.0). The pigs were fasted overnight, but had free access to water.
One hour before transport to the study site, they were premedicated
with azaperone (4 mg/kg IM; Jansen, Vienna, Austria) and atropine
(0.01 mg/kg IM). In the animal laboratory, sedation was intensified
with ketamine (30 mg/kg IM) and propofol (0.5—1 mg/kg V). After
insertion of an endotracheal tube (Rusch, Kernen, Germany) during
spontaneous ventilation, general anaesthesia was induced with
propofol (3-5 mg/kg 1V), fentanyl (10 pg/kg IV) and rocuronium
(1 mg/kg IV) and maintained with propofol (5-7 mg/kg/h 1V) and
remifentanil (0.2-0.3 pg/kg/min 1V). Ventilation was volume-
controlled (Julian, Draeger, Libeck, Germany) with 21% inspiratory
oxygen, a positive end-expiratory pressure (PEEP) of 5 cm H,O
and a tidal volume of 10 ml/kg body weight. Ventilation rate was
adjusted to achieve normocapnia (35-40 mmHg). Normovolaemia
was maintained by Elo-Mel isotone (10 ml/kg/h IV; Fresenius Kabi
Austria, Graz, Austria). A standard electrocardiogram (ECG) with
lead Il was used to monitor the heart rhythm and a pulse oximeter
was attached to the pig’s tail.

Before instrumentation, 1.5 g cefuroxime (Fresenius Kabi Austria
GmbH, Graz, Austria) was administered and repeated after four
hours to prevent septic complications. After dissection of the scalp
and galea aponeurotica, one borehole was made by a neurosurgeon
(DP, MB) in the left hemisphere, through which an intracranial pres-
sure probe (Neurovent-P, Raumedic AG, Helmbrechts, Germany)
and a brain tissue oxygen catheter (LICOX, Sanova Pharma GmbH,
Vienna, Austria) were inserted into the frontal region intraparenchy-
mally. On the skin of the right hemisphere, a near-infrared spec-

troscopy (NIRS) optode (INVOS™ System, Somanetics Inc., Troy,
MI, USA) was attached.

Intravascular instrumentation included a right-jugular central
venous catheter (8.5F, Arrow, Reading, PA, USA) and a right-
femoral arterial catheter advanced into the lower abdominal aorta
(6.0 Fr, Arrow, Reading, PA, USA). An angiography catheter (MP
A2, Cordis Cooperation, Miami Lakes, FL, USA) was advanced by
a neuroradiologist (BG) under fluoroscopic guidance through a left-
femoral venous sheath (6.0 Fr, Arrow, Reading, PA, USA) into the
internal jugular vein near the cavernous sinus to obtain cerebral
venous blood samples.® Intravascular catheters were attached to
pressure transducers (Xtrans, Codan, Forstinning, Germany) and
calibrated at the level of the right atrium. Haemodynamic and respi-
ratory variables were measured and analyzed using an AS/3 Monitor
(Datex-Ohmeda AS/3, GE Healthcare, Buckinghamshire, Great Bri-
tain). Blood gases were analyzed with a blood gas analyzer (ABL
800 Flex; Radiometer, Branshgj, Denmark).

Study protocol

After a stabilization period following instrumentation, baseline values
for hemodynamic and cerebral oxygenation parameters were
obtained and blood samples taken. Cardiac arrest (CA) was induced
by applying a 50 Hz, 60 V alternating current via two subcutaneous
needle electrodes. Ventilation and intravenous administration of
anaesthetic drugs were stopped at this point. After five minutes of
untreated CA, external mechanical chest compression (LUCAS2,
Stryker, Redmond, WA, USA) was initiated, delivering a compres-
sion depth of 52 mm and a compression rate of 102/min. At the same
time, asynchronous mechanical ventilation was started with 100%
inspiratory oxygen, a PEEP of 0 cm H,0O, a tidal volume of 10 ml/
kg body weight and a rate of 10/min. The bolus group received three
boluses of 45 pg/kg adrenaline at minutes 1, 6 and 11 of CPR, while
the continuous group received the same dose (45 pg/kg/5 min intra-
venously) continuously via a syringe pump. CPR was performed for
15 min before the animals were euthanised with potassium chloride.

