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Aim:  Advances  in cardiopulmonary  resuscitation  (CPR)  have focused  on  the  generation  and  maintenance
of  adequate  myocardial  blood  flow  to  optimize  the  return  of  spontaneous  circulation  and  survival.  Much  of
the  morbidity  associated  with  cardiac  arrest  survivors  can  be attributed  to  global  brain  hypoxic  ischemic
injury.  The  objective  of  this  study  was  to compare  cerebral  physiological  variables  using a hemody-
namic  directed  resuscitation  strategy  versus  an absolute  depth-guided  approach  in a  porcine  model  of
ventricular  fibrillation  (VF)  cardiac  arrest.
Methods:  Intracranial  pressure  and  brain  tissue  oxygen  tension  probes  were  placed  in the  frontal  cortex
prior  to induction  of  VF  in  21  female  3-month-old  swine.  After  7 min  of  VF,  animals  were  randomized
to  receive  one  of  three  resuscitation  strategies:  (1)  hemodynamic  directed  care  (CPP-20):  chest  com-
pressions  (CCs)  with  depth  titrated  to a target  systolic  blood  pressure  of  100  mmHg  and  titration  of
vasopressors  to  maintain  coronary  perfusion  pressure  (CPP)  >20  mmHg;  (2)  depth  33 mm  (D33):  target
CC  depth  of  33  mm  with  standard  American  Heart  Association  (AHA)  epinephrine  dosing;  or  (3) depth
51  mm  (D51):  target  CC depth  of 51  mm  with  standard  AHA  epinephrine  dosing.
Results:  Cerebral  perfusion  pressures  (CerePP)  were  significantly  higher  in  the  CPP-20  group  compared  to
both  D33  (p  <  0.01)  and  D51  (p  = 0.046),  and  higher  in survivors  compared  to  non-survivors  irrespective  of
treatment  group  (p <  0.01).  Brain  tissue  oxygen  tension  was  also  higher  in the  CPP-20  group  compared  to
both  D33  (p < 0.01)  and  D51  (p = 0.013),  and  higher  in survivors  compared  to  non-survivors  irrespective

of  treatment  group  (p < 0.01).  Subjects  with  a CPP >20  mmHg  were  2.7 times  more  likely  to  have  a CerePP
>30  mmHg  (p < 0.001).
Conclusions:  Hemodynamic  directed  resuscitation  strategy  targeting  coronary  perfusion  pressure
>20  mmHg  following  VF  arrest  was  associated  with  higher  cerebral  perfusion  pressures  and  brain  tissue

oxygen  tensions  during  CPR.
� A Spanish translated version of the summary of this article appears as Appendix in th
�� University of Pennsylvania IACUC protocol #803026.
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. Introduction

Advances in cardiopulmonary resuscitation (CPR) have focused
n the generation and maintenance of adequate myocardial blood
ow to optimize the return of spontaneous circulation (ROSC) and
urvival.1–4 However, much of the morbidity associated with car-
iac arrest survivors can be attributed to global brain hypoxic

schemic injury.
It is unclear whether CPR strategies to optimize myocardial

lood flow will improve or compromise cerebrovascular hemo-
ynamics and brain tissue oxygenation. During CPR, coronary
erfusion pressure (CPP) is the primary determinant of myocardial
lood flow,1,5,6 whereas cerebral perfusion pressure (CerePP), the
ortic pressure minus the intracranial pressure, influences cere-
ral blow flow (CBF). However, cerebrovascular autoregulation,
he mechanism by which the brain is protected from injury dur-
ng hypotension and hypertension, complicates the relationship
etween CerePP and CBF. Previous investigation in swine models of
ardiac arrest have demonstrated the negative influence of incom-
lete chest wall decompression and positive influence of active
ecompression and augmentation of negative intrathoracic pres-
ure on cerebral perfusion pressure during CPR.7,8

Previously we have demonstrated that a therapeutic strategy
o titrate compression depth and vasopressor dosing to optimize
hysiological conditions for myocardial blood flow improved short
erm survival following ventricular fibrillation (VF) cardiac arrest
n a swine model.9 In this study we compare CerePP with a hemo-
ynamic directed resuscitation strategy intended to attain CPPs
20 mmHg  (CPP-20) versus absolute depth-guided CPR from data
btained in the previous randomized swine investigation of VF
ardiac arrest. Depth-guided CPR was further divided into two
roups: one with CC depth targeted to previously documented
usual care” of 33 mm (D33) and one with CCs targeted to the
merican Heart Association (AHA) 2010 guideline recommended
epth of 51 mm (D51). We  hypothesized that a myocardial focused
emodynamic directed strategy would improve CerePP and brain
issue oxygen tension (PBtO2) compared to standard depth-guided
PR.

