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a b s t r a c t
Aims: To determine whether cardiac arrest calls, the proportion of adult patients admitted to intensive
care after CPR and their associated mortalities were reduced, in a four year period after the introduction
of a 24/7 Critical Care Outreach Service and MEWS (Modiﬁed Early Warning System) Charts.
Methods: A retrospective analysis of prospectively collected data during two four-year periods, (2002–05
and 2006–09) in a UK University Teaching Hospital Comparisons were via 2 test. A p value of ≤0.05 was
regarded as being signiﬁcant.
Results: In the second audit period, compared to the ﬁrst one, the number of cardiac arrest calls relative
to adult hospital admissions decreased signiﬁcantly (0.2% vs. 0.4%; p < 0.0001), the proportion of patients
admitted to intensive care having undergone in-hospital CPR fell signiﬁcantly (2% vs. 3%; p = 0.004) as did
the in-hospital mortality of these patients (42% vs. 52%; p = 0.05).
Conclusion: The four years following the introduction of a 24/7 Critical Care Outreach Service and MEWS
Charts were associated with signiﬁcant reductions in the incidence of cardiac arrest calls, the proportion
of patients admitted to intensive care having undergone in-hospital CPR and their in-hospital mortality.
© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Failure to identify acute physiological deteriorations in acutely
ill patients and act upon them can result in increased severity
of illness; worsening morbidity and mortality particularly when
cardio-respiratory arrest occurs.1–5 During the 1990s, audit in
the UK noted increased mortality rates in ward-based intensive care admissions compared to those from operating theatres
and Accident and Emergency Units.6 Authors raised concerns
about standards of practice in relation to detection of clinical
deterioration and consequently developed the principle of “early
recognition” via Early Warning Scores (EWS) to trigger skilled,
experienced senior help for at-risk patients.7
Review of EWS in 2000 noted that regular use of such charts
ensured earlier and more appropriate intensive care referrals and
EWS evolved into MEWS (Modiﬁed Early Warning Score) with
further potential for identifying at-risk patients.8 MEWS recognises that patients’ conditions frequently deteriorate over several
hours and by regularly monitoring the basic clinical indicators
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of oxygen delivery (respiratory rate, heart rate, blood pressure,
oxygen saturation) and tissue perfusion (capillary reﬁll time,
conscious level, oxygen saturation, urine output) ward-staff can
gauge relative stability, triggering assistance when necessary
(Figs. 1 and 2). Increased MEWS scores have been associated with
increased mortality and NCEPOD (National Conﬁdential Enquiry
into Patient Outcome and Death) has referred to this association when stating the need for early recognition of critically ill
patients.9–11
In the UK these issues precipitated guidance from the Audit
Commission and Department of Health with the latter using the
publication Comprehensive Critical Care to recommended their use
in May 2000.12,13 Additionally the facilitators of early recognition
of at-risk patients were recommended as being the Critical Care
Outreach Service or CCOS.7,14–16 Where cardiac arrests occurred
outcomes were deemed dependent on effective cardiopulmonary
resuscitation (CPR) and appropriate critical care interventions,
consequently Comprehensive Critical Care stated that CCOS effectiveness would be gauged by measures related to intensive care
outcome; they included severity of illness on admission to intensive
care, mortality (intensive care and in-hospital) and re-admission
rates.13,17 Other markers were the number of cardiac arrest calls in
the hospital and the proportion of patients admitted to intensive
care having undergone CPR.12,13 To measure such outcomes, data
collection would also be necessary.12,13,16
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Fig. 1. MEWS (modiﬁed early warning score) chart.

The Freeman Hospital (FH) accordingly established a CCOS in
2001 consisting of six week-day sessions for consultant intensivists, supported by two senior intensive care nurses (1.5 whole
time equivalents or WTEs). Initially the service directly supported
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a geographically separate high dependency unit (HDU) and the
hospital’s surgical wards. From August 2003 (when a new intensive care unit opened) the service expanded to cover other ward
areas and with 6.5 WTEs in 2005 became 24/7, an important development in that survival rates from in-hospital cardiac arrests are
known to be lower during nights and weekends.18 The proﬁle of
the CCOS increased and in addition to clinical support to wards,
education was provided with respect to early recognition of atrisk patients and the use of MEWS charts (Figs. 1 and 2).19 At the
same time service reconﬁguration within the Newcastle upon Tyne
Hospitals resulted in all acute medical admissions being referred to
another hospital (the Royal Victoria Inﬁrmary or RVI) where MEWScharts had a similar developmental background. Additionally the
Trust’s Resuscitation Committee introduced “Do Not Attempt CPR”
(DNACPR) forms in 2005 with the aim of reducing the incidence of
futile CPR.
Further developments included the introduction of a locally
installed intensive care database in 2001 designed to capture intensive care outcome measures, e.g. mortality rates and severity of
illness on admission as judged by their APACHE (Acute Physiology and Chronic Health Evaluation) II score. This was replaced in
2006 by the Intensive Care National Audit and Research Council Case Mix Programme (ICNARC-CMP) which in addition to
APACHE II had its own severity of illness scoring system shown
to be a greater predictor of hospital mortality.20 A series of local
changes therefore occurred as a consequence of national trends
in critical care services; they culminated in the introduction of

