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Delay From First Medical Contact to Primary PCI and All-Cause
Mortality: A Nationwide Study of Patients With ST-Elevation
Myocardial Infarction
Sasha Koul, MD; Pontus Andell, MD; Andreas Martinsson, MD; J. Gustav Smith, MD; Jesper van der Pals, MD; Fredrik Scherst�en, MD;
Tomas Jernberg, MD; Bo Lagerqvist, MD; David Erlinge, MD

Background-—Early reperfusion in the setting of an ST-elevation myocardial infarction (STEMI) is of utmost importance. However,
the effects of early versus late reperfusion in this patient group undergoing primary percutaneous coronary intervention (PCI) have so
far been inconsistent in previous studies. The purpose of this study was to evaluate in a nationwide cohort the effects of delay from
first medical contact to PCI (first medical contact [FMC]-to-PCI) and secondarily delay from symptom-to-PCI on clinical outcomes.

Methods and Results-—Using the national Swedish Coronary Angiography and Angioplasty Register (SCAAR) registry, STEMI
patients undergoing primary PCI between the years 2003 and 2008 were screened for. A total of 13 790 patients were included in
the FMC-to-PCI analysis and 11 489 patients were included in the symptom-to-PCI analyses. Unadjusted as well as multivariable
analyses showed an overall significant association between increasing FMC-to-PCI delay and 1-year mortality. A statistically
significant increase in mortality was noted at FMC-to-PCI delays exceeding 1 hour in an incremental fashion. FMC-to-PCI delays in
excess of 1 hour were also significantly associated with an increase in severe left ventricular dysfunction at discharge. An overall
significant association between increasing symptom-to-PCI delays and 1-year mortality was noted. However, when stratified into
time delay cohorts, no symptom-to-PCI delay except for the highest time delay showed a statistically significant association with
increased mortality.

Conclusions-—Delays in FMC-to-PCI were strongly associated with increased mortality already at delays of more than 1 hour,
possibly through an increase in severe heart failure. A goal of FMC-to-PCI of less than 1 hour might save patient lives. ( J Am Heart
Assoc. 2014;3:e000486 doi: 10.1161/JAHA.113.000486)

Key Words: ST-segment elevation myocardial infarction • percutaneous coronary intervention

E arly reperfusion, preferably through a percutaneous
coronary intervention (PCI), is currently the approach

recommended by international guidelines for care of patients
with ST-elevation myocardial infarction (STEMI).1 Data from
patients treated with primary fibrinolysis show considerable

gains with early versus late reperfusion.2–5 However, effects
of early reperfusion have been difficult to determine in STEMI
patients undergoing primary PCI, with several published
studies showing widely different treatment effects of early
as compared to late reperfusion. While some studies have
reported no effect on infarct size with shorter symptom-to-PCI
timings,2,6 others have reported significant reductions in
infarct size.7–10 Similarly, some studies have indicated
improved survival with lower symptom-to-PCI time whereas
others have found no such effects.9,11–14

One of the main reasons for these inconsistent findings
could be related to difficulties in the measurement of
symptom-to-PCI time. First, the timing of symptom onset is
subject to recall bias, which might be substantial during a
STEMI and under the effect of opiates. Second, symptom
onset could be preceded by a period of instability and angina,
making the exact time of the STEMI uncertain.12,15 Further-
more, early presenters could, to a higher degree, have more
severe coronary disease or comorbidities compared to
patients presenting late.16
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Other studies have focused on other measures of time to
treatment which are not dependent on patient-reported times,
such as door-to-balloon time which has reported better
outcomes with shorter times. However, door-to-balloon time
only focuses on the final part of the healthcare chain.13,17–19

The time from first medical contact to PCI (FMC-to-PCI) was
recently suggested to be a more relevant metric, as it includes
all factors involved in the healthcare chain for STEMI
patients.12,15 A previous large study indicated reduced
mortality with decreasing FMC-to-PCI times, but did not
observe any association between mortality and decreasing
symptom-to-PCI times.12

The primary purpose of this study was to investigate the
relationship between FMC-to-PCI and mortality in a nation-
wide cohort constituting the largest study population to date
using FMC-to-PCI as the primary time to treatment metric.
The secondary purpose was to investigate the relationship
between symptom-to-PCI and mortality.