. Materials and methods

.1. Animal preparation

The experimental protocol was approved by The University
f Pennsylvania Institutional Animal Care and Use Commit-
ee. Twenty-one healthy 3-month-old female domestic swine
32.4 ± 2.0 kg) were anesthetized and mechanically ventilated
sing a Datex Ohmeda anesthesia machine (Modulus SE) on a mix-
ure of room air and titrated isoflurane (∼1.0–2.5%) with a tidal
olume of 12 mL/kg, PEEP 6 cm H2O, rate of 12 breaths/min, and
itration of rate to maintain end-tidal carbon dioxide (ETCO2) at
8–42 mmHg  (NICO, Novametrix Medical Systems Inc.).

For intracranial monitoring, a burr hole was drilled 10 mm to
he left of the sagittal suture, and 10 mm posterior to the coronal
uture. A double lumen bolt was placed and a brain tissue oxygen
ension probe (Licox system, Integra Lifesciences, Plainsboro, NJ)
nd fiberoptic parenchymal intracranial pressure monitor (Integra
ifesciences, Plainsboro, NJ) were introduced.

High fidelity, solid-state, micromanometer-tipped catheters
MPC-500, Millar Instruments) were advanced through the right
emoral artery and external jugular vein into thoracic locations to
easure continuous aortic and right atrial pressures respectively.
 Swan-Ganz Thermodilution catheter (Edwards Lifesciences) was
dvanced into the pulmonary artery, and a bipolar pacing catheter
Edwards Lifesciences) was advanced into the right ventricle. All
 85 (2014) 1298–1303 1299

catheter placements were confirmed with fluoroscopy. Unfraction-
ated heparin 200 U/kg was  provided to prevent catheter clotting.
Prior to obtaining any baseline measurements, animals received
normal saline intravenously according to baseline pulmonary cap-
illary wedge pressure as follows: 20 mL/kg if <14 mmHg, 10 mL/kg
if <16 mmHg, and no fluid if >16 mmHg.

2.2. Measurements

Thermodilution cardiac outputs (ICU monitor: model HP66,
Hewlett Packard) were obtained at baseline. Arterial blood gas
specimens were obtained from the thoracic aorta at baseline
(before VF), at 2 min, 4 min, and 6 1/2 min  of VF, and then 2 1/2 min
and 6 min  after the initiation of CPR. Coronary perfusion pressure
(CPP) was calculated by subtracting the mid-diastolic right atrial
pressure from the mid-diastolic aortic pressure. Cerebral perfusion
pressure (CerePP) was  calculated by subtracting the intracranial
pressure (ICP) from the mean arterial pressure.

To guide and record manual CPR quality, the Philips Heart
Start MRx  defibrillator with QCPR option was deployed during
the experimental protocol. Using force transducer/accelerometer
technology, the defibrillator records CPR quality and provides
audiovisual feedback to the chest compression (CC) provider for
rate (CC/min), depth (mm),  and incomplete chest wall recoil [resid-
ual leaning force (g)].10–13

2.3. Experimental protocol

The protocol described in this experiment was  designed to
address CPR goals for VF cardiac arrest.9 VF was  induced by electri-
cal pacing. No changes in mechanical ventilation or oxygenation
were made during the initial 7 min of VF. Following 7 min  of
untreated VF, animals were randomized to one of three different
CPR and advanced life support strategies for a 10-min duration
before attempts at defibrillation. Fourteen of the 21 animals were
part of an initial cohort examining 45-min survival.9 Intracranial
monitoring during active CPR is known to be technically difficult
and successful acquisition of intracranial data did not occur for all
animals. Therefore, additional animals were added and individually
randomized to one of the three groups after surgical preparation
until there were at least 6 subjects in each arm of the study with
full intracranial variable datasets. Any animals that did not have
intracranial data were kept in the overall cohort nonetheless which
resulted in overall unequal treatment groups for the survival analy-
sis. All data for each variable represents data from the same cohort
of 21 animals.