Fig. 2. Flow chart guiding the appropriate action recommended when a patient’s observations trigger a particular MEWS score.
Newcastle Upon Tyne Hospitals NHS Foundation Trust
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Table 1
Freeman adult admission data and adult cardiac arrest calls.
Measure

2002–2005

2006–2009

p value

Total admissions to hospital
Annual hospital admission rate
Emergency Admissions to hospital (% of total admissions)
Cardiac arrest calls as proportion of all adult admissions
Cardiac arrest calls as proportion of emergency admissions to hospital
Hospital deaths: total (annual rate)
Deaths per hospital admission
Deaths per emergency admission
Cardiac arrest calls per hospital death

213 117
53 279
66 305 (31%)
767 (0.4%)
767 (1.2%)
3001 (750/year)
3001 (1.4%)
3001 (4.5%)
767 (26%)

235 516
58 879
66 457 (28%)
584 (0.2%)
584 (0.9%)
2789 (697/year)
2789 (1.2%)
2789 (4.2%)
584 (21%)

n/a
10.5% increase
<0.001
<0.0001
<0.0001
7.1% decrease
<0.0001
<0.0001
<0.0001

MEWS charts, a 24/7 CCOS and re-location of acute medical
admissions.
2. Methods
Best practice dictates that data collection and audit have a key
role in monitoring the impact of such changes. We therefore performed a retrospective analysis of prospectively collected data in
two four-year periods; 2002–05 and 2006–09. The second period
being the four years, following the introduction of MEWS charts,
24/7 CCOS and re-location of acute medical admissions.
The primary aims were to assess whether (in the 2006–09
period) there had been a reduction in the proportion of cardiac
arrest calls and an improvement in outcomes of adult patients
admitted to intensive care after CPR. The following data was collected: annual adult admissions to hospital (total and emergency),
intensive care admission rates, cardiac arrest calls to adult care
areas, admission to intensive care following in-hospital CPR and
mortality rates (intensive care and in-hospital) of these patients.
The secondary aims were to assess severity of illness (via APACHE
II) at intensive care admission, gender and age plus any possible impact from the relocation of acute medical services on these
outcomes (via analysis of cardiac arrest calls and intensive care
outcomes at the RVI).
A local intensive care database provided data on intensive
care admissions for the period 2002–05 and data from the
ICNARC-CMP provided data for 2006–09. Data for adult hospital
admissions, mortality and cardiac arrest calls to adult care areas
came from Information Services, Newcastle upon Tyne Hospitals
NHS Foundation Trust. Admission rates were analysed by direct
percentage comparisons, APACHE II scores and age compared via
the Mann–Whitney U-test for non-parametric data. All other comparisons were via 2 test. A p value of ≤0.05 was regarded as being
signiﬁcant.

sions reducing from 31% (n = 66 305) to 28% (n = 66 457; p < 0.001)
(Table 1). The second audit period was associated with a signiﬁcant reduction in the proportion of cardiac arrest calls to adult care
areas, relative to both total admissions and emergency admissions
(767 vs. 584; p < 0.0001). Hospital deaths reduced from 750/year
in 2002–05 (n = 3 001) to 697/year in 2006–09 (n = 2789), a 7.1%
reduction. Deaths rates per adult admission (1.4% vs. 1.2%), per
emergency admission (4.5% vs. 4.2%) and per cardiac arrest call
were all signiﬁcantly reduced (p < 0.0001).
With respect to secondary outcome measures (Table 2) the second audit period was associated with a 24.5% increase in annual
admissions to intensive care (857/year vs. 1135/year), signiﬁcant
reductions in the proportion of patients admitted having undergone CPR (3% (n = 101) vs. 2% (n = 101); p = 0.004) and signiﬁcant
reductions in their in-hospital mortality (52% vs. 42%; p = 0.05).
At the RVI the annual admission rate increased by 14% in the
period 2006–09 (Table 3). There was no increase in the proportion of emergency admissions (42% vs. 41%, p = 0.8), the proportion
of cardiac arrest calls decreased signiﬁcantly (723/213 117 admissions vs. 668/235 516 admissions, p < 0.0001) as did the proportion
of adult deaths per admission in the hospital (3709 (1.4% of admissions) vs. 3622 (1.2% of admissions), p < 0.0001). With respect to
intensive care outcomes at the RVI the annual admission rate
increased by 54% in the second audit period and the proportion of
patients admitted to intensive care having undergone CPR before
admission reduced signiﬁcantly (143 vs. 87, p < 0.0001). The difference in the median age of the patients was non-signiﬁcant (68 years
vs. 69 years, p = 0.3) and there was a non-signiﬁcant increase in the
severity of illness at admission as judged by APACHE II scores (18
vs. 21, p = 0.13). The intensive care mortality of patients admitted to
intensive care having undergone CPR fell signiﬁcantly (63% (n = 90)
vs. 32% (n = 28), p < 0.0001) as did their in-hospital mortality (70%
vs. 40%, p < 0.0001).
4. Discussion

