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The aim of this report is to establish recommendations for reviewing, reporting, and conducting research during the post-resu
eriod in hospital. It defines data that are needed for research and more specialised registries and therefore supplements the recen
tstein template for resuscitation registries. The updated Utstein template and the out-of-hospital ‘‘Chain of Survival’’ describe fa
mportance for successful resuscitation up until return of spontaneous circulation (ROSC).
Several factors in the in-hospital phase after ROSC are also likely to affect the ultimate outcome of the patient. Large differences in survival
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to hospital discharge for patients admitted alive are reported between hospitals. Therapeutic hypothermia has been demonstra
the outcome, and other factors such as blood glucose, haemodynamics, ventilatory support, etc., might also influence the result.
accepted, scientifically based protocol exists for the post-resuscitation period in hospital, other than general brain-oriented in
There is little published information on this in-hospital phase.

This statement is the result of a scientific consensus development process started as a symposium by a task force at the Utstein A
in September 2003. Suggested data are defined as core and supplementary and include the following categories: pre-arrest co
functional status, cause of death, patients’ quality of life, in-hospital system factors, investigations and treatment, and physiolo
various time points during the first three days after admission.

It is hoped that the publication of these recommendations will encourage research into the in-hospital post-resuscitation pha
propose should be included in the chain-of-survival as a fifth ring. Following these recommendations should enable better unde
the impact of different in-hospital treatment strategies on outcome.
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1. Background

International consensus on how to report data from in-
and out-of-hospital cardiac arrest (OHCA), the Utstein tem-
plate,[1–3]has enabled better and more consistent evaluation
of factors associated with survival[4–7] and comparisons
between different services[8–10].

Only pre-hospital factors plus the ultimate outcome (sur-
vival to hospital discharge and later) were included in the
initial Utstein template for OHCA. This is consistent with the
four rings of the ‘‘Chain of Survival’’[11] (1. early access; 2.
early basic CPR; 3. early defibrillation; and 4. early advanced
life support (ALS)), which are incorporated in international
guidelines for CPR[12].

Several factors are likely to influence outcome after return
of spontaneous circulation (ROSC) following either in- or
OHCA. Pathophysiological factors associated with this post-
ischaemic phase such as cerebral hypoperfusion, eicosanoid
and free radical production have been studied extensively
over the last decades[13]. Two randomised, controlled stud-
ies have demonstrated that therapeutic mild hypothermia
improves neurological outcome of comatose survivors after
ventricular fibrillation (VF)[14,15]; this treatment has been
the subject of a recent advisory statement by the Interna-
tional Liaison Committee on Resuscitation (ILCOR)[16].
The influence of blood glucose after cardiac arrest has been
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generally accepted, scientifically based protocol exists, other
than general brain-oriented intensive care. We must learn how
these patients are treated and what factors in this phase affect
the outcome.

The considerable variation across the world in survival
of patients admitted alive to hospital after OHCA indicates
the importance of collecting data on in-hospital treatment. In
Sweden, this survival ranged from 13 to 60%[22]. By pay-
ing greater attention to post-resuscitation care and identifying
the interventions that improve outcome it is hoped that this
variability can be reduced. The Hawthorne effect implies that
merely focusing on the post-resuscitation care phase should
improve outcome by approximately 30%[23,24]. Consider-
able resources are used in this post-ROSC phase and it is
appropriate to question whether they are being used effec-
tively. In a recent study, half the total health care costs for
out-of-hospital cardiac arrest patients were incurred in the
intensive care units[25].

Physicians’ knowledge of post-resuscitation care is often
inadequate: some believe that a patient admitted with fixed,
dilated pupils has irreversible brain damage and assume med-
ical treatment to be futile, although current knowledge indi-
cates that the negative predictive value of any clinical sign
is too low during the first 48 h[26]. Clinicians need better
guidelines, including prognostication, which are based on
scientific evidence, and not merely general advice on brain
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Fig. 1. Updated ‘‘Chain of Survival’’ with a
riented intensive care.
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Table 1
Premorbid status, core data (C) and supplementary data (S)

Core/
supplementary

Best CPC and OPC before cardiac arrest C
Previous cardiac arrest S
Acute myocardial infarction S
Angina pectoris S
Congestive heart failure, classified according to

NYHA classification (scale)
S

Supraventricular and ventricular arrhythmias S
Stroke S
Hypertension S
Diabetes mellitus (denote IDDM or NIDDM) S
Lung disease S
Neurological disease (previous stroke to be reported

separately)
S

Renal disease S
Liver cirrhosis S
Current smoking S
Obesity (BMI > 30 kg m−2) S
Alcohol/drug abuse S
DNAR order S
Healthy S

CPC: cerebral performance category; OPC: overall performance category.
NYHA: New York heart association; IDDM: insulin dependent diabetes
mellitus; NIDDM: noninsulin-dependent diabetes mellitus; BMI: Body
Mass Index; and DNAR: do-not-attempt-resuscitation.Supplementary data:
denote yes/no unless otherwise stated. A disease should be denoted if it is
currently pharmacologically or previously surgically treated or subjected to
continuous supervision. If the patient was previously healthy, this should be
denoted separately.

