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Summary

Our intensive care unit has been treating comatose patients, following an out-of-hospital cardiac

arrest, with therapeutic hypothermia since 2002. In all, 139 out-of-hospital cardiac arrest
patients were admitted in the 4-year period 2002-5. Of these, 27% had a favourable out-
come (discharged home or to rehabilitation). Forty-one per cent of patients presenting with
ventricular fibrillation (VF) and 7% of non-VF patients had a favourable outcome. No patient

with an estimated time from collapse to first attempt at cardiopulmonary resuscitation over

12 min survived to hospital discharge. Twenty-two per cent of patients over 70 years were

discharged home, suggesting age was not a barrier to surviving out-of-hospital cardiac arrest.

The introduction of a therapeutic hypothermia clinical pathway, at the end of 2003
improved the efficiency of cooling. The percentage of patients cooled to below 34 °C

within 4 h increased from 15 to 51% and those cooled for more than 12 h increased from

30 to 83%.
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In 2002, two clinical trials were published which
demonstrated that therapeutic hypothermia improved
both neurological outcome and survival in unconscious
patients resuscitated from out-of-hospital cardiac arrest
(OHCA) [1, 2]. These findings have been confirmed in
recent systematic reviews and a meta-analysis [3, 4].
Therapeutic hypothermia in the two trials involved active
cooling to 32-34 °C for between 12 and 24 h. Trial
patients were a selected group resuscitated from OHCA.
In the largest trial, only patients with an initial rhythm of
ventricular fibrillation (VF), aged less than 70 years and
with a downtime, defined as an estimated time from
collapse to first attempt at cardiopulmonary resuscitation
(CPR), of less than 15 min were recruited [1]. In 2003,
the International Liaison Committee on Resuscitation
(ILCOR) advised that unconscious patients post OHCA
should be cooled when the initial rhythm is VE. The
statement also suggested the cooling may be beneficial
after non-VF arrests [5].
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Since 2003, surveys of clinical practice from the UK,
Germany and the USA suggest that the majority of
intensive care units (ICUs) do not routinely cool patients
post OHCA and have no immediate plans to do so [6-8].
Overall, OHCA is perceived to have a very poor
outcome, such that intensive care clinicians may be
unwilling to admit patients for ongoing treatment [6].
Reasons cited for not using therapeutic hypothermia
include scepticism regarding the ability to reach cooling
targets in the clinical environment and availability of ICU
beds [6]. However, published data show that outcomes
for patients surviving to hospital admission are good. The
Scottish Heart Start investigators showed that 48% of
patients who sustained an OHCA of primary cardiac
aetiology and who survived to hospital admission
These data
were collected prior to the hypothermia publications.

were subsequently discharged home [9].

The Termination of Resuscitation investigators found
that although 91.9% of patients after OHCA were
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pronounced dead in the emergency department, 3.1%
(39% of emergency department survivors) were dis-
charged home [10]. These data suggest that implemen-
tation of evidence-based measures that could improve
outcomes for patients surviving to hospital admission are
potentially worthwhile.

Prior to the publication of the therapeutic hypothermia
trials in 2002 our ICU had a policy of considering
admission of unconscious patients successfully resuscitated
from OHCA. Following publication of the therapeutic
hypothermia randomised control trials, we implemented
cooling on an ad-hoc basis. Local audit showed incon-
sistent use and variable success. A therapeutic hypother-
mia clinical pathway was therefore introduced at the end
of 2003.

The aim of this retrospective audit was to answer four
questions:

1 What was the case mix of admissions and what factors
predicted a favourable outcome?

2 Did the introduction of a clinical pathway improve the
efficiency of cooling?

3 Did the patients we treated who would have been
excluded from the clinical trials have good clinical
outcomes?

4 What were the ICU and hospital stays of these patients
and thus the potential burden on resources?

Methods

The study had prior ethics committee approval as a
clinical audit. The study population consisted of all
patients admitted to our ICU following an OHCA,
between 1 January 2002 and 31 December 2005.

Data collection

Data were collected from a computerised ICU patient
database (WardWatcher®; Critical Care Audit, London,
UK), and review of the medical notes. The following
characteristics of the patients were obtained from Ward-
Watcher: age, sex, APACHE II score from the first 24 h
following ICU admission, length of ICU stay, hospital
outcome and discharge destination. Details of the cardiac
arrest were collated from available medical notes. These
occurrence of
(CPR) and
downtime. Information regarding cooling was extracted
from the ICU clinical charts.

included the initial cardiac rhythm,
bystander cardiopulmonary resuscitation

Cooling technique
A therapeutic hypothermia clinical pathway was intro-
duced at the end of 2003 (Fig. 1).

