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Abstract
Problem Delay in starting thrombolytic treatment in
patients arriving at hospital with chest pain who are
diagnosed as having acute myocardial infarction.
Design Audit of “door to needle times” for patients
presenting with chest pain and an electrocardiogram
on admission that confirmed acute myocardial
infarction. A one year period in each of three phases
of development was studied.
Background and setting The goal of the national
service framework for coronary heart disease is that
by April 2002, 75% of eligible patients should receive
thrombolysis within 30 minutes of arriving at hospital.
A district general hospital introduced a strategy to
improve door to needle times. In phase 1 (1989-95),
patients with suspected acute myocardial infarction,
referred by general practitioners, were assessed in the
coronary care unit; all other patients were seen first in
the accident and emergency department. In phase 2
(1995-7), all patients with suspected acute myocardial
infarction were transferred directly to a fast track area
within the coronary care unit, where nurses assess
patients and doctors started treatment.
Key measures for improvement Median door to
needle time in phase 1 of 45 minutes (range 5-300
minutes), with 38% of patients treated within
30 minutes. Median door to needle time in phase 2 of
40 minutes (range 5-180 minutes), with 47% treated
within 30 minutes
Strategies for change In phase 3 (1997-2001), all
patients with suspected acute myocardial infarction
were transferred directly to the fast track area and
assessed by a “coronary care thrombolysis nurse.” If
electrocardiography confirmed the diagnosis of acute
myocardial infarction, the nurse could initiate
thrombolytic therapy (subject to guidelines and
exclusions determined by the consultant
cardiologists).
Effects of change Median door to needle time in
phase 3 of 15 minutes (range 5-70 minutes), with 80%
of patients treated within 30 minutes. Systematic
clinical review showed no cases in which a nurse
initiated inappropriate thrombolysis.
Lessons learnt Thrombolysis started by nurses is safe
and effective in patients with acute myocardial
infarction. It may provide a way by which the national
service framework’s targets for door to needle times
can be achieved.

Introduction
Prompt thrombolytic treatment is well established in
the management of acute myocardial infarction, and
mortality is reduced and clinical outcome improved if
treatment is started in the first hour after the onset of
ischaemic chest pain.1–3 The management of patients

with acute myocardial infarction will be most effective
when the interval between onset of pain and initiation
of thrombolysis—the “pain to needle time”—is as short
as possible. To achieve this objective, healthcare
providers are looking at systems that give rapid and
efficient transfer to hospital of patients with suspected
acute myocardial infarction.

Education of patients and the public is crucial to
ensure that patients whose symptoms may be due to
acute myocardial infarction seek medical attention and
that paramedical services are able to attend soon after
the onset of pain. One major concern for doctors is the
length of time between patients arriving at hospital and
those diagnosed with acute myocardial infarction
being given thrombolytic therapy—the “door to needle
time.” In the United Kingdom, the Department of
Health produced the national service framework for
the delivery of coronary heart disease services,4 which
sets targets for the management of acute myocardial
infarction and for door to needle times (box).

We developed a strategy for the initial diagnosis
and treatment of patients presenting with chest pain
and suspected acute myocardial infarction at the Prin-
cess Royal Hospital in Telford—a district general
hospital with 350 beds, serving a population of
220 000 in east Shropshire. The cardiology depart-
ment has a coronary care unit with five beds staffed by
14 nurses. During phase 1 (1989-95), patients with sus-
pected acute myocardial infarction referred by general
practitioners were transferred directly to the coronary
care unit; all other patients were assessed in the
accident and emergency department.

The hospital was one of six district general
hospitals observed in an audit of thrombolysis by the
Royal College of Physicians and the British Cardiac
Society, which recommended that fast track assessment
areas be developed.5–7 The development of such areas
formed phase 2 (1995-7) of our strategy. All patients
with suspected acute myocardial infarction were trans-
ferred directly to a fast track area in the coronary care
unit. Initial assessment was by a nurse, and treatment
was prescribed and started by a doctor.

Targets of the national service framework for
coronary heart disease for the in hospital
management of acute myocardial infarction
• April 2001—Agree protocol for whole hospital for
management of suspected and confirmed acute
myocardial infarction and other acute coronary
syndromes
• April 2002—75% of eligible patients should receive
thrombolysis within 30 minutes of arrival at hospital
• April 2003—75% of eligible patients should receive
thrombolysis within 20 minutes of arrival at hospital
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In this paper, we outline the limited improvements
in door to needle times achieved during phase 2 of the
strategy. We describe the development of phase 3
(1997-2001) in which nurse initiated thrombolysis was
introduced.