Methods

Study Sample
All Swedish patients undergoing primary PCI for a first STEMI
between January 1, 2003 and December 31, 2008 were
identified from the nationwide Swedish Coronary Angiography
and Angioplasty Register (SCAAR). Of 21 178 patients, a total
of 14 969 had information on time from first ECG to PCI,
which was used as measure of FMC-to-PCI time. Patients with
a FMC-to-PCI time >6 hours were excluded (n=1179), leaving
a total of 13 790 patients for the primary FMC-to-PCI
analysis. Of these, a total of 7050 patients were diagnosed
with a prehospital ECG (51%) and 10 330 patients had
information on ejection fraction measured before discharge
(75%). In 6495 patients there were 3 years of follow-up
regarding mortality. Of the 21 178 STEMI patients, 14 818
had information on symptom-to-PCI time and were included in
a secondary analysis of that measure. Patients with symptom-
to-PCI time >8 hours (n=3329) were excluded leaving 11 489
patients for symptom-to-PCI analyses. In 5419 patients there
were 3 years of follow-up regarding mortality.

The rationale for using upper limit cut-offs of 6 hours for
FMC-to-PCI and 8 hours for symptom-to-PCI were based on
previous data regarding infarct development in men as well as
clinical data from previous reperfusion trials.20–23

Nation-wide Registries and Definitions
The primary registry used for data collection was the SCAAR
registry, which includes data from all 29 centers that perform
coronary angiography or PCI in Sweden. All consecutive
patients undergoing a coronary angiography or PCI procedure

are included. Based on the unique 10-digit personal identifi-
cation number of each Swedish citizen,24 the SCAAR register
is merged with other national registries. Data on death were
obtained from the national population register through
February 2010. Data regarding previous medical history were
obtained from the Swedish Hospital Discharge Register dating
back from 1987.25 Data regarding discharge medications and
ejection fraction at discharge were obtained from The Register
of Information and Knowledge about Swedish Heart Intensive
care Admissions (RIKS-HIA). The policy in Sweden is that any
patient presenting with chest pain should have a 12-lead ECG
taken as soon as possible upon first medical contact without
delay. The time used to gauge first medical contact was thus
approximated by the time the first ECG was taken. The time of
PCI was determined by the start of the coronary angiography.

Endpoints
The primary endpoint studied was total 1-year mortality.
Secondary endpoints studied were 3-year mortality as well as
severe heart failure at discharge.

Statistical Analyses
Kaplan–Meier estimates of survival were computed across
strata of FMC-to-PCI and symptom-to-PCI times, and com-
pared using log-rank tests. Adjustment for potential confound-
ers was performed using Cox proportional hazards regression
models. Statistical adjustments were made for age, sex, year
of procedure, smoking status, hospital, comorbidities (previous
hypertension, previous renal failure, previous chronic obstruc-
tive pulmonary disease, previous heart failure, previous
myocardial infarction, previous diabetes, previous stroke,
known dementia, previous bleeding, previous CABG, previous
PCI), angiographic data (treated vessel, access site, procedure
with stent, number of stents used, use of drug eluting stents,
thrombectomy), and antithrombotic medications used
(upstream treatment with aspirin, clopidogrel, heparin, low-
molecular weight heparin or GpIIb/IIIa-inhibitors, as well as
procedural use of bivalirudin, heparin, GpIIb/IIIa-inhibitors or
low-molecular weight heparin).

The associations of FMC-to-PCI and symptom-to-PCI
delays with severely reduced left ventricular ejection fraction
(EF <30%) at discharge were tested using logistic regression
models. Differences in FMC-to-PCI and symptom-to-PCI times
according to presentation of cardiogenic shock and culprit
vessel were also explored, using the Mann–Whitney U test.
The proportionality assumption for hazards in the cox
regression analyses were visually tested using Kaplan–Meier
survival curves of the primary predictors.

