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Objectives: ASSENT- 3 PLUS a large (n=1639) contemporary multi-centered international trial 
of pre-hospital fibrinolysis provided an opportunity to assess the impact of variation in pre-
hospital care across distinct health care environments. Our objectives were to assess: 1) 
predictors of time to treatment, 2) whether components of time to treatment vary across 
countries, and 3) the impact of physician presence pre-hospital on time to treatment, adherence to 
protocol and clinical events. 
Methods: Patient characteristics associated with early treatment (≤2hrs.), comparison of 
international variation in time to treatment and components of delay was undertaken. Trial 
specific patient data were linked with site-specific survey responses. 
Results: Younger age, slower HR, lower systolic BP, and prior PCI were associated with early 
treatment. Country of origin accounted for the largest proportion of variation in time. Inter-
country heterogeneity was demonstrated in components of elapsed time to treatment. Physicians 
in the pre-hospital setting enrolled 63.8% of patients. The presence of a physician was associated 
with greater adherence to protocol mandated therapies and procedures, but delay in time to 
treatment (120 vs. 108 min, p<. 001). 
Conclusion:   Country of enrollment accounted for the largest proportion of variation in time to 
treatment and inter-country heterogeneity modulated components of delay. The efficacy and 
safety of pre-hospital fibrinolysis was not influenced by the presence of a physician. These data, 
acquired in diverse health care environments, provide new understanding into the components of 
pre-hospital treatment delay and the opportunities to further reduce time to fibrinolysis for 
patients with STEMI.  
 
Keywords: Acute Myocardial Infarction, Pre-hospital care, International variation, Fibrinolysis
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 Introduction 
 
In patients with acute ST elevation myocardial infarction (STEMI), time to treatment is a 
consistent and salient modulator of successful reperfusion and improved patient outcomes. 
Despite educational interventions with patients and physicians to reduce temporal delay, registry 
and clinical trial data continue to demonstrate sub-optimal times to treatment with 
pharmacological and mechanical reperfusion strategies (1;2). Pre-hospital fibrinolysis has been 
shown to significantly reduce time to treatment in various health care systems across the world.  
A prior meta-analysis of randomized trials of in-hospital versus pre-hospital fibrinolysis 
demonstrated a 58 minute reduction in time to treatment with associated mortality benefit to 
those patients treated in the pre-hospital setting (30 day mortality, RRR 17%, ARR 1.7%, p0.03) 
(3).  Since then the Comparison of Angioplasty to Pre-hospital Thrombolysis Trial in Myocardial 
Infarction (CAPTIM) demonstrated that primary percutaneous coronary intervention (PCI) has 
no survival advantage as compared to rapid pharmacological reperfusion in the pre-hospital 
setting (4.8% vs. 3.8%, NS) (4;5). In fact when patients were stratified according to treatment 
within 2 hours from symptom onset the 30 day survival favors fibrinolysis (5.7% vs. 2.2, 
p=0.058) (4;5).  
 
Multiple factors have been cited to explain the limited implementation of pre-hospital 
fibrinolysis programs, especially in North America (1). Although paramedics with appropriate 
education and remote physician support administered fibrinolysis successfully in the Myocardial 
Infarction Triage and Intervention (MITI) trial, the lack of physicians in the pre-hospital setting 
in many countries remains a perceived barrier (6). The Assessment of the Safety and Efficacy of 
a New Thrombolytic (ASSENT)-3 PLUS Randomized Trial in Acute Myocardial Infarction 
enrolled 1,639 patients with STEMI within 6 hours in 12 countries who were treated with pre-
hospital fibrinolysis (7). Sites participating in this trial operated with different models, including 
whether or not a physician was present in the pre-hospital setting and with various protocols for 
assessing, diagnosing, and treating patients with STEMI. As the largest contemporary pre-
hospital fibrinolysis trial, ASSENT-3 PLUS offers a unique opportunity to compare the process 
and outcomes associated with pre-hospital fibrinolysis across international boundaries. The 
objectives of the current pre-hospital study were: 1) to assess the predictors of time to treatment 
in patients with STEMI, 2) to assess whether the components of time to treatment varied across 
participating countries, and 3) to evaluate the impact of physician presence pre-hospital on time 
to treatment, adherence to protocol and clinical events.  
 