2. Prehospital phase and outcome (Tables 1 and 2)

These guidelines should be integrated with the Utstein
guidelines for OHCA[1], which have been updated recently
[2]. We have made no attempt to redefine or add pre-hospital
factors, except that we suggest pre-arrest co-morbidity as
Supplementary data, and pre-arrest categorisation of func-
tional status similar to the categories used for outcome eval-
uation as core data.

Data on the influence of co-morbidity on survival are
scarce. A history of congestive heart failure pre-arrest was
found to be a strong negative predictor in patients with VF
[27]. An index of co-morbidity strongly associated with out-
come has been established (P= .004) [28], but when ana-
lyzing a comprehensive set of predictors of survival after
out-of-hospital VF, including this index of co-morbidity, only
25% of the variability was accounted for[28]. There are data
on the influence of co-morbid conditions in the in-hospital
setting of cardiac arrest[29,30].

To enable linkage of data in larger databases, researchers
are encouraged to collect co-morbidity data according to
Table 1; these include cardiovascular diseases and risk fac-
tors along with relevant other chronic diseases. The date and
time of death (before or after discharge), the presence of
a do-not-attempt-resuscitation (DNAR) order, and time of
discharge and destination should be recorded. The principle
c gical,

Table 2
Outcome variables, core data (C) and supplementary data (S)

Data Core/
supplementary

In hospital
Date of death C
Hours after admission if <24 h C

After discharge
Date of death C

During hospital stay
Best achieved CPC C
Best achieved OPC C

At discharge
CPC C
OPC C

Discharge destination (home, other prearrest resi-
dence, rehabilitation facility, extended care facility
(nursing home), and other duration of hospitaliza-
tion.

C

Neurological evaluation(including GCS) S
On admission
48 h after admission
96 h after admission

CPC/OPC 1 year after index event S
Quality of life S

CPC: cerebral performance category; OPC: overall performance category;
and GCS: glasgow coma score.

trauma, or other and, ideally, defined by an International
Classification of Diseases (ICD)-10 code[31]. Two thirds
of in-hospital deaths after OHCA are associated with brain
damage[32,33].

In addition to the outcome measures that are recommended
in the standard Utstein guidelines, we encourage researchers
to also attempt to record patients’ quality of life (QOL)[34];
this is an increasingly used and accepted measure of ICU out-
come and effectiveness of care. One of three QOL scales can
be used: the EuroQual-5D (EQ-5D), is a short generic health
related QOL-measure consisting of five questions, created in
1990 by the international Euro Qol Group[35]. The RAND
36 is generic and health related and consists of 36 questions
with two to six alternatives[36]. The RAND 36-questionnaire
may be most suitable, as it gives more precise information
and detects minor differences; however, the EQ-5D is easier
to use[37]. A more precise instrument is 15D[38], which
is particularly valid for deriving quality-adjusted life years
(QALYs) gained; thus, it enables decisions on allocation of
resources. It is a generic, self-administered instrument and
its health state descriptive system consists of 15 dimensions.
For each dimension, the respondent selects one of the five
levels that best describes his/her state of health. The single
index score (15D score) on a 0–1 scale, representing the over-
all health related QOL, is calculated from the health state
descriptive system by using a set of population-based prefer-
e

ent
o time
ause of death should be reported as cardiac, neurolo
nce or utility weights.
A 1 year follow up may be too soon for reliable assessm

f neurological recovery; patients often need a longer



274 A. Langhelle et al. / Resuscitation 66 (2005) 271–283

to become accustomed to new, often more restricted circum-
stances[39]. The optimal time for follow up is unknown.

3. Hospital variables

In-hospital systems and treatment variables are likely
to affect outcome after out-of-hospital cardiac arrest.
Researchers are encouraged to report data describing the
hospital and its available personnel, equipment and routines
along with the demographics of the catchment area (Table 3).
The existence of a written instruction or policy for patient
allocation (e.g. age) should be recorded if the EMS trans-
ports patients to more than one hospital. Any policy for the
distribution of patients in-hospital should also be recorded.
In many systems, the in-hospital pathways for these patients
vary greatly, and may be based more often on inaccurate
prognostication by attending physicians[29], or lack of inten-
sive care resources, rather than a systematic approach. Some
patients might be admitted to the ICU for mechanical ven-
tilation and therapeutic hypothermia, etc., while others get
admitted to a less intensive coronary care or intermediate care
unit. Some are taken to the catheter laboratory for acute percu-
taneous coronary intervention (PCI), while in other hospitals
this service may not be available. Some patients are left intu-
bated, breathing spontaneously; others are extubated in the
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database manually. The ultimate goal is data collection on a
national and international basis enabling comparisons using
large numbers of patients. Such a system has been developed
very successfully by the Intensive Care National Audit and
Research Centre (ICNARC) in the United Kingdom (UK)
[45]. This organisation now has a database of approximately
150,000 patients admitted to critical care units in the UK.