Problem
Significant delays in the assessment and treatment of
patients with suspected acute myocardial infarction
after admission to hospital. Increased door to needle
times lead to reduced efficacy of thrombolytic therapy.

Process of gathering information
We collected data about all admissions with suspected
acute myocardial infarction to the hospital up to 1999.
We audited the data for one period of 12 months for
each phase of development (table). We looked at the
door to needle times and electrocardiograms that con-
firmed acute myocardial infarction for all patients pre-
senting with chest pain who received thrombolytic
therapy. Patients who presented with an acute
coronary syndrome but whose electrocardiogram at
the time of admission did not fulfil electrocardiogram
criteria for thrombolysis were excluded. Inpatients who
had an acute myocardial infarction after admission
were also excluded.

Analysis and interpretation
Phase 1: 1989-95
During phase 1, patients with possible acute myocar-
dial infarction seen in the community by general prac-
titioners were referred to the on-call general medical
registrar. The patients were then admitted directly to
the coronary care unit, where they were assessed by the
on-call medical registrar or senior house officer. All
other patients with suspected acute myocardial infarc-
tion were admitted through the accident and
emergency department. If thrombolysis was indicated,
patients were transferred to the coronary care unit. The
local policy was not to initiate thrombolytic therapy in
the accident and emergency department but to wait
until the patient arrived in the coronary care unit.

During the audit period in phase 1 (1 July 1994 to
30 June 1995), 160 patients received thrombolytic
therapy for acute myocardial infarction. The median
door to needle time was 45 minutes, and 38% of
patients (60) were treated within 30 minutes of arrival.

The two main reasons for the long door to needle
time were delays in patients being assessed in and
referred from the accident and emergency department
and delays in patients being assessed by the general
medical team after patients arrived at the coronary
care unit. Four patients who presented with chest pain
and an electrocardiogram confirming acute myocar-
dial infarction waited over 180 minutes for thrombo-
lysis because their treatment was delayed by both of
these factors. The difference in door to needle times
between patients assessed in the accident and
emergency department before being transferred to
coronary care and those transferred directly to coron-
ary care was mentioned in the audit of the Royal
College of Physicians and British Cardiac Society.5

Phase 2: 1995-7
The guidelines that resulted from the audit recom-
mended a “fast track” system of assessment for patients
with suspected acute myocardial infarction.5–7 Phase 2,
therefore, involved transferring all patients with
suspected acute myocardial infarction who presented
to general practitioners, the accident and emergency
department, or paramedics directly to the coronary
care unit. They were assessed initially by a coronary
care nurse, who took a brief history, baseline
observations, and an electrocardiogram. The on-call
medical team was informed of the patient’s arrival and
decided whether to initiate thrombolysis.

The median door to needle time in the audit period
(1 November 1995 to 31 October 1996) in phase 2 was
40 minutes. Treatment was started within 30 minutes of
the patient arriving at hospital in 74/157 (47%) patients.

Strategies for change
The audit during phase 2 showed a considerable
improvement in door to needle times over those in
phase 1. Initiation of thrombolytic drugs was delayed in
a number of patients who had clear evidence of acute
myocardial infarction at presentation because a doctor
was not available to attend them immediately. In
uncomplicated cases, this led to a straightforward delay
in the diagnosis being confirmed and thrombolysis pre-
scribed. In complicated cases—for example, where the
patient needed to be treated for hypertension before
thrombolysis began—the delay was even greater.

Phase 3: 1997-2001
In phase 3, we introduced a system in which nurses
assessed and initiated thrombolysis in patients present-
ing with symptoms suggestive of acute myocardial in-
farction. This meant that the nurses’ role in the fast
track area was expanded. We developed a protocol
through collaboration between the consultant cardi-
ologist and senior coronary care nurses, and this was
strongly supported by the nursing director. At this
time, only one other hospital in the United Kingdom
allowed nurses to initiate thrombolysis, and we felt that
we needed formal approval from the trust’s board.
After the board had considered the audit data from
phase 2, the proposed protocol, and assurances from
the consultant cardiologist that the proposed system

Door to needle times for thrombolytic therapy for one year audit periods of three
phases of development at Princess Royal Hospital

Total
no of

patients

No (%)
patients seen

in <20
minutes

No (%) patients
seen in <30

minutes

Median (range)
door to needle
time (minutes)

Phase 1:

All patients 160 39 (24) 60 (38) 45 (5-300)

Patients direct to coronary care unit 62 31 (50) 40 (65) 25 (5-300)

Patients first attending accident and
emergency department

98 9 (9) 20 (20) 60 (20-300)

Phase 2:

All patients 157 52 (33) 74 (47) 40 (5-180)

Phase 3:

All patients 93 58 (62) 74 (80) 15 (5-70)

Patients with thrombolysis initiated
by nurse

24 22 (92) 24 (100) 15 (5-30)

Patients with thrombolysis initiated
by doctor

69 36 (52) 50 (73) 20 (5-70)
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was safe, the board approved the move for nurses to
initiate thrombolysis.