Methods 
 
ASSENT-3 PLUS randomized patients in the pre-hospital setting to treatment with tenecteplase 
in combination with unfractionated heparin or the low molecular weight heparin enoxaparin. 
Tenecteplase is a single bolus weight adjusted fibrinolytic that is equivalent to alteplase with 
respect to mortality with an enhanced safety profile (8). Unfractionated heparin was administered 
by AHA/ACC guidelines with an intravenous bolus of 60 U/kg (maximum of 4000 U) and an 
initial infusion of 12 U/kg (maximum of 1000 U/hour)(9). Pre-hospital teams were given the 
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option of initiating the intravenous infusion of unfractionated heparin on arrival to hospital if the 
time from administration of the bolus to hospital arrival was perceived to be less than 30 
minutes. Enoxaparin was administered as an initial intravenous bolus of 30 mg simultaneous 
with a subcutaneous injection of 1mg/kg (maximum of 100 mg for first 2 doses). The median 
time from symptom onset until initiation of therapy with pre-hospital fibrinolysis was 115 
minutes (53% of pts. were treated within 2 hours) and 47 minutes earlier than the contemporary 
ASSENT-3 trial of in-hospital fibrinolysis with identical inclusion and exclusion criterion (7). 
Although enoxaparin in ASSENT-3 PLUS tended to reduce the composite endpoint of 30-day 
mortality, in hospital re-infarction or in-hospital refractory ischemia there was an associated 
increased risk in total stroke and intracranial hemorrhage, specifically in-patients greater than 75 
years of age. 
 
Multiple logistic regression analysis was undertaken to determine patient characteristics related 
to early treatment in 2 hours or less from symptom onset, which approximated the median time 
to treatment in the trial. The adjustment was based on all the baseline characteristics listed in 
Table 2, but only age, heart rate, systolic blood pressure and prior PCI remained as independent 
predictors in the model. In the comparison of international variation in time to treatment 
countries that enrolled at least 50 patients were analyzed individually (1593/1639 patients) with 
the remaining countries grouped together (other). Variation in the process whereby pre-hospital 
fibrinolysis was administered across regional and international boundaries was anticipated in 
ASSENT-3 PLUS, which involved 106 centers in 12 countries. Therefore a comprehensive pre-
hospital ‘process of care’ survey was developed, validated and distributed to all active study sites 
to assess aspects of pre-hospital care in various health care environments participating in the trial 
(10). The survey had a 99% return rate and responding sites accounted for 95% of patients 
enrolled in ASSENT-3 PLUS. To assess the impact of physician pre-hospital, patient data were 
linked with site-specific survey responses. When data were missing regarding the presence or 
absence of a physician in the emergency medical services (EMS) vehicle (ambulance or mobile 
intensive care unit) verification and imputation was undertaken based on the established practice 
in that country (n=160 patients). An analysis of masquerading myocardial infarction was 
undertaken based on 1541 patients since 98 were missing required data for analysis (44 dead 
within a day, 45 missing baseline ECG, and 9 missing other data). Masquerading myocardial 
infarction was defined as: ST segment elevation on the baseline ECG that does not resolve in 
conjunction with no elevation of myocardial enzymes greater than 2 times the upper limit of 
normal (11). Results are presented as medians and percentages unless otherwise stated. Logistic 
regression analysis results are presented as the calculated odds ratio with 95% confidence 
intervals. Statistical significance was defined a priori at the 0.05 level. 
 
 
Results 
 
1. Patient characteristics associated with earlier treatment (≤ 2 hours)  
Younger age, slower heart rate, lower systolic blood pressure, and prior PCI predicted treatment 
in 2 hours or less (Fig 1). When the country of enrollment was included in the multiple logistic 
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regression model, it was found to account for the largest proportion (47%) of the variation in 
time to treatment. 
 