Measurement parameters

Main outcome parameter was the partial pressure of oxygen in brain
tissue (PptO2). Secondary outcome parameters included mean arte-
rial pressure (MAP), intracranial pressure (ICP), CePP and NIRS-
derived regional oxygen saturation (rSO,), as well as arterial and
cerebral venous blood samples. All monitor parameters were mea-
sured continuously and analyzed every five seconds, whereas blood
gases were obtained at baseline, after five minutes of CA, and every
five minutes during CPR. CePP was calculated as the difference
between MAP and ICP. PO, values are presented as relative val-
ues to baseline to account for inter-individual differences.

Statistical analysis

Statistical analyses were conducted using R, version 4.0.3 (The R
Foundation, Vienna, Austria). All statistical assessments were two-
sided and a significance level of 5% was used. Baseline characteris-
tics are presented as medians with 25th and 75th percentiles. The
Wilcoxon rank sum test was applied to assess differences between
groups and estimated median differences with 95% Cls (confidence
intervals) are reported as effect sizes. To assess the differences
between groups according to the multiple measurements over time,
linear mixed-effects models with the group as fixed effect and ran-
dom intercepts for measurement time points as well as subjects were
fitted, with the difference in group effects presented as effect size.
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Additionally, the subject-induced standard deviation of the estimated
group effects is reported alongside the p value.

Results

Sixteen of 20 pigs were included in the final analysis (bolus group
n =8 and continuous group n = 8). Four animals had to be excluded.
One animal in the bolus group suffered cardiac tamponade during
instrumentation and one animal in the continuous group had fever
over 40°. In one animal from each group, the LUCAS2 device
released during CPR due to a technical problem resulting in relevant
delays in resuscitation efforts. All baseline variables were compara-

ble between the two study groups (Figs. 1 and 2). Baseline BGA val-
ues are listed in Table 1.

Mean arterial pressure

MAP dropped with induction of CA and slowly increased with CPR in
both groups (Fig. 1). In the bolus group, there was a marked increase
within 60 s after the first administration of adrenaline. The increase in
MAP subsided just as quickly and was much less pronounced after
the second and the third bolus. Interestingly, peak values between
animals differed by up to three times. In the continuous group,
MAP increased more slowly reaching a plateau three minutes after
the start of administration. During the first five minutes of CPR,
mean MAP was 49 =+ 9 (subjectinduced standard deviation)
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Fig. 1 - Shown are the mean courses of mean arterial pressure (MAP), intracranial pressure (ICP) and cerebral
perfusion pressure (CePP) of the animals in the bolus (blue) and continuous adrenaline group (red), as well as the
corresponding individual curves. BL denotes baseline, CA cardiac arrest and CPR cardiopulmonary resuscitation.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)
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Fig. 2 - Shown are the mean courses of cerebral regional oxygen saturation (rSO,) and relative partial pressure of
oxygen in brain tissue (P,;05) of the animals in the bolus (blue) and continuous adrenaline group (red), as well as the
corresponding individual curves. BL denotes baseline, CA cardiac arrest and CPR cardiopulmonary resuscitation.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)

Table 1 - Baseline blood gas parameters of the bolus and continuous adrenaline group. Data are presented as
medians (25-75th percentile) and estimated differences with 95% confidence intervals (Cl) assessed by Wilcoxon
Rank Sum Test. Hb_, denotes haemoglobin in arterial blood; p,0-> and p.,0> as well as p,CO, and p.,CO, partial
pressure of oxygen and carbon dioxide in arterial and cerebral venous blood; S,0, and S, 0. arterial and cerebral

venous oxygen saturation; Lac, and Lac., lactate in arterial and in cerebral venous blood.

