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Cardiopulmonary diac arrest (OHCA) is high. Based on recent scientific evidence with a main goal of

improving survival, we introduced and implemented a standardised post resusci-
tation protocol focusing on vital organ function including therapeutic hypothermia,
percutaneous coronary intervention (PCl), control of haemodynamics, blood glucose,
ventilation and seizures.

Methods: All patients with OHCA of cardiac aetiology admitted to the ICU from
September 2003 to May 2005 (intervention period) were included in a prospective,
observational study and compared to controls from February 1996 to February 1998.
Results: In the control period 15/58 (26%) survived to hospital discharge with a
favourable neurological outcome versus 34 of 61 (56%) in the intervention period
(OR 3.61, Cl 1.66—7.84, p=0.001). All survivors with a favourable neurological out-
come in both groups were still alive 1 year after discharge. Two patients from the
control period were revascularised with thrombolytics versus 30 (49%) receiving PCI
treatment in the intervention period (47 patients (77%) underwent cardiac angiog-
raphy). Therapeutic hypothermia was not used in the control period, but 40 of 52
(77%) comatose patients received this treatment in the intervention period.
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Conclusions: Discharge rate from hospital, neurological outcome and 1-year survival
improved after standardisation of post resuscitation care. Based on a multivariate
logistic analysis, hospital treatment in the intervention period was the most important
independent predictor of survival.

© 2006 Elsevier Ireland Ltd. All rights reserved.

Introduction

Despite science based guidelines for cardiopul-
monary resuscitation (CPR)," the survival rate
after out-of-hospital cardiac arrest (OHCA) has not
improved much over the last decade.’? The guide-
lines focus mainly on treatment until return of
spontaneous circulation (ROSC), due to scarcity of
studies on the post resuscitation period.! Thera-
peutic hypothermia is reported to improve survival
and neurological outcome in patients with ven-
tricular fibrillation.3# Two non-intervention cohort
studies reported significant inter-hospital differ-
ences in survival (for those admitted with ROSC)
that could not be explained by pre-hospital
factors.>® In-hospital body temperature, seizures,
blood glucose and base excess were related to
outcome.®

In Oslo, survival of those admitted to the inten-
sive care unit (ICU) with ROSC has stayed at
25-35%,78 similar to the 30% reported in 22,105
patients in UK, but lower than the 56% reported in
Stavanger,® with the best reported survival rate in
Europe.0

Based on the assumption that in-hospital factors
could be important, we designed a standardised
treatment protocol including therapeutic hypother-
mia, percutaneous coronary intervention (PCl) —
if indicated — and standardised goals for factors
such as blood glucose, haemodynamics, ventilation
and handling of seizures. With focus on better care
and improved survival for OHCA patients admit-
ted to hospital, this was implemented into our
hospital system. Since it was a multivariate sys-
tems approach, patients could not be randomised
to either receive the required treatment or not in
the emergency department (ED) and intensive care
unit (ICU). The results were therefore compared
to patients admitted to Ulleval University Hospi-
tal (Ulleval) in a recently published study from the
preceding period.®

Patients and methods
The Norwegian Board of Health, Norwegian Social

Science Data Service and Regional Committee for
Medical Research Ethics approved the study.

Organisation

Oslo has approximately 540,000 inhabitants. The
Oslo EMS system is described elsewhere.®~8 Approx-
imately 70% of cardiac arrest patients with ROSC
from Oslo EMS are admitted to Ulleval. Ulleval has
approximately 45,000 patients admitted per year.
It has 40 ICU beds distributed amongst seven ICUs,
of which five ICUs cared for cardiac arrest patients
in 1996—1998 compared to two in 2003—2005.
In 2003—2005 a PCl service was available 24h a
day.