2. International variation in time to treatment 
There was a significant interaction of time to treatment and patient country of origin (p<0.001). 
Median time (hr:min) to treatment was longer in France (2:05), Spain (2:05), and the United 
Kingdom (2:01). It was shorter in Finland (1:30), Germany (1:35), the Netherlands (1:35), 
Canada (1:38) and Sweden (1:50). Variability in the different components of time to treatment 
was demonstrated (Fig. 2). Time from symptom onset to first call for medical assistance was 
shortest in Finland (40 min) and longest in the United Kingdom (74 min). Time from patient call 
for assistance to EMS vehicle arrival on scene was shortest in Canada (6 min) and longest in 
France (20 min). Elapsed time from arrival to randomization was shortest in Finland and 
Germany (14 min) and longest in Canada (36 min). Time from randomization to treatment was 
rapid and homogeneous across countries. There was heterogeneity in the subsequent on scene 
time prior to hospital arrival, after administration of reperfusion therapy, which was longest in 
France.  
 
3. International variation in pre-hospital process of care: presence or absence of a physician 
In France, Germany, Finland, Spain, Belgium and Italy physicians participated in the pre-
hospital care of patients with STEMI (Table 1). In Sweden, the Netherlands and Canada pre-
hospital care was delivered by an advanced cardiac life support trained EMS paramedic or nurse. 
The United Kingdom and Norway had sites with and without a physician in the pre-hospital 
setting. Of the total study population a pre-hospital physician managed 63.8% (1045/1639). 
a. Time to treatment  
Median time to treatment was longer in study sites with a physician present in the pre-hospital 
environment (120 vs. 108 minutes, p<0.001). These sites had a longer time from patient call for 
assistance to EMS vehicle arrival, a shorter time from arrival to randomization and a longer 
period from initiation of treatment until hospital arrival (Fig. 3).   
b. Clinical events 
Differences in patient characteristics were demonstrated between sites with or without a pre-
hospital physician (Table 2). Amongst sites with a physician present patients were younger, more 
likely to be male, and have a past history of hypertension, but less likely to have prior coronary 
artery bypass surgery. Event rates in patients managed with or without a physician are presented 
in Table 3. Patients enrolled at sites with a pre-hospital physician had more intracranial 
hemorrhage (adjusted 2.0% vs. 0.8%, p0.034). Pre- and in-hospital bleeding complications 
(composite of major/serious bleeding, stroke and ICH) were not different between the two 
groups (5.6% vs. 6.2%, p=0.584).  
c. Adherence to protocol  
Misdiagnoses as assessed by the rate of masquerading (2.7% vs. 3.4%, NS) myocardial 
infarction were not different with the presence or absence of a physician. Physicians in the pre-
hospital setting more thoroughly completed required documentation and obtained study data as 
measured by: fewer missing baseline ECG’s (2.5% vs. 4.5%, p=0.029) and more complete 
recording of pre-hospital Killip class (97.6% versus 46.5%, p<0.001).  
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In patients treated with versus without a physician pre-hospital respectively, the administered 
dose of TNK-tPA was correct (95-105%) in 75.8% versus 75.6% (p=0.952), greater than 105% 
in 21.0% verses 18.8% (p=0.301), and less than 95% in 3.2% verses 5.7% (p=0.019).  There was 
no relationship documented between the dose of TNK-tPA administered (95-105%, >105% or 
<95%) with any of the efficacy endpoints (death, re-MI or refractory ischemia). Administration 
of the initial bolus dose of study anticoagulation medication, unfractionated heparin or 
enoxaparin, were not different according to physician’s presence (>99% of all patients). 
Intravenous infusion of unfractionated heparin or subcutaneous injections of enoxaparin were 
administered in 98.0% of patients with a physician and 98.6% of those without (p=0.436): 
however delay in initiation of the heparin infusion until arrival to the hospital occurred much less 
frequently in the presence of a physician (16.5% versus 42.1%, p<0.001). There was no 
increased risk of death, re-infarction, or refractory ischemia with this delayed initiation of the 
intravenous infusion. Study anticoagulation was discontinued due to adverse events less 
frequently in patients enrolled with a physician (20.2% vs. 32.8%, p<0.001).  
d. In-hospital and subsequent patient management  
In order to address potential confounding factors subsequent to the transition from pre-hospital to 
in-hospital patient care; differences in patient management in-hospital in sites with or without a 
pre-hospital physician are presented (Table 4).  
 