All tests were 2-sidedwith a P value for significance<0.05. All
analyses were performed in SPSS (SPSS version 16, SPSS Inc).
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Results
The median FMC-to-PCI delay was for the entire population
70 minutes (interquartile range [IQR] 42 to 110). Median
symptom-to-PCI delay was 175 minutes (IQR 120 to 259).
Baseline characteristics across FMC-to-PCI delay intervals are
outlined in Table 1. The FMC-to-PCI groups were similar in
most baseline characteristics, but a numeric increase in
treatment with aspirin, clopidogrel, and GPIIb/IIIa-inhibitors
before PCI was observed in patients with longer FMC-to-PCI
delays. Patients with longer FMC-to-PCI delays were also
slightly older than patients with shorter FMC-to-PCI delay.

Patients not included in the primary analysis of this study
were similar to the overall cohort regarding age, sex, smoking
status, various comorbidities, and most angiographic data
(including infarct territory, usage of drug eluting stents, and
number of stents). However, they were to a lesser extent
given antithrombotic medications prior to PCI.

FMC-to-PCI Delay
Unadjusted 1-year mortality rates across intervals of FMC-to-
PCI are shown by Kaplan–Meier curves in Figure 1. Results of
adjusted and unadjusted analyses are shown in Table 2. A
significant overall association between FMC-to-PCI delay and
mortality was observed (Table 2). Using time as a continuous
variable, a statistically significant association was noted
between increasing FMC-to-PCI time and 1-year mortality with
a hazard ratio (HR) of 1.06 for every 30 minutes of time delay.
When stratifying time in different time cohorts, a statistically
significant association between mortality and FMC-to-PCI
delay was observed already at 1 hour, with HR for 1-year
mortality of 1.26 (61 to 90 minutes, 95% CI: 1.03 to 1.55)
compared to the <30 minutes group. Further, significantly
increased mortality was noted with increasing FMC-to-PCI
delays with adjusted HRs for 1-year mortality of 1.41 (91 to
120 minutes, 95% CI: 1.14 to 1.76) and 1.51 (120 to
360 minutes, 95% CI: 1.23 to 1.86) compared to the
<30 minutes group (Table 2).

In the subset of patients with a 3-year follow-up
(n=6495), results were identical to the overall patient cohort
with an increase in mortality (HR 1.06, P<0.001) for every
30 minutes of treatment delay. Additional analyses for
3-year mortality using time as a categorical variable were
not performed due to small sample sizes within individual
time categories.

In patients with a pre-hospital ECG, the results were similar
compared to the entire patient cohort with a significant
association between FMC-to-PCI delay and increased mortal-
ity (Table 2). Similar to the overall cohort, a significant
association with mortality and adjusted FMC-to-PCI time was

observed already at 1 hour with a HR of 1.57 (95% CI: 1.03 to
2.41).

FMC-to-PCI Delay and Ventricular Dysfunction
In 10 330 patients, information on the left ventricular ejection
fraction was recorded before discharge. As shown in Figure 2,
FMC-to-PCI delay was associated with increased risk of
severe left ventricular dysfunction. Using logistic regression,
all groups of FMC-to-PCI delay exceeding 1 hour showed a
statistically significant increase in severe heart failure at
discharge compared to the 0 to 30 minutes group, both prior
to and after statistical adjustment (Table 3).

Symptom-to-PCI Delay
Unadjusted 1-year mortality rates in relation to intervals of
symptom-to-PCI delay are shown in Figure 3. Using time as a
continuous variable a significant overall association between
symptom-to-PCI delay and mortality was observed both prior
to and after statistical adjustment (Table 2). When stratifying
time into different time cohorts, only the highest time delay
(241 to 480 minutes) from symptom onset to PCI, was
statistically significantly associated with increased mortality
with a HR of 1.68 (95% CI: 1.05 to 2.69) compared to the
<60 minutes time group (Table 2). Furthermore, with increas-
ing symptom-to-PCI delays, an incremental increase in
adjusted HRs was not observed, in contrast to the FMC-to-
PCI delay analysis (Table 2). No significant association
between increasing treatment delays and 3-year mortality
was observed (HR 1.007 for every hour of treatment delay,
P=0.77).