Cooling was achieved by means of an external
cooling device. The two devices used were the Arctic
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Sun® (Medivance, Inc., Louisville, CO, USA) and the
Blanketrol 11® (Cincinnati Sub-Zero, Cincinnati, OH,
USA). When both were available, the Arctic Sun was
used in preference. The Arctic Sun works by circulating
chilled water into pads that are wrapped around the
patient’s body. The Blanketrol consists of two water-
filled blankets placed below and above the patient.

Primary outcomes

A favourable outcome was defined as discharge home or
to rehabilitation and an unfavourable outcome was death
or discharge to a nursing home [2].

Statistical analysis

Statistical analyses were performed using spss, Version
14.0. Data were expressed as median rather than mean
when visual inspection suggested the data were clearly not
normally distributed. Statistical significance was taken
as p = 0.05, all tests were two-sided. Proportions were
compared using Chi-squared test or Fisher’s exact test.
Binary logistic regression modelling used forward step-
wise variable selection (including all variables with
p = 0.05 and excluding all variables with p >0.1). The
following binary variables were used: sex, VF presenting
rhythm, bystander CPR, downtime <5 min and primary
cardiac aetiology. APACHE 1II score and age were
Odds
presented with 95% confidence intervals.

entered as continuous variables. ratios were

Results

In all, 139 OHCA patients were admitted to our ICU
between January 2002 and December 2005. Of these,
27% (37/139) patients had a favourable outcome (36
discharged home and one discharged to rehabilitation).

1 What was the case mix of admissions and what
factors predicted a favourable outcome?

Case notes were available for 100 patients (72%).
Table 1 shows that the patients with case notes available
were a representative sample in terms of age, sex,
severity of illness and outcome. Of these 100 patients,
56 had an initial rhythm of VF, 21 had pulseless
electrical activity (PEA) and 23 asystole. The median
estimated downtime was 6 min (range 0-62) and 66%
had bystander CPR. Outcomes for these groups are
shown in Fig. 2.

Low APACHE II score (OR 1.17, 95% CI 1.06—1.30)
and downtime <5 min (OR 1.22, 95% CI 1.02-1.44)
remained as independent predictors of a favourable
outcome. The model was repeated without the APACHE
IT score as this data is not available until after the first
24 h. The independent predictors of favourable outcome
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Identify time of ROSC
Calculate ROSC+2hand +4 h
Apply cooling device as soon as possible

YES ROSC+2h NO
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Admission Criteria

Comatose (unresponsive to voice o 1 GCS <9)
Intubated and ventilated

No other cause of coma (e.g. trauma)

Cardiovascularly stable (not on a high dose of inotropes)
Not pregnant.

Target Temperature
Measure temperature using a nasopharyngeal probe

Temp 32-34 °C?

v Aim to reach 32-34 °C within 4 h of ROSC

Maintain 32-34 °C

Apply ice-packs in

Calculate 2 and 4 h post ROSC on admission.
Maintain target temperature until 24 h post ROSC

i Axillae and groin
Until ROSC + 24 h g General Management
y'y ¢ Sedated as required
v « Paralyse with atracurium if there is evidence of shivering.
¢ Aim for mean arterial pressure > 80 mmHg
YES ROSC +4h - « Aim for P,0,> 13 kPa and P,C0» 4—4.5 kPa
Temp 32-34 °C? Inform Medical Staff « Keep blood glucose of 4-7 mmol.I".
Consider IV Saline at 4 °C . ’Itr:al br]adycardial leading to (fardio\éa:qfc.ular iqatabililyl;vith
1 either glycopyrrolate or atropine and if it persists consider
10 mLkg raising the patient’s temperature by 1 °C.

Figure 1 Therapeutic hypothermia clinical pathway, Royal Infirmary of Edinburgh, December 2003. ROSC, return of spontaneous

circulation; GCS, Glasgow Coma Scale.

Table 1 Demographic data. A comparison between the patients
where case note review was possible and all the patients iden-
tified from the computerised database as being admitted after
OHCA. Values are median (range) or percentage (number).