Discussion 
This study from the largest contemporary pre-hospital fibrinolysis trial, ASSENT-3 PLUS, 
provides unique information on the process and outcomes associated with pre-hospital 
fibrinolysis across international boundaries in diverse health systems. Earlier time to treatment 
was achieved in: younger patients, with lower heart rate, lower systolic blood pressure, and prior 
PCI. The country of enrollment accounted for the largest proportion of variation in time to 
treatment and heterogeneity in components of delay existed. The presence of a physician in the 
pre-hospital setting was associated with greater adherence to protocol mandated therapies and 
procedures, but delay in time to treatment.    
 
Although regional and international variability exists, approximately half of patients with STEMI 
present to medical attention via pre-hospital EMS (12;13). The current study provides a 
contemporary assessment of predictors of treatment delay specific to this subset of patients that 
have activated the EMS system and subsequently received pre-hospital fibrinolysis. Our results 
demonstrated prolonged time to treatment with older patients, which is consistent with prior 
studies of in-hospital fibrinolysis (14-16). A prior history of CAD has been associated with 
delayed treatment but prior PCI was associated with earlier therapy in this pre-hospital 
fibrinolysis study (12;14;16). It is possible that patient education following PCI is associated 
with earlier presentation as well as increased probability of contacting the EMS system for 
medical assistance in the face of recurrence of symptoms which has been recently demonstrated 
(17). Past research has shown that female STEMI patients are more likely to present to hospital 
by ambulance but conversely have delayed time from symptom onset to in-hospital fibrinolysis, 
which is consistent with our results (14; 16).  
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Although international variation in management of STEMI patients has been observed, this is the 
first study to demonstrate that the country of enrollment accounted for the largest proportion of 
variation in time to treatment with pre-hospital fibrinolysis.  Delays that occur in the pre-hospital 
setting are poorly studied to date and may be related to systematic or procedural aspects of the 
triage, assessment and treatment of STEMI patients by pre-hospital care providers. Such 
systematic delays have been demonstrated due to hospital procedures and policy in patients that 
received in-hospital pharmacological reperfusion (12). This study tracked multiple temporal 
aspects specific to pre-hospital care and as such provides insight into potential intra-country 
systemic delays. Consistent with past research, the time from symptom onset until first medical 
contact accounts for the majority of delay in time to treatment but this study demonstrates 
substantial heterogeneity across participating countries. In the United Kingdom, which had the 
longest delay to activation of EMS, it is possible that a policy, which requires contact of a 
primary care physician who subsequently activates EMS, establishes a systematic delay. The 
time from activation of EMS to arrival on scene was longest in France, which could be related to 
systematic delay arising from selective triage of a limited number of physician manned EMS 
units (MICU) to the care of chest pain patients or secondary dispatch of such units after 
preliminary assessment by non-physician staffed units. Alternatively the realities of urban traffic 
in large centers like Paris may contribute to this delayed response. Once EMS has arrived on 
scene the longest delay until randomization occurred in Canada where paramedic based units 
assessed patients to determine eligibility, completed study documentation, transmit the 12 lead 
ECG for physician over-read with subsequent patient randomization. Understanding the 
heterogeneity in these temporal components in various nations and health care systems could 
enhance the opportunities of pre-hospital fibrinolysis programs to specifically target the most 
relevant aspects of delay in treatment with focused resource application maximizing benefits in 
individual countries. 
 
The most striking differences in the process of pre-hospital care across the countries participating 
in this study were the presence or absence of physicians. It is conceivable that the delay in 
treatment demonstrated with a pre-hospital physician is related to the number of ‘capable EMS 
units’. Specifically, the number of physician manned EMS units capable of administering 
therapy to STEMI patients is a limited resource and requires a triage based dispatch or 
alternatively non-physician staffed ambulance units operate as primary responders with 
subsequent dispatch of a physician staffed MICU’s. Once on scene the pre-hospital physician 
assesses, diagnoses and randomizes the patient faster, possibly due to advanced training, clinical 
experience and the ability to interpret the 12-lead ECG without transmission. Subsequent to 
administering therapy the pre-hospital team with a physician delayed transport spending a longer 
period of time on scene. Since it is not possible in this analysis to separate prolonged on scene 
time from prolonged transport time, the increased time from treatment until hospital arrival with 
a physician pre-hospital may also be due to a conscious decision to triage the patient to a hospital 
capable of mechanical co-intervention, which may be at a further distance.  
 