Other Subgroups
Patients with cardiogenic shock (n=599) did not show any
median increase or decrease in FMC-to-PCI delay (median
68 minutes, IQR 40 to 110) compared to noncardiogenic
shock patients (median 70 minutes, IQR 42 to 110, P=0.43).
However, patients with cardiogenic shock had significantly
shorter symptom-to-PCI timings (median 160 minutes, IQR
102 to 240) compared to noncardiogenic shock patients
(median 176 minutes, IQR 122 to 260), P<0.001. Various
culprit arteries showed different FMC-to-PCI delays with the
longest delays for the left circumflex artery (median 75 min-
utes IQR 45 to 118) compared to the lowest for the right
coronary artery (67 minutes IQR 40 to 105, P<0.001). The left
circumflex artery also showed the longest symptom-to-PCI
delay (median 190 minutes IQR 130 to 284). However, the
left anterior descending artery showed the shortest symptom-
to-PCI delay (median 170 minutes IQR 120 to 250), P<0.001.
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Table 1. Baseline Characteristics of Patients With ST-Segment Elevation Myocardial Infarction Treated With Primary PCI

FMC-to-PCI Time

Minutes
Patients Not Included in
FMC-to-PCI Analysis0 to 30 31 to 60 61 to 90 91 to 120 121 to 360

Number of patients 2237 (16.2%) 3557 (25.8%) 3238 (23.4%) 1934 (14.0%) 2824 (20.5%) 7388

Age, mean (SD) 65.5 (11.8) 66.1 (11.9) 66.9 (11.8) 67.1 (11.8) 67.2 (12.2) 66.0 (12)

Male sex 1594 (71.3%) 2570 (72.3%) 2317 (71.6%) 1322 (68.4%) 1953 (69.2%) 5290 (71.6%)

Smoking status

Never smoked 812 (36.3%) 1251 (35.2%) 1202 (37.1%) 718 (37.1%) 1011 (35.8%) 2457 (33.3%)

Previous smoker 487 (21.8%) 807 (22.7%) 797 (24.6%) 454 (23.5%) 762 (27.0%) 1656 (22.4%)

Current smoker 584 (26.1%) 1093 (30.7%) 894 (27.6%) 561 (29.0%) 749 (26.5%) 1920 (26.0%)

Unknown 354 (15.8%) 406 (11.4%) 345 (10.7%) 201 (10.4%) 301 (10.7%) 1352 (18.3%)

Prior diseases

Kidney failure 23 (1.0%) 44 (1.2%) 45 (1.4%) 30 (1.6%) 41 (1.5%) 98 (1.3%)

COPD 154 (6.9%) 213 (6.0%) 180 (5.6%) 124 (6.4%) 219 (7.8%) 428 (5.8%)

Heart failure 84 (3.8%) 129 (3.6%) 124 (3.8%) 86 (4.4%) 119 (4.2%) 365 (4.9%)

Myocardial infarction 249 (11.1%) 354 (10.0%) 366 (11.3%) 237 (12.3%) 372 (11.2%) 1045 (14.1%)

Diabetes 356 (15.9%) 515 (14.5%) 500 (15.4%) 331 (17.1%) 521 (18.4%) 1178 (15.9%)

Cancer 46 (2.1%) 104 (2.9%) 94 (2.9%) 50 (2.6%) 79 (2.8%) 179 (2.4%)

Hypertension 332 (14.8%) 525 (14.8%) 518 (16.0%) 323 (16.7%) 470 (16.6%) 1078 (14.6%)

Prior CABG 62 (2.8%) 99 (2.8%) 88 (2.7%) 44 (2.3%) 102 (3.6%) 223 (3.0%)

Prior PCI 152 (6.8%) 250 (7.0%) 225 (6.9%) 137 (7.1%) 177 (6.3%) 542 (7.3%)

Antithrombotic treatment prior to PCI

Aspirin 1720 (76.9%) 2793 (78.6%) 2713 (83.8%) 1659 (85.8%) 2442 (86.5%) 5559 (75.3%)

Clopidogrel 1229 (54.9%) 2024 (56.9%) 2135 (65.9%) 1365 (70.6%) 2065 (73.2%) 3288 (44.8%)

Heparin 440 (19.7%) 834 (23.5%) 938 (29.0%) 499 (25.8%) 610 (21.6%) 672 (9.2%)

LMWH 347 (15.5%) 430 (12.1%) 344 (10.6%) 249 (12.9%) 516 (18.3%) 1292 (17.5%)

GpIIb/IIIa-inhibitors 136 (6.1%) 263 (7.4%) 432 (13.3%) 280 (14.5%) 511 (18.1%) 659 (9.0%)