In all treatment arms, metronome-guided CCs were pro-
vided with a target rate of 100 CC/min and ventilations at 6
breaths per minute with 100% oxygen. Brief interruptions in CPR
every 2 min  mimicked pulse checks/rhythm analysis. Animals ran-
domly received one of three resuscitation strategies as previously
described9,14: (1) Hemodynamic Directed Care (CPP-20): CCs with
depth titrated to a target systolic blood pressure of 100 mmHg
and titration of vasopressors to maintain CPP >20 mmHg; (2) Depth
33 mm (D33) or usual depth as reported in the literature10,15: target
CC depth of 33 mm10,15,16 with standard AHA epinephrine dos-
ing interval; or (3) Depth 51 mm (D51): target CC depth of 51 mm
(2010 AHA guidelines) with standard AHA epinephrine dosing
interval.17 After 10 min  of CPR (minute 17 of the protocol), the ini-
tial 200J biphasic waveform defibrillation attempt was provided.
Resuscitation according to treatment strategy continued until sus-
tained return of spontaneous circulation (ROSC) was attained or at

minute 27 of the protocol (after an additional 10 min  of resuscita-
tion post-initial defibrillation attempt). If ROSC was attained, the
animals were supported for 45 min  in a simulated intensive care
setting. After ROSC, mechanical ventilation was  provided with 100%
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ig. 1. (A) Mean cerebral perfusion pressure (CerePP) during each minute of card
ressure (CPP) during each minute of cardiopulmonary resuscitation (CPR) across tr
PR  at 33 mm and 51 mm,  respectively. CPP-20 = CPR directed to attain coronary pe

xygen and adjusted to maintain an ETCO2 of 38–42 mmHg  and
ulse oximetry saturations 92–96%. Isoflurane was  administered
s necessary. At 45 min, the animals were euthanized with pento-
arbital and potassium chloride.

.4. Data analysis/outcomes

The primary outcome of the study was cerebral perfusion
ressure. Secondary outcomes included PBtO2 and 45-min sur-
ival. Normality of continuous variables was assessed using the
kewness–Kurtosis test. Normally distributed continuous variables
ere summarized as mean ± SEM and compared across groups by
NOVA. Continuous variables that were not normally distributed
ere summarized as median (25%, 75%) and compared by the
ruskal–Wallis test. Comparisons of dichotomous variables, such
s 45-min ICU survival and rate of ROSC were evaluated by Fisher’s
xact test. Differences in mean CerePP and PBtO2 over time and
etween treatment groups and between survivors/non-survivors
ere assessed using generalized estimating equations (GEE) with
n identity link.18 A robust variance estimator with an exchange-
ble correlation structure was used to account for longitudinal
orrelation, which arose from collecting observations on the same
tudy animals over time. To estimate the correlation between CPP

ig. 2. (A) Mean cerebral perfusion pressure (CerePP) during each minute of cardiopulmo
erfusion pressure (CPP) during each minute of cardiopulmonary resuscitation (CPR) bet
onary resuscitation (CPR) across treatment groups. (B) Mean coronary perfusion
nt groups. Error bars represent SEM. Depth 33 and Depth 51 refer to depth-guided

n pressure >20 mmHg.

and CerePP, the repeated measures for each animal were reduced to
a mean over all times.19 For assessment of the correlation between
CPP >20 mmHg  and CerePP >30 mmHg, a GEE with a logistic link
was used for the binary outcome of CerePP >30 mmHg, with the
primary exposure of CPP >20 mmHg  and adjusted for time. Statisti-
cal analyses were completed using Stata-IC 12.0 (StataCorp, College
Station, TX) or R 3.0.1 (R Development Core Team, Vienna, Austria).

3. Results

The primary outcome of cerebral perfusion pressure was signif-
icantly higher in the CPP-20 group compared to both D33 (p < 0.01)
and D51 (p = 0.046) (Fig. 1), and higher in survivors compared to
non-survivors irrespective of treatment group (p < 0.01) (Fig. 2).
The secondary outcome of PBtO2 was also higher in the CPP-20
group compared to both D33 (p < 0.01) and D51 (p = 0.013) (Fig. 3),
and higher in survivors compared to non-survivors irrespective of
treatment group (p < 0.01) (Fig. 4). Of note, 45-min ICU survival was

significantly higher in the CPP-20 group (7/8), compared to D51
(3/6) and D33 (1/7) (p < 0.022).