Adherence to study protocol, procedures and accurate administration of therapy are important 
elements of research conduct as well as clinical practice. In this study there was no increased risk 
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of misdiagnosis, as measured by the rate of masquerading STEMI, with or without a physician in 
the pre-hospital setting. Other measures of adherence to study protocol, documentation of Killip 
class and availability of baseline ECG’s, appear to have been more diligently completed when a 
physician was present. Medication errors in hospital are known to be common, to be associated 
with adverse outcomes, increased length of hospital stay and are estimated to contribute to 
44,000 – 98,000 deaths annually in the United States alone(18-20). Although, the ability of 
personnel to appropriately measure and administer therapy in the pre-hospital environment has 
not been thoroughly assessed available data suggests overall paramedical performance is poor 
(21). The presence of a physician in this study was associated with a strong trend to decreased 
rate of medication errors in administration of the bolus fibrinolytic tenecteplase and more 
consistent administration of the unfractionated heparin prior to hospital arrival; although there 
was no attributable increased patient risk. In the treatment of STEMI using complex 
pharmacological regimes including antiplatelets, anticoagulants, and fibrinolytic agents, the 
importance of correct administration of medications is paramount and its implications have been 
discussed (22).  
 
The outcomes of patients enrolled in clinical trials or studies that assess the impact of variation in 
process of care, such as this one, remain important considerations. Although the presence of a 
physician was associated with a trend to a reduced rate of recurrent ischemia and repeat 
myocardial infarction at 30-days, these observations may be confounded by differences in 
subsequent in-hospital revascularization. Furthermore, the combined rates of major bleeding, 
stroke and intracranial hemorrhage were not different therefore suggesting the safety of either 
approach to pre-hospital care at least in a clinical trial setting. On balance there was no 
significant clinical benefit or risk associated with the presence or absence of a pre-hospital 
physician in ASSENT-3 PLUS. This study is aligned with the results of prior investigations, 
MITI and ER-TIMI-23 and supports the capability of non-physician based pre-hospital EMS care 
providers to administer fibrinolysis with appropriate regional and remote physician support(6; 
23) thereby encouraging regional investment in pre-hospital fibrinolysis programs.    
 
Because our study is based on a non-randomized assessment of variation in process of care 
across international boundaries in selected centers involved in ASSENT 3-PLUS it may not be 
generally representative of the standard of pre-hospital care in the respective country and 
therefore has inherent limitations. The combination of patient data with site-specific survey 
responses to assess the impact of variation in pre-hospital care on patient treatment and outcomes 
may be influenced by investigator biases. The assessment of the presence or absence of a 
physician is potentially confounded by the associated medical system in which the patients were 
enrolled and the subsequent in-hospital management. Furthermore, the lack of a comprehensive 
registry of all STEMI patients in regions participating in the trial dose not allow assessment of 
potential patients that were missed by the pre-hospital teams.  
   
International registry data has demonstrated that only 41% of patients that receive in-hospital 
fibrinolysis present to hospital within 2 hours of symptoms onset and only one third receive 
treatment within 2 hours (24). In contrast patients that activate the EMS system and subsequently 
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receive pre-hospital fibrinolysis achieved a median time to treatment of two hours in ASSENT-3 
PLUS, which is similar to that achieved in the fibrinolysis arm of the CAPTIM trial (5; 7). A 
post hoc analysis of the PRAGUE-2 study has demonstrated similar efficacy of in-hospital 
streptokinase and primary PCI in those patients treated within three hours of symptom onset(25). 
The integration of these findings: that median time to treatment in pre-hospital fibrinolysis trials 
approximates two hours and that patients that receive pharmacological reperfusion therapy early 
(2-3 hours) have excellent outcomes as good or superior to primary PCI; provides further 
impetus to advance pre-hospital fibrinolysis programs. 
 
