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Call-to-needle times for thrombolysis in acute myocardial infarction
in Victoria
Anne-Maree Kelly, Debra Kerr, Ian Patrick and Tony Walker
T HERE IS CLEAR EVIDENCE that early
reperfusion in patients suffering acute
ST-elevation myocardial infarction
(STEMI) reduces mortality and other
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Research
therapy
is the reperfusion strategy to
which most patients have best access.
Outcome — specifically, size of infarct
and mortality — is related to the time
interval between symptom onset and
reperfusion.10-12 The interval for which
healthcare services can be accountable is
the period between notification by the
patient (in Australia, usually calling the
ambulance service) and commencement
of therapy — the so-called call-to-needle
(CTN) time. Past efforts have focused
largely on the hospital component of
care, referred to as the door-to-needle
(DTN) time, and with good effect.13,14
However, it has been suggested that
CTN time is a more appropriate measure of healthcare system performance.15
In 1994, the British Heart Foundation (BHF) recommended that patients
with STEMI should receive thrombolytic therapy within 90 minutes of calling for medical assistance.15 The United
Kingdom Department of Health goes
further, setting a target of 60 minutes
from first contact with a healthcare professional to thrombolysis,16 although
doubt has been raised about the practicability of this target.17 In Australia, the
National Heart Foundation has stated

ABSTRACT
Objective: To determine the proportion of patients in Victoria treated within the British
Heart Foundation 90-minute call-to-needle (CTN) time benchmark for thrombolysis of
ST-elevation myocardial infarction (STEMI), and to validate the British Heart
Foundation 90-minute benchmark with respect to mortality.
Design: Cohort study.
Setting: 20 hospitals and two ambulance services in the State of Victoria, Australia.
Participants: 1147 patients with STEMI transported to hospital by ambulance and
eligible for thrombolysis.
Main outcome measures: CTN time, and in-hospital mortality.
Results: Median CTN time was 83 minutes (mean, 93.2 min; range, 29–894 min).
Median door-to-needle (DTN) time was 37 minutes (mean, 46.5 min; range,
0–853 min). 61% of patients received thrombolysis within the 90-minute benchmark.
Patients with CTN times > 90 minutes had an increased risk of dying (relative risk, 1.8;
95% CI, 1.3–2.7). Factors associated with CTN time < 90 minutes were lower DTN
time, prior notification of the receiving hospital and transport time less than 20 minutes.
Conclusion: The British Heart Foundation CTN time benchmark is being met for 61%
of eligible STEMI patients in Victoria. Strategies to reduce CTN time should be regionspecific, and should include attempts to reduce DTN and to enhance ambulance–
hospital communication. Prehospital thrombolysis may be appropriate for some
regions.
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that if patients cannot reach a hospital
for thrombolytic therapy within 90 minutes of calling the emergency service,
out-of-hospital thrombolysis should be
considered.18
There is currently little evidence
about how healthcare systems are performing against the BHF benchmark.
One study reported a median CTN
time for a metropolitan area of 95 minutes, with only 46% of patients treated
within 90 minutes, and a median CTN
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time of 150 minutes (5% of patients
treated within 90 minutes) in a rural
area without prehospital thrombolysis.19
A pilot study in western Melbourne
suggested that the 90-minute benchmark is being met in 64% of eligible
cases.20
Our primary aim was to determine
the proportion of patients in Victoria
treated within the BHF CTN time of 90
minutes. Secondary aims were to determine the impact of treatment within 90
minutes and 60 minutes on mortality,
the proportion of patients treated within
60 minutes, whether pre-arrival notification of receiving hospitals influenced
CTN time, and to model the potential
lives saved by achieving CTN times of
between 60 and 90 minutes.

Clinical and Education Services, Rural Ambulance Service (Victoria), Ballarat, VIC.

METHODS

Tony Walker, BParamedStud, GDipEd, Manager.
Reprints will not be available from the authors. Correspondence: Professor A M Kelly, Joseph Epstein
Centre for Emergency Medicine Research, Western Hospital, Private Bag, Footscray, VIC 3011.
Anne-Maree.Kelly@wh.org.au

This study was a medical record review
of patients with STEMI who arrived at
any of the participating hospitals by
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1: Flow diagram showing how the study sample was derived
2256 patients with STEMI who received thrombolysis
643 transported by private vehicle

1613 transported by ambulance

291 not suitable for immediate thrombolysis
• ECG/history (218)
• Catheter laboratory (48)
• Clinical contraindication (25)

1322 suitable for immediate thrombolysis

175 not included
• Thrombolysis at non-participant hospital (72)
• Patient transferred to non-participant hospital (41)
• Unable to locate patient history (37)

