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Aims To examine the extent of delay from initial hospital presentation to fibrinolytic therapy or primary percutaneous cor-
onary intervention (PCI), characteristics associated with prolonged delay, and changes in delay patterns over time in
patients with ST-segment elevation myocardial infarction (STEMI).

Methods
and results

We analysed data from 5170 patients with STEMI enrolled in the Global Registry of Acute Coronary Events from
2003 to 2007. The median elapsed time from first hospital presentation to initiation of fibrinolysis was 30 min (inter-
quartile range 18–60) and to primary PCI was 86 min (interquartile range 53–135). Over the years under study,
there were no significant changes in delay times to treatment with either strategy. Geographic region was the stron-
gest predictor of delay to initiation of fibrinolysis .30 min. Patient’s transfer status and geographic location were
strongly associated with delay to primary PCI. Patients treated in Europe were least likely to experience delay to
fibrinolysis or primary PCI.

Conclusion These data suggest no improvements in delay times from hospital presentation to initiation of fibrinolysis or primary
PCI during our study period. Geographic location and patient transfer were the strongest predictors of prolonged
delay time, suggesting that improvements in modifiable healthcare system factors can shorten delay to reperfusion
therapy even further.
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Introduction
Percutaneous coronary intervention (PCI) is superior to fibrinolysis
for the treatment of ST-segment elevation myocardial infarction
(STEMI) when performed with minimal delay in high-volume angio-
plasty centres by experienced operators.1 –4 Nevertheless, given
the importance of timely reperfusion to successful patient out-
comes, guidelines strongly recommend proceeding with immediate

fibrinolysis for patients with STEMI who present to hospitals
without interventional capability and who will experience delays
of .90 min if transferred to another hospital for primary PCI.5

The recently published European Society of Cardiology (ESC)
guidelines suggest that fibrinolysis should be performed if delay
to PCI is .90 min for patients presenting within 120 min of
symptom onset or if delay to PCI is ≥120 min for patients present-
ing within .120 min of symptoms.6
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Unfortunately, there is still considerable debate about whether
patients may incur longer delays in treatment (up to 3 h) and
still benefit more from PCI than earlier fibrinolysis. It has been
suggested that in the midst of this controversy, a more important
goal—that of trying to shorten total ischaemic time in patients with
STEMI—is being ignored.7 As noted in a separate review, ‘what is
needed now is an integrated system of care to minimize delays
between symptom onset and reperfusion, rather than a continuing
debate about primary PCI and fibrinolysis’.8 Using data from a mul-
tinational registry of patients with acute coronary syndromes
(ACS), we examined changes over time in delay to treatment
(time of initial hospital presentation to fibrinolysis or primary
angioplasty) in the community. The impact of patient demographic
and clinical characteristics, delay from symptom onset to hospital
presentation, transfer status, and reperfusion modality on delay
times were also examined.

Methods
Full details of the Global Registry of Acute Coronary Events
(GRACE) rationale and methods have been published and are outlined
below.9–11

Site selection
A total of 123 hospitals located in 14 countries (Argentina, Australia,
Austria, Belgium, Brazil, Canada, France, Germany, Italy, New
Zealand, Poland, Spain, UK, and USA) across four continents have con-
tributed data to this observational study. To enhance the generalizabil-
ity of the study findings, these hospitals were selected from 18
geographic clusters—in the majority, patients within each cluster
were drawn from a defined geographic area. A more detailed descrip-
tion of cluster characteristics is given elsewhere.9 In each cluster, a
sample of hospitals representative of those from that region were
selected. Accordingly, enrolling hospitals within each cluster were of
varying size, characteristics, and treatment capabilities.

Patient enrolment at each study hospital was intended to reflect an
unbiased sample of admissions for ACS, independent of the annual
volume of ACS patients seen at each of the participating hospitals. Indi-
vidual hospital enrolment targets were uniformly established as the
first 10 qualifying cases of ACS discharged each month. Regular
audits were performed at all participating hospitals.

