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Abstract
Objective-To examine the competence of a co-

hort trained in cardiopulmonary resuscitation by
the BBC's 999 training roadshows.
Design-Descriptive cohort study applying an

innovative testing procedure to a nationwide
systematic sample. The test sample received an
unsolicited home visit and without warning were
required to perform cardiopulmonary resuscita-
tion on a manikin while being videoed. The videos
were then analysed for effectiveness and safety
using the new test.
Setting-Nine cities and surrounding areas in

the United Kingdom.
Subjects-280 people aged between 11 and 72.
Results-Thirty three (12%) trainees were able

to perform effective cardiopulmonary resuscita-
tion, but of these 14 (5%) performed one or more
elements in a way that was deemed to be
potentially injurious. Thus only 19 (7%) trainees
were able at six months to provide safe cardiopul-
monary resuscitation. In addition, large numbers
of subjects failed to shout for help, effectively
assess the status of the patient, or alert an ambu-
lance. Significantly better performances were
recorded by those under 45 years old (31 (14%) v 2
(4%) gave effective performances respectively,
P<0.05), those who had attended a subsequent
cardiopulmonary resuscitation course (8 (40%) v
25 (10%) gave effective performances respectively,
P<0.0001), and those confident in their initial
ability (26 (200/6) v 7 (6%) gave effective per-
formances respectively, P<0.005). Females were
significantly less likely than males to perform pro-
cedures in a harmful way (117 (62%) v 10 (12%)
performed safely respectively, P<0.005).

Conclusion-Television is an effective means of
generating large training cohorts. Volunteers will
cooperate with unsolicited testing in their home,
such testing being a realistic simulation ofthe stress
and lack of forewarning that would surround a real
event. Under such conditions the performance of
cardiopulmonary resuscitation was disappointing.
However, retraining greatly improves performance.

Introduction
Bystander cardiopulmonary resuscitation improves

survival in people who have a cardiac arrest outside
hospital.' Consequently, increased emphasis has been
placed on training the public in these techniques as a
means of reducing mortality from ischaemic heart
disease.2 3 Since 1994 the BBC has organised annual
training roadshows on cardiopulmonary resuscitation
throughout the United Kingdom to coincide with the
broadcasting of its 999 television programme.

Although the effectiveness ofbystander cardiopulmo-
nary resuscitation has been shown, the effectiveness of
mass training courses such as the BBC's 999 roadshow
is less clear. Much evaluation of cardiopulmonary
resuscitation training has been concerned with the per-
formances of medical and allied professional staff rather
than the lay public.46 With few exceptions,7 studies that
have tried to evaluate training of the lay public have pre-
warned subjects of testing either explicitly or immedi-
ately before retraining.8 Despite this, most results have
been disappointing.9 We describe an innovative method
of evaluating how an unforewarned lay person trained
on a roadshow would perform cardiopulmonary
resuscitation should a cardiac arrest occur in their
home.

Subjects and methods
At each of the 10 roadshows held between April and

June 1994, participants were asked to complete an
optional card consenting to take part in further
unspecified research. A total of 7584 course attenders
completed an anonymised demographic questionnaire,
and of these 6123 (81 %) completed a consent card. The
research entailed "cold calling" on a sample of trainees
and video recording a simulated attempt at cardiopul-
monary resuscitation using a Laerdal Recording Anne
Manikin (Norway). Trainees from Londonderry,
Northern Ireland, were excluded owing to the sensitiv-
ity at that time of undertaking unsolicited house calls
there. Those who lived in a postal district outside a
32 km radius of their training centre were also excluded
on logistical grounds. This left 4651 cards, from which
a 6% (n = 280) stratified random sample was chosen by
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ordering the cards by adjacent postal district and select-
ing the 16th and 17th card alternately from a starting
point generated by computer.

All tests were conducted between 27 and 35 weeks
after the initial training. Each test was videoed for later
evaluation in conjunction with the manikin recording
strip. Two researchers, a man (CLIM) and a woman
(see acknowledgements) visited subjects at home, with-
out warning, and, after showing the completed consent
card, asked their permission to conduct the test. The
manikin and video equipment were prepared while the
subject completed two questionnaires on socio-
demographic data and attitudes to emergency life
support. The subject then read the following passage:
"On entering a room you see a person lying still upon

the floor. Please describe and demonstrate how you
would approach and assess the casualty and what action
you would take. I will not offer any advice or opinion
other than to report the status of the casualty during
your assessment."
The subject was not informed that the patient was in

cardiac arrest but was expected to deduce this by
assessment. The only interruption from the researchers
was to confirm the status of the casualty after the
appropriate assessment-that is, to report that the casu-
alty was unconscious, not breathing, and pulseless. If
subjects stated that they would phone for help they were
told that help was on its way. Subjects were encouraged
to continue cardiopulmonary resuscitation for a
maximum of three cycles, after which they were asked
when they would have stopped had this been a real life
situation.