1147 study sample

• Missing data (25)

STEMI = ST-elevation myocardial infarction. ECG = electrocardiogram. Catheter laboratory = transferred to
catheter laboratory prior to thrombolysis.

ambulance and received thrombolysis.
Data was collected from Melbourne
metropolitan and rural hospitals in Victoria, and from the Metropolitan
Ambulance Service (Victoria) (MAS)
and Rural Ambulance Victoria (RAV).
Twenty-nine hospitals (14 metropolitan
and 15 rural) were approached to participate.
Eligible patients were those who
arrived at hospital by ambulance and
received thrombolysis for STEMI in the
periods 1 January 1999 to 30 June 2000
and 1 January to 31 December 2001.
These periods were defined by logistics
and available funding.
Potentially eligible patients were identified from each hospital by various
methods, including hospital databases
and established audit processes. The
clinical diagnosis of STEMI requiring
thrombolysis was validated by research
officers. Records with incomplete time
data were excluded.
Information collected included
patient age and sex and location of
ambulance retrieval, clinical assessment
variables (eligibility for study), onset of
symptoms, mode of transport, ambulance call time, ambulance dispatch
time, prenotification to receiving hospital, response time (time from call to the
ambulance service and ambulance
arrival at patient location), scene time
(time from ambulance arrival to departure from patient location), transport
382

time (departure from patient location to
arrival at hospital), time that thrombolysis was commenced, final diagnosis
and in-hospital mortality. Missing information in relation to ambulance transportation details was obtained from
MAS and RAV records.
Data were analysed with descriptive
statistics, 2 analysis for comparison of
proportions, Mann–Whitney U test for
comparison of continuous variables, relative risk for mortality, and the  statistic for inter-rater reliability, using
Analysis-IT software.21 Multiple logistic
regression was performed using SPSS.22
The variables included for logistic
regression were onset-to-call time, sex,
age, transport time, DTN time and
CTN time, with the outcome being
mortality.
A statistically significant result was
one with a P value < 0.05. A clinically
significant difference in time-interval
data was considered to be more than 10
minutes.
The project was approved by the
institutional ethics committees of participant hospitals.

RESULTS
Of the 29 hospitals approached, data
were collected from 20 (11/14 metropolitan and 9/15 rural; see acknowledgements) or 69%.

At these 20 hospitals, there were 2256
presentations of patients with STEMI
who received thrombolysis during the
study period. Inter-rater reliability with
respect to study eligibility and electrocardiographic criteria was assessed for
62 patients (2.7% of screened cases)
with very good agreement (, 0.88).
However, only 1147 patients met the
study criteria (Box 1).
The patients were predominantly
male (69% [797]). Patients were aged
21–93 years (median, 67 years). About
a quarter of the study group (26% [293/
1147]) were from rural areas. Most
patients (81.4% [896/1101, missing
data for 46]) received their thrombolysis
in hospital emergency departments.
Median CTN time was 83 minutes
(range, 29–894 minutes). Median
DTN time was 37 minutes (range, 0–
853 minutes). Most patients (61%
[697]) received thrombolysis within the
BHF 90-minute benchmark. Only 15%
(169) received thrombolysis within 60minutes.
Patients treated in smaller rural centres were less likely to receive thrombolysis within 90 minutes; 40% (36/89)
of those in small rural areas (< 50 000
population) were treated within 90
minutes compared with 60.8% (124/
204) of those in larger rural areas
(> 50 000 population) and 62.9%
(537/854) of those in metropolitan
areas (P = 0.0002, omnibus 2 test).
There were 98 in-hospital deaths
(8.5%). Patients with CTN times over
90 minutes had an increased risk of
dying (relative risk, 1.8; 95% CI, 1.3–
2.7) compared with those with CTN
times within 90 minutes. Patients with
CTN times over 60 minutes had a
relative risk of death of 2.2 (95% CI,
1.1–4.8) compared with those with
CTN within 60 minutes.
A comparison of patients with CTN
times within and over 90 minutes in
terms of age, sex and percentage with a
final diagnosis of acute myocardial infarction showed that the group with
CTN times over 90 minutes had a
significantly higher median age (68
years; range, 21–93 years v 65.5 years;
range, 25–93 years; P = 0.0043), but the
differences between the groups in
male:female ratio (2.45 v 2.04) and in
percentage of patients with a final diagMJA
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2: Analysis of time intervals from call to treatment for patients with
call-to-needle (CTN) times within and over 90 minutes
CTN time ⭐90
minutes (n=697)
(median [range])

CTN time >90
minutes (n=450)
(median [range])