Patient population
Patients entered in the registry had to be at least 18 years old, be
admitted for ACS as a presumptive diagnosis, and have at least one
of the following: electrocardiographic changes consistent with ACS,
serial increases in biochemical markers of cardiac necrosis, and/or
documentation of coronary artery disease.9 –11 The qualifying ACS
must not have been precipitated by trauma or surgery. For purposes
of the present study, we included only those patients experiencing
an STEMI during calendar year 2003 through 2007 who presented
to the index hospital of admission within 12 h of symptom onset,
had no contraindications to fibrinolytic therapy, and were treated
with either primary PCI or fibrinolysis within 12 h of presentation to
the initial hospital. As complete data regarding administration of fibri-
nolytics were not available for patients treated with pre-hospital fibri-
nolytics (n ¼ 315), these subjects were excluded. Where required,
study investigators received approval from their hospital ethics or insti-
tutional review board, and a signed consent form for follow-up contact
was obtained.

Data collection
Data were collected at each site by a trained coordinator using a standar-
dized case report form. Demographic and clinical characteristics, myo-
cardial infarction characteristics, and data on delay times [symptom
onset to presentation, transfer time, first hospital presentation to treat-
ment (door to fibrinolysis, D2L, or door to primary PCI, D2B)] were col-
lected. Data abstractors were instructed to use time of first balloon
inflation as time of primary PCI. Standardized definitions of all patient-
related variables, clinical diagnoses, and treatments were used.

Data analysis
Subjects were grouped according to type of reperfusion therapy
received (fibrinolysis vs. primary PCI). Within each treatment group,
subjects were further dichotomized by delay time from the initial hos-
pital presentation to initiation of reperfusion treatment (≤30 vs.
.30 min for fibrinolysis; ≤90 vs. .90 min for primary PCI). These
cutpoints were selected on the basis of current guidelines from the
American College of Cardiology (ACC), the American Heart Associ-
ation (AHA), and the ESC.5,10 Differences in the demographic and
clinical characteristics of patients in these strata were assessed. The
Wilcoxon rank sum test was used to analyse differences between
respective comparison groups for continuous variables while the x2

test was used to assess between-group differences in categorical vari-
ables. The Mantel–Haenszel test was used to assess time trends in
dichotomous outcomes.

Multivariable logistic regression analyses were used to examine the
association between patient demographic characteristics and clinical
characteristics (including symptom onset to presentation and hospital
transfer status) and prolonged time to reperfusion (.30 min for fibri-
nolysis; .90 min for primary PCI). Candidate variables for inclusion in
our regression models included the demographic, clinical, and treat-
ment characteristics included in Table 1. Candidate variables possibly
associated with prolonged delay to treatment (P ≤ 0.20 after univariate
analysis) were included in the multivariable models. Variables with P .

0.05 were eliminated in a backward fashion so that only variables with
a statistically significant association with the outcome of interest were
included in the final regression models.

Given that we have clustered binary data (random hospitals nested
in geographic regions), we fit our data using a logistic regression model
with a generalized estimating equation approach and an exchangeable
correlation structure (SAS GENMOD procedure for binary out-
comes). This produces population average model estimates, estimates
averaged over the distribution of the random hospitals. Model assump-
tions (linearity of continuous covariates, lack of multicollinearity, model
goodness of fit) were adequately met. Linear trends in delay time over
the study period (2003 through 2007) were evaluated using regression
models of the form delay time in minutes (ranked from shortest to
longest) ¼ study year (an ordinal variable). SAS Version 9.1 (SAS Insti-
tute Inc., Cary, NC, USA) was used for all statistical analyses.

Results
The study population consisted of 5170 men and women with
STEMI and no contraindications to fibrinolytics presenting within
12 h of the onset of acute coronary symptoms and treated
within 12 h of hospital presentation. Of these, 2113 patients
(41%) were treated with fibrinolytics and 3057 patients (59%)
were treated with primary PCI.