Notes available All patients

(n = 100) (n =139)
Age; years 68.5 (18-87) 68 (18-87)
Sex; female 23% (23/100) 29% (40/139)
APACHE I 26 (9-51) 26 (4-51)

Favourable outcome 26% (26./100) 27% (37/139)

‘ OHCA admitted to ICU 2002-2005

n =139, Favourable outcome 27% }\‘ Notes unavailable
l n=39

{ Notes available n = 100

Favourable outcome 26% Asystole n=23
l Favourable outcome 4% (1/23)
PEA n=21

VF arrests n =56 ’

Favourable outcome 41% (23/56) Favourable outcome 9.5% (2/21)

Figure 2 Outcome stratified by presenting rhythm. VF, ven-
tricular fibrillation; PEA, pulseless electrical activity.

on the repeat model were an initial rhythm of VF (OR
4.37, 95% CI 1.27-15.02) and downtime <5 min (OR
1.12, 95% CI 1.04-1.42). Outcome in relation to
downtime are shown in Table 2.

2 Did the introduction of a clinical pathway
improve the efficiency of cooling?

The introduction of the clinical pathway at the end of
2003 resulted in a statistically significant increase in the
proportion of OHCA patients being cooled (Table 3).
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Table 2 Outcome stratified by downtime (n = 84).

Downtime Favourable outcome
< 5 min 44% (12/27)

5-10 min 32% (6/19)

10-15 min 31% (4/13)

> 15 min 0% (0/25)

Table 3 Percentage of OHCA actively cooled and reaching the
two cooling targets. ROSC, return of spontaneous circulation.

2002-3 2004-5 Chi squared

Therapeutic hypothermia  44% (20/45) 75% (41/55) p =0.04
< 34 °C within 4 h of ROSC 15% (3/20) 51% (21/41) p =0.001
32-34°Cfor>12h 30% (6/20) 83% (34/41) p < 0.001

The proportion of patients achieving cooling targets also
increased dramatically.

By 2004-5, all OHCA patients
cooling received this treatment. The most common

appropriate for

reasons patients were not cooled were cardiovascular
instability (6/14) and withdrawal of active treatment
due to poor prognosis (5/14). Other reasons were
bleeding (1/14), septic shock (1/14) and a rapid rise in
conscious level (1/14). The main reasons for patients
not being cooled for over 12 h in the first 24 h post
return  of spontaneous circulation (ROSC) were
withdrawal of active treatment (3/7), death (1/7),
withdrawal due to rapid increase in conscious level
(1/7) and a long delay in reaching target temperature
(1/7).
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3 Did the patients we treated who would have been
excluded from the clinical trials have good clinical
outcomes?

The large European clinical trial included only patients
with an initial VF rhythm, downtime less than 15 min
and age less than 70 [1]. In our sample of 100 patients
with case note review, we identified only 16 patients who
met these criteria. Eight (50%) of these patients had a
favourable outcome. Adherence to these trial entry
criteria would have excluded from ICU admission 69%
(18/26) of all our surviving patients. Survival with a
favourable outcome was 21% (18/84) in those patients
not meeting trial criteria. No patient with a downtime
over 12 min survived.

Of 139 patients in the database, 60 (43%) were aged
over 70 years. Thirteen (22%) of them survived with a
favourable outcome. This compared with 24 (30%) of the
79 patients aged < 70 years (p = 0.333)

4 What were the ICU and hospital stays of these
patients and thus the potential burden on resources?
Data on length of stay were available for all patients
(n = 139). The median length of ICU stay was 1.9 days
(range 0.1-30) and the median length of total hospital stay
was 2.4 days (range 0.1-99). For patients with a favour-
able outcome the median length of ICU stay was 2 days
and of hospital stay 22 days. In the non-survivors the
median length of ICU stay was 1.65 days. Only three
(3%) of 102 patients with an unfavourable outcome had
an ICU length of stay of greater than 7 days. Ninety-
three per cent (96/103) of deaths were in ICU. Only one
patient, who made a good recovery in ICU, died later in
the wards (after 23 days). The other six deaths, occurring
after ICU discharge, were in patients with severe hypoxic
brain injury. These patients died between 0 and 33 days
after ICU discharge.