CPP and CerePP were well correlated across treatment groups
and survival status, r = 0.76 (p < 0.001) (Fig. 5). Subjects with a

nary resuscitation (CPR) between survivors and non-survivors. (B) Mean coronary
ween survivors and non-survivors. Error bars represent SEM.
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Fig. 3. Mean brain tissue oxygenation as a percentage of baseline during each
minute of cardiopulmonary resuscitation (CPR) across treatment groups. Error bars
r
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Fig. 5. Scatterplot of coronary perfusion pressure (CPP) and cerebral perfusion
pressure (CerePP) residuals calculated utilizing a linear regression model for each
epresent SEM. Depth 33 and Depth 51 refer to depth-guided CPR at 33 mm and
1  mm,  respectively. CPP-20 = CPR directed to attain coronary perfusion pressure
20  mmHg.

PP >20 mmHg  were 2.7 times more likely to achieve a CerePP
30 mmHg  (p < 0.001).

.1. Resuscitation variables

Chest compression depth was significantly different
mong groups: D33 = 34 ± 1.0 mm;  D51 = 49 ± 0.5 mm;  CPP-
0 = 46 ± 0.6 mm (p < 0.01). Other CPR quality variables were not
ifferent (rate = 101 ± 0.2 CC/min; CPR fraction = 96.7 ± 0.3%; and
o delivered compressions had leaning exceeding 2.5 kg). Total
umber of vasopressors doses administered was  not different
D33 = 5 (5, 5); D51 = 4 (2, 5); CPP-20 = 3 (3, 5), p = 0.31). Interest-
ngly, the variability of vasopressor need to attain that goal was
reat (including the use of no vasopressor during the entire CPR

eriod when CPP-20 was maintained by CPR only). Similarly, total
umber of epinephrine doses was not different (D33 = 5 (5, 5);
51 = 5 (4, 5); CPP-20 = 2 (2, 4), p = 0.09). By protocol design, CPP-20

eceived first vasopressor dose as early as 1 min  after initiation

ig. 4. Mean brain tissue oxygenation as a percentage of baseline during each
inute of cardiopulmonary resuscitation (CPR) between survivors and non-

urvivors. Error bars represent SEM.
variable adjusted for time; r = 0.76, p < 0.001. Smoothing spline (bold line) demon-
strates strong positive correlation between CPP and CerePP.

of CPR, compared to 2 min  in the D33 and D55 groups. Overall
number of defibrillation attempts was  not different among groups
(D33 = 3 (1, 5); D51 = 2 (1, 5); CPP-20 = 1 (1, 2), p = 0.13).

3.2. Hemodynamics and arterial blood gases

Hemodynamic variables were not different at pre-arrest base-
line or at the end of untreated VF period (Table 1). During the last
minute of the resuscitation period (minute 16–17), there were sig-
nificant differences across treatment groups for aortic systolic and
diastolic pressure, CerePP, PbtO2 as a percentage of baseline, and
end tidal CO2, but not intracranial pressure. Higher CerePP in the
CPP-20 group compared to D33 and D55 was the result of higher
aortic diastolic pressures, and in turn mean arterial pressures, in the
CPP-20 group. There was  higher end tidal CO2 in the D51 and CPP-
20 groups compared to D33. There were no differences in arterial
blood gases obtained at baseline (Table 2). At the end of the resus-
citation, in general, the D33 group was characterized by a higher
arterial pH, lower PCO2, and higher PaO2 compared to either D51
or CPP-20.

4. Discussion

In the present study, cerebral perfusion pressure after VF cardiac
arrest was  improved with hemodynamic directed CPR to maintain
coronary perfusion pressure >20 mmHg  (CPP-20) compared to a
rescuer-centric resuscitation strategy with depth of compressions
guided to 33 mm or 51 mm and standard AHA vasopressor dosing.
Our hemodynamic directed resuscitation strategy included titra-
tion of chest compression depth to systolic blood pressure and
titration of timing and frequency of vasopressor administration to
coronary perfusion pressure. Brain tissue oxygen tension (PBtO )
2
was higher in the CPP-20 group compared to D33 and D51. Irrespec-
tive of treatment group, cerebral perfusion pressures and PBtO2
were higher in survivors compared to non-survivors, similar to our
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Table 1
*Last epoch during untreated VF period (minute 6–7). †Last epoch during protocol
resuscitation period CPR (minute 16–17). Pressures and PbtO2 in mmHg. AoS, aortic
systolic pressure; AoD, aortic diastolic pressure; RAD, right atrial diastolic pressure;
ICP,  intracranial pressure; CerePP, cerebral perfusion pressure; PbtO2, brain tissue
oxygen tension; ET CO2, end tidal carbon dioxide. Depth 33 (D33) and Depth 51 (D51)
refer to depth-guided CPR at 33 mm and 51 mm,  respectively. CPP-20 refers to CPR
directed to attain coronary perfusion pressure >20 mmHg. Data presented as mean
(SEM). CPP-20 vs. D33: p < 0.01‡,||,**; p = 0.015§§; p = 0.02¶¶ . D51 vs. D33: p = 0.025|||| .
CPP-20 vs. D51: p = 0.03§; p = 0.052¶; p = 0.024††; p = 0.018‡‡ .