Difference
between
medians (95% CI)

Onset to call

49 (0–2918)

67 (0–6552)

18 (5–19)

Dispatch time

2 (0–27)

2 (0–86)

Time interval (min)

Response time

0 (0)

8 (0–29)

11 (0–69)

3 (3–4)

Scene time

15 (1–44)

16 (1–85)

1 (1–3)

Transport time

13 (1–50)

19 (2–145)

6 (5–7)

Door-to-needle time

29 (0–68)

59 (6–853)

30 (28–33)

3: Comparison of time intervals from call to treatment for patients
with call-to-needle times over 90 minutes by geographical location
of treating hospital
Metropolitan
(median [range])

Large rural
(median [range])

Small rural
(median [range])

Onset to call

57 (0–5593)

52 (0–936)

87 (0–6552)

Dispatch time

1 (0–36)

2 (0–86)

2 (0–36)

Response time

9 (0–43)

8 (0–65)

10 (1–69)

15 (1–85)

17 (1–46)

17 (2–51)

Transport time

15 (1–65)

13 (1–70)

20 (2–145)

Door-to-needle time

36 (0–365)

38 (8–853)

43 (9–272)

Time interval (min)

Scene time

Large rural = centres with > 50 000 population. Small rural = centres with < 50 000 population.

nosis of acute myocardial infarction
(98% v 99%) were not significant.
Box 2 shows a comparison of time
intervals for patients with CTN times
within and over 90 minutes. Those with
CTN times longer than 90 minutes had
a clinically significant delay between
symptom onset and calling an ambulance. The largest difference between
the groups was in DTN time, with the
group with CTN time longer than 90
minutes having a clinically and statistically significant difference in DTN time
(P < 0.0001).
A comparison of time intervals for
patients with CTN time over 90 minutes based on geographical location of
treating hospital is shown in Box 3.
Patients in smaller rural centres had
longer onset-to-call times. Among rural
patients, 12.6% (37/293) had response
times of more than 30 minutes, and
20.5% (60/293) had transport times in
excess of 30 minutes — seven in excess
of 60 minutes.
Patients for whom there was pre-notification of the receiving hospital by the
ambulance service were more likely to
MJA
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have CTN times less than 90 minutes
(P = 0.0017), as were patients who
received thrombolysis in hospital emergency depar tments (P < 0.0001).
Patients with transport times over 20
minutes were significantly less likely to
achieve CTN times less than 90 minutes
compared with those with shorter transport times (116/308 [38%] v 581/839
[69%]; P < 0.0001).
In the logistic regression analysis,
controlling for the other variables, CTN
time remained significantly associated
with mortality, with an odds ratio of
1.007 (95% CI, 1.003–1.011;
P = 0.001).

DISCUSSION
There is clear evidence that morbidity
and mortality resulting from STEMI
increase with time from symptom onset
to reperfusion.10,11 Therefore the concept of CTN time as a measure of
healthcare-system performance makes
intuitive sense, although it is not entirely
clear how the BHF 90-minute bench-

mark and the UK Health Department
60-minute benchmarks were derived.
Given the population concentration
in metropolitan Melbourne and the fact
that 11 of 14 metropolitan hospitals
participated, our study population represents the vast majority of eligible
patients in Victoria. We have shown that
the BHF benchmark is only being met
for 61% of such patients and that
thrombolysis within 90 minutes is associated with a significantly reduced risk
of mortality from STEMI.
CTN time remained significantly
associated with mortality after controlling for the effects of other variables
(odds ratio, 1.007). As CTN time is a
continuous variable measured in minutes, this odds ratio refers to the effect
of each one-minute reduction in CTN
time, and the effect is exponential with
multiple-minute changes in CTN time.
It is of concern that the benchmark is
being achieved for such a small proportion of eligible patients.
Of even more concern is the disparity
between urban and rural settings.
Longer CTN times occur in rural settings despite a sophisticated prehospital
system with good communications and
response times. Our data suggest that
part of the problem lies within hospitals
(DTN times), but other issues relate to
geography (distance from a thrombolysis-capable facility), between-agency
processes (eg, prior notification of
receiving hospitals) and ineffective use
of resources (in Victoria, paramedics do
not administer thrombolysis).
All these parts of the continuum need
attention to effectively reduce CTN
times. However, given the large area of
Victoria (227 000 square kilometres),
the concentration of population in Melbourne (70%) and lack of thrombolysiscapable hospitals in some rural and
semi-rural areas, it is unlikely a single
solution will meet the needs of all
regions. Similar problems are also evident in the United Kingdom and North
America.19,23
The biggest single factor distinguishing patients for whom CTN times less
than 90 minutes were achieved was
DTN time. This is not surprising, as
most patients were in metropolitan
areas with relatively short transport
times. Strategies that have been shown
to reduce DTN time include prehospi383
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4: Estimated number of lives
saved if 80% and 90% of the
1147 patients in the study had
received thrombolysis within
60, 70, 80 and 90 minutes
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tal electrocardiography,24,25 thrombolysis delivery in the emergency department, 26-28 fast-track pathways29 and
nurse-initiated thrombolysis.30 Another
strategy highlighted by our data is notifying the receiving hospital in advance
of a patient who may need thrombolysis.
At present, the usefulness of this strategy is limited, as it relies in part on
paramedics recognising ST elevation.
At the time of our study, Victorian
ambulances only had limb-lead monitors, so anterior ST elevation could not
be identified. Availability of equipment
capable of viewing limb and chest ECG
leads and transmitting that information
to the receiving hospital might significantly reduce DTN times. Such equipment is available and has been shown to
be effective.31
Our study also showed that patients
with transport times over 20 minutes
were less likely to be treated within 90
minutes. Detailed analysis of the data
identified several regions where this is a
consistent problem (some in rural areas
and others in outer metropolitan suburbs). For these regions, additional
strategies such as prehospital thrombolysis need to be considered. How this
might be delivered may vary, as not all
regions have advanced-skills ambulance
officers and a minimum volume of
exposure is needed for practitioners to
retain skills. Models might include paramedic-initiated thrombolysis at home or
384