Patients

All patients with sustained ROSC in the ED after
OHCA of cardiac aetiology (using the Utstein
style definition),’" and admitted to the ICUs of
Ulleval between September 1st 2003 and May
18th 2005 were included in the study. Patients
were identified from continuous ED and ICU
registrations, and double checked via the com-
puterised hospital register. Patients were followed
until in-hospital death or discharge from the
final hospital or institution. These patients were
compared to all patients admitted to Ulleval in
a previously published study of post resuscitation
treatment from February 1996 to February 1998.6
The previous files and records were carefully
re-examined.

Outcome

Primary outcome was survival to hospital dis-
charge with favourable neurological outcome. This
was defined as the cerebral performance category
(CPC) 1 (good recovery) or 2 (moderate disability)
assessed from discharge or death note in the final
acute care hospital/institution.!" Survival to hos-
pital discharge required that transferred patients
were alive when discharged from the final hos-
pital/institution. Secondary outcome was 1-year
survival, collected from the Norwegian National
Register/Death Register.

The standardised intensive care management
incorporated several specific treatment goals and
strategies (Appendix A), including treating the
cause of arrest (PCl if indicated), initiation of
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early therapeutic hypothermia (as early as possi-
ble after arrival in the ED), and strict control of
haemodynamics, blood glucose and ventilation (see
Appendix A). A new data collection sheet, includ-
ing documentation of complications, was designed
and introduced. Standard in-hospital data were col-
lected from patient records, including those from
the final hospital or institution if the patient was
transferred.

Implementation

With the overall goal of improving patient survival
and quality of life, a strategic implementation
plan was constructed. Barriers and critical factors
were identified, and important partnerships were
built with the relevant doctors, ICU nurses and
administrators. A standardised post resuscitation
treatment protocol (see Appendix A) was created
and handed out to all involved doctors and nurses,
presented at internal meetings and implemented
during spring/summer of 2003. The protocol and
relevant important publications were available at
the ICUs involved.

Statistical analysis

Statistics were performed with SPSS (SPSS Inc,
Chicago, IL, USA). Numerical data were analysed
using Students t-test (presented as mean +5.D.), or
if not normally distributed with the Mann—Whitney
test (presented as median with interquartile
range). Proportions were analysed by the Pear-
son x2 test with Yates continuity correction or,
where appropriate (in the presence of small num-
bers in either group), Fisher’s exact test. We
present odds ratio (OR) with 95% confidence
intervals (95% Cl) for the difference between
proportions, and the mean difference with 95%
Cl for parametric comparison between groups.
p-Values less than 0.05 are regarded as signi-
ficant.

Prognostic factors that were found to be sig-
nificant in preliminary bivariate analyses were
included in a multivariate logistic regression
analysis (dependent variable — survival outcome
0=unfavourable, 1=favourable). All variables were
entered into the equation simultaneously in order
to control for the effects of confounding (a subse-
quent stepwise analysis provided similar results).
The OR with 95% Cl was used to indicate a signif-
icant association (95% Cl that exclude the value
1.0 are considered statistically significant). The
Hosmer—Lemeshow goodness-of-fit statistic indi-
cates a poor fit if the resulting significance value
is less than 0.05.

Results

Patients admitted to Ulleval ICU

During the 20.5 months intervention period 61
patients with OHCA of cardiac aetiology were
admitted to ICU with ROSC versus 58 in the 24
months control period (Figure 1). All survivors with
a favourable neurological outcome in both groups
were still alive 1-year after discharge (Figure 1,
Table 1).

Significantly more patients survived with a
favourable outcome in the intervention period com-
pared to the control period; 34 of 61 (56%) versus 15
of 58 (26%), p<0.001 (Table 2). Mean age (63 + 14
versus 68 + 12, p =0.008) and proportion of patients
younger than 70 years were lower in the interven-
tion period than in the control period (Table 1)
with no other significant differences in prognos-
tic prehospital or admission variables (Table 1).
Physiological variables on admission including body
temperature, blood glucose, blood gases and blood
pressure did not differ except there was a lower
pulse rate in the intervention period (Table 2).