Coronary care unit nurses can reliably identify elec-
trocardiographic criteria for the diagnosis of acute myo-
cardial infarction.8 9 During phase 2, when patients in
the fast track area were assessed by nurses who then
called the doctor to prescribe thrombolysis, nurses’
assessment of a clear indication for thromboloysis was
always correct. In some cases, their assessment was more
accurate than that of inexperienced junior doctors.

After the protocol for nurses initiating thrombo-
lysis had been approved by the board, coronary care
nurses at grades F and G were assessed formally by the
consultant cardiologist to test their knowledge of the
protocol. The assessment examined their ability to
identify electrocardiographic criteria for thrombolysis
and absolute and relative contraindications. Once a
nurse satisfactorily completed the assessment, a certifi-
cate formally extending that nurse’s role to include ini-
tiation of thrombolysis was signed by the nurse, the
consultant cardiologist, and the nursing director.

All patients with suspected acute myocardial
infarction were transferred to the fast track area, where
they were assessed by a coronary care thrombolysis
nurse according to guidelines established by the
consultant cardiologists. A brief history, baseline obser-
vations, and a 12 lead electrocardiogram were taken,

and soluble aspirin was given (if not already given).
When a patient’s history was compatible with
thrombolysis and their electrocardiogram confirmed
acute myocardial infarction, the nurse completed a
contraindication checklist (fig 1). If there were no con-
traindications, thrombolysis with streptokinase was
started. The on-call general medical team was notified,
took a formal history and examined the patient, and
decided on further management.

In cases where there were absolute or relative con-
traindications to thrombolysis, the on-call team was
asked to review the patient as a matter of urgency. If a
thrombolysis nurse was not on duty, the usual fast track
system—in which a nurse assesses the patient and the
doctor initiates thrombolysis—operated.

Effects of change
In phase 3 (1 January 1999 to 31 December 1999), the
median door to needle time was 15 minutes, and
74/93 (80%) patients received thrombolysis within 30
minutes of arriving at the hospital. All of the 24
patients in whom thrombolysis was initiated by a nurse
received thrombolytic drugs within 30 minutes of
arrival. Systematic clinical review showed no cases in
which a nurse started thrombolysis inappropriately.

The strategy in which nurses started thrombolysis
in patients before they were assessed by a doctor was a
safe and effective way to reduce door to needle times in
patients with acute myocardial infarction. As a result of
this strategy, the Princess Royal Hospital already meets
the national service framework’s April 2002 target for
door to needle times (75% of patients to receive
thrombolysis within 30 minutes), and is approaching
the April 2003 target (75% within 20 minutes) (fig 2).

Audit showed that door to needle times for
thrombolysis started by doctors also have been reduced
compared with those in phase 2. This was partly because
the medical team was more aware of the importance of
promptly attending the fast track area to assess patients
with suspected acute myocardial infarction. The nature
and quality of the liaison between medical and nursing
staff have improved considerably, with patients present-
ing to the fast track area receiving more efficient

Patient Name

Treatment required prior to thrombolysis:     NO/YES:

TIME OF THROMBOLYSIS AGENT:   STK/tPA Signed

For patients presenting with a clinical diagnosis of acute MI presenting within 12 hours and with ECG
criteria for thrombolysis please complete the contra-indications checklist.