en route, local doctor-initiated thrombolysis or nurse-initiated thrombolysis
at a local clinic.
Some authors have advocated a
wholesale move to prehospital thrombolysis. There is good evidence that
prehospital thrombolysis can reduce
mortality, but this is mainly based on
research in regions with long prehospital times. 31 Implementation would
r equ ire an increase in training ,
resources and equipment for ambulance
services or general practitioners. In metropolitan areas, where transport times
to a thrombolysis-capable hospital are
short, this would be difficult to justify,
as the reduction in CTN time is likely to
be very small. On the other hand, in
areas with long prehospital times, the
case for prehospital thrombolysis is
strong.
It is our view that strategies to reduce
CTN should be region-specific, taking
into account case load, geography and
resources, and should be developed and
“owned” by local healthcare services.
This approach is most likely to produce a
system that will work and be sustainable.
From our data, basing an analysis on
dichotomous mortality rates and assuming that CTN time is the major factor in
mortality, it is possible to estimate
potential lives saved by reduced CTN
times. As shown in Box 4, if 80% of
patients had had a CTN time of less
than 90 minutes, an estimated 11 lives
would have been saved (95% CI, 7–20).
If 90% had been treated within 90
minutes, an estimated 17 lives (95% CI,
11–26) would have been saved, and if
80% had been treated within 70 minutes, the estimated mortality reduction
is 33 lives (95% CI, 24–43).
Although not the primary focus of our
study, we found that there are considerable delays in patients with STEMI
calling an ambulance. As increased time
from symptom onset to treatment has
been shown to be associated with
increased mortality,10,11 this is clearly an
area where improvement would be
desirable. Strategies might include community education and access to health
advice lines.
Limitations inherent in multicentre,
record-review research apply to our
study. Individual hospitals were responsible for identifying eligible patients,
and some may have been missed. How-

ever, it is unlikely that there was any
systematic bias. The study protocol did
not allow us to collect data on infarct
size or location, or comorbidities. These
may have varied between the groups,
partly accounting for the difference in
mortality, although with a sample of this
size it is not very likely.
Generalisability of our data to other
settings might also be questioned.
Although the geography and population
density of Victoria is different from
other countries, the issues of DTN
time, transport times to thrombolysiscapable facilities, the role of prehospital
thrombolysis and the effective use of
resources are common to all countries
with the Anglo-American model of prehospital care.
The question of an appropriate CTNtime benchmark remains. Our study
validated the impact on mortality of the
BHF 90-minute benchmark (relative
risk, 1.8). Although Victoria is meeting
the BHF benchmark in only 61% of
cases, we consider that attaining this
benchmark is feasible with modest process changes and resources. The UK
Health Department 60-minute benchmark showed a modest further reduction in mortality (relative risk, 2.2), but
was only achieved for 15% of patients,
suggesting that it is not feasible without
major changes to service delivery and a
massive input of resources. We recommend the adoption of the BHF benchmark, with targets of 90% achievement
for metropolitan and urban areas and
80% for rural areas, acknowledging the
issues of transport and distance. Future
further reductions in CTN time should
be the long-term aim.
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