Of the in-hospital physiological variables
(Table 2) and interventions (Table 3) the interven-
tion group had a reduced level of blood glucose,
temperature and pulse rate after 12 and 24h, a
more positive fluid balance and increased use of
inotropic agents, intra-aortic balloon pump and
insulin. There was no difference in the duration of
mechanical ventilation or stay in ICU between the
two periods (Table 1).

Specific cardiac treatment

The proportion of patients with acute myocardial
infarction (AMI) was similar in the two peri-
ods (Table 1). Only two control period patients
(3%) received reperfusion treatment (with throm-
bolytics) (Table 3). In the intervention period 47
patients (77%) had coronary angiography and 30
(49%) received PCI with stent placement (Table 3).
These 47 patients also received 300 mg acetylsal-
icylic acid (oral/rectal) and 5—10.000 IU heparin
before angiography; 33 (54%) received clopidogrel
and nine (15%) abciximab after the procedure.
Three underwent acute coronary bypass surgery
(all three survived) in the intervention period ver-
sus none in the control period. The main artery
occluded was the left anterior descending in 16
patients, the right coronary artery in 10 and the
circumflex in 11. Some patients had more than
one artery involved. In 74% of the patients from
the intervention period coronary artery disease was
documented.
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Control period (1996-98)
68 patients admitted to ED

Intervention period (2003-2005)
69 patients admitted to ED

10 excluded
- died before
ICU admission

8 excluded
died before
ICU admission

@dmined t0 ICU @admined to ICU

18 (31%) patients survived
9CPC 1
6 CPC 2
2CPC3
1CPC4

15 (31%) patients with
one-year survival

Figure 1
aetiology in the control and intervention period.

Therapeutic hypothermia

No control period patient was treated with ther-
apeutic hypothermia compared to 40 of the 52
(77%) comatose patients in the intervention period
(Table 3). Several cooling methods were used; 29
(73%) received endovascular cooling with Coolgard

Table 1

34 (56%) patients survived
31 CPC 1
3CPC2

34 (56%) patients with
one-year survival

Flow chart for patients admitted to Ulleval University Hospital with out-of-hospital cardiac arrest of cardiac

(Alsius Corporation, CA, USA) alone or combined
with initial ice cold fluids and ice packs. Exter-
nal cooling with Arctic Sun (Medivance, CO, USA)
or just icepacks and wet, cold blankets was used
if Coolgard was unavailable. The mean time from
cardiac arrest until the target temperature was
achieved (33°C) was 5.5h+2.2h. This was sig-

Univariate analysis of prognostic factors and outcome data for patients admitted to ICU of Ulleval Uni-

versity Hospital in the control (1996—1998) or intervention (2003—2005) periods, presented as absolute numbers

(percentage) or median values with interquartile range

Control period Intervention OR (95% Cl) p-Value

(n=58) period (n=61)
Male 46 (79) 50 (82) 1.2 (0.5, 2.9) 0.89
Age <70 28 (48) 43 (71) 2.6 (1.2, 5.4) 0.022
Witnessed 55 (95) 60 (98) 3.3 (0.33, 32.4) 0.36
Bystander CPR 43 (74) 43 (71) 0.8 (0.4, 1.9) 0.81
Initial VF 49 (84) 55 (90) 1.7 (0.6, 5.1) 0.51
Ambulance response time (min) 6(4-9) 6 (4-8) 0.702
Time to ROSC (min) 18 (13—22) 18 (10—27) 0.98°
Comatose on admission 52 (90) 52 (85) 1.2 (0.5, 2.8) 0.65
Myocardial infarction 33 (57) 36 (59) 1.1 (0.5, 2.3) 0.82
Mechanical ventilation (days) 2 (1-5) 2 (1-5) 0.70°
Stay at ICU (days) 4(3—6) 5(2-8) 0.49°
Survival to discharge 18 (31) 34 (56) 2.80 (1.32, 5.93) 0.007
Favourable outcome (CPC 1-2) 15 (26) 34 (56) 3.61 (1.66, 7.84) 0.001
1-Year survival 15 (26) 34 (56) 3.61 (1.66, 7.84) 0.001