Variables Bolus (n = 8) Continuous (n = 8) Estimate with 95% Cl p value
pH 7.52 (7.51-7.53) 7.51 (7.5-7.52) 0.01 (—0.01 to 0.03) 0.2006
Hb, (g/dl) 8.8 (8.4-9.3) 8.9 (7.9-9.3) 0.1 (—0.9to 1.4) 0.7278
paO2 (MmHg) 97 (88-106) 94 (91-102) —1 (=12 to0 17) 0.8621
PaCO, (MmHg) 37 (36-39) 36 (34-38) 1(—2to 4) 0.4175
S.0: (%) 97.4 (97.1-97.7) 97.1 (96.9-98.1) 0.0 (—1.2t0 1.2) 0.8607
Lac, (mmol/l) 1.4 (1.2-1.6) 1.4 (1.3-2) —-0.2 (-1 10 0.3) 0.4495
PcvO2 (MmHg) 44 (41-47) 49 (47-53) —5 (=12 to 4) 0.1206
PevCO2 (MmMHQ) 43 (39-45) 41 (39-43) 1 (-3 to 6) 0.6852
Sev02 (%) 63.1 (60.2-74.1) 78.4 (65.2-80.3) —6.4 (—19.9 to 4.9) 0.152

Lace, (mmol/l) 1.6 (1.3-1.8) 1.6 (1.4-2.1) 0 (—1t0 0.3) 0.4478

and 36 = 9 mmHg (p = 0.0223), during the following five minutes Intracranial pressure

45 +7 and 41 + 7 mmHg (p = 0.2791) and during the last five minutes
42 + 7 and 37 = 7 mmHg (p = 0.1865) in the bolus and in the contin-

uous group, respectively.

ICP was comparable in both groups after five minutes of CA
(p = 0.4396). With administration of adrenaline it increased to appar-

ently higher levels in the bolus group, while it remained stable in the
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continuous group (Fig. 1). During the first five minutes of CPR, mean
ICP was 30 + 8 and 22 + 8 mmHg (p = 0.0661), during the following
five minutes 27 + 7 and 21 + 7 mmHg (p = 0.0924) and during the last
five minutes 24 + 6 and 18 + 6 mmHg (p = 0.071) in the bolus and in
the continuous group, respectively.

Cerebral perfusion pressure

CePP dropped to zero with CA and slightly increased with initiation of
CPR (Fig. 1). In the bolus group, it rapidly increased after adrenaline
administration, but decreased just as quickly to pre-adrenaline val-
ues. Again, this increase was less pronounced after the second
and the third bolus of adrenaline. In the continuous group, CePP
increased more slowly and reached a steady plateau after three min-
utes. During the first five minutes of CPR, mean CePP was 19 + 9
and 15 + 9 mmHg (p = 0.3736), during the following five minutes
18 + 9 and 20 + 9 mmHg (p = 0.679) and during the last five minutes
18 + 8 and 19 + 8 mmHg (p = 0.8574) in the bolus and in the contin-
uous group, respectively.

Cerebral regional oxygen saturation

Cerebral rSO, decreased during CA and increased in both groups
during the first minute of CPR (Fig. 2). Administration of adrenaline
had no effect on rSO,, which remained at the same level in both
groups throughout the resuscitation period (both 24 + 6; p = 0.9903).

Partial pressure of oxygen in brain tissue

Baseline PO, was 9.9 + 6.5 mmHg in bolus group and 11.4 + 6.5
mmHg mmHg in the continuous group (p = 0.6351). Relative PO,
decreased in all animals during CA (Fig. 2). In the bolus group, rela-
tive PO started to increase approximately one minute after the first
adrenaline bolus and reached its highest value of 50% of baseline
one minute thereafter. The second and third adrenaline bolus had
only a small effect on relative P,;O,, which gradually decreased to
below 30% of baseline by the end of the experiment. In the continu-
ous group, relative PO, increased more slowly, but reached 80% of
baseline four minutes after the start of administration and remained
at this level until the end of the protocol. During the first five minutes
of CPR, mean relative PO, was 33 = 22% and 34 = 22%
(p = 0.9376), during the following five minutes 43 + 45% and

87 + 45% (p = 0.0802) and during the last five minutes 31 + 45%
and 83 + 45% (p = 0.0461) in the bolus and in the continuous group,
respectively.

Cerebral venous oxygen saturation
SO, decreased during CA and further during CPR in both groups.
Mean S, O, over the entire resuscitation period was 18 + 12% in the
bolus group and 27.5 + 12% in the continuous group (p = 0.1596).
Blood gas values are shown in Table 2.