All videos and recording strips were analysed by one
of us (CGUM) using guidelines developed at Cardiff.
The test criteria were based on the European Resuscita-
tion Council's guidelines,10 as these formed the core of
the 999 teaching syllabus, with the categories ofeffective
and safe representing what we considered to be reason-
able deviations from these guidelines (table 1). A 20%
sample was analysed by another of us (CAL) as a check
on interobserver variation. All analysis was performed
using spss for Windows.

Results
Of the original 280 subjects, 186 (66%) took part in

the study. To complete the remaining 94 tests, 136
replacements were made for the reasons listed in table
2. The final sample was comparable with the total
trained cohort in terms of age, sex, and social class.
Table 3 shows the kappa score of inter-rater agreement
between the two assessors for the 10% sample.

Table 4 shows the number of subjects performing
each procedure and, when appropriate, whether that
procedure was effective, ineffective, or potentially
injurious according to the European Resuscitation
Council guidelines. Of the 210 (75%) who effectively
checked for breathing, 173 did not first open the airway.
Twenty seven (10%) subjects said that they would

call an ambulance before beginning cardiopulmonary

Table 1-European Resuscitation Council's guidelines10 and study criteria for effective
and potentially injurious resuscitation

Potentially
Guidelines Effective injurious

Breathing volume (I) 0.8-1.2 0.1-2 >21
Compression depth (mm) 38-51 30-51 >51
Compression rate (No/min) 80-100 >60 NA
Ratio of breaths to compressions 2:15 1:5 (minimum) NA
Hand position during compression Concentrated on Concentrated on Any other hand

centre of chest, lower third of position
two fingers above sternum
xiphisternum

NA = not applicable.

Table 2-Reasons why 94 subjects needed to be
replaced in study cohort, with numbers of replacement
subjects required to complete test for each reason

No of
replacement
subjects

Reason for replacement (n = 136)

Refused 38
Out on three occasions 21
Incapable owing to physical injury 4
Possibly forewarned 42
Address not found, illegible, or insufficient 3
Moved with no forwarding address or outside the area 15
Tests invalid owing to:

Equipment failure 7
Prompting from another person 6

Table 3-Agreement between raters on effectiveness of
procedures in 10% sample of cohort

Percentage Kappa
Procedure agreement statistic

Careful approach 73 0.46
Talk to patient 97 0.92
Shake patient 93 0.84
Shout for help 93 Not calculable
Clear or check airway 93 0.71
Open airway 90 0.93
Check for breathing 87 0.68
Check for circulation 87 0.79
Telephone emergency services 70 0.68

resuscitation, but when subjects were asked when they
would stop cardiopulmonary resuscitation in a real situ-
ation 138 (49%) stated they would continue until an
ambulance arrived. Of the remaining 142 (51%), 51
(36%) said that they would continue for a defined
period and 55 (39%) that they would continue until the
patient showed signs of revival. Sixty ofthese 106 (57%)
subjects were asked a follow up question about what
they would do when either the defined period had
elapsed or the patient had failed to respond. Nineteen of
them (32%) said that they would wait for the
ambulance to arrive while 29 (48%) said that they
would leave the patient and telephone for an ambulance
after having started cardiopulmonary resuscitation.
The overall performance of cardiopulmonary resusci-

tation was assessed for effectiveness and safety (table 5).
None performed cardiopulmonary resuscitation to the
European Resuscitation Council guidelines, but 19
(7%) performed it in an effective and safe manner. A
further 14 subjects (5%) were effective but performed at
least one procedure that was potentially injurious. Inef-
fective performances were recorded for 243 subjects
(87%); of these, 110 (45%) were also classed as poten-
tially injurious. Four subjects (1.4%) did not attempt
ventilation or compression.

Sex and social class had no influence on the effective-
ness of cardiopulmonary resuscitation (table 6), but age
was a significant factor, with 31 (14%) of those under
45 performing effectively compared with only two (4%)
of those aged 45 or over (P<0.05). Those who felt con-
fident before testing performed more effectively (26 out
of 133, 20%) than those who were not confident or
unsure (seven out of 127, 6%) (P<0.005). Subsequent
training also improved performance, with eight of the
20 (40%) who had attended a subsequent course giving
an effective performance against 25 of the 256 (10%)
who had not. The numbers were, however, too small to
make this result conclusive.