2 Two sided p-values for continuous variables from Mann—Whitney rank sum test.
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Table 2 Physiological variables on hospital admission and during the first 24h in the control (1996—1998) and

intervention (2003—2005) periods

Control period (n=58) Intervention period (n=61) Mean difference (95 Cl) p-Value

Blood sugar (mmol/l)

Admission 14.3+4.5 14.3+4.9 0.05 (—1.98, 2.08) 0.96

After 12h 9.7+3.3 8.0+3.5 —1.69 (—3.25, —0.14) 0.033

After 24h 7.5+2.7 6.4+1.6 —1.16 (—2.19, —0.15) 0.028
pCO, (kPa)

Admission 5.3+2.4 5.4+1.5 0.09 (—0.78, 0.95) 0.84

After 12h 5.6+1.4 5.2+0.7 —0.34 (—0.83, 0.14) 0.17

After 24h 5.3+0.9 5.3+0.6 0.05 (—0.30, 0.40) 0.77
BE (mmol/l)

Admission —10.3 (—15.2, —5.5) -8.5 (—12.3, —5.8) 0.20°

After 12h —5.5 (=7.1, =3.0) —3.2 (—6.7, —2.1) 0.0772

After 24h —2.5 (—4.5, —0.4) —3.2 (—6.4, —1.2) 0.10°
Temperature (°C)

Admission 35.9+1.0 35.4+1.3 —0.48 (—1.02, 0.07) 0.087

After 12h 37.5+1.1 33.9+£1.7 —3.64 (—4.21, —3.07) <0.001

After 24h 38.4+1.3 34.0+1.9 —4.41 (—4.99, —3.81) <0.001
MAP (mmHg)

Admission 90 +22 89+23 —0.92 (—9.37, 7.53) 0.83

After 12h 76 +10 73+ 11 —3.54 (—7.80, 0.72) 0.10

After 24h 77 +£13 74+10 —2.96 (—7.74, 1.81) 0.22
Pulse rate (min~")

Admission 101 £23 88422 —12.56 (—21.26, —3.85) 0.005

After 12h 85+ 14 67 +13 —18.91 (—24.45, —13.38)  <0.001

After 24h 87+16 68+ 15 —19.08 (—25.33, —12.83)  <0.001

Data are presented as mean +S.D., except for BE where median values with interquartile range is used; conversion factor for
blood sugar concentration: 1 mmol/l=18 mg/dl; conversion factor for pCO3: 1kPa=7.5mmHg.
@ Two sided p-values for continuous variables from Mann—Whitney rank sum test.

nificantly faster in the 25 patients (63%) who
received cold fluids i.v. (mean 4.6h+1.3h versus
7.3+3.0h, p=0.001). Twenty-seven (68%) of the
cooled patients were paralysed.

Factors associated with survival

Prognostic factors that were found to be significant
in preliminary bivariate analyses (case/control,
age, time to ROSC, ambulance response time,

Table 3

initial VF) were included in the multivariate
logistic regression analysis (Table 4). The Hosmer-
Lemeshow goodness-of-fit statistic indicates a poor
fit if the resulting significance value is less than
0.05. The model presented here achieved a x?
of 10.65 on 8 degrees of freedom, and a p-
value of 0.22; thus the model adequately fits the
data.