Discussion

This experimental CPR study investigated the pharmacodynamic
effects of bolus versus continuous administration of an equal dose
of adrenaline on systemic and cerebral hemodynamics and cerebral
oxygenation. The most important finding was that continuous admin-
istration resulted in higher brain oxygen tension than bolus adminis-
tration when resuscitation time exceeded ten minutes. Bolus dosing
resulted in a rapid and pronounced but short-lived peak in perfusion
pressures, which decreased with repeated administration. Of note,
the peak values of perfusion pressures differed significantly between
bolus animals. Continuous administration on the other hand pro-
duced relatively constant increase in blood pressure.

Our findings indicate that the mode of administration of the same
dose of adrenaline may be a determining factor for cerebral oxygen
delivery during CPR. One possible explanation why continuous
administration resulted in better brain oxygenation could be that
CePP values were more stable and did not fluctuate as with bolus
administration. When CePP fluctuates, periods of high blood pres-
sure may supply the brain with blood and oxygen, but periods of
low blood pressure may decrease or even stop CBF, particularly if
the pressure falls below the so-called critical closing pressure caus-
ing brain vessels to collapse.® Numerous animal models of CPR
have confirmed this idea by showing that adrenaline-induced
changes in perfusion pressure are followed by concordant changes
in CBF and/or cerebral oxygenation.*®'°"'* For example, Gedeborg
et al. investigated the effect of adrenaline on cortical CBF using laser
Doppler flowmetry and observed transient increases in blood flow

Table 2 - Blood gas parameters of the bolus and the continuous adrenaline group during 15 min of CPR. Values are
given as estimated group mean * subject-induced standard deviation (SD) and estimated differences with 95%
confidence intervals (Cl) assessed by a linear mixed-effects model. Hb, denotes haemoglobin in arterial blood;
pa02 and p.,0- as well as p,CO, and p.,CO, partial pressure of oxygen and carbon dioxide in arterial and cerebral
venous blood; S,0, and S.,0, arterial and cerebral venous oxygen saturation; Lac_, and Lac., lactate in arterial

and in cerebral venous blood.

Variables Bolus (n = 8) Continuous (n = 8) SD Estimate with 95% CI p value
pH 717 7.16 0.07 0 (—0.07 to 0.08) 0.9489
Hb, (g/dl) 12 11.5 1.1 0.5 (-0.510 1.6) 0.3626
paO2 (MmHg) 180 227 93 —47 (—144 to 50) 0.3558
paCO, (mmHg) 54 51 9 2 (-7.5t012) 0.6669
S.05 (%) 90.9 97.0 12.5 —6.1 (—19.6 to 7.4) 0.3954
Lac, (mmol/l) 9.3 8.9 1.9 0.4 (—1.5t0 2.4) 0.667

PevO2 (MmMHQ) 27 35 8 —7 (—16to 1) 0.1004
PevCO2 (MmHg) 82 76 10 6 (—4 to 16) 0.2703
SevO2 (%) 18.0 27.5 12.1 -9.5(—21.9 to 3.0) 0.1596
Lacg, (mmol/l) 8.1 7.7 2.1 0.4 (-1.810 2.6) 0.7278
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after each bolus.* Notably, cortical CBF returned to pre-adrenaline
levels shortly thereafter and blunted with subsequent doses, mirror-
ing the course of perfusion pressures.” Exactly the same CBF pat-
tern was described by Mavroudis et al. followed by parallel
changes in invasive and non-invasive parameters of cerebral oxy-
genation.® With increasing resuscitation time and decreasing perfu-
sion pressures, CBF and cerebral oxygenation also decreased in
their study, confirming the pressure-dependence of blood flow and
oxygen supply.

