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Summary
We investigated the clinical features and
management of50 patients presenting with
acute myocardial infarction from the com-
munity and 50 patients presenting with
cardiac symptoms who developed an in-
farct after being admitted to a general
medical ward for observation. Nineteen of
the 50 patients initially admitted to non-
specialist wards were found retrospectively
to have sustained an infarct prior to hospi-
tal admission. Ofthe remaining 31 patients
in this group, 24 developed symptoms
within 24 hours ofadmission, 26 presented
with chest pain, while 21 had evidence of
acute coronary ischaemia on the admission
electrocardiograph. Ofthe 26 patients who
presented with chest pain, 20 were treated
with aspirin, 13 with intravenous nitrate
and four with heparin. Median delay from
onset ofsymptoms to thrombolysis with in-
hospital patients was 120 minutes and for
community patients 287 minutes. Interest-
ingly, the greatest component of this delay
in both groups was the time taken for
patients to decide to seek assistance after
developing acute symptoms. Patients at
high risk of developing acute myocardial
infarction within 24 hours of hospital ad-
mission may be identified by a history of
chest pain and electrocardiographic evi-
dence of acute coronary ischaemia at
admission. Such patients may experience
suboptimal treatment and delays to throm-
bolysis if admitted to nonspecialist wards,
but this may be reduced by admitting all
'high risk' patients directly to a high
dependency cardiac ward for the first 24
hours after presentation.
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The benefits of thrombolytic therapy for
patients developing an acute myocardial in-
farction (AMI) are well established. This
benefit is maximal when thrombolysis is
administered with a minimum delay after the
onset of symptoms. Following administration
of thrombolysis, close supervision of patients in
a specialist coronary care unit is recommended
to detect and treat life-threatening cardiac
arrhythmias and other complications of AMI.
The delays which patients in the commu-

nity experience prior to thrombolysis has
attracted close scrutiny. Initiatives such as
public education campaigns encouraging early

presentation' and 'fast track' admissions
systems2 have been effective in reducing
delays before administration of thrombolysis.
However, not all patients develop symptoms
of AMI in the community and audit of the
admissions to our own coronary care unit
demonstrated that up to 10% of our AMI
patients developed AMI whilst already in
hospital undergoing investigation or treatmnent
for chest pain or unrelated complaints.
Although it may be expected that their
proximity to the coronary care unit would
enable rapid diagnosis and treatment, our
audit suggested that, paradoxically, some
patients developing symptoms whilst already
in hospital had longer delays to thrombolysis
and an adverse medical outcome.
We prospectively collected data about delays

prior to administration of thrombolysis in all
patients admitted to the coronary care unit.
Retrospective analysis of medical records was
then used to determine details of treatment,
monitoring and time delays involved in the
management of 50 consecutive patients with
AMI admitted from the general medical wards.
The notes for 50 patients admitted directly to
the coronary unit were also examined for
comparison. Using these data we aimed to
identify factors causing delays in the adminis-
tration of thrombolysis and produce recom-
mendations to improve patient care.

Patients and methods

The study was performed simultaneously in a
large teaching hospital and a district general
hospital in Wales. The existing admissions
policies in these hospitals required that patients
with acute chest pain were initially assessed in
an admissions ward by the 'on-call' medical
officer responsible for all emergency medical
admissions. Patients were prioritised either for
higher or lower dependency care according to
their overall clinical condition and the appear-
ance of the electrocardiograph (ECG). Patients
with diagnosed AMI and most patients with
unstable angina were transferred directly to the
coronary care unit. Other patients with chest
pain were transferred to general wards where a
number of telemetric ECG monitors were
available, allowing continuous 3-lead ECG
monitoring; 12-lead ECG machines were
available at all times on the general wards for
patients with further symptoms after admission
and there was a 'routine' 12-lead ECG service
the morning after admission and on subse-
quent mornings.
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Fifty patients were identified who had
originally been admitted to a general ward for
observation of chest pain or related symptoms
but who were subsequently diagnosed as
having AMI and were transferred to the
coronary care unit. In each case the diagnosis
of AMI was confirmed by the presence of a
compatible history, a two-fold rise in serum
creatine kinase and characteristic ECG
changes.
From retrospective analysis of the medical

and nursing records of each patient we
recorded demographic details, patient's pre-
vious experience and treatment of chest pain,
and the nature and timing of patients' symp-
toms prior to admission. The initial diagnosis
made by the 'on-call' medical officer at the
initial assessment was recorded and this was
compared to the diagnosis suggested by the
admission ECG.
Once patients with chest pain had been