Angiographic data

Usage of stent 2105 (94.1%) 3329 (93.6%) 2994 (92.5%) 1779 (92.0%) 2584 (91.5%) 6726 (91.0%)

Usage of drug eluting stents 350 (15.6%) 582 (16.4%) 604 (18.7%) 392 (20.3%) 567 (20.1%) 1615 (21.9%)

Usage of ≥3 stents 346 (15.4%) 535 (15.0%) 491 (15.2%) 315 (16.3%) 504 (17.8%) 1189 (16.1%)

Treated vessel

LAD 938 (41.9%) 1544 (43.4%) 1445 (44.6%) 881 (45.6%) 1216 (43.1%) 3247 (44.2%)

Cx 269 (12%) 458 (12.9%) 424 (13.1%) 257 (13.3%) 450 (16.0%) 1013 (13.8%)

RCA 974 (43.5%) 1475 (41.5%) 1286 (39.7%) 747 (38.6%) 1064 (37.7%) 2836 (38.6%)

Other (grafts, LM) 56 (2.5%) 79 (2.2%) 82 (2.5%) 48 (2.5%) 91 (3.2%) 258 (3.5%)

Access site

Femoral artery 1824 (81.5%) 2795 (78.6%) 2521 (77.9%) 1473 (76.2%) 2190 (77.5%) 6515 (89%)

Right radial artery 373 (16.7%) 701 (19.7%) 625 (19.3%) 418 (21.6%) 550 (19.5%) 393 (5.4%)

Other 40 (1.8%) 61 (1.7%) 92 (2.8%) 43 (2.2%) 75 (2.7%) 429 (5.8%)

Thrombectomy used 334 (14.9%) 585 (16.4%) 455 (14.1%) 258 (13.3%) 370 (13.1%) 1066 (26.9%)

CABG indicates coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; Cx, circumflex artery; FMC, first medical contact; LAD, left anterior descending artery; LM, left
main stem; LMWH, low-molecular weight heparin; PCI, percutaneous coronary intervention; RCA, right coronary artery.
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Discussion
This is the largest register study to date that has examined
the association between time from first medical contact to
PCI and mortality in STEMI patients. We observed an increase
in mortality already after a delay of 1 hour from first medical
contact. Furthermore, increasing FMC-to-PCI delay was
associated with an increasing rate of severe ventricular
dysfunction at discharge. Among all modifiable time factors
involved in early reperfusion of ST-elevation myocardial
infarction, the time delay between FMC-to-PCI is the one
where the entire health-care system can be improved and
streamlined.1 This involves early diagnosis with a prehospital
ECG, rapid transportation to a PCI-capable hospital, a
minimum of door-to-balloon time, and expedient PCI.
A FMC-to-PCI delay of more than 60 minutes resulted in a
statistically significant adjusted increase in mortality ranging
from HRs of 1.26 (for 61 to 90 minutes) to 1.51 (121 to
360 minutes). In patients diagnosed with a prehospital ECG
the effect was even more pronounced.

Table 2. Treatment Delay and 1-Year Mortality in Patients With ST-Segment Elevation Myocardial Infarction Treated With Primary
PCI

Patient Group Delay to PCI (Minutes)
Sample
Size

Unadjusted Event
Rate (%)

Unadjusted Hazard Ratio
(95% CI)

Adjusted Hazard Ratio
(95% CI)

FMC-to-PCI, entire cohort Time as a continuous variable 0 to
360 minutes

13 790 8.6 1.06 (1.03 to 1.09)* 1.06 (1.04 to 1.09)*

0 to 30 2237 7.0 1.00 1.00

31 to 60 3557 7.2 1.02 (0.84 to 1.25) 1.08 (0.88 to 1.33)

61 to 90 3238 9 1.29 (1.06 to 1.56) 1.26 (1.03 to 1.55)

91 to 120 1934 9.9 1.43 (1.16 to 1.77) 1.41 (1.14 to 1.76)

121 to 360 2824 10.4 1.51 (1.24 to 1.83) 1.51 (1.23 to 1.86)

FMC-to-PCI, patients with a pre-
hospital ECG

Time as a continuous variable 0 to
360 minutes

7053 8.6 1.08 (1.04 to 1.13)* 1.05 (1.01 to 1.10)*

0 to 30 520 5 1.00 1.00

31 to 60 2379 7.1 1.42 (0.94 to 2.15) 1.34 (0.88 to 2.05)