There was no difference by age group or social class
in those performing safe cardiopulmonary resuscitation,
but only 34 (42%) men performed resuscitation safely
compared with 117 (62%) women (P<0.005).

BMJ VOLUME 313 12 OCTOBER 1996



Table 4-Numbers of subjects (n = 280) performing each procedure, with type of performance when appropriate

Resuscitation performed:
Resuscitation

not per- Missing According to
Procedure formed data guidelines'° Effectively Ineffectively Dangerously

Careful approach 196 6 78 NA NA NA
Talk to patient 180 4 96 NA NA NA
Shake patient 190 4 84 NA NA 2
Shout for help 268 4 8 NA NA NA
Check airway 242 0 38 NA NA NA
Open airway 230 0 32 12 6 NA
Check for breathing 40 0 210 NA 30 NA
Check for circulation 69 0 25 162 24 NA
Telephone emergency services 250 0 27 NA 3 NA
Breathing volume 9 0 68 94 101 8
Breathing interval 21 0 80 17 162 NA
Hand position during compression 17 0 91 103 NA 69
Compression rate 17 0 55 91 117 NA
Compression depth 17 0 71 90 44 58

NA = not applicable.

Table 5-Overall rating of cardiopulmonary resuscitation may still be associated with improved outcome,
performed by 280 subjects although this may be dependent on a rapid response by

the emergency medical services."2 15 Several studies

Rating No of subjects determining the effect of the quality of cardiopulmo-
nary resuscitation on outcome have considered effective

Conforming to guidelines'0 0 cardiopulmonary resuscitation to be that which is
Performance: observed to produce a visible expansion of the chest and

Effective 19 a palpable carotid or femoral pulse." " The minimum
Effective but potentially injurious 14 a papbecrtdo.eoa us.61 h iiu
Ineffective 133 prerequisite to achieve this is not known, however. As a
Ineffective and potentially injurious 110 result, the test criteria must be somewhat arbitrary with

Resuscitation not performed 4 the aim of being liberal, such that any performance that
could reasonably be considered beneficial will be
classed as effective.

Discussion
METHODOLOGICAL ISSUES
Our methods share with others the underlying POSSIBLE PROBLEMS WITH INSTRUCTION

assumption that proficiency shown in performing cardi- As there is no record of the degree of competency
opulmonary resuscitation with a manikin is predictive of achieved immediately after training, we could not deter-
proficiency in a real situation." To maximise the realism mine whether our results are due to inadequate instruc-
of the test we gave the subjects no warning and tion, poor retention, or a combination of both. Several
conducted all tests in their home, where over 70% of comparative studies have shown the time since training
cardiac arrests occur.'2"-4 The presence of two observers to be closely associated with a decrease in
and video equipment may have increased the anxiety of proficiency.5 18 As reported by others, this study
the subject and consequently enhanced or impaired indicates that some form of regular retraining is
performance, although the extent to which this required to maintain adequate skills in cardiopulmo-
compares with the stress of a genuine emergency is nary resuscitation, although those willing to attend
impossible to measure. retraining courses may be more motivated than those

Although cardiopulmonary resuscitation from a who do not, such motivation possibly affecting initial
bystander improves outcome, what constitutes effective learning or retention.8 19
cardiopulmonary resuscitation is unproved. Cardiopul- The organisation of the courses may also have limited
monary resuscitation judged retrospectively to be poor the initial absorption oftechniques. The structure ofthe

Table 5-Effectiveness and safety of performnance of cardiopulmonary resuscitation by age, sex, social class,
subsequent training, and confidence before test. Values are numbers (percentages) of subjects*

Potentially
Effective Ineffective P value Safe Injurious P value

Age (years):
<45 (n =219) 31 (14) 188 (86) 127 (58) 92 (42)
¢45 (n = 53) 2 (4) 51 (96) 0.04 26 (49) 27 (51) 0.25

Sex
Male (n = 82) 10 (12) 72 (88) 34 (41) 48 (59)
Female (n = 190) 23 (12) 167 (88) 0.79 117 (62) 73 (38) 0.002

Social class:
I, II, IIIN (n = 153) 18 (12) 135 (88) 83 (54) 70 (46)
IIIM, IV, V (n = 98) 9 (10) 89 (91) 0.52 55 (56) 43 (44) 0.77