admitted to the general wards their subsequent
clinical course was documented, including the
use of anti-anginal therapies, telemetric ECG
monitoring, and analysis of 12-lead ECG
records. Using descriptions of patients' symp-
toms recorded in the medical records, in
conjunction with the appearance of ECGs
performed on the wards, the timing of AMI
was determined in each case. The time the
clinical diagnosis ofAMI was reached, times of
arrival in the coronary care unit, and admin-
istration of thrombolysis were also determined.
A control group of 50 AMI patients sustain-

ing AMI in the community were recruited from
direct admissions to the coronary care unit
during the same period. All these patients
satisfied the same diagnostic criteria for AMI
as the study group. The timing of onset of
symptoms, arrival at hospital, transfer to the
coronary unit, and start of thrombolysis was
recorded for each control patient. Blinded
analysis of all ECGs in the study was
performed by two independent observers.
ECGs were categorised as either normal,
previous AMI, acute cardiac ischaemia or
AMI, according to previously documented
criteria.'
From the study start date in December

1994, 50 consecutive eligible patients were
selected retrospectively. An additional five
patients were excluded due to unavailability
of documentation of clinical events. The study
period covered an 18-month period and was
therefore not significantly influenced by seaso-
nal variations in admission practice. This
represented a period of normal clinical activity
during which more than 9000 emergency

admission patients were assessed at both
hospitals. Total admissions to the coronary
care units in this period was approximately
1200 patients, including 520 with confirmed
AMI. In view of the marked skewing of timings
recorded in the study, median values and
quartile ranges were calculated as measures of
central tendency and spread. Statistical analy-
sis of data was performed using MINITAB.

Results

Our patients consisted of 74 males and 26
females of mean age 69 years (range 37 - 93).
Of these 100 patients, 36 described a previous
history of AMI and 47 described previous
angina; 42 patients had pre-existing prescrip-
tions for aspirin, eight for a fl-blocker and 82
for sublingual nitrate. There were no differ-
ences in the pre-admission characteristics of
control and study patients. The median delays
from onset of symptoms to diagnosis of AMI,
subsequent transfer to the coronary care unit
and administration of thrombolysis are shown
in the table.

CONTROL GROUP
The greatest delay to treatment in the group
admitted directly to the coronary care unit was
from the onset of symptoms to the diagnosis of
AMI. Median values and quartile ranges of the
constituent delays were: delay in patients
deciding to seek medical help after developing
symptoms 98 min (20- 222), delay in awaiting
consultation with the general practitioner
40 min (20-60), transport time to hospital
13 min (7- 27), and delay in initial assessment
on arrival at hospital prior to diagnosis 45 min
(30- 110). Thrombolysis was administered to
the majority (84%) of the 50 patients in the
control group and was withheld because of a
major contraindication in six (12%) No reason
for withholding thrombolysis was given in the
remaining two patients. Six of the control
patients died in the coronary care unit.

STUDY GROUP
Of the 50 patients who were initially admitted
to a general ward, 19 (38%) were found to have
sustained a recent AMI in the community prior
to arrival at hospital. These included 14
inferior and five anterior territory infarctions.
These patients presented with chest pain and
were transferred to a general ward after
receiving initially incorrect diagnoses from the
admitting medical officer (angina in 13 cases
and noncardiac chest pain in six). Subsequent
transfer to the coronary care unit was initiated

Table Median delays and quartile ranges (min) in patients suffering AMI in hospital or in the
community

Delay In-hospital patients Control patients

Onset of symptoms to diagnosis of AMI (min) 55 (30-120) 195 (84-268)
n=31 n=50

Transfer time to coronary unit after diagnosis of AMI (min) 50 (25-85) 24 (10-45)
n=31 n=50

Onset of symptoms to thrombolysis (min) 120 (85- 180) 287 (62-390)
n=22 n=42
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after 'routine' review of the patients by senior
medical staff in 14 of these 19 cases. In the
remaining five patients, urgent or emergency
review by senior staff was requested because of
rapid clinical deterioration. This included
three patients who developed ventricular fi-
brillation on the ward without complaining of
further chest pain or having a second ECG
after admission. The median delay from arrival
in the emergency admissions ward to reaching
the correct diagnosis in this group was 330
minutes (quartile range 75 - 2040) and median
delay in their subsequent transfer to the
coronary unit was 18 minutes (quartile range
8-45). Ten of the 19 (53%S) patients who had
sustained AMI before admission subsequently
received thrombolysis. A major contraindica-
tion prevented thrombolysis in three (16'S,)
cases but in the remaining six cases no reason
was given for omission of treatment. Four of
the 19 patients in this group subsequently died
in the coronary care unit.
The remaining 31 study patients had no