3.1. Airway

Core data on hospital arrival and in each time period
should be recorded: intubated/not intubated, alternative air-
way device (e.g. laryngeal mask airway, laryngeal tube, Com-
bitube), and misplaced tracheal tube (oesophageal, supraglot-
tic, right bronchial stem). The need for tracheotomy and days
on ventilator (defined as hours on ventilator divided by 24)
are core data items.

The time and location (prehospital, emergency depart-
ment (ED), coronary care unit (CCU)/intensive care unit
(ICU)/high dependency unit (HDU), ward) of patient at extu-
bation are supplementary and core, respectively.

3.2. Breathing

Core data on hospital arrival and in each time period
should be recorded: the existence and highest rate of spon-
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ard ward. Although very likely to affect patient outcome,
asis for decisions on patient destination or the withdr
r non-initiation of active therapies are often not recor
hese data should be recorded. We encourage researc
ndertake detailed studies on the decision processes, p
articular attention to ethical, logistical, and financial iss
nd the problems of self-fulfilling prophesies associated

utility decisions.
In keeping with previous Utstein recommendations,

rom the in-hospital phase are divided into core and
lementary[40]. Core data are deemed essential and en
omparative audit;Supplementary datawill be valuable for
igher level research studies. The data delineated in
ost resuscitation template should be collected in additi

hose obtained at the time of cardiac arrest and indicat
he revised Utstein template[2]. The post resuscitation da
re divided into physiological systems, consistent with
pproach normally taken by critical care physicians. Rec
endations have also been made on the frequency of re

ng. For simplicity, the time periods are divided into arriva
ospital (defined as the first hour after arrival), 1–24, 24
nd 48–72 h (Table 4). Some data are collected only on
e.g. tracheotomy). Factors on hospital arrival associated
ncreased hospital mortality are adverse neurological s
41,42], hypotension[43], cardiogenic shock after defibrill
ion [44], and a requirement for mechanical ventilation[41].

In institutions with sophisticated information technolo
ystems, much data can be captured electronically. With
odest systems, data must be recorded and entered
o

aneous breathing, with or without assisted ventilation
raction of inspired oxygen (FiO2, a table is provided fo
stimating the FiO2 in patients breathing oxygen from
tandard mask); documented episodes of oxygen des
ion (SaO2 < 85%); arterial blood gases (highest and low
alues for pH, PaCO2 and PaO2 and lowest values for ba
xcess). Data such as these are already collected by
ritical care units to enable calculation of sickness sev
cores [e.g. acute physiology and chronic health evalu
APACHE II) and Simplified Acute Physiology Score (SA
I)] [46,47]. APACHE II score, APACHE II mortality risk an
APS II are valuableSupplementary datathat should be co

ected whenever possible. The highest lactate in each o
ime periods isSupplementary databecause it is not measur
n all institutions. Prolonged hypoxaemia is likely to c
ribute to poor neurological outcome after cardiac arrest
he mode of ventilation influences outcome in some critic
ll patients and should be documented (Supplementary) at
ach time period[48]. The tidal volume (ml kg−1 ideal body
eight) and PEEP strategy used in the ICU should be d
ented; it is not realistic to expect these data for indivi
atients. The presence of a pneumothorax, haemothora
onary oedema, or evidence of aspiration, such as infilt
n the chest radiograph and gastric contents in the tra
n the first post resuscitation chest radiograph are core i

.3. Circulation

Core data on hospital arrival and in each time period sh
e recorded: mean arterial blood pressure; cardiac rhythm
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Table 3
Checklist of information to include in reports on hospital treatment of survivors from out-of-hospital cardiac arrest

Data Core
(C)/supplementary
(S)

Hospital factors
Care level of the hospital (primary, secondary, or tertiary) C
Somatic beds (N) C
Total beds (N) allocated to C

Intensive care units (ICU)
Coronary care units (CCU)
Other monitored wards
General wards

Number of hospitals in the EMS system if more than one. C
If more than one hospital are served by the EMS system, any system or policy for patient allocation should be described. C
The percentage of the population served by the EMS system, geographic area served (in square kilometers), and percentage of

the total population more than 65 years old.
C

Educational level: average level of education, percentage of persons who continue their education past the compulsory school
level, or both

S

Socioeconomic status: percentage of persons below the poverty level (the definition of this poverty level must be stated for each
community)

S

The percentage of the population in each of the following age groups should be stated: 0–12 months, 1–4 years, 5–14 years,
15–24 years, 25–34 years, 35–44 years, 45–54 years, 55–64 years, 65–74 years, 75–84 years, and more than 85 years.

S

Total number of annual deaths in the community S
Percentage of deaths attributable to ischemic or coronary heart disease (International Classification of Diseases, tenth edition

[31] codes I20–I25)
S

Personnel factors
Denote the following disciplines if they are represented in the hospital: anesthesiology, emergency medicine, cardiology,

neurology, rehabilitation medicine and thoracic surgery.
C

Description of the number of and general training level of the personnel that primarily receives the patient in the emergency
department and if that level varies over the day. If key personnel are available only on call within the hospital or from home,
this should be stated.