Median delay from symptom onset to fibrinolysis during our
study period was 150 min [interquartile range (IQR) 100–243].
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Table 1 Characteristics of subjects stratified by perfusion type and delay to reperfusion

Delay in minutes Fibrinolysis Primary PCI

≤30 n 5 1071 >30 n 5 1042 P-value ≤90 n 5 1626 >90 n 5 1431 P-value

Sociodemographic

Age in years, median 60 61 0.11 61 61 0.47

Women, % 22 28 0.001 24 28 0.02

Region, %

Australia/New Zealand/Canada 26 29 ,0.0001 4.4 6.7 ,0.0001

Europe, % 54 37 67 53

Argentina/Brazil, % 11 22 16 20

USA, % 8.0 12 13 20

Year admitted, %

2003 33 32 0.86 20 20 0.65

2004 25 25 23 23

2005 20 19 21 23

2006 12 12 20 20

2007 10 11 15 14

Medical history, %

Myocardial infarction 12 16 0.01 11 16 0.0001

Angiogram (+) CAD 9.7 13 0.03 12.0 16 0.003

Prior PCI 6.9 7.5 0.61 9.6 11 0.37

Prior CABG 2.3 3.9 0.03 2.8 3.8 0.15

Congestive heart failure 2.5 3.3 0.36 2.5 2.2 0.63

Peripheral arterial disease 3.1 4.8 0.04 4.1 5.3 0.10

Hypertension 46 53 0.001 46 53 ,0.0001

Hyperlipidaemia 37 37 0.96 39 40 0.88

Prior stroke/TIA 3.0 4.2 0.13 2.9 4.8 0.01

Former/current smoking 64 64 0.99 63 62 0.29

Diabetes 16 17 0.64 16 19 0.02

Renal insufficiency 1.8 2.7 0.18 1.9 3.6 0.005

Presentation characteristics

Admission weight in kg, median 80 78 0.42 78 78 0.17

Admission height in cm, median 170 170 0.33 171 170 0.04

Body mass index in kg/m2, median 27 27 0.56 26 27 0.001

Initial creatinine in mg/dL, median 1.01 1.02 0.13 1.00 1.00 0.06

GRACE risk score, median 134 136 0.49 137 138 0.45

Killip class (%)

I 87 87 0.82 86 87 0.62

II 9.8 9.4 9.6 9.6

III 2.5 2.1 1.7 2.0

IV 1.0 1.2 2.3 1.8

Pulse ≥100 b.p.m., % 11 13 0.17 12 14 0.22

Systolic BP ,90 mmHg, % 4.0 3.3 0.48 4.6 3.6 0.14

.2 h of symptoms before hospital presentation 40 45 0.04 53 53 0.86

Patient transferred to hospital no. 2 for reperfusion, % 23 27 0.06 6.3 31 ,0.0001

Prior medicationsa %

Aspirin 17 20 0.10 16 20 0.002

ACE-inhibitor 14 17 0.05 12 16 0.01

Angiotensin II receptor blocker 4.1 5.1 0.30 5.5 5.3 0.87

Beta-blocker 12 17 0.001 15 17 0.04

Continued
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There was a slight but not statistically significant decrease in this
delay period from 2003 (151 min) to 2007 (140 min) (Figure 1).
Median delay from symptom onset to PCI during our study
period was 235 min (IQR 165–370). No change in this delay
was seen between 2003 and 2007 (Figure 2).

Fibrinolysis-treated patients
Among patients treated with fibrinolysis, the median elapsed D2L
time was 30 min (IQR 18–60). Over the 5 years of study, there
was no statistically significant change in median D2L time or in
median time from symptom onset to hospital presentation
(Figure 1). Approximately 53% of patients with symptom onset
to hospital presentation time of ,2 h experienced a D2L time
of ≤30 min. Over time, this proportion increased slightly (50%
in 2003; 51% in 2004; 55% in 2005; 54% in 2006; 56% in 2007).

Patients treated with fibrinolysis .30 min after hospital presen-
tation were more often female or have a history of coronary artery
disease by angiogram, myocardial infarction, coronary artery
bypass graft surgery, peripheral arterial disease, or hypertension
(Table 1). They were more likely to present already on angiotensin-
converting enzyme inhibitors or beta-blockers, or nitrates. They
were more likely to present to the index hospital .120 min
after acute symptom onset. They were less likely to be treated
in Europe (compared with other regions). Patients at the extremes
of age (,40 or .80 years) were more likely to have a delay to
treatment .30 min compared with other patients (,40 years,
59%; 40–50 years, 48%; 51–60 years, 47%; 61–70 years, 52%;
71–80 years, 52%; .80 years, 59%).