Conclusion 
 
Time to treatment with pre-hospital fibrinolysis varies internationally. The presence of a 
physician pre-hospital in many international health care systems is perceived as impractical and a 
limitation to widespread implementation of pre-hospital fibrinolysis programs. Although aspects 
of pre-hospital care and the management of complex patients that do not fit trial criteria are 
conceivably enhanced by the presence of an experienced physician, in ASSENT-3 PLUS pre-
hospital fibrinolysis administered by a physician or trained paramedical staff demonstrated 
significant reduction in time to treatment in comparison to ASSENT-3. Moreover, the efficacy 
and safety of pre-hospital fibrinolysis was not influenced by the presence of a physician. The 
current study expands our understanding of the systems required to administer therapy prior to 
hospital arrival and provides encouragement for those stakeholders committed to enhancing care 
of STEMI patients. 
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The data in this manuscript have never been published in any other form. The project was funded 
by a grant in aid from Boehringer Ingelheim, Aventis Inc and Hoffman La-Roche Canada. 
 
Figure legend 
 
Figure 1: Predictors of earlier time to treatment (≤2hours) 
This figure demonstrates the odds ratio (OR) with 95% confidence intervals (CI) and p values of 
clinical predictors of earlier treatment measured as symptom onset to initiation of fibrinolysis 
less than or equal to 2 hours. HR = heart rate, SBP= systolic blood pressure, Past PCI = past 
history of percutaneous coronary intervention, Ant MI=anterior wall STEMI, CABG=coronary 
artery bypass grafting. 
 
Figure 2: International variation in components of time to treatment 
This figure demonstrates the median time to treatment in all participating countries that enrolled 
at least 50 patients with the remaining countries combined as other (Belgium, Italy, Norway, 
United States). Sx to call = patient symptom onset until calling EMS for assistance, call to amb = 
call to EMS vehicle (ambulance/MICU) arrival to the patient, amb to rand = EMS vehicle arrival 
until randomization in the study, rand to tx = randomization until administration of tenecteplase, 
tx to hosp = time from administration of tenecteplase until arrival at receiving hospital 
 
Figure 3: time to treatment: pre-hospital physician 
This figure displays the median times of each component of time to treatment in enrolled patients 
with or without a physician pre-hospital. Sx to call = patient symptom onset until calling EMS 
for assistance, call to amb = call to EMS vehicle (ambulance/MICU) arrival to the patient, amb 
to rand = EMS vehicle arrival until randomization in the study, rand to tx = randomization until 
administration of tenecteplase, tx to hosp = time from administration of tenecteplase until arrival 
at receiving hospital. * denotes differences (p<0.05) between components across groups 
according to presence of physician. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2004.054510 on 17 M

arch 2005. D
ow

nloaded from
 

http://heart.bmj.com/


 11

 
Reference List 

 
 (1)  Welsh RC, Ornato J, Armstrong PW. Prehospital management of acute ST-elevation 

myocardial infarction: a time for reappraisal in North America. Am Heart J 2003; 
145(1):1-8. 

 (2)  Rogers WJ, Canto JG, Lambrew CT, Tiefenbrunn AJ, Kinkaid B, Shoultz DA et al. 
Temporal trends in the treatment of over 1.5 million patients with myocardial infarction 
in the US from 1990 through 1999: the National Registry of Myocardial Infarction 1, 2 
and 3. J Am Coll Cardiol 2000; 36(7):2056-2063. 

 (3)  Morrison LJ, Verbeek PR, McDonald AC, Sawadsky BV, Cook DJ. Mortality and 
prehospital thrombolysis for acute myocardial infarction: A meta-analysis. JAMA 2000; 
283(20):2686-2692. 

 (4)  Bonnefoy E, Lapostolle F, Leizorovicz A, Steg G, McFadden EP, Dubien PY et al. 
Primary angioplasty versus prehospital fibrinolysis in acute myocardial infarction: a 
randomised study. Lancet 2002; 360(9336):825-829. 