The logistic analysis revealed that favourable
outcomes (an increased likelihood of survival) were

Inhospital treatment in the control (1996—1998) and intervention (2003—2005) periods, presented as

absolute numbers (percentage) or mean +S.D. (fluid balance)

Control period Intervention period OR (95% Cl) p-Value

(n=58) (n=61)
Reperfusion treatment 2(3) 30 (49) 27.10 (6.06, 121.09) <0.0012
Therapeutic hypothermia 0 40 (66) n.a. <0.0012
Inotropic agents 29 (50) 43 (80) 2.39 (1.13, 5.08) 0.022
Intra aortic balloon pump 0 8 (15) n.a. 0.0062
Glyceryl trinitrate 31 (53) n.a. <0.0012
Fluid balance 1st day (ml) 2300+ 1211 3455 + 1594 <0.001°
Insulin 4(7) 27 (44) 10.72 (3.45, 33.33) <0.0012

Reperfusion treatment was only by PCl in the intervention period and by thrombolytics in the control period. n.a. not applicable.

@ Fisher’s exact test.

b Two sided p-values for continuous variables from Student’s t-test.
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Table 4 Prognostic factors that were found to be
significant in preliminary bivariate analyses were
included in a multivariate logistic regression analy-
sis to detect independent factors potentially affecting
survival with favourable outcomes (CPC 1 and 2)
from both the control (1996—1998) and intervention
(2003—2005) periods

One patient in the intervention period survived
(with CPC 1) despite severe status epilepticus that
was treated with a barbiturate infusion from days
9 to 12 after his cardiac arrest.'?

The 56% survival to hospital discharge with
favourable neurological outcome and 1-year sur-
vival among OHCA patients admitted to ICU is
high compared to our previous results®—8 and those
results reported from other institutions.%%13-16

Discussion
Prognostic factors Adjusted 95% ClI
odds ratio

Intervention period 4.47 1.60—12.52

Age >70 0.48 0.17—1.37

Time to ROSC 0.91 0.85—-0.96

Ambulance response time  0.91 0.78—1.07

Initial VF 1.84 0.33—10.41

All variables were entered into the equation simultaneously
in order to control the effects of confounding (a subsequent
stepwise analysis provided similar results).

associated with: being in the intervention group,
being 70 years of age or younger, shorter time to
ROSC, shorter ambulance response time, and an
initial rhythm of VF. In addition to inhospital treat-
ment, age under 70 was the only factor that varied
between the two periods (Table 1). However, only
assignment to the intervention/control group and
time to ROSC retained their statistical significance,
controlling for the effects of the other prognostic
variables.

Complications

There was no difference in general or more specific
complications between the two periods (Table 5).
Bleeding was not looked for in the control period.
Minor bleeding was reported in 5 (9%) patients in
the intervention period (Table 5). Three of the 15
patients (20%) with arrhythmias from the inter-
vention period had bradyarrhythmias (all cooled).
One required a temporary pacemaker and another
an isoprenaline infusion because of their sustained
bradycardia (<40 min—1).

The value of the CPC score on hospital discharge
as an indicator of quality of life and cognitive func-
tion later in life has been questioned,'” but is still
the standard evaluation tool recommended in the
last ILCOR scientific statement for reports on car-
diac arrest.'® It was used identically in both study
periods, and in the intervention period all hospital
survivors were discharged to their homes, able to
manage daily life activities or work on their own
and were alive 1-year later.

It is unlikely that the control period was asso-
ciated with an unrealistically poor outcome. The
31% survival of those admitted to ICU in the control
period was better than the average of 25% during
the preceding 30 years.® Patients from the inter-
vention period were younger, reported by some to
be associated with improved survival,® 131920 while
others have failed to find such an association.'
However, in both groups the mean age was below
70 years, which previously has been used as a age
variable.613,14

Several new interventions and general treatment
strategies were included in the new standardised
post resuscitation care, and we would like to high-
light six factors:

1. Hawthorne effect. Increased focus, enthusiasm,
and introduction of new treatment strategies
generally improve quality and outcome in emer-

Table 5 Number of complications (%) in the control (1996—1998) and intervention (2003—2005) periods