After logistic regression modelling, five variables were associated
with D2L time .30 min: advancing age, female sex, previous use of
beta-blockers or nitrates, and geographic region (Table 2). Patients
treated in any region other than Europe were significantly more
likely to experience a delay in fibrinolytic reperfusion.

Primary percutaneous coronary
intervention
Among patients treated with primary PCI, the median D2B time
was 86 min (53–135). Over the 5 years of study, there was no stat-
istically significant change in median D2B time or in median time
from symptom onset to hospital presentation (Figure 2). The
median D2B time was 150 min (105–205) in patients who
required transfer for the procedure. Approximately 52% of
patients with symptom onset to hospital presentation time of

Figure 1 Temporal trends in delay times in patients with acute
myocardial infarction undergoing fibrinolysis.

Figure 2 Temporal trends in delay times in patients with acute
myocardial infarction undergoing percutaneous coronary
intervention.
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Table 1 Continued

Delay in minutes Fibrinolysis Primary PCI

≤30 n 5 1071 >30 n 5 1042 P-value ≤90 n 5 1626 >90 n 5 1431 P-value

Calcium antagonist 8.2 9.9 0.20 8.5 9.6 0.31

Clopidogrel 2.1 1.6 0.52 3.3 3.0 0.76

Diuretic 5.8 8.3 0.03 8.6 11 0.02

Insulin 2.8 2.6 0.79 2.7 3.9 0.05

Nitrate 3.7 6.4 0.005 3.7 4.3 0.40

Statin 14 17 0.15 14 17 0.01

Variables with missing data .1% of total study sample include thrombolyis cohort/PCI cohort: admission weight (n ¼ 239/306), admission height (n ¼ 488/414), admission BMI
(n ¼ 524/458), initial creatinine (n ¼ 114/128), GRACE risk score (n ¼ 238/333), Killip class (n ¼ 43/42), pulse (n ¼ 44/106), systolic BP (n ¼ 44/83), prior angiotensin II blocker
(n ¼ -/46), prior calcium channel blocker (n ¼ -/41), insulin (n ¼ -/36), nitrate (n ¼ -/34).
ACE, angiotensin-converting enzyme; CABG, coronary artery bypass graft; CAD, coronary artery disease; PCI, percutaneous coronary intervention; TIA, transient ischaemic
attack.
aMedications with ,2% utilization not listed.

Delay to reperfusion in AMI 1331



,2 h experienced a D2B time of ≤90 min. This improved slightly
over time (52% in 2003; 53% in 2004; 48% in 2005; 54% in 2006;
56% in 2007). The number of patients transferred from a non-PCI
hospital to a PCI-capable hospital for primary PCI did not change
over time (from 2003: 19%, 2004: 21%, 2005: 22%, 2006:18%,
2007:20%; P¼0.24 for linear trend).

Patients with a delay from hospital presentation to primary PCI
of .90 min had a slightly greater body mass index, were more
often female, or were more likely to have a history of coronary
artery disease diagnosed by angiogram, previous myocardial infarc-
tion, hypertension, transient ischaemic attack/stroke, diabetes, or
renal insufficiency than patients who were treated in a more
timely manner (Table 1). They were more likely to present
already on angiotensin-converting enzyme inhibitors, beta-
blockers, diuretics, insulin, or a statin. They were much more
likely to have been transferred for PCI. They were less likely to
be treated in Europe (compared with other regions). Patients

,40 years of age were more likely to have a delay to PCI of
.90 min (,40 years, 58%; 40–50 years, 45%; 51–60 years,
44%; 61–70 years, 49%; 71–80 years, 49%; .80 years, 49%).

After logistic regression modelling, six variables were associated
with D2B .90 min: increasing systolic blood pressure, increasing
serum creatinine levels, female sex, previous myocardial infarction,
geographic region, and transfer to a PCI-capable facility (Table 2).
Transfer for PCI was the strongest predictor of delay from hospital
presentation to treatment.