 (5)  Steg PG, Bonnefoy E, Chabaud S, Lapostolle F, Dubien PY, Cristofini P et al. Impact of 
Time to Treatment on Mortality After Prehospital Fibrinolysis or Primary Angioplasty. 
Data From the CAPTIM Randomized Clinical Trial. Circulation 2003. 

 (6)  Weaver WD, Cerqueira M, Hallstrom AP, Litwin PE, Martin JS, Kudenchuk PJ et al. 
Prehospital-initiated vs hospital-initiated thrombolytic therapy. The Myocardial 
Infarction Triage and Intervention Trial. JAMA 1993; 270(10):1211-1216. 

 (7)  Wallentin L, Goldstein P, Armstrong PW, Granger CB, Adgey AA, Arntz HR et al. 
Efficacy and safety of tenecteplase in combination with the low-molecular-weight 
heparin enoxaparin or unfractionated heparin in the prehospital setting: the Assessment of 
the Safety and Efficacy of a New Thrombolytic Regimen (ASSENT)-3 PLUS 
randomized trial in acute myocardial infarction. Circulation 2003; 108(2):135-142. 

 (8)  Single-bolus tenecteplase compared with front-loaded alteplase in acute myocardial 
infarction: the ASSENT-2 double-blind randomised trial. Assessment of the Safety and 
Efficacy of a New Thrombolytic Investigators. Lancet 1999; 354(9180):716-722. 

 (9)  Ryan TJ, Antman EM, Brooks NH, Califf RM, Hillis LD, Hiratzka LF et al. 1999 update: 
ACC/AHA Guidelines for the Management of Patients With Acute Myocardial 
Infarction: Executive Summary and Recommendations: A report of the American College 
of Cardiology/American Heart Association Task Force on Practice Guidelines 
(Committee on Management of Acute Myocardial Infarction). Circulation 1999; 
100(9):1016-1030. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2004.054510 on 17 M

arch 2005. D
ow

nloaded from
 

http://heart.bmj.com/


 12

(10)  Welsh RC, Goldstein P, Adgey J, Verheugt F, Bestilny SA, Wallentin L, Van de Werf F, 
and Armstrong PW for the ASSENT 3 plus Investigators. Variations in pre-hospital 
fibrinolysis process of care: Insights from the Assessment of the Safety and Efficacy of a 
New Thrombolytic 3 PLUS international acute myocardial infarction pre-hospital care 
survey. European Journal of Emergency Medicine, 2004, 11:134-140. 

(11)  Taher T, Fu Y, Wagner GS, Goodman SG, Fresco C, Granger CB, Wallentin L, Van de 
Werf F, Verheugt F, Armstrong PW. Aborted Myocardial Infarction in Patients with ST 
Segment Elevation – Insights from the ASSENT-3 ECG Substudy. JACC in press. 

 
 (12)  Lambrew CT, Bowlby LJ, Rogers WJ, Chandra NC, Weaver WD. Factors influencing the 

time to thrombolysis in acute myocardial infarction. Time to Thrombolysis Substudy of 
the National Registry of Myocardial Infarction-1. Arch Intern Med 1997; 157(22):2577-
2582. 

 (13)  Hirvonen TP, Halinen MO, Kala RA, Olkinuora JT. Delays in thrombolytic therapy for 
acute myocardial infarction in Finland. Results of a national thrombolytic therapy delay 
study. Finnish Hospitals' Thrombolysis Survey Group. Eur Heart J 1998; 19(6):885-892. 

 (14)  Berglin BM, Hartford M, Karlsson T, Herlitz J. Factors associated with pre-hospital and 
in-hospital delay time in acute myocardial infarction: a 6-year experience. J Intern Med 
1998; 243(3):243-250. 

 (15)  Berton G, Cordiano R, Palmieri R, Guarnieri G, Stefani M, Palatini P. Clinical features 
associated with pre-hospital time delay in acute myocardial infarction. Ital Heart J 2001; 
2(10):766-771. 

 (16)  Leizorovicz A, Haugh MC, Mercier C, Boissel JP. Pre-hospital and hospital time delays 
in thrombolytic treatment in patients with suspected acute myocardial infarction. 
Analysis of data from the EMIP study. European Myocardial Infarction Project. Eur 
Heart J 1997; 18(2):248-253. 