3. Results
Total adult admissions to FH (2002–05 vs. 2006–09) numbered
213 117 and 235 516 respectively. The overall annual admission
rate increased by 10.5% with the proportion of emergency admis-

After approximately 10-years the overall effectiveness of critical care outreach and equivalents remains uncertain. Evidence
from Australia has linked the introduction of Medical Emergency
Teams (METs) with reductions in cardiac arrest and mortality

Table 2
FRH intensive care outcome measures.
Measure

2002–2005

2006–2009

p value

ICCU admissions
Annual ICCU admission rate
CPR before admission
Male
Female
Age: median (range)
APACHE II: median (range)
ICCU deaths of CPR patients
Ward deaths post-ICCU discharge
Total mortality of CPR cases

3427
857
101 (3%)
69% (n = 70)
31% (n = 31)
68 (20–93)
18 (15–45)
43% (n = 43)
9
52% (n = 52)

4540
1135
101 (2%)
57% (n = 58)
43% (n = 43)
69 (31–91)
21 (0–47)
36% (n = 36)
6
42% (n = 42)

n/a
24.5% increase
0.004
0.012
0.9
0.12
0.15
0.3
0.05
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Table 3
RVI adult admission data and adult cardiac arrest calls.
Measure

2002–2005

2006–2009

p value

Total admissions to hospital
Annual hospital admission rate
Emergency Admissions to hospital (% of total admissions)
Cardiac arrest calls as proportion of emergency admissions to hospital
Cardiac arrest calls as proportion of all adult admissions
Hospital deaths: total (annual rate)
Deaths per hospital admission
Deaths per emergency admission
Cardiac arrest calls per hospital death

248 260
62 065
103 240 (42%)
723
723
3709 (952)
3709
3709
723

281 831
70 458
114 003 (41%)
669
669
3622 (906)
3622
3622
669

n/a
14% increase
0.8
<0.0001 7.5% decrease
<0.0001
2.3% decrease
<0.0001
<0.0001
0.12

rates and work in the UK has suggested a reduction in intensive
care re-admission rates.21,22 In the UK a randomised study on a
single hospital site demonstrated signiﬁcant reductions in hospital mortality when patients were cared for on wards where a
critical care outreach service was functioning and in Australia a
multi-faceted approach (clinical and educational) has also demonstrated improved outcomes in emergency admissions to intensive
care.23,24 However, larger multi-centre evidence has failed to
demonstrate any reduction in cardiac arrests and unplanned
intensive care admissions.25 CCOS effectiveness therefore remains
uncertain and debate continues with recent discussions focussing
on both the beneﬁts and cost effectiveness of outreach services.26,27
Discussion of our results is therefore necessary to gauge their contribution to this debate.
The second audit period (2006–09) was associated with signiﬁcant reductions in cardiac arrest calls at FH plus reduced numbers
and mortality of patients admitted to intensive care having undergone CPR. The ages (68 vs. 69 years; p = 0.9) and severity of illness
on admission to intensive care (APACHE II 18 vs. 21; p = 0.12) were
not signiﬁcantly different suggesting such patient characteristics
had minimal inﬂuence on measured outcomes.12,13 These changes
(which occurred after the introduction of MEWS charts and a 24/7
CCOS in 2005) may reﬂect improved care.
At FH the adult mortality rate relative to “all adult admissions” and “all adult emergency admissions” reduced by 7.1% in
the second audit period. The CCOS and its interactions with wardbased specialties may have contributed to this however changes
in ward care and referral patterns from primary care cannot be
discounted.28 Nevertheless these improvements may be a positive
reﬂection on the interaction of the CCOS with ward-based specialties, i.e. earlier recognition of at-risk patients has improved,
reducing cardio-respiratory arrests in a ward setting and improving intensive care outcomes of patients undergoing CPR, despite
there being an increased intensive care work-load and no reduction in APACHE II severity of illness on intensive care admission
(Tables 1 and 2).
The loss of acute medical admissions was another potential factor inﬂuencing outcomes, i.e. service reconﬁguration “may have
just moved the problem” of acutely ill medical patients more at risk
of physiological deterioration. Whilst emergency admissions at FH
fell from 31% to 28% of all adult admissions (Table 1) there was minimal change in the proportion of adult emergencies admitted to the