C

If an emergency team is alerted when the patient arrives, the composition of this team and its routines should be described. C
Denote the CPR and ACLS training level of the ED personnel. C

Routines
The use of prehospital thrombolysis and transmission of 12–14 lead ECG from EMS vehicle to hospital should be described. C
If the hospital has guidelines for postresuscitation care, these should be briefly described including DNAR policy. C
Description of how and at what stage the EMS alert the hospital/emergency department (ED) prior to arrival with a resuscitated

cardiac arrest patient
C

Description of how the ED is activated by the above mentioned alert. C
Denote who is formally responsible for the care of the patient and if this is the same person who receives the patient in the ED C
It should be described whether patients with presumed cardiac etiology are reviewed by a cardiologist and at what stage. S
The use of neurological prognostication should be described. S
If there is a policy for patient allocation to the ICU or CCU, it should be stated. S

Equipment
Describe the ED by stating total number of beds and number of monitored beds. The ED is supposed to have facilities for

monitoring of cardiac rhythm, capnography, blood gas, electrolytes and glucose measurement and invasive blood pressure.
If some of these facilities are lacking in the ED, this should be described.

S

Describe the intensive and coronary care units with regard to number of beds, monitoring facilities, staff density and number of
beds with mechanical ventilation.

S

If there are facilities for PCI and/or invasive electrophysiological investigation, this should be stated. The availability of acute
PCI and hours of availability should also be stated.

S

EMS: emergency medical service; DNAR: do-not-attempt-resuscitation; and PCI: percutaneous coronary intervention.

arrhythmias requiring treatment: highest and lowest values
for heart rate (core on arrival and supplementary at subse-
quent intervals). The presence of a central venous catheter is
a core item and documentation of the highest and lowest cen-
tral venous pressure at each time period isSupplementary
data. The presence of cardiac output (CO) monitoring and
the method used is a core item. Highest and lowest values for
Cardiac Index areSupplementary data. The role of the pul-
monary artery catheter in the treatment of critically ill patients

in general, and in the post resuscitation phase specifically,
is controversial[49–52]. For CO monitoring, pulse contour
continuous cardiac output (PiCCO) or lithium dilution mea-
surement of cardiac output (LiDCO) are options[53,54]The
occurrence of myocardial infarction (as defined by the Euro-
pean Society of Cardiology inAppendix A) and reinfarction
are core data[55] as well as the way they are treated[56]. The
use of fluid is core data, while the specific type of fluid (crys-
talloids, colloids) and fluid balance (intravenous and enteral
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Table 4
Template for collecting and recoding data in the post-resuscitation phase

System Description 0–1 h 1–24 h 24–48 h 48–72 h Single item

Airway
Intubated Yes/no C C C C
Duration (days) on ventilator Hours/24 C
Time of extubation Date/hour S
Location of patient at extubation Describe S
Other airway device Describe C
Tracheostomy Yes/no C
Misplaced tracheal tube Yes/no C

Breathing
Spontaneous breathing Yes/no C C C C
Spontaneous respiratory rate Highest value C C C C
Mode of ventilation Describe mode S S S S
Neuromuscular blockers Yes/no C C C C

Arterial blood gases
FiO2 Highest value C C C C
PEEP Value C C C C
CPAP Value C C C C
pH Highest/lowest values C C C C
PO2 Highest/lowest values C C C C
PCO2 Highest/lowest values C C C C
HCO3 Lowest value C C C C
BE Lowest value C C C C
Lactate Highest value S S S S
SpO2 Episodes <85% C C C C
Supplemental oxygen after dis-

charge from ICU
Yes/no C

Blood gas measurements Number S S S S
Capnography Yes/no S

Chest radiograph
Pneumothorax Yes/no C
Haemothorax Yes/no C
Pulmonary oedema Yes/no C

Evidence of aspiration
Infiltrates on CXR, gastric contents

in trachea
Yes/no C

Complications
Accidental extubation Yes/no C
Need for reintubation Yes/no C

Circulation
Rhythm Describe C
Arrhythmias requiring treatment Describe (ICD, pace-

maker, drug)
C C C C

Rate Highest/lowest values C C C C

Blood pressure
MAP (measured or calculated) Highest/lowest values C C C C
Episode(s) of hypotension (>10 min

of MAP <60 mmHg)
Yes/no C C C C

CVP monitoring Yes/no C
CVP Highest/lowest values S S S
Cardiac output monitoring Yes/no/method C
Cardiac Index Highest/lowest values S S S
Invasive blood pressure Yes/no S
Pulmonary artery catheter Yes/no S

Myocardial infarction/reinfarction Yes/no C
S-cardiac troponin T Value C
ST-T wave changes on ECG Yes/no C
New Q-waves on ECG Yes/no C
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Table 4 (Continued)

System Description 0–1 h 1–24 h 24–48 h 48–72 h Single item

Volume Yes/no C
Type List S

Inotropes Yes/no C
Type List S

Vasopressor Yes/no C
Type List S

IABP Yes/no C

Echocardiography
Ejection fraction (%) Value closest to hospital

discharge or death
C

Clinical evidence of cardiac failure Yes/no C
Holter monitoring Yes (time)/no S
Electrophysiological testing Yes (time)/no S
Thrombolysis Yes (time)/no C
Coronary angiography Yes (time)/no C
PCI Yes (time)/no C
CABG Yes (time)/no C
Anticoagulants Yes (time)/no C
Antiplatelets Yes (time)/no C
IABP Yes/no C