Depth
33 (n = 7)

Depth
51 (n = 6)

CPP-20
(n = 8)

p

Baseline
Weight (kg) 32 (0.5) 33 (0.2) 33 (1) 0.77
CO  (L/min) 3.3 (0.3) 3.0 (0.3) 2.8 (0.3) 0.49
AoS  113 (5) 99 (6) 99 (4) 0.09
AoD  81 (4) 71 (7) 73 (3) 0.29
CPP 68 (5) 66 (6) 67 (4) 0.93
ICP  16 (1) 20 (3) 18 (2) 0.48
CerePP 76 (4) 64 (8) 65 (6) 0.34
PbtO2 22 (4) 29 (6) 17 (7) 0.43

End of untreated VFa

AoS 26 (1) 25 (3) 23 (1) 0.37
AoD  20 (1) 15 (3) 20 (1) 0.22
CPP  2 (1) 1 (1) 2 (1) 0.74
ICP  15 (1) 16 (3) 16 (1) 0.80
CerePP 7 (2) 3(4) 7 (2) 0.77
PbtO2 3 (1) 15 (5) 4 (3) 0.08
PbtO2 (% baseline) 13 (4) 46 (11) 22 (16) 0.14

End  of resuscitation period†

AoS 62 (11)‡ 87 (9)§ 110 (5) <0.01
AoD  23 (3)|| 31 (6)¶ 47 (5) <0.01
CPP  8 (2)** 19 (6) 38 (7) <0.01
ICP  15 (1) 21 (5) 22 (2) 0.18
CerePP 21 (4)** 25 (8)†† 51 (6) <0.01
PbtO2 10 (5) 8 (2) 20 (8) 0.23
PbtO2 (% baseline) 37 (12)§§ 31 (7)‡‡ 163 (55) 0.019

¶¶ ||||

p
p

c
n
a
H
n
o
h
a
m

known to be highly susceptible to hypoxic-ischemic injury such
as the hippocampus were not technically possible, but subcortical

T
S
r

ETCO2 20 (3) 35 (5) 29 (2) 0.02

revious observations demonstrating higher coronary perfusion
ressures in survivors compared to non-survivors.9

We  have previously demonstrated in our swine model of VF
ardiac arrest, that a treatment algorithm focused on hemody-
amic directed titration of chest compressions and vasopressor
dministration improved rates of ROSC and short term survival.9

emodynamic directed resuscitation targeting CPP >20 mm  Hg sig-
ificantly improved cerebral perfusion pressure and brain tissue
xygen tension as well and did not compromise cerebrovascular
emodynamics. The ratio of intensive care unit versus ward pedi-

tric CPR events has increased over the past several years.20 With
any of these patients already having invasive monitoring in place,

able 2
ample drawn at *6 min  30 s during VF period and at †6 min  during protocol resuscitatio
espectively. CPP-20 refers to CPR directed to attain coronary perfusion pressure >20 mm

Depth 33
(n = 6)

Depth 5
(n = 6)

Baseline
pH 7.52(0.01) 7.52(0.
PCO2 (mmHg) 43(3) 46(2)
PaO2 (mmHg) 135(5) 114(8)

End  of untreated VF*

pH 7.78(0.01)‡ 7.75(0.
PCO2 (mmHg) 16(2) 22(6)
PaO2 (mmHg) 91(12) 118(16

After  6 min of CPR†

pH 7.48(0.04)|| 7.33(0.
PCO2 (mmHg) 33(4)** 47(4)
PaO2 (mmHg) 369(68)†† 223(48
 85 (2014) 1298–1303

there is an opportunity to utilize a hemodynamic directed resusci-
tation strategy.