61 to 90 2042 9.5 1.94 (1.29 to 2.92) 1.57 (1.03 to 2.41)

91 to 120 1015 10.2 2.10 (1.37 to 3.23) 1.61 (1.03 to 2.53)

121 to 360 1097 10.4 2.18 (1.42 to 3.33) 1.71 (1.10 to 2.67)

Symptom-to-PCI, entire cohort Time as a continuous variable 0 to
480 minutes

11 489 8.3 1.06 (1.02 to 1.10)† 1.05 (1.01 to 1.09)†

0 to 60 332 5.7 1.00 1.00

61 to 120 2567 7.2 1.26 (0.79 to 2.02) 1.50 (0.93 to 2.43)

121 to 180 3146 8.2 1.45 (0.91 to 2.31) 1.47 (0.92 to 2.35)

181 to 240 2142 8.5 1.51 (0.94 to 2.42) 1.45 (0.90 to 2.35)

241 to 480 3302 9.2 1.63 (1.03 to 2.60) 1.68 (1.05 to 2.69)

FMC indicates first medical contact; PCI, percutaneous coronary intervention.
*Hazard ratios expressed as mortality/30 minutes of time delay.
†Hazard ratios expressed as mortality/60 minutes of time delay.

Figure 1. Mortality across intervals of FMC-to-PCI delays in the
overall patient cohort (Kaplan-Meier). FMC indicates first medical
contact; PCI, percutaneous coronary intervention.
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The mechanism of why a shorter FMC-to-PCI delay is
associated with better survival is unclear. For the first time we
can report an association between FMC-to-PCI time and heart
failure at discharge. Our results indicate increased rates of
severe ventricular dysfunction at discharge with increasing
FMC-to-PCI delay (Figure 2 and Table 3). Development of
ventricular dysfunction and heart failure in patients with longer
FMC-to-PCI delay thus constitutes a possible mechanism to
explain the increased mortality with longer FMC-to-PCI times.

Symptom-to-PCI
The relationship between time from symptom onset to PCI and
mortality is complex. Patients with more severe disease and
worse prognosis could present earlier whereas patients pre-
senting later might have less severe coronary artery disease.16

Younger patients with an overall better prognosismight bemore
prone to seekmedical attention at an earlier notice compared to

older patients. Furthermore, the exact timing of symptom onset
can be difficult to recall for the patient in the acute setting,
especially if the patient has experienced unstable angina prior to
STEMI.12 Thus usage of symptom onset-to-PCI is an unstable
variable with inherent limitations resulting in measurement
imprecision. Time delay between first medical contact to PCI is
not subject to many of these limitations.12,15

Our results indicated that increasing symptom-to-PCI times
were associated with an adjusted increase in mortality in the
entire studied time interval of 8 hours. However, when
studying treatment delay stratified into different time catego-
ries, only the highest time delay group (4 to 8 hours) managed
to show a statistically significant increase in mortality. There
was also no clear observed incremental benefit with increas-
ing time delay after statistical adjustment. In addition, 3-year
survival data showed no statistical significance or even trend
for such, for increased mortality with increasing symptom-to-
PCI times. However, patients with cardiogenic shock pre-
sented significantly earlier than patients without cardiogenic
shock. Patients with an , left anterior descending artery
-lesion also presented earlier, suggesting that patients with
more severe disease are more likely to be early presenters,
reinforcing the limitations of symptom-to-PCI as the metric of
choice in determining benefits of early reperfusion.

Previous Studies and Current Guidelines
Previous studies have focused mainly on symptom-to-PCI
delays. Data from 2 German studies reported no reduction in
infarct size with primary PCI with decreasing symptom-to-
PCI.2,6 However, other studies have described significant

Table 3. Odds Ratio for Severe Heart Failure At Discharge
Stratified by FMC-to-PCI Timings

Patient Group
(Minutes)

Unadjusted Odds Ratio for
Severe Heart Failure At
Discharge (95% CI)

Adjusted Odds Ratio for
Severe Heart Failure at
Discharge (95% CI)

0 to 30 1.00 1.00

31 to 60 1.15 (0.87 to 1.53) 1.11 (0.83 to 1.50)

61 to 90 1.74 (1.33 to 2.28) 1.54 (1.14 to 2.06)

91 to 120 1.72 (1.28 to 2.32) 1.54 (1.12 to 2.12)

121 to 360 1.88 (1.43 to 2.48) 1.70 (1.26 to 2.30)

FMC indicates first medical contact; PCI, percutaneous coronary intervention.