Time/duration S

ECMO Yes/no C
Time/duration S

CVVHF Yes/no C
Time/duration S

Neurological
RLS

Extend to 96 hours Best response C C C C

GCS
Extend to 96 hours Best response (eyes,

motor and verbal
C C C C

Pupillary light response Yes/no C C C C
Corneal reflex Yes/no S S S S
Following eye movements Yes/no S S S S

Involuntary movements Yes/no C C C C
Seizures Yes/no S S S S
Myoclonus Yes/no S S S S
Extension Yes/no S S S S

S 100 Highest value S S S S

EEG
Grading scale S S S

SSEPs
Describe type N 70 Peak S S S

NSE Highest value S S S
Best CPC during hospital C
Best OPC during hospital C

Time to follow verbal commands
Recovery from coma hours/days C

Anticonvulsants Yes/no C
Type Describe S

Sedation C
Drugs List S
Duration Hours/days C
Continuous monitoring Yes/no S
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Table 4 (Continued)

System Description 0–1 h 1–24 h 24–48 h 48–72 h Single item

Analgesia C
Drugs List S

Paralysis C
Drug List S
Duration Hours/days C

Level of anxiety
SAS, MAAS, VICS, RASS,

BIS, other
Highest/lowest value S

Stroke (during hospital stay) Yes/no C

Onset of symptoms
Time Date/hour S
Type Ischaemic, intracranial

haemorrhage,
iatrogenic unknown

S

Brain imaging Yes/no S
Date

Transcranial doppler Yes/no S

Renal
Renal replacement therapy Yes/no C
S-creatinine Highest value S
Urine output 24 hour value S S S
Diuretics Yes/no S S S
Fluid balance Value S S S

Metabolism
Blood glucose Highest/lowest value C C C C
Insulin Yes/no C C C
B-glucose measurements Number S S S S
Body temperature

Core temp Highest/lowest value C C C C

Therapeutic hypothermia Yes/no C
Cooling technique Describe C
Start time Day/hour/min C
Target temperature ◦C C
Time to reach target temp Hours C
Time at target temperature Hours C
Rewarming time Hours C
Use of muclerelaxants C

Additional anti-pyrexial therapy S S S
Nutrition first 72 hours

Attempt enteral feed Yes/no C
Parenteral nutrition C

Infection
Sepsis

Defined inAppendix B Yes/no C

Severe sepsis
Defined inAppendix B Yes/no C

Septic Shock
Defined inAppendix B Yes/no C

C-reactive protein Highest at any time C
Pneumonia

Defined inAppendix B Yes/no C

Other
S-haemoglobin Highest/lowest C C C C
S-sodium Highest/lowest C C C C
S-potassium Highest/lowest C C C C
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Table 4 (Continued)

System Description 0–1 h 1–24 h 24–48 h 48–72 h Single item

S-magnesium Lowest S
S-phosphate Lowest S
Thrombo-prophylaxis Yes/no C
Stress ulceration prophylaxis Yes/no C
APACHE II Score S
APACHE II Mortality risk S
SAPS II S
Cause of cardiac arrest

Cardiac/non-cardiac etiology Select from list C

Time points
Admission to ED Day/hour/min C
Admission to ICU Day/hour/min C
Discharge from ICU Month/day C

Total days of hospitalisation
Discharge from hospital Month/day C

Assumed cause of death Select from list C
Autopsy Yes/no C

C: core data; S: supplementary data; CXR: chest X-ray; ICU: intensive care unit; PEEP: positive end expiratory pressure; CPAP: continuous positive air pressure;
IABP: intra-arterial balloon pump; PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft; MAP: mean arterial pressure; CVP: central
venous pressure; ICD: internal converting defibrillator; ECMO: extra corporeal membrane oxygenation; CVVHF: continuous venovenous haemofitration;
RLS: Reaction Level Scale; GCS: Glasgow Coma Scale; EEG: electroencephalogram; SSEP: somatosensory evoked potential; NSE: neuron-specific enolase;
SAS: Sedation-Agitation Scale; MAAS: Motor Activity Assessment Scale; VICS: Vancouver Interaction And Calmness Scale; RASS: Richmond Agitation-
Sedation Scale; BIS: Bispectral Index; CPC: cerebral performance category; OPC: overall performance category; APACHE: acute physiology and chronic
health evaluation; SAPS: simplified acute physiology score; and ED: emergency department.

intake versus urine output and other losses) during the hos-
pital stay should be documented asSupplementary data. Use
and type of inotropes and vasopressors and the use of an intra-
aortic balloon pump (IABP) are core data. The value of the
ejection fraction recorded by echocardiography first 24 h and
at the closest time to discharge should be recorded (if avail-
able), and clinical evidence of heart failure are core items.