Discussion

We have reviewed ICU admissions of patients with
OHCA where evidence from clinical trials was trans-
lated into clinical practice. Our data show that 27% of
all patients treated, irrespective of presenting rhythm or
demographics, had a favourable outcome. For patients
with an initial rhythm of VF, 41% had a favourable
outcome. Only 16% of the patients we treated would
have been eligible for inclusion in the published
randomised controlled trials; there was a favourable
outcome in 50% of this subgroup. These outcomes are
comparable with the two cooling randomised controlled
trials. In these studies a favourable outcome occurred in
the intervention groups in 55% [1] and 49% [2] of

cases.
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Our data confirmed the findings of others that patients
presenting to the emergency department with a lowered
conscious level and a presenting rhythm of asystole or
PEA have an extremely poor prognosis [9, 11, 12]. PEA,
in the context of a non-cardiac cause for the arrest, was a
subgroup with a better prognosis. Two out of four of
these patients survived: one had taken a drug overdose
and the other had a primary respiratory arrest. No patient
with a downtime over 12 min had a favourable outcome,
confirming the known strong correlation between long
downtime and poor outcome. These data suggest that
admission of patients with downtime > 15 min and/or
asystole as presenting rhythm is futile. However, we
observed favourable outcomes for patients aged over
70 years, suggesting that age alone should not exclude
active management after cardiac arrest. In addition,
age was not independently associated with a higher
probability of poor outcome in our regression model.

It was not possible to examine whether cooling per
se improved outcome. The decision to cool individual
patients was influenced by other clinical factors such as
cardiovascular stability. Our data do clearly show that
implementation of a therapeutic hypothermia clinical
pathway can significantly improve clinical practice.
Following the introduction of the clinical pathway all
suitable patients were cooled, 51% reached the target
temperature within 4 h of return of circulation (ROSC)
and 83% were cooled for more than 12 h. These data
show that the clinical trial protocol can be achieved in a
busy clinical environment; we achieved the 4-h cooling
target more quickly than in the European therapeutic
hypothermia trial [1]. We did not systematically docu-
ment the factors that were most important to successful
implementation, but these included a close working
relationship with the emergency department and educa-
tion and support of nursing staft.

We were unable to establish in each individual case
which cooling system was used (Arctic Sun or Blanketrol
II). Therefore, we were unable to compare the two
systems. There are numerous methods used to induce and
maintain mild hypothermia: cheap simple methods such
as the infusion of ice-cold fluids or surface cooling using
ice packs; commercial surface cooling systems which
circulate either cold air (Deltatherm, Kinetic Concepts
Inc., San Antonio, TX, USA) or cold water through
blankets (Blanketrol II) or pads (Arctic Sun); and invasive
methods such as intravascular cooling catheters (Celcius
Control [Innercool Therapies, San Diego, CA, USA],
CoolLine [Alsius, Irvine, CA, USA], SetPoint [Radiant
Medical, Redwood City, CA, USA]) [13, 14]. There are
no trials demonstrating that use of a particular system
improves clinical outcome, although certain methods may
result in a more rapid induction of hypothermia and a
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more accurate maintenance of the target temperature
[13, 14].

Only 16% of patients in our cohort met the entry
criteria to the therapeutic hypothermia trials. This
suggests that strict adherence to the entry criteria of
the trials would result in very low rates of admission
for therapeutic hypothermia, at least in our population.
International Liaison Committee on Resuscitation
(ILCOR) guidelines suggested that consideration be
given to cooling all OHCA patients. The favourable
outcome recorded in 22% of patients aged >70 years
supports this suggestion, although we cannot prove that
therapeutic hypothermia explains this. We had no
detailed data on cognitive outcomes for any of the
patients as this is difficult to measure out with a trial
setting.

Implementation of a therapeutic hypothermia policy
did not result in a large pressure on ICU beds. Our
hospital receives emergency admissions from a population
of over 500 000 and the Scottish population has a high
incidence of coronary heart disease. However, despite a
broad OHCA admission policy, only around 35 of these
patients were admitted per year to ICU. This represents
less than 3% of our ICU admissions. These patients had a
short ICU stay, particularly the non-survivors. Between
2002 and 2005, treating 139 patients involved 437 ICU
days and 1137 hospital days, which in our cohort
translates to 11.8 days of ICU care and 30.7 days of
hospital care per favourable outcome. One reason for the
short ICU stay is our policy of withdrawal of active
treatment in patients who remain comatose at 72 h. This
policy is in line with the Australian therapeutic hypo-
thermia trial [2].

Conclusion

Clinician scepticism regarding the external validity of
clinical trial results is the most common reason that
potentially beneficial treatments are under-used [15]. Two
randomised controlled trials confirmed the efficacy of
therapeutic hypothermia [1, 2]. We obtained comparable
outcomes to these studies with benefit extending to more
elderly patients, a group excluded from the trials. This
audit therefore supports the use of a ‘therapeutic hypo-
thermia package’ as a clinically effective treatment which
does not require major additional critical care resources.
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