Previous studies in immature swine have observed the lower
limit of autoregulation to be a cerebral perfusion pressure of
30 mmHg, below which CBF is assumed to not be maintained.21

Only animals in the CPP-20 group were able to consistently main-
tain a CerePP of 30 mmHg. CerePP in the D51 group was transiently
above 30 mmHg, coinciding with administration of epinephrine,
but was not consistently above the lower limit of autoregula-
tion, demonstrating that titration of vasopressors to hemodynamic
goals may have a positive effect on cerebrovascular hemodynam-
ics. CerePP and CoPP correlated well across resuscitation strategies
(Fig. 5). This is not surprising since the main determinants of
CerePP and CoPP are MAP  and aortic diastolic pressure respec-
tively. Animals achieving a CPP >20 mmHg were 2.7 times more
likely to achieve CerePP >30 mmHg. Titration of vasopressors to
hemodynamic goals (CPP >20 mmHg) may  have a positive effect
on cerebrovascular hemodynamics by generating a CerePP above
the lower inflexion point of cerebral autoregulation and maintain
adequate cerebral blood flow during CPR. These data suggest that a
hemodynamic directed myocardial perfusion focused resuscitation
strategy may  also be a neuroprotective resuscitation strategy.

Epinephrine’s alpha1-agonist activity has been previously
demonstrated to have adverse effects on cerebral microvascular
blood flow.22,23 In our studies, a hemodynamic directed resuscita-
tion strategy which included early administration of epinephrine
produced significant increases in PBtO2. Using PBtO2 as a surrogate
marker of CBF, early administration of epinephrine during CPR after
VF cardiac arrest in our model may  improve regional CBF.

There was  a non-significant increase in ICP in the D51 and
CPP-20 groups at the end of the resuscitation (Table 1), perhaps
related to the increased chest compression depth observed in the
D51 and CPP-20 groups compared to D33. In the CPP-20 group,
the greater rise in MAP  in relation to ICP resulted in marked
improvement in CerePP compared to the D51 group. Our  findings
are consistent with previous observations of improved cerebral
perfusion pressures with other advanced CPR techniques such as
active compression–decompression with an impedance threshold
device.7

There are several limitations to our experimental design that
must be considered when translating our results to the care of the
cardiac arrest patient. First, brain tissue oxygen tension was mea-
sured regionally in the subcortical white matter of the right frontal
cortex. Measurement of brain tissue oxygen tension in regions
measurements of brain tissue oxygen tension in swine models of
traumatic brain injury have been demonstrated to be associated

n period. Depth 33 and depth 51 refer to depth-guided CPR at 33 mm and 51 mm,
Hg.CPP-20 vs. D33: p < 0.01‡,||,††; p = 0.02**. D51 vs. D33: p < 0.01||; p = 0.048¶,§ .

1 CPP-20
(n = 8)

p

01) 7.52(0.01) 0.97
 43(3) 0.62
 133(7) 0.12

07) 7.60(0.05) 0.03
 27(7) 0.43
) 106(21) 0.47

03)§ 7.30(0.02) <0.01
¶ 61(9) 0.022
) 101(40) <0.01
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ith changes incerebral blood flow.24 Second, we did not assess
eal-time changes in cerebral blood flow during the three different
esuscitation strategies. However, techniques to measure CBF, such
s microspheres, do not allow for the same temporal resolution dur-
ng CPR that we obtained with ICP and brain tissue oxygen tension

easurements. Third, all the animals in this study were young had
o known coronary artery disease which may  limit translatability
o an older adult population. Furthermore, ventricular fibrillation as
he initial rhythm occurs in only 25% of in-hospital pediatric cardiac
rrests.25 Animals in this study also did not experience asphyxia
rior to inducing VF and were observed to have a respiratory alkalo-
is at end of the untreated VF period. Future investigations studying
erebral hemodynamics after asphyxia arrest are planned which
ill control for the alkalosis observed in our current study. Fourth,

here are differences in chest wall appearance between swine and
umans which may  limit the translatability of the hemodynamic
ifferences observed across different depth directed compression
trategies. Fifth, there were differences in pH between the groups
t end of untreated VF and during CPR which may  have influenced
erebral blood flow. Finally, although animals were randomized to
reatment group, the study was not blinded. Those participating in
he resuscitations were aware of the treatment strategy. However,
side from protocolized differences in chest compression depth,
ther CPR quality variables were similar, minimizing concerns of
ias.

. Conclusion

Hemodynamic directed resuscitation targeting CPPs >20 mmHg
uring 10 min  of CPR following VF arrest improves cerebral per-
usion pressures and brain tissue oxygen tension when compared
o resuscitation with depth of compressions guided to 33 mm
r 51 mm and standard AHA vasopressor dosing. A resuscitation
rotocol individualized to goal coronary perfusion pressure is asso-
iated with improvements in cerebral perfusion and oxygenation
nd may  be neuroprotective.
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