Figure 2. Association between FMC-to-PCI delay and severe heart
failure at discharge (error bars denote mean with standard error of
the mean). FMC indicates first medical contact; PCI, percutaneous
coronary intervention.

Figure 3. Mortality across intervals of symptom-to-PCI delays in
the overall patient cohort (Kaplan–Meier). PCI indicates percutane-
ous coronary intervention.
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reductions in infarct size with decreasing symptom-to-PCI
delays.7–9 Improved mortality with decreasing symptom-to-
PCI delays has been described.11 However, other studies have
shown limited to no effect on mortality with short symptom-
to-PCI delays.13,14 Thus previous studies using symptom-to-
PCI as a primary measure of time to treatment have been
inconsistent with each other both regarding infarct size and
clinical outcomes. Several other studies have focused mainly
on door-to-balloon time and shown convincing data regarding
improved clinical outcomes with decreasing door-to-balloon
times.13,17–19 However, door-to-balloon time only focuses on
the final part of the health-care chain leaving out critical care
elements where improvements can be done.

A previous study instead using FMC-to-PCI delay showed a
significant and linear association with increased mortality with
increasing FMC-to-PCI delay, whereas no statistically signifi-
cant association between increasing symptom-to-PCI delay and
mortality was observed.12 These findings are consistent with
our results. However, the study did not have sufficient statistical
power to determine whether a specific increase in mortality
existed already after the first hour.12 Our larger sample size
allowed detection of a difference in adjusted mortality already
at FMC-to-PCI delays exceeding 1 hour, indicating that the
concept of a “golden hour” of opportunity established in the
fibrinolysis era, holds true also for primary PCI. Our findings thus
reinforce the current European Society of Cardiology guidelines
on STEMI which state that a delay of 60 minutes or less from
first medical contact to PCI is desirable, and that a timing of
90 minutes should be regarded as a maximum.1 However, in
the recent ACCF/AHA guidelines, a goal of 90 minutes from
FMC-to-PCI is recommended.26 A FMC-to-PCI time goal of less
than 60 minutes would, according to our findings, result in
reduced mortality compared to a goal of 90 minutes. Our data
are strictly limited to STEMI patients undergoing primary PCI
and if decreasing FMC-to-PCI times with thrombolysis would
show similar results is unknown to us.

Some studies indicate excess mortality of STEMI patients
when treated in low volume centers and therefore there is
currently a drive to centralization of STEMI centers to a few
high-volume geographical locations.27 However, this process
should take FMC-to-PCI delay into account, such that the
potential benefit of having only a few albeit high volume
centers should not be offset by high FMC-to-PCI delays.
Striking the right balance in availability versus higher volume
will be of utmost importance and should be factored in
economic and political health-care drafts and discussions.

Limitations
Our data are observational and thus some degree of residual
confounding cannot be excluded. Furthermore, for patient
selection, 6209 patients did not have a recorded time of first

medical contact and were excluded from the FMC-to-PCI
analysis. A total of 6360 patients did not have a symptom
onset recorded and were excluded from the symptom-to-PCI
analysis, potentially inducing some degree of selection bias.
The estimation of first medical contact was determined by the
time of first ECG taken which, although ECG should be taken
promptly, could underestimate the total FMC-to-PCI time. The
time of PCI was determined by the start of the coronary
angiography since data on time of first wiring or balloon
inflation were not available.

Conclusions
Our study constitutes the largest study to date to examine the
effects of FMC-to-PCI delay and mortality in patients with
STEMI undergoing primary PCI. FMC-to-PCI delay was signif-
icantly associated with increased mortality when exceeding
1 hour. The mechanism behind the increased mortality could
partially be attributed to increased rates of severe heart
failure at discharge. These data suggest that the concept of a
“golden hour” also applies to primary PCI for STEMI which
should be taken into consideration for future guidelines and in
the planning of health care organization.
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