Discussion
Data from this large multinational registry suggest that the overall
median delay time from initial hospital presentation to receipt of
fibrinolysis is 30 min and to primary PCI is 86 min for patients
with STEMI. These delay times are within the limits of those rec-
ommended by current guidelines.5,6 Taken from a global perspec-
tive (of developed nations), this is encouraging. However, there
remain a large proportion of patients who are not treated as
promptly as possible. Furthermore, there has been no improve-
ment in these delay patterns during the years under study
(2003–7). Increased delay times to restoration of coronary flow
are associated with increased infarction size, increased risk of sub-
sequent congestive heart failure, and higher mortality. In a review
of 2635 patients with STEMI enrolled in 10 randomized trials of
primary PCI vs. thrombolysis, patients with symptom onset to
presentation time of .4 h had significantly increased rates of a
combined endpoint of death, non-fatal re-infarction, and stroke
compared with those with symptom onset to presentation times
,2 h (thrombolysis: 19.4 vs. 12.5%; PCI 7.7 vs. 5.8%).12 In
another review of 22 trials comparing primary PCI with thrombo-
lysis, patients with D2B times of .79–120 min had increased mor-
tality compared with those with delay of only 0–35 min (6.6 vs.
2.8%).13 Finally, in an analysis of data from over 27 000 patients
with STEMI enrolled in the 2nd National Registry of Myocardial
Infarction, the adjusted odds of in-hospital mortality were
increased �1.5-fold in patients with D2B times .120 min com-
pared with those with D2B times ,120 min.14

Fibrinolysis
Clinical trials of fibrinolysis have demonstrated clearly the benefit
of initiating fibrinolytic therapy as early as possible after the symp-
toms of acute myocardial infarction have been noted. Early studies
suggest that fibrinolytic therapy administered within the first hour
of symptom onset decreases mortality by �27%, and between the
first and second hour by �23%.15 Thereafter, the benefit associ-
ated with fibrinolytic therapy declines with increasing duration of
delay.

Given the importance of timely reperfusion, current recommen-
dations suggest that fibrinolytic therapy be administered within
30 min of hospital presentation. In our study, the median time
from hospital presentation to fibrinolysis was �30 min. This rep-
resents a significant improvement in treatment efficiencies com-
pared with previous reports. In an analysis of patients with
STEMI enrolled in Global Utilization of Streptokinase and tPA
for Occluded Coronary Arteries-1 (GUSTO-1; completed in
1993) and GUSTO 3 (completed in 1997), median delay times
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Table 2 Predictors of delay from hospital
presentation to fibrinolysis >30 min (n 5 2073 patients
with complete covariate data) and percutaneous
coronary intervention >90 min (n 5 2838 patients with
complete covariate data)

Odds ratio (95%
confidence interval)

P-value

Fibrinolysis .30 mina

Age per 10 year increase 1.1 (1.0–1.2) 0.02

Female sex 1.4 (1.1–1.7) 0.003

Chronic beta-blocker
therapy

1.3 (1.0–1.6) 0.06

Chronic nitrate therapy 1.5 (1.1–2.0) 0.01

Region (reference category ¼ Europe)

USA 2.1 (1.3–3.5) ,0.001

Argentina/Brazil 2.5 (1.5–4.1)

Australia/New Zealand/
Canada

1.8 (1.1–2.8)

PCI .90 min

Systolic blood pressure per
20 mmHg increase

1.1 (1.0–1.2) 0.02

Creatinine per additional
mg/dL

1.3 (1.1–1.5) 0.01

Female sex 1.3 (1.1–1.5) ,0.001

History of myocardial
infarction

1.5 (1.2–1.8) ,0.001

Transferred for
percutaneous coronary
intervention

9.8 (6.2–15.6) ,0.001

Region (reference category ¼ Europe)

USA 2.7 (1.6–4.7) ,0.001

Argentina/Brazil 2.4 (1.4–4.0)

Australia/New Zealand/
Canada

2.8 (1.8–4.5)

ac-statistic 0.63; Hosmer–Lemeshow goodness-of-fit P-value 0.67.
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from hospital presentation to treatment were 66 and 54 min,
respectively.16 Similarly, in a substudy of the National Registry of
Myocardial Infarction (NRMI), which enrolled patients with
STEMI between 1993 and 1994, the median delay time was
54 min.17 Data from the Myocardial Infarction National Audit
Project, which collected data from .100 000 patients enrolled
at 222 of 235 hospitals in England and Wales, also showed
improvements in delay to fibrinolysis. From the first quarter of
2001 to the third quarter of 2002, 67% of patients received fibri-
nolytic therapy within 30 min of hospital presentation.18 Neverthe-
less, approximately half of the patients in our study still were not
treated within the currently recommended time period. Further-
more, no improvement in delay from hospital presentation to fibri-
nolysis was seen from 2003 to 2007.