evidence of AMI at admission but developed
AMI sometime after admission to the general
medical wards. The majority (84%'S) of these
patients were originally admitted to hospital
with chest pain, while two patients presented
with dyspnoea, two with abdominal pain, and
one with collapse. Acute coronary ischaemia
was evident on the ECG performed at the
initial assessment in the admissions ward for 21
(68%) of these patients. Of the remainder, five
patients showed evidence of previous AMI.
After scrupulous examination, no ECG ab-
normality could be found in the remaining five
patients. Monitoring and treatment of patients
admitted initially to the general medical wards,
both with misdiagnosed AMI and with un-
stable angina, is shown in figure 1.
The median interval from original hospital

admission to development of the symptoms of
AMI on a general ward was 420 minutes
(quartile range 165-2520) and 24 (77'0)
patients developed AMI within 24 hours of
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Figure 1 NMonitoring and treatment of chest pain in
patients who sustained AMNI before admission (o= 19)
and patients developing ANMI after admission (oi=26) to
the gcneral wards

admission (figure 2). The largest component of
the delay between onset of symptoms and
thrombolysis in the study group was delay
awaiting assessment and diagnosis of AMI by
the 'on-call' medical officer.
The pattern of delays in diagnosis for

patients developing AMI on the ward is shown
in figure 3. Twelve patients waited for more
than an hour after developing symptoms before
receiving a diagnosis of AMI. Four patients
developed acute symptoms of chest pain
during the night but did not alert the nursing
staff, including one patient receiving contin-
uous monitoring with telemetric ECG record-
ing. In all four cases, the diagnosis ofAMI was
made only after inspection of the 'routine'
morning ECG, resulting in delays to thrombo-
lysis of three to eight hours. Another four
patients reported their symptoms promptly but
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Figure 2 Interval between admission to hospital and
devcelopment of AMI on the general medical wards

20

16 -

C:

*,12
a

0

50 8
E

z4

0
<1 1-2 2-3 3-4 4-5 5-6 6-7 7-8

Interval to diagnosis of AMI (h)

Figure 3 Interval between onset of symptoms and
diagnosis for patients developing ANI1 on the general
medical wards
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did not receive a diagnosis for more than an
hour whilst the nursing staff administered
antacids or sublingual nitrates prior to notify-
ing the 'on-call' medical staff. A delay of more
than an hour to diagnosis occurred in four
patients awaiting medical review and ECG.

Thrombolysis was administered in 22 of the
31 patients who sustained AMI after admis-
sion. Treatment was withheld because of a
major contraindication in four of these patients
but in the remaining five no reason was
recorded in the medical records. The in-
hospital mortality of patients sustaining AMI
on the general wards was 16%.

Discussion

This review of admissions to the coronary care
unit raises important issues in the management
of patients who present with chest pain and it
has prompted important changes in our man-
agement of these patients.

For patients who develop AMI in the
community, it has been suggested that at least
50% of eligible cases should receive thrombo-
lysis within 90 minutes of the onset of major
symptoms.4'5 Our data show that in patients
who develop AMI on the general medical
wards, thrombolysis is delayed beyond these
recommendations, even though close super-
vision of patients in hospital should facilitate
rapid diagnosis and treatment. These delays to
thrombolysis reduce the chances of a favour-
able outcome after AMI.

For patients sustaining AMI in the commu-
nity, rapid access to intensive monitoring and
early thrombolysis can only occur if both
patients and medical services follow an opti-
mum course of action. Community patients
must recognise the significance of their symp-
toms of chest pain and decide to seek medical
assistance. The community medical services
must then assess the patient, reach a diagnosis,
and arrange transport to hospital. Delays to
treatiment can occur at any of these steps but
the greatest delay occurs whilst patients decide
to seek medical assistance after developing
acute symptoms.'