Subsequent course:
Attended (n = 20) 8 (40) 12 (60) 13 (65) 7 (35)
Not attended (n = 256) 25 (10) 231 (90) <0.0001 140 (55) 116 (45) 0.37

Confidence before test:
Confident (n = 133) 26 (20) 107 (81) 68 (51) 65 (49)
Not confident or unsure (n = 127) 7 (6) 120 (95) 0.001 76 (60) 51 (40) 0.16

*Four subjects did not attempt cardiopulmonary resuscitation and so are excluded from this analysis. In addition, some subjects completed the
sociodemographic questionnaire incorrectly or social class could not be coded.
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roadshows was similar to the Save A Life campaign,
which has been criticised for its short training time (2.5
hours) and the fact that instructors come from many
different organisations.20 Retention of cardiopulmonary
resuscitation skills was greater among those who
attended an eight hour rather than a four hour course.2'
Given the breadth of the syllabus, the 2.5 hours given to
the roadshows may be less than required. The provision
of training by many organisations may be problematic
as different bodies have different training agendas.
Anecdotal evidence collected during testing suggested
that predefined methods were replaced by techniques
idiosyncratic to particular organisations. This caused
confusion among trainees, who had been shown a video
of the approved procedures, and any variation from the
approved techniques may not have helped reinforce-
ment. Some instructors also introduced entirely new
components, such as cardiopulmonary resuscitation
performed by two people, which took up teaching time
and confused trainees. Similar observations were noted
in the study of Kaye et al, who found that trainees per-
formed poorly on manikins after teaching sessions on
cardiopulmonary resuscitation.22 The BBC has taken
measures to rectify this in its current roadshows.

ACTIVATING THE EMERGENCY SERVICES
The most important aspect of emergency life support

is activating the emergency services, but, surprisingly,
only 27 (10%) subjects did this before initiating
cardiopulmonary resuscitation. Although many subjects
simply assumed that an ambulance was activated, a
sizeable minority either did not mention the emergency
services or stated that they would send for an
ambulance at an inappropriate stage. An American
study found that people who attempt cardiopulmonary
resuscitation are more likely to telephone for an
ambulance."4 However, a local population survey
showed that on encountering someone in cardiac arrest,
65% of subjects would firstly phone for an ambulance
and this increased to 73% among those who had
received no formal-training in emergency life support.23
With only ambiguous evidence further study is required
to determine whether a false sense of empowerment
among trainees may mean that they delay activating the
emergency services.

In our study cardiopulmonary resuscitation was initi-
ated by 90 (32%) subjects who did not first establish
that there was no pulse; 36 of them (40%) performed at
least one potentially injurious procedure. In one study
only 20% of medical students checked the pulse
effectively24, whereas in another 70% of lay people
established whether there was a pulse.25 As discussed by
others, this may be an artefact of the testing method:
subjects are anxious to offer treatment before establish-
ing a diagnosis, which may not apply in a real

26situation. Over nine years in Seattle only one case was
documented in which cardiopulmonary resuscitation
was inappropriately performed, and on this occasion no
harm was caused.27
What constitutes injurious cardiopulmonary resuscita-

tion is arbitrary. Even cardiopulmonary resuscitation con-
sidered to be performed correctly may be associated with
a wide range of complications.28 In all, 124 subjects (44%)
performed one or more potentially injurious procedures.
However, any potential injurious effect must be balanced
against the certainty of harm caused by withholding
appropriate cardiopulmonary resuscitation.

CONCLUSIONS

We believe that the unforewarned video testing that
we used during this study provides a valuable tool for
assessing cardiopulmonary resuscitation skills and has
wider applications for research in this field. It
successfully simulates the stress and lack of warning

Key messages

* Cardiopulmonary resuscitation from bystanders
improves survival rates in people who have had a
cardiac arrest outside hospital
* Training for the lay public in cardiopulmonary
resuscitation has increased with such initiatives as
BBC television's 999 national roadshows, but the
effectiveness of this training has not been
rigorously evaluated
* In this study 280 people who had attended a
roadshow were tested, unforewarned, six months
later in their home, their management of a
simulated case of cardiac arrest being videotaped
for later analysis
* Only 12% of subjects performed cardiopulmo-
nary resuscitation effectively
* As well as performing cardiopulmonary resusci-
tation ineffectively, 39% of subjects performed one
or more procedures in a way that could complicate
the recovery of a casualty
* Although the 999 roadshows undoubtedly
recruit many lay people, attention should now be
given to retraining strategies

that would accompany a real event. We have shown that
volunteers will cooperate with cold call testing, but
under these conditions the performance of cardiopul-
monary resuscitation is disappointing; these results are
similar to those from studies of medical and nursing
staff.46 29