Not surprisingly, older individuals and women were less likely to
be treated within the recommended time frame than were
younger patients and men. Concerns about the risk for major
bleeding associated with fibrinolytic therapy in elderly patients,
particularly intracranial haemorrhage, creates a treatment
dilemma for physicians caring for these patients. Appropriately,
primary PCI is preferred to fibrinolysis in elderly patients, given a
superior safety profile. Nevertheless, as with younger patients, if
fibrinolysis is to be used, it should be initiated without delay.
Ours and a number of other studies suggest delayed utilization
of fibrinolytics in elderly patients with STEMI.19– 21 We hypoth-
esize that in at least some of these elderly patients, indecision
about type of reperfusion and/or failed attempts to arrange trans-
fer for PCI may result in increased delays to fibrinolysis. This
healthcare system issue requires closer attention.

Previous studies have also shown increased delay to fibrinolysis
in women.17,22 Differences in symptom presentation and the speed
at which STEMI is diagnosed in women vs. men may account for
some of this delay. In the NRMI substudy, door to electrocardio-
gram time was longer in women.17 Interestingly, while there was
no difference in the presence of ST elevation on the initial electro-
cardiogram (86%), there was still a greater delay in making the
decision to use fibrinolysis in women compared with men.

Geographic region of enrolment was the strongest predictor of
delays in the administration of thrombolytic therapy: patients in
Europe had a median delay of 26 min compared with 35 min in
the USA, 49 min in Argentina/Brazil, and 32 min in Australia/New
Zealand/Canada. The reasons for geographic disparity in time to
fibrinolysis after hospital presentation cannot be determined by
our study; a number of health system variables (e.g. utilization of
pre-hospital electrocardiograms, treatment pathways, staffing
models) may account for this difference.

Primary percutaneous coronary
intervention
Similar to the effective utilization of fibrinolytic therapy, the over-
arching goal of primary PCI is timely restoration of flow in the
infarct-related artery. The overall median D2B time in our study
was at the upper limit of current recommendations. The strongest
predictors of delay .90 min were geographic region and patient
transfer for PCI. Patients transferred for PCI had an eight-fold
increased risk of delay and a median delay time of 150 min. Patients

treated in regions other than Europe had a significantly increased
likelihood of prolonged D2B time. Interestingly, this occurred
despite Europe having the highest transfer rate for PCI (22 vs.
19% vs. 7 vs. 8%, respectively). Decreased distances between hos-
pitals in Europe and increased use of central myocardial infarction
triage networks among area hospitals may allow for increased use
of a transfer status without concomitant prolonged delay.

These findings are not surprising since these two variables (trans-
fer for PCI and geography) are at the core of ongoing debate regard-
ing the optimal treatment of STEMI. In the Danish Multicenter
Randomized Study on Fibrinolytic Therapy vs. Acute Coronary
Angioplasty in Acute Myocardial Infarction (DANAMI-2) patients
enrolled at referral hospitals who were randomized to transfer for
primary angioplasty had a lower incidence of the composite end-
point of death, myocardial infarction, or stroke at 30 days (8.5%)
than those who remained at the referral hospital and received
immediate fibrinolysis (14.2%).4 Most of this benefit was driven by
a reduction in recurrent myocardial infarction. There was no signifi-
cant difference seen in mortality or stroke. It should also be noted
that the median transfer time for PCI was only 67 min. Subsequently,
concerns about whether such efficient transfer strategies could be
reproduced in the ‘real world’ were raised.

More recently, a meta-analysis of 22 trials comparing fibrinolysis
with PCI suggested that primary PCI was more effective even if
delayed up to 120 min after hospital presentation compared with
when fibrinolysis could be administered.13 Others have argued
that even delays of up to 180 min in PCI may still be preferable
to fibrinolysis.23 But as reviewed by Antman7 in a recent editorial,
under-representation of patients with short symptom-to-
presentation delay as well as a biologically implausible relationship
between PCI-related delay and mortality in patients treated with
fibrinolytics render these findings suspect.