3.4. Neurological

Attempting to predict the final neurological outcome of
the patient who has been resuscitated after cardiac arrest is
fraught with difficulties[26,57–62]. Although previous pub-
lications suggest that prognostication with a fairly high accu-
racy can be achieved 48–72 h after arrest[26], these prognos-
tic indicators must be modified if therapeutic hypothermia
has been used[63]. Accurate collection and documentation
of neurological data in the post resuscitation phase is vitally
important if reliable prognostic indicators are to be devel-
oped. The best Glasgow Coma Scale (GCS) score or Reaction
Level Scale (RLS)[64,65]score should be recorded for each
time period (core). As the score is valid only in the absence
of sedation, the GCS (documenting the separate components)
or RLS must be recorded before giving sedative drugs. Doc-
umentation of the GCS and RLS should be extended to 96 h
after cardiac arrest.

ieved
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eye movements (supplementary). The time taken to follow
verbal commands (i.e. patient looking at you when spoken to
or obeying orders regarding limb movements) is a core item
that represents the time taken to recover from coma. The pres-
ence of any involuntary movements is recorded for each time
period (core). These are further defined by type (supplemen-
tary): seizures, myoclonus and extension movements. The
types of anticonvulsants, sedative drugs and neuromuscular
blocking drugs used should be documented (supplementary)
along with the duration of sedative infusions and neuro-
muscular blockade (core). The use of continuous sedation
monitoring and level of anxiety[66–72]should also be doc-
umented (supplementary). Stroke may be a complication of
treatment and should be recorded as a core item[73]; cause
and time of onset are supplementary items.

Electroencephalogram (EEG) and peak somatosen-
sory evoked potentials (SSEPs) data are supplementary
[59,74–76]. Protein S-100 (a glial protein) and serum neuron-
specific enolase (NSE) have some prognostic value, but are
supplementary as most institutions do not measure them
[77,78]. The value of these investigations is probably also
modified or negated by therapeutic hypothermia[79].

3.5. Renal

The treatment of impending renal failure may influence
t . The
n core
i and
e ighest
v tary.
The best cerebral performance category (CPC) ach
uring the patient’s hospital stay and at hospital disch
ust be documented (core). The presence of pupil resp

o light is documented for each time period (core), as ar
resence of a corneal reflex (supplementary) and follo
he outcome significantly in the post-resuscitation phase
eed to start renal replacement therapy at any time is a

tem, while urine output, daily fluid balance (intravenous
nteral intake versus diuresis and other losses), the h
alue for creatinine and use of diuretics are supplemen
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3.6. Metabolic

Treatment of a variety of metabolic disturbances that
may occur after cardiac arrest might impact significantly on
neurological outcome. Hyperthermia worsens neurological
outcome[80], while mild therapeutic hypothermia improves
neurological outcome in patients remaining comatose after
initial resuscitation from ventricular fibrillation (VF) cardiac
arrest, and possibly other resuscitated patients[14–16,81].
Optimal target temperature, duration of cooling and rate of
rewarming have yet to be determined[82]. This makes collec-
tion of data on this intervention particularly important: start
time, target temperature, time to reach target temperature,
time at target temperature, rewarming time, cooling technique
(external cooling (specify) versus invasive) and use of neuro-
muscular blockers are all core data. Lowest and highest values
for core temperature should be recorded in each time period
(core). Bladder temperature is easy and is probably best;
alternatives are rectal, tympanic (infrared or thermistor), or
nasopharyngeal. Use of additional antipyretic therapy (chlor-
promazine, paracetamol, others) isSupplementary data.

Tight control of blood glucose using insulin reduces mor-
tality in critically ill patients [19,83,84]. High blood glu-
cose concentrations in the post-resuscitation are associated
with mortality and poor neurological recovery[10,18,85–88].
Hyperglycaemia after stroke is associated with infarct expan-
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3.8. Other data

Highest and lowest values for haemoglobin, sodium, and
potassium should be recorded for each time period (core).
Lowest values of magnesium and potassium during the
patient stay in the ICU or first 72 h areSupplementary data.

The use of drugs for thromboprophylaxis and stress ulcer-
ation prophylaxis should also be documented (core).

4. Summary

Considerable efforts have been made the last few decades
to describe factors associated with survival after out-of-
hospital cardiac arrest (OHCA). International consensus on
how to report pre-hospital and outcome data in OHCA, the
Utstein template, has helped in these efforts and enabled
comparison of different services. As several factors likely to
influence outcome are not included in this template, particu-
larly after return of spontaneous circulation and admission to
hospital, we propose an extended list of data for reviewing,
reporting, and conducting research in the post-resuscitation
period. The complete list is too long for routine data collec-
tion and more suitable for research purposes. Following these
recommendations should enable better understanding of the
impact of different in-hospital treatment strategies on out-
c ation
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ion and worse neurological outcome[89]. In an anima
odel, insulin attenuated ischaemic brain injury, indepen
f its hypoglycaemic effect[90]. Control of blood glucose

ikely to have a significant impact on neurological outco
fter cardiac arrest. For this reason, documentation of hi
nd lowest values of blood glucose and the need for in

n each time period are core data. The strategy used b
nit for blood glucose control should be described[91].