Control period Intervention period OR (95% Cl) p-Value
(n=58) (n=61)
General complications 37 (64) 44 (72) 1.47 (0.68—3.19) 0.44
Pneumonia 33 (57) 29 (48) 1.28 (0.69—2.40) 0.43
Sepsis 1(1) 2 (3) 2.33 (0.21—-26.21) 0.60
Severe arrhythmias 9 (16) 15 (25) 1.90 (0.80—4.53) 0.14
Brady-arrhythmias 0 3
Tachy-arrhythmias 9 12
Seizures 16 (28) 11 (18) 0.63 (0.28—1.39) 0.34
Status epilepticus 3(5) 5(8) 1.98 (0.46—8.56) 0.47

Pulse rate >120 min or <40 min lasting for > 5min was defined as severe arrhythmias.
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gency medicine as in other fields of society.?’
Before we initiated this new approach patients
were admitted to five ICUs with no standardised
treatment plan. One of our goals was to place
the patients in two specialised ICUs, increase
focus and create enthusiasm for the treatment
with a true team effort from all involved doc-
tors and nursing staff. This made a randomised
design impossible; focus cannot be turned on
and off.
. Early reperfusion treatment with PCI. Despite
the same proportion of patients with AMI in
the two periods, 53% received reperfusion treat-
ment in the intervention period versus 3% in
the control period. Patients were transported
directly from the ED for angiography if clini-
cally stable. Coronary thrombi are frequently
found after sudden cardiac death?? and most
cardiac arrest patients have coronary artery dis-
ease. AMI caused the arrest in 68% in a Swedish
clinical study'® and 78% in a Finnish autopsy
study.23 As 73% of the patients in the interven-
tion period had coronary artery disease, early
PCl seems reasonable.2* We have reported pre-
viously a 73% 2-year survival in selected patients
with PCI after out-of-hospital cardiac arrest.?>
During that study period (1998—2001) we had no
standardised treatment protocol or therapeutic
hypothermia, and the proportion of discharged
patients with a favourable neurological outcome
was approximately 70% (not published, data
from the author), the same as in the control
period of the present study.®

Seventeen patients (28%) brought to
angiography underwent no PCIl, but received
antiplatelets and anticoagulation. These could
have their own positive effects because of the
coagulation disorder occurring after cardiac
arrest.2 Beta blockers, which have been asso-
ciated with improved outcome,?’ were hardly
used in the acute phase because the patients
were relatively bradycardic (creating a similar
effect to beta blockers) during therapeutic
hypothermia.
. Therapeutic hypothermia is reported to improve
neurological outcome for comatose patients
with initial VF.3# We cooled comatose patients
regardless of rhythm. It has been suggested that
the earlier hypothermia is initiated and target
temperature reached, the greater the chance
of positive outcome.?® The mean time to the
target temperature of 5.5h compares well with
the 8h reported in the HACA study,? but is
longer than reported when all patients receive
a rapid infusion of ice-cold saline,2? (which also
increased the rate of temperature fall in the

present study). The final maintenance cooling
technique was established after ICU arrival and
stabilisation, thus after coronary angiography in
the majority of the patients. We emphasised
early cooling with ice-cold fluids and ice packs
after arrival in the ED, thus, patients could easily
be cooled during angiography and the PCI proce-
dure. The method for therapeutic hypothermia
was not standardised as only one endovascular
device (Coolgard, Alsius Corporation, CA, USA)
was available initially, and the different meth-
ods were not compared. The external device
used (Arctic Sun, Medivance, CO, USA) was avail-
able from June 2004.

As in the HACA study,® no significant dif-
ference in general complications was present
and no patients died because of complications.
Interestingly, in spite of therapeutic hypother-
mia, the total stay in the ICU and total duration
of mechanical ventilation did not differ between
the two periods. The number of pneumonias in
the present material (for both periods) is higher
than reported from the HACA study,? which may
be caused by our rather wide pneumonia defini-
tion. We recorded pneumonia if it was present
as a diagnosis on the final hospital record on dis-
charge (or at death) due to clinical signs, chest
X-ray and/or blood test. Although there was a
lower pulse rate in the intervention period, and
a relative bradycardia in the majority of the
cooled patients, severe bradycardia (< 40/min)
was only present in three cooled patients and
was easy to treat.