Unfortunately, median delay from symptom onset to hospital
presentation remained relatively fixed between 120 and 140 min
over our study period. This component of overall delay has
proved relatively refractory to patient-education initiatives.24 Dur-
ation of symptom onset before hospital presentation should also
be considered when deciding on whether to administer fibrinolysis
or to transfer the patient for primary PCI.25 In patients who
present within 60–120 min of symptom onset, early reperfusion
without delay is critical to maximize myocardial salvage. In such
patients, primary PCI is still preferable if it can be performed
within 90 min of initial presentation. However, if there is antici-
pated excessive delay (.90 min) incurred by transferring the
patient for PCI, fibrinolysis followed by immediate transfer may
be more appropriate. Conversely, in patients who present .3 h
after symptom onset, delays in reperfusion would not be expected
to have as much of a negative impact on myocardial salvage—the
relative safety and efficacy of PCI compared with fibrinolysis, even
if necessitating some delay, may make this a better option. Unfor-
tunately, we cannot examine variables directly associated with
decision to transfer for PCI in our database. However, symptom
duration of 120 min before hospital presentation was not associ-
ated with delay in treatment for either fibrinolysis or primary
PCI in our study.

As seen in our study, most healthcare systems (and particularly
those outside of Europe) have not been able to replicate the short
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D2B times for transfer patients observed in DANAMI-2 and similar
studies. Nevertheless, it appears many healthcare providers remain
enamoured with this approach (transfer for primary PCI regardless
of delay time). Even among patients who do not require transfer
for reperfusion, a substantial proportion suffers needless delays
from door to fibrinolysis or PCI. Moreover, delay from symptom
onset to hospital presentation remains the largest component of
the overall delay time to treatment and did not appreciably
change over our 5-year study period. As such, there is still great
potential for substantial improvements in STEMI-related care and
outcomes.

Although not examined directly in our study, use of pre-hospital
thrombolytics and acute myocardial infarction triage networks to
decrease transfer time to hospitals with cardiac catheterization
facilities may be one way in which these improvements can be rea-
lized. In order to improve the use of STEMI therapy in Vienna,
Austria, the Viennese Ambulance System was developed in con-
junction with recommendations to initiate thrombolysis
(in-hospital or pre-hospital) if PCI could not be offered in a
timely fashion (particularly in patients with duration of symptoms
of ,2 h).26 This resulted in an increase in the use of reperfusion
therapy (66–87%). Among patients receiving pre-hospital fibrino-
lytics, symptom onset to fibrinolysis time was 76 min, 91% went
on to coronary angiography, and �50% had rescue or facilitated
PCI. Among patients receiving primary PCI, first medical
contact-to-balloon time was 81 min. In-hospital mortality
decreased from 16% before establishment of the network to
9.5% after establishment of the network. Similarly, data from
1714 patients enrolled during a 1-month period in 2005 in the
French Registry on Acute ST-Elevation Myocardial Infarction
(FAST-MI) found that utilization of timely thrombolysis (�60%
pre-hospital) followed by liberal use of early PCI resulted in
similar 1-year survival (94%) as primary PCI (92%).27 Whether
such strategies can be successfully and broadly implemented in
other regions of the world remains to be seen.

Study limitations
As with the interpretation of findings from any observational study,
we cannot claim to have adequately controlled for all variables that
may have impacted delay in reperfusion. It must also be recognized
that numerous sociodemographic, clinical, and healthcare system
variables must be considered when selecting reperfusion strategy
and deciding on patient transfer. We purposely grouped our
cohorts using recommended treatment times given clinical interest
in these recommendations and based on the results of prior
studies, which have utilized similar cutpoints. It should be noted
that this dichotomization of the delay time variable in our
regression analyses may lead to some loss of information with
respect to factors that impact duration of delay.