Attention to nutrition is an essential component of
reatment of critically ill patients[92]. Documentation of a
ttempt to feed enterally and/or the use of parenteral nut

n the first 72 h should be recorded (core).

.7. Infection

The incidence of infection will be affected by the qua
f treatment and infection control as well by patient fact

nfection can impact negatively on outcome. The pres
f sepsis or pneumonia should be documented (core)
efinitions are those proposed by the American Colleg
hest Physicians/Society of Critical Care Medicine C
ensus Conference in 1992[93] (Appendix B). The use o
herapeutic hypothermia may increase the risk of pneu
ia[94]. Strategies to prevent hospital-associated pneum
HAP) and ventilator-associated pneumonia (VAP) are es
ial [95]. The highest value of C-reactive protein should
e documented in every time period (core). The use of an
tics are core data, the duration and type are suppleme
ome. We recommend that the in-hospital post-resuscit
hase is included in the chain-of-survival as a fifth ring.

Two European registries, The Hypothermia After C
iac Arrest Registry, (http://www.erchacar.org/index.htm)
nd Northern Hypothermia Network, (www.scctg.org) both
egister patients in the post-resuscitation period after ca
rrest, whether or not they are cooled. Through internat
ollaboration and such registration many of the problems
ussed in this article may be addressed in the future.
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ppendix A. European Society of Cardiology (ESC)
efinition of acute myocardial infarction (AMI) [55]

The diagnosis of AMI in connection with OHCA h
mpact on prognosis and initial treatment. A working defi
ion for acute evolving myocardial infarction in the prese
f clinically appropriate symptoms is:

. Patients with ST-segment elevation, i.e. new ST-seg
elevation at the J point with the cut-off points≥0.2 mV in
V1 through V3 and≥0.1 mV in other leads, or

. Patients without ST segment elevation, i.e. ST-seg
depression or T wave abnormalities.

http://www.erchacar.org/index.html
http://www.scctg.org/
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Clinically established myocardial infarction may be
defined by any Q wave in leads V1 through V3, or Q wave
≥0.03 s in leads I, II, aVL, aVF, V4, V5 or V6.

Myocardial infarction can be recognised when blood lev-
els of biochemical markers are increased in the clinical setting
of acute myocardial ischaemia. Current knowledge on bio-
chemical markers of myocardial damage after cardiac arrest
is limited and there are no accepted consensus[96–99]. The
preferred biomarker for myocardial damage is cardiac tro-
ponin T.

Appendix B. Definitions for sepsis[93]

Infectionis the inflammatory response to the presence of
microorganisms or the invasion of normally sterile host tissue
by those organisms.

(a) Bacteraemiais the presence of viable bacteria in the
blood.

(b) TheSystemic InflammatoryResponseSyndrome(SIRS) is
diagnosed when the patient exhibits two of the following
four abnormalities:
• Temperature > 38◦C or <36◦C.
• Heart rate > 90 beats min−1.
• Respiratory rate >20 breaths min−1 or

d

(
( ion,

per-
to,

ntal

( od
om
epsi

spite
ause

T l-
l

1 raph
2
3
4

A

ost-
r ound
i 05

References

[1] Cummins RO, Chamberlain DA, Abramson NS, et al. Recommended
guidelines for uniform reporting of data from out-of-hospital cardiac
arrest: the Utstein style. Task force of the American Heart Asso-
ciation, the European Resuscitation Council, the Heart and Stroke
Foundation of Canada, and the Australian Resuscitation Council.
Ann Emerg Med 1991;20:861–74.

[2] Jacobs I, Nadkarni V, Bahr J, et al. Cardiac arrest and cardiopul-
monary resuscitation outcome reports: update and simplification
of the Utstein templates for resuscitation registries: a statement
for healthcare professionals from a task force of the Interna-
tional Liaison Committee on Resuscitation (American Heart Asso-
ciation, European Resuscitation Council, Australian Resuscitation
Council, New Zealand Resuscitation Council, Heart and Stroke
Foundation of Canada, InterAmerican Heart Foundation, Resusci-
tation Councils of Southern Africa). Circulation 2004;110:3385–
97.

[3] Cummins RO, Chamberlain D, Hazinski MF, et al. Recommended
guidelines for reviewing, reporting, and conducting research on in-
hospital resuscitation: the in-hospital ‘Utstein style’. A statement for
healthcare professionals from the American Heart Association, the
European Resuscitation Council, the Heart and Stroke Foundation of
Canada, the Australian Resuscitation Council, and the Resuscitation
Councils of Southern Africa. Resuscitation 1997;34:151–83.

[4] Valenzuela TD, Roe DJ, Cretin S, Spaite DW, Larsen MP. Estimat-
ing effectiveness of cardiac arrest interventions: a logistic regression
survival model. Circulation 1997;96:3308–13.

[5] Larsen MP, Eisenberg MS, Cummins RO, Hallstrom AP. Predicting
survival from out-of-hospital cardiac arrest: a graphic model. Ann
Emerg Med 1993;22:1652–8.