4. A standardised treatment protocol was devised

which defined the goals for factors gener-
ally of importance for critically ill patients.
This protocol addressed a number of factors,
including those suggested previously to be
important for cardiac arrest patients: blood glu-
cose, temperature, seizure treatment, PaCO;
(Appendix A, Tables 2 and 3). Except for
therapeutic hypothermia no such factors have
been tested in cardiac arrest intervention
studies. Non-intervention studies have shown
increased mortality among patients with cardiac
arrest with high levels of blood glucose dur-
ing reperfusion,®27-30 and a linear correlation
between blood glucose level and infarct size for
patients with coronary artery disease.3! More-
over, aggressive insulin treatment in patients
with acute myocardial infarction3? or critical
illness33 reduced long-term mortality. We also
stressed avoiding hyperventilation, which might
reduce cerebral perfusion.3* Despite limited sci-
entific basis the protocol enabled doctors and
nurses to focus on how to monitor and treat the
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patients in different circumstances (Appendix
A).

5. Maintenance of an adequate arterial blood
pressure was attempted without placing
undue strain on the myocardium by requiring
too high arterial blood pressure. Cere-
bral hypoperfusion®® and impaired autoreg-
ulation3® occur during reperfusion. Disturbed
microcirculation,2® myocardial dysfunction37-38
and a ‘‘sepsis-like-syndrome3? suggest that
haemodynamics should be optimised in this
critical early phase. There was more frequent
use of inotropic drugs and increased positive
fluid balance in the intervention period to
maintain MAP >65—70mmHg for the first days
after admission. There are no studies showing
the optimal arterial blood pressure in the
reperfusion phase, although a short period with
hypertension based on animal experiments has
been recommended.*? A higher blood pressure
with a MAP 90—100 have been used by others.*
We decided to choose a MAP > 65—70 mmHg as
this was common in other European comparable
hospitals and should give an adequate brain and
coronary circulation.

6. Prehospital CPR. It is difficult to ascribe the
improved results to the pre-hospital treatment,
although it cannot be excluded. Based on a
recently published study,*' the Oslo EMS has
(since 2001) treated all non-EMS witnessed
arrests with 3min CPR before (CPRfirst) and
between defibrillation attempts. Among the 104
CPRfirst patients with initial VF, 58 patients
(56%) were admitted to ICU with ROSC and 20
were discharged alive with a favourable neu-
rological outcome (34% of those admitted).*'
In the present study, with the same prehos-
pital CPR algorithm, 32 of 55 (58%) patients
admitted after initial VF were discharged with
a favourable outcome (OR 2.64, Cl 1.23—5.66,
p=0.012). Thus, with no changes in the prehos-
pital algorithms since 2001, post resuscitation
care appears to have improved survival. How-
ever, since the local guidelines differed between
1996—1998 and 2003—2005, the quality of
CPR may have influenced on the improved
results and could indeed be a confounding
factor.

Limitations

The patients in this study could not be ran-
domised as we sought information on possible
effects of a systems approach with a focus on
many new factors in post resuscitation treatment.
Increased awareness and intended enthusiasm for

the new approach cannot be turned on and off,
neither the reduced number of ICUs. The study
was therefore designed according to standards
for studies without internal controls described
by Bailar et al.*2 It was outcome-based with
a prospectively identified hypothesis that the
new standardised treatment should increase sur-
vival. Data analysis with historic controls was
planned early and defined, and the results would
be of interest whether positive or negative.*
Observational studies are also important and do
not overestimate the magnitude of treatment
effects.*3

Secondly, there could be other subtle effects
that could have influenced outcome. The only
major difference in the patients between the two
groups was the younger age in the intervention
group, and although not reaching statistical signif-
icance as an independent predictor, younger age
seems to correlate with improved outcome®:13,19,20
and therefore might be a confounding
factor.