Although GRACE was designed to include a broad represen-
tation of hospital types, it must be acknowledged that some of
the participating centres may not be fully representative of their
country with respect to acute myocardial infarction management
and time delays. It is likely that systems of care designed to
improve delay times or decrease patients initially referred to
non-PCI centres were initiated or ongoing at some of the .100
hospitals participating in GRACE. Such centres were not excluded

from this analysis. Unfortunately, data on the development of such
systems in specific centres during our study years and impact of
these systems were not collected in GRACE. Nevertheless, as
this is an observational study rather than a randomized trial,
patients were not excluded for comorbidity and hence the
results are more likely to reflect clinical practice. We cannot
comment directly on the appropriateness of such decisions—we
can only identify an association between transfer and prolonged
delay. Finally, it is possible that a small number of patients receiving
primary PCI at a GRACE hospital were transferred to another hos-
pital for subsequent care. Obviously, this would not be anticipated
to impact D2B times—as such, inclusion of these patients would
tend to minimize the observed association between transfer and
delay to PCI.

Conclusions
Data from this large multinational registry suggest that the overall
median delay time from initial hospital presentation to fibrinolysis
is 30 min and for primary PCI is 84 min for patients with STEMI.
However, this means that at least half of patients with an evolving
STEMI have an unacceptably long delay. Furthermore, there has
been no improvement in these delay patterns from 2003 to
2007. Geographic location of enrolment was the strongest predic-
tor of delay in patients receiving fibrinolysis; transfer status and
geographic location were the strongest predictors of delay time
in patients undergoing PCI. These data suggest that improvements
in modifiable healthcare system factors (nationally and locally) are
still needed to shorten delay and improve patient outcomes.28 It
remains to be seen whether recently initiated national efforts
such as the ACC’s D2B Alliance and the AHA’s Mission Lifeline
programmes can achieve significant gains in time to reperfusion
at a systems level.29,30
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Phaeochromocytoma: delayed diagnosis with severe consequences
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A 69-year-old previously healthy woman pre-
sented in extremis with multiorgan failure after
7 days of diarrhoea, abdominal discomfort,
fatigue, and increasing pain and discoloration of
her distal limbs. Initial assessment demonstrated
a drowsy, obese woman with marked distal acro-
cyanosis and early gangrene (Panels A–C).
Doppler ultrasound of her limbs showed
absent flow signal in the distal left ulnar artery
and in both the left distal posterior and anterior
tibial arteries but normal flow elsewhere. There
was no evidence of coagulopathy. Vasculitis and
autoimmune screening tests returned negative.
Though initially normal, her blood pressure
became uncontrollable with readings of up to
250/110 mmHg within 72 h of admission.
Plasma catecholamines revealed significantly
elevated fractional free normetanephrine of 34 000 pmol/L (normal ,900 pmol/L) and metanephrine of 10 000 pmol/L (normal
,500 pmol/L), highly suspicious of a catecholamine-producing tumour. Abdominal computed tomography confirmed a circular
5 cm diameter mass (Panel D, white arrow) in close proximity to the left kidney without evidence of extra-adrenal metastases on
123I-metaiodobenzylguanidine imaging (Panel E, white arrow).

Phaeochromocytoma-associated acute peripheral ischaemia is exceedingly rare and thought to be due to intense cutaneous vaso-
constriction as a consequence of catecholamine excess. Evidence suggests a significant negative correlation between plasma catechol-
amine levels and skin blood flow but no positive correlation with tumour size and catecholamine levels. Loss of peripheral pulses has
been attributed angiographically to diffuse arterial spasm, fully reversible upon removal of the tumour. The classical symptoms of
hyperhydrosis, intermittent headaches, and palpitations are often absent, and severe sustained hypertension is observed in less
than half of cases reported. Unfortunately, there was no record of previous hypertensive episodes or classical premorbid symptoms
in our case. She presented late, with evidence of early gangrene on admission to hospital, resulting in devastating consequences.
Pharmacological adrenergic blockade and tumour removal were followed by bilateral below-knee amputations of her gangrenous
feet to improve functionality. Furthermore, both hands developed wet gangrene and also had to be amputated proximal to the
metacarpo-phalangeal joints. After months of intensive rehabilitation, she was eventually able to return home, but with severe irre-
versible damage to her distal limbs.

Our case underscores the potential aggressiveness of an undiagnosed phaeochromocytoma and highlights the importance of a high
clinical index of suspicion and meticulous work-up of hypertensive patients.
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