SURGERY, TRAUMA OR DENTAL EXTRACTION IN LAST 10 DAYS

BLEEDING DIATHESIS

PREVIOUS CEREBRAL BLEED

NO

NO

NO

Contact senior physician for advice

YES

YES

YES

Hospital ID No

P.R.H. THROMBOLYSIS CHECKLIST

ABSOLUTE CONTRA-INDICATIONS

Patient taking warfarin

Previous thrombolysis

Diabetic (possible retinopathy)

NO

NO

NO

Inform doctor before nurse thrombolysis

YES

YES

YES

CAUTIONS

SEVERE HYPERTENSION

HYPOTENSION

DIFFERENTIAL LEFT/RIGHT ARM

ISCHAEMIC STROKE WITHIN 6 MONTHS

DIABETIC RETINOPATHY

ACTIVE PEPTIC ULCERATION

SUSTAINED CPR

MENSTRUATION/PREGNANCY

Systolic >180mmHg

Systolic <100mmHg

>20mmHg

NO

NO

NO

NO

NO

NO

NO

NO

Contact registrar for advice if necessary

YES

YES

YES

YES

YES

YES

YES

YES

RELATIVE CONTRA-INDICATIONS

Date

Fig 1 Checklist of contraindications to thrombolysis
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Fig 2 Percentage of door to needle times within 20 and 30 minutes
for the one year audit periods from each of the three phases of
development at Princess Royal Hospital. National service framework
targets: 75% within 30 minutes by April 2002 and 75% within
20 minutes by April 2003
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treatment whether a thrombolysis nurse was on duty or
not. The longer door to needle times for thrombolysis
started by doctors rather than nurses to some extent
reflect the fact that patients reviewed by a doctor before
receiving thrombolytic therapy (after assessment by a
thrombolysis nurse) generally have unusual presenta-
tions or relative contraindications to thrombolysis.

Our nurse led approach introduced questions as to
whether junior doctors would lose out by having less
experience in diagnosing and treating acute myocardial
infarction. The senior coronary care nursing staff were
invaluable in preventing this loss of experience—sharing
their knowledge of interpretation of electrocardiograms
for patients with acute coronary syndromes and rhythm
disturbances with junior medical staff by means of
formal and informal teaching as well as advanced life
support training. The guidelines and checklists used by
nurses approved to initiate thrombolysis also act as edu-
cational tools. Thorough formal history taking and
examination by on-call doctors remain crucial parts of
the admission and assessment process, and it is the
medical team that determines the patient’s management
after thrombolysis has been started.

Next steps
Currently, four of our 14 coronary care nursing staff
are approved to initiate thrombolysis. Other senior
staff in the coronary care unit are being trained and
assessed as part of phase 4. We plan to have at least
seven thrombolysis nurses; this will allow us to always
have a thrombolysis nurse on duty in the coronary care
department. We are also introducing documents to
describe the coronary care pathways for the manage-
ment of patients with acute myocardial infarction and
unstable angina as part of phase 4. These will combine
documents used by nurses and medical staff with the
checklists for nurses approved to initiate thrombolysis.
They will provide a structured route for the assessment,
management, and audit of patients with suspected
acute myocardial infarction and unstable angina.

The system in which nurses initiate thrombolysis
was a natural development from the fast track
assessments by nurses, and it is a model that could be
adopted in most coronary care units. The national
service framework’s April 2003 target of door to needle
times of less than 20 minutes in 75% of cases is attain-
able using this system. However, such targets must not
lead to rushed or inaccurate assessments or to throm-
bolysis being administered inappropriately.

Public education about the symptoms of acute
myocardial infarction will help to reduce the time
between onset of ischaemic pain and the emergency
services being called, and the national service
framework has set target times for paramedics and
ambulances to reach patients with suspected acute
myocardial infarction. The overall aim is to reduce the
interval between onset of pain and the initiation of
thrombolytic drugs—the pain to needle time.

The proposed phase 5 of the Princess Royal
Hospital’s programme is thrombolysis started by para-
medics before the patient reaches the hospital. A
number of methods have been attempted—including
mobile coronary care units and drugs administered
by general practitioners10 11—but no comprehensive
system of prehospital thrombolysis exists in the United

Kingdom.12 Paramedics currently spend some time
training in the coronary care unit and in the cardiology
department, and we feel that further training for expe-
rienced paramedics would allow a safe system of
prehospital thrombolysis and considerable reductions
in pain to needle times. A pilot study to assess the
safety and feasibility of this approach is planned.
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Key learning points

Prompt thrombolytic therapy reduces morbidity and
mortality of patients with acute myocardial infarction
Fast track assessment of patients with suspected acute
myocardial infarction has improved door to needle
times
Nurse inititated thrombolysis is a safe and effective way
to gain further reductions in door to needle times
This model may provide a route to attaining the
national service framework targets for door to needle
times

Endpiece
Time’s come
The time’s come: there’s a terrific thundercloud
advancing upon us, a mighty storm is coming to
freshen us up.

Chekhov
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