The improved survival may of course also be
a result of a total improvement across the entire
chain of survival, and especially an improved qual-
ity of CPR with the different CPR algorithms (as
already discussed). Protocols for termination of
care, both in the field and in the ED, however, have
not been changed in the two cohorts, and should
not have influenced on the results.

Finally, the results from this single institutional
outcome study in a relative homogenous population
may not be generalisable.

Conclusions

Survival to hospital discharge with good neuro-
logical recovery, and 1-year survival, in patients
admitted to the ICU after OHCA of cardiac
aetiology, improved after implementation of a stan-
dardised post resuscitation care treatment protocol
in our hospital. This protocol included therapeu-
tic hypothermia, PCI, and a focus on goal-directed
treatment for the reperfusion period. Due to the
study design a cause-and-effect relationship can-
not be firmly established, but the results are
encouraging.
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Inhospital standardised treatment plan after ROSC at Ulleval University Hospital
Goal: to reduce the vital organ injuries (brain, heart), through:
1. Initial optimising haemodynamics and oxygenation
2. (a) Treat the cause of arrest; reperfusion (PCl) after STEMI and
(b) Therapeutic hypothermia (33 °C in comatose patients for 24 h)

Start as early as possible after decision making in the ED

Initially 1-3 | of ice-cold 0.9% NaCl i.v. together with icebags

Endovascular cooling/external cooling for maintenance after arrival at the ICU

3. A standardised treatment protocol for the following days
3.1. Factor Goal Strategy

Reperfusion Reperfusion PCl in STEMI

Blood pressure MAP > 65—70 mmHg Volume, vasopressors, inotropic
agents, IABP

Central venous pressure 8—12mmHg Volume, glyceryl trinitrate,
diuretics

ECG, rate/ischaemia 60—100/min Volume, sedation, glyceryl

trinitrate, beta-blocker (normally
not indicated when using
therapeutic hypothermia because
of relative bradycardia)
Temperature 33°C for 24h Initially icecold (4°C) NaCl 0.9% i.v.
and icepacks, then
internal/external cooling device

Ventilator SpO, 95-98 Respiratory control, FiO,, PEEP
pCO, 5—6 kPa (NB! Avoid hyperventilation)

Blood glucose 5—8 mmol/l Actrapid-infusion (NB! Avoid
hypoglycemia/hypokalemia)

Electrolytes Normal values Replacement/specific treatment

Haemoglobin >9—10g/dl Transfusion if necesarry

Diuresis >1ml/kg/h Volume, diuretics or pressors

Buffers pH>7.1, BE>—10 When indicated, trometamol
125—-250mli.v.

Seizures Prevent/treat seizures Increase sedation, or specific

anticonvulsive medication
EEG when indicated (early contact
with a neurologist)

3.2. Sedation
Fentanyl and propofol (paralysis when indicated with cisatracurium/pancuronium)

3.3. Monitoring
Arterial catheter
0,-saturation
Continous ECG
Central venous line with central venous pressure
Temperature (bladder)
Arterial blood gases (pH, BE, pCO,, p0O;)
Blood glucose and electrolytes
Echocardiography, chest X-ray
EEG and SEP
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3.4.  Vasopressors/inotropic agents
First choice: dopamine

(2—10 pg/kg/min)

If tachycardia, check volume
status, or change to

noradrenaline (norepinephrine)
(0.02—.3 pg/kg/min)

If pump failure/cardiogenic IABP

shock

Dobutamine (2—10 pg/kg/min)

and if necessary adrenaline
(epinephrine)(0.02—0.3 pg/kg/min)
(levosimedane as last resort)

3.5. Awakening protocol/respirator weaning

After 24 h of cooling, patients should be slowly rewarmed (0.5°C/h). Sedation may be stopped after the
body temperature has reached 35.5°C. Extubation using normal indications. Avoid long term ventilator

treatment (if no complications are present)
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