[6] Montgomery WH, Brown DD, Hazinski MF, Clawsen J, Newell
n

ic
r-
rg

,
nn

.
ita-

n
t-
in

al

ife
ee,

n
us

J

e
a.

e

-
nt

n

PaCO2 < 4.3 kPa.
• White blood cell count > 12 000 cells mm−3 or

<4000 cells mm−3 or >10% immature cells (ban
forms).

c) Sepsisis SIRS resulting from infection.
d) Severe sepsisis sepsis associated with organ dysfunct

hypoperfusion or hypotension. Hypoperfusion and
fusion abnormalities may include, but are not limited
lactic acidosis, oliguria or an acute alteration in me
status.

e) Septic shockis sepsis with hypotension (systolic blo
pressure <90 mmHg or a reduction of >40 mmHg fr
baseline) and perfusion abnormalities (see severe s
above) or the requirement for vasoactive drugs de
adequate fluid resuscitation in the absence of other c
for hypotension.

he diagnosis of nosocomialpneumoniais based on the fo
owing criteria:

. New or progressive consolidation on the chest radiog

. Fever

. Leucocytosis

. Purulent tracheobronchial secretions

ppendix C. Template

Template for collecting and recoding data in the p
esuscitation phase associated with this article can be f
n the online version, at10.1016/j.resuscitation.2005.06.0.
s

s

.

,

LD, Flint L. Citizen response to cardiopulmonary emergencies. An
Emerg Med 1993;22:428–34.

[7] Callaham M, Madsen CD. Relationship of timeliness of paramed
advanced life support interventions to outcome in out-of-hospital ca
diac arrest treated by first responders with defibrillators. Ann Eme
Med 1996;27:638–48.

[8] Eisenberg MS, Horwood BT, Cummins RO, Reynolds-Haertle R
Hearne TR. Cardiac arrest and resuscitation: a tale of 29 cities. A
Emerg Med 1990;19:179–86.

[9] Herlitz J, Bahr J, Fischer M, Kuisma M, Lexow K, Thorgeirsson G
Resuscitation in Europe: a tale of five European regions. Resusc
tion 1999;41:121–31.

[10] Langhelle A, Tyvold SS, Lexow K, Hapnes S, Sunde K, Stee
PA. In-hospital factors associated with improved outcome after ou
of-hospital cardiac arrest. A comparison between four regions
Norway. Resuscitation 2003;56:247–63.

[11] Cummins RO, Ornato JP, Thies WH, Pepe PE. Improving surviv
from sudden cardiac arrest: the ‘‘Chain of Survival’’ concept. A
statement for health professionals from the Advanced Cardiac L
Support Subcommittee and the Emergency Cardiac Care Committ
American Heart Association. Circulation 1991;83:1832–47.

[12] International Guidelines 2000 for Cardiopulmonary Resuscitatio
and Emergency Cardiovascular Care - An International Consens
on Science. Resuscitation 2000; 46:1–448.

[13] Siesjo BK, Siesjo P. Mechanisms of secondary brain injury. Eur
Anaesthesiol 1996;13:247–68.

[14] Bernard SA, Gray TW, Buist MD, et al. Treatment of comatos
survivors of out-of-hospital cardiac arrest with induced hypothermi
N Engl J Med 2002;346:557–63.

[15] Mild therapeutic hypothermia to improve the neurologic outcom
after cardiac arrest. N Engl J Med 2002; 346:549–556.

[16] Nolan JP, Morley PT, Hoek TL, Hickey RW. Therapeutic hypother
mia after cardiac arrest. An advisory statement by the Advanceme
Life support Task Force of the International Liaison committee o
Resuscitation. Resuscitation 2003;57:231–5.

http://dx.doi.org/10.1016/j.resuscitation.2005.06.005


282 A. Langhelle et al. / Resuscitation 66 (2005) 271–283

[17] Longstreth Jr WT, Diehr P, Inui TS. Prediction of awakening after
out-of-hospital cardiac arrest. N Engl J Med 1983;308:1378–82.

[18] Skrifvars MB, Pettila V, Rosenberg PH, Castren M. A multiple logis-
tic regression analysis of in-hospital factors related to survival at six
months in patients resuscitated from out-of-hospital ventricular fib-
rillation. Resuscitation 2003;59:319–28.

[19] Krinsley JS. Effect of an intensive glucose management protocol
on the mortality of critically ill adult patients. Mayo Clin Proc
2004;79:992–1000.

[20] Engdahl J, Abrahamsson P, Bang A, Lindqvist J, Karlsson T, Her-
litz J. Is hospital care of major importance for outcome after
out-of-hospital cardiac arrest? Experience acquired from patients
with out-of-hospital cardiac arrest resuscitated by the same Emer-
gency Medical Service and admitted to one of two hospitals over
a 16-year period in the municipality of Goteborg. Resuscitation
2000;43:201–11.

[21] Niemann JT. Perfusing during cardiopulmonary resuscitation. In:
Harwood AL, editor. Cardiopulmonary resuscitation. Baltimore:
Williams & Wilkins; 1982. p. 34–54.
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