This course is similar for patients who
develop symptoms of AMI whilst in hospital.
Patients must understand the significance of a
further episode of chest pain, even though it
may be similar in character to their original
presenting symptoms. Patients must decide
that assistance is required and then alert the
medical staff, usually by contacting one of the
ward nurses. They in turn must contact the
'on-call' medical officer who is reponsible for
assessing the patient and performing a diag-
nostic ECG. Once a diagnosis has been
established, arrangements can be made to
'transport' the patient to the coronary care
unit.
Our study shows that unnecessary delays in

the treatment of patients developing AMI after
admission occurred at all of these stages but
that the longest delays were between the onset
of symptoms and diagnosis of AMI. In
common with patients who developed AMI
in the community, the greatest component of

this delay was the time taken for patients to
decide to seek assistance after developing
symptoms. The reasons for this are likely to
be multifactorial but may have included the
failure by patients to appreciate the significance
ofnew symptoms of acute chest pain. This may
have been particularly important in patients
who originally presented with chest pain or
those with long-standing experience of angina
prior to admission. Patients may also have been
reluctant to disturb nursing staff or other
patients, particularly at night.
Once diagnosis had occurred, there was

frequently delay in transferring patients from
the general medical ward to the coronary
care unit. As local guidelines prevented the
administration of thrombolysis on general
medical wards, delays to treatment frequently
occurred while arranging bed space and
awaiting porters. Excessive delays did not
affect patients who were transferred to the
coronary care unit directly from the emer-
gency admissions ward.
The greatest delays in treatment occurred in

patients who had sustained AMI in the
community, but were first admitted to the
general wards due to diagnostic error by the
admitting medical officer. In each of these
cases there were sufficient criteria on the
admission ECG alone to diagnose AMI.
However, correct diagnosis was only reached
when the patient and their admission ECG
were reviewed by an experienced staff mem-
ber, although this was frequently some hours
later. The median delay in diagnosis of 330
minutes in this group may have been substan-
tially reduced by senior review of patients
within the admissions ward. Diagnostic accu-
racy by junior medical staff in the admissions
ward may have been improved by the emer-
gency measurement of cardiac enzymes, parti-
cularly 'early enzymes' such as tropinin-I.
There remains however, intrinsic delay in
laboratory analysis and in all of the misdiag-
nosed patients in this study, there was suffi-
cient information for diagnosis in the clinical
history and ECG alone, both of which were
available within minutes of arrival of the
patient in hospital.
The availability of national and local

treatment protocols to junior medical staff
has greatly simplified management of patients
who present with AMI. However, the man-
agement objectives of patients who present
with unstable angina, particularly in the first
24 hours of their admission, have been
poorly defined.
Our study indicates that, with existing

practices, patients admitted to the general
wards with unstable angina may receive sub-
optimal care. These patients are in danger of
developing AMI yet, if they are admitted to the
general wards, continuous ECG monitoring is
frequently unavailable and nursing staff may
not be familiar with the symptoms and signs of
impending AMI. There also appears to be
reluctance by 'on-call' medical staff to use
standard anti-anginal therapies that would be
regarded as routine for patients admitted to the
coronary care unit. This is consistent with
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previous observations that patients admitted to
nonspecialist wards received intensive anti-
anginal therapy less often and had poorer
outcomes than patients admitted to a dedi-
cated cardiac ward.6
Our observation that 68% of the patients

who sustained AMI after admission had
evidence of acute coronary ischaemia on
admission is an important finding. It demon-
strates that, in most cases, accurate interpreta-
tion of the admission ECG allows the
identification of a large proportion of patients
who are at risk of developing AMI. However, it
must be remembered that a normal resting
ECG does not exclude significant underlying
coronary artery disease.7 A presenting com-
plaint of chest pain was present in 84% of our
patients, indicating that this is a more sensitive
indicator of impending AMI, although clearly
less specific. Chest pain is amongst the
commonest presenting symptoms of patients
assessed on a general medical 'take'. To
advocate intensive cardiac monitoring of all
these patients throughout their hospital admis-
sions would have dramatic financial implica-
tions. Our finding that 77% of patients who
developed AMI on the general wards did so
within a day of admission suggests that patients
may be considered at particular risk within 24
hours of an acute episode of chest pain. We
suggest that it is only during this brief period

Summary/learning points

* careful analysis of the ECG on admission
can help risk-stratify patients presenting with
chest pain

* patients who present with chest pain and ECG
evidence of ischaemia are at a high risk of
further cardiac events and require careful
assessment, treatment and monitoring

* patients who experience myocardial infarction
whilst in hospital have a high mortality rate and
require urgent medical attention

that intensive cardiac monitoring should be
available.

Following the completion of this study, we
have modified our admissions policy for
patients presenting with chest pain. All patients
are reviewed at admission by a physician of at
least senior house officer grade. All patients
with ECG changes suggestive of acute cardiac
ischaemia or with a suggestive history are now
admitted to the coronary care unit or to a
newly opened cardiac high-dependency ward.
Observation here is for at least 24 hours. We
believe that these changes have improved our
standard of care and will result in a concomi-
tant reduction in mortality reflecting earlier
diagnosis and earlier access to appropriate
management.
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