A second and closely related reason could be that the intervals
between adrenaline bolus administrations were too long resulting
in low perfusion pressure and insufficient blood and oxygen supply
to the brain. In fact, CePP dropped to pre-adrenaline levels as early
as two minutes after bolus administration and remained there until
the next injection. In contrast, continuous adrenaline maintained a
relatively constant CePP of approximately 20 mmHg, which was
apparently high enough to supply the brain with sufficient blood
and oxygen. Already in 1991, Berkowitz et al. studied the effects of
continuous adrenaline on cerebrovascular hemodynamics and found
that 10 pg/kg/min was necessary to maintain CBF during prolonged
CPR." Based on their results, Johansson et al. investigated the
effects of bolus versus continuous adrenaline and observed signifi-
cantly higher mean cortical CBF with continuous administration,
but this may simply have been a dosing effect, as significantly differ-
ent doses of adrenaline were used in this study.'? In contrast, Nosrati
et al. reported improved cerebral oxygenation with bolus
adrenaline.' However, rather low doses of adrenaline were used
in their study and the continuous administration of 3.75 pg/kg/min
resulted in significantly lower systemic perfusion pressures than
15 pg/kg once every four minutes. It is known, that low doses of adre-
naline preferentially stimulate pB-adrenergic receptors, which cause
vasodilation, while higher doses activate o-adrenergic receptors
and cause vasoconstriction.'® Taken together, continuous adrena-
line appears to positively affect cerebral hemodynamics and cerebral
oxygenation during CPR, provided an adequate dose is
administered.

Another interesting finding was the very heterogeneous response
to adrenaline, which was more pronounced in the bolus group than in
the continuous group. While MAP increased dramatically in some
animals, it remained rather limited in others, with perfusion pressures
differing up to threefold. The phenomenon of a varying reaction to
adrenaline has only recently been described. In a retrospective anal-
ysis of 200 resuscitations in pigs, O’Brien et al. reported significantly
higher diastolic blood pressure values in survivors after the first
administration of adrenaline, and suspected the reason to be an
increased level of endogenous catecholamines or a stronger vascu-
lar reaction.” Similarly, Slovis et al. observed a very different blood
pressure response following adrenaline bolus dosing, with 30% of
the animals not responding at all without any increase in cerebral
blood flow.'® It seems obvious that such highly variable responses
in blood pressure and blood flow also affect cerebral oxygenation,
which could explain the lower PO, values in our bolus group.

Despite this strong inter-individual differences in adrenaline
responsiveness, bolus adrenaline was more effective in increasing
MAP during the first five minutes of CPR in our study. This observa-
tion may have important implications for the clinical implementation
of continuous adrenaline in the treatment of cardiac arrest. As every
additional minute of CPR is associated with a lower probability of sur-
vival with a good neurological outcome,'® it seems intuitive to

increase perfusion pressures as quickly as possible. An initial bolus
of adrenaline in combination with a continuous infusion might com-
bine the advantages of both dosing strategies, on the one hand
the rapid increase in perfusion pressures and the associated likeli-
hood of a successful shock,? and on the other hand an acceptable
oxygen delivery to the brain during prolonged CPR. Future studies
may seek to investigate the effect of such an approach on cerebral
oxygenation and potentially even neurological outcome.

This study has several limitations. First, cardiac arrest patients
usually have a number of cardiovascular risk factors, such as hyper-
tension, diabetes or dyslipidemia,® resulting in vascular smooth
muscle cell remodelling. The response to vasopressors may there-
fore be different from the young and healthy pigs used in this study.
Second, this experiment was conducted under strictly standardised
and optimised conditions that may vary in the clinical setting. How-
ever, we consider this to be the strength of this study, as this allowed
very accurate and reproducible results to be obtained. Further, brain
oxygen probes only measure oxygen tension in a very limited sam-
pling area and do therefore not necessarily allow conclusions about
other brain regions. Yet, in the case of generalised hypoxia and/or
ischaemia during cardiac arrest, it is reasonable to assume that
the values are valid for the whole brain. Finally, the best parameter
for monitoring cerebral oxygenation during CPR and for predicting
hypoxic-ischemic brain injury after return of spontaneous circulation
is not known. Since we did not attempt to achieve a return of spon-
taneous circulation, we do not know whether higher PO, levels
translate into better neurological outcome.

Conclusion

Continuous administration of adrenaline improved brain tissue oxy-
gen tension compared with bolus administration during prolonged
CPR. Bolus adrenaline is associated with different inter-individual
vasoactive responses.
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