Thus, the 999 roadshow is undeniably successful at
recruiting large cohorts of volunteers, but attention
must now turn to improving the standardisation and
quality of instruction and to developing retraining
strategies.30 Without such developments the unique
opportunities offered by recruitment through television
will be lost. These poor results may also indicate a need
to simplify resuscitation protocols.
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House dust mite allergen in
pillows

T J Kemp, RW Siebers, D Fishwick,
G B O'Grady, P Fitzharris, J Crane

For many years asthmatic patients have been told to
avoid using feather filled pillows on their beds, although
there is no evidence to support this practice. Strachan
and Carey's case-control study is the first to have
directly challenged this assumption.' This study showed
that, after exclusion of asthmatic subjects whose
bedding had been changed because of their disease, pil-
lows with synthetic fillings were a risk factor for severe
asthma. In the light of this finding, we have compared
pillows with synthetic and feather fillings for their con-
tent ofDerp I, the major allergen of the house dust mite
Dermatophagoides pteronyssinus.

Methods and results
In December 1995 we took dust samples from nine

pairs of pillows and analysed them for Derp I. Each pair
consisted of one feather filled pillow and one filled with
polyester fibre; these had been used together on the
same adult bed for more than six months to ensure that
the environmental exposures of the pillows in each pair
were similar. The pillow fillings were encased in closely
woven cotton fabric. Two of the subjects in our study
slept with the polyester filled pillow on top, four with the
feather filled pillow on top"and three had no preference.
We took dust samples with a portable Hitachi CV-2500
vacuum cleaner with a sock attachment, vacuuming
each pillow for three minutes on each side, a total of six
minutes per pillow. We sieved the dust collected to
remove fluff and large particles and weighed the result-
ing fine dust. We then analysed this dust for Derp I con-
tent using monoclonal antibody enzyme linked
immunosorbent assay (ELISA).' The between batch
coefficient of variation of the assay is <15% in our labo-
ratory.

Levels of Der p I are usually given as jig Der p I per
gram of fine dust. It is arguable that for pillows, which
have direct contact with the head for several hours at a
time, total Der p I is the important measure. We
therefore measured total Der p I as well as gg Der p I/g
fine dust for each pillow. We analysed the results with
two-tailed paired Student's t tests after log transforming
the data.
Tere was no significant difference in the total

weights of fine dust obtained from polyester filled
pillows (mean weight 0.065 g (95% confidence interval
0.021 g to 0.108 g)) and feather filled pillows (0.060 g

Table 1-Geometric means of total and relative weight of
house dust mite allergen Der p I in fine dust taken from
pillows with synthetic and feather fillings

Pillow filling Mean ratio
_____________ (95% confidence

Interval) of weights
Synthetic Feather (synthetic: feather)

Weight of Der p l:
Total (pg) 1.01 0.13 8.05 (1.69 to 38.2)
Relative

(pg/g fine dust) 22.28 6.24 3.57 (1.13 to 11.27)

(0.026 g to 0.145 g)). Table 1 shows the geometric
means of the total weight of Derp I and jg Derp I/g fine
dust obtained. Paired analysis showed that the polyester
filled pillows contained significantly more total weight
of Der p I (mean ratio 8.05 (95% confidence interval
1.69 to 38.2), P = 0.015) and significantly higher ,ug Der
p I/g fine dust (mean ratio 3.57 (1.13 to 11.27),
P = 0.034) than the feather filled pillows.

Discussion
In New Zealand 81% of patients with severe asthma

have a positive skin prick test to house dust mite
allergen,3 and exposure to mite allergen is a factor in
triggering attacks of asthma in asthmatic subjects.4 Stra-
chan and Carey suggested that pillows with synthetic
fillings may release volatile organic compounds which
may influence the airway response to inhaled allergens.'
While this may be true, they were perhaps assuming that
the allergen load in feather fillings is as great or greater
than that in synthetic fillings. Our results, and the fact
that the differences are large enough to be detected with
such a small sample, imply that this assumption is not
valid. Further studies are needed to confirm our
findings, and then to determine whether pillows with
synthetic fillings preferentially retain allergen or support
greater infestation with mites.
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