RVI (42% vs. 41%) despite a 14% increase in the adult admission rate
(Table 3) during the second audit period. Additionally the proportion of cardiac arrest calls and incidence of CPR before intensive
care admission fell signiﬁcantly (Tables 3 and 4) suggesting corresponding improvements at the RVI, where similar developments
had occurred with respect to the introduction of MEWS charts.
Therefore the move of acute medical admissions did not appear
to inﬂuence improved markers of care on either site although its
effects are hard to fully assess.
Before concluding, limitations should be considered. This audit
was a retrospective comparison of prospectively collected data
and despite minimal variation in markers such as age and severity of illness, the two groups were not parallel streams of patients,
undergoing a (single) study intervention in a clinical trial that
researchers were blinded to. Additionally the retrospective nature
of the study has the potential to miss changes in disease patterns
and aforementioned admission patterns.28 Furthermore the impact
of a signiﬁcant increase in female patients was not analysed and the
timing of the cardiac arrest calls was not documented, noting studies that demonstrate worse outcomes at night and weekend.18 Data
collection with respect to “cardiac arrest calls” also requires consideration for although reducing “numbers of cardiac arrest calls”
was a stated aim of CCOS-effectiveness the measure may be limited,
i.e. within our own NHS Trust it merely reﬂects the number of cardiac arrest calls logged with the switchboard; there is no accurate
record of false alarms, patients resuscitated on the ward and cared
for there (or elsewhere, e.g. coronary care), calls for other medical
emergencies or accidental calls for patients designated as “not for
CPR”.
In addition the (unknown) incidence of assigning DNACPR forms
may also have improved this measured outcome, although their
overall impact on care remains uncertain, i.e. dying patients were
spared CPR, but what form of care subsequently occurred? This is
currently difﬁcult to answer as the impact and inﬂuence of services
such as Palliative Care was not audited, although within our hospital’s Renal Medicine Department decisions to limit levels of active
treatments have seen an associated signiﬁcant increase in palliative
care referrals.29 Further local audit of the incidence of “DNACPR”,
palliative care referral and the introduction of a National Cardiac
Arrest Audit (NCCA) data may help to clarify such matters.30
Finally, an economic evaluation of the audit would have
enhanced the discussion. Whilst clinicians rarely use this as an

Table 4
RVI intensive care outcome measures.
Measure

2002–2005

2006–2009

p value

ICCU admissions
Annual ICCU admission rate
CPR before admission
Age: median (range)
APACHE II: median (range)
ICCU deaths of CPR patients
Ward deaths post-ICCU discharge
Total mortality of CPR cases

2151
538
143
68 (19–93)
18 (13–49)
63% (n = 90)
10
70% (n = 100)

3308
827
87
69 (31–91)
21 (10–45)
32% (28)
7
40% (n = 35)

n/a
54% increase
<0.0001
0.3
0.13
<0.0001
0.7
<0.0001
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outcome measure, the matter is increasingly at the forefront of
health-care planning and has been raised speciﬁc to critical care
outreach.26,27 This is therefore a consideration for future audit,
where changes in outcomes within patient groups over time could
be plotted and evaluated in both clinical and health economic contexts as changes in practise are introduced.26,31
Thus in summary, our data showed signiﬁcant improvements in
overall hospital mortality rates, reductions in cardiac arrest calls,
reductions in the proportion of patients having received in-hospital
CPR prior to intensive care admission and improved hospitalsurvival of such patients. The introduction of MEWS charts and a
24/7 CCOS should be considered as a positive inﬂuence although
other factors may have also had a signiﬁcant impact on outcomes
and it is therefore difﬁcult to quantify speciﬁc effects. We can
however conclude that there has been an improvement in outcome measures since the introduction of MEWS charts and a 24/7
CCOS and whilst deﬁnitive assessments of individual aspects of
care remain difﬁcult we can note that our audit is consistent with
best practice as per current recommendations from the National
Institute for Health and Clinical Excellence (NICE) and propose
(additional) economic evaluations in future audits.31,32
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