 (17)  Cabrita B, Bouyer-Dalloz F, L'Huillier I, Dentan G, Zeller M, Laurent Y et al. Beneficial 
effects of direct call to emergency medical services in acute myocardial infarction. Eur J 
Emerg Med 2004; 11(1):12-18. 

 (18)  Bates DW, Cullen DJ, Laird N, Petersen LA, Small SD, Servi D et al. Incidence of 
adverse drug events and potential adverse drug events. Implications for prevention. ADE 
Prevention Study Group. JAMA 1995; 274(1):29-34. 

 (19)  Bates DW, Spell N, Cullen DJ, Burdick E, Laird N, Petersen LA et al. The costs of 
adverse drug events in hospitalized patients. Adverse Drug Events Prevention Study 
Group. JAMA 1997; 277(4):307-311. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2004.054510 on 17 M

arch 2005. D
ow

nloaded from
 

http://heart.bmj.com/


 13

 (20)  SoRelle R. Reducing the rate of medical errors in the United States. Circulation 2000; 
101(3):E39-E40. 

 (21)  Hubble MW, Paschal KR, Sanders TA. Medication calculation skills of practicing 
paramedics. Prehosp Emerg Care 2000; 4(3):253-260. 

 (22)  Cannon CP. Thrombolysis medication errors: benefits of bolus thrombolytic agents. Am J 
Cardiol 2000; 85(8A):17C-22C. 

 (23)  Morrow DA, Antman EM, Sayah A, Schuhwerk KC, Giugliano RP, deLemos JA et al. 
Evaluation of the time saved by prehospital initiation of reteplase for ST-elevation 
myocardial infarction: results of The Early Retavase-Thrombolysis in Myocardial 
Infarction (ER-TIMI) 19 trial. J Am Coll Cardiol 2002; 40(1):71-77. 

 (24)  Goldberg RJ, Steg PG, Sadiq I, Granger CB, Jackson EA, Budaj A et al. Extent of, and 
factors associated with, delay to hospital presentation in patients with acute coronary 
disease (the GRACE registry). Am J Cardiol 2002; 89(7):791-796. 

 (25)  Widimsky P, Budesinsky T, Vorac D, Groch L, Zelizko M, Aschermann M et al. Long 
distance transport for primary angioplasty vs immediate thrombolysis in acute myocardial 
infarction. Final results of the randomized national multicentre trial--PRAGUE-2. Eur 
Heart J 2003; 24(1):94-104. 

 
 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2004.054510 on 17 M

arch 2005. D
ow

nloaded from
 

http://heart.bmj.com/


 14

 

Table 1: ASSENT-3 PLUS national patient enrollment, number of study sites and presence 
or absence of physician in the pre-hospital setting 
 

Country Patients enrolled (#) % with Physician pre-hosp  
(# sites with MD/total # sites) 

France 570 100% (18/18) 

Sweden 271 0% (0/14) 

Germany 218 100% (13/13) 

The Netherlands 160 0% (0/3) 

Canada 134 0% (0/3) 

United Kingdom 110 60% (3/5) 

Finland 75 100% (1/1) 

Spain 55 100% (10/10) 

Belgium 20 100% (3/3) 

Italy 15 100% (5/5) 

Norway 10 50% (1/2) 

United States 1 0% (0/1) 
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Table 2: Patient characteristics with or without a physician present   
 

 ASSENT-3 
PLUS 

Pre-hospital 
MD 

No-pre-hospital 
MD 

MD vs.  
no-MD 

Sample size 1639 1045 594 p-value 
Age (years)* 62 61 64 <.001 
Female sex (%) 23 20 28 .001 
Smoker current (%) 43 44 41 .363 
Diabetes (%) 15 16 13 .194 
Hypertension (%) 36 40 29 <.001 
Prior MI (%) 15 14 16 .189 
Prior PCI (%) 7 8 6 .221 
Prior CABG (%) 2 1 3 .019 
Heart rate (bpm)* 74 74 73 .148 
Systolic BP (mmHG)* 133 135 132 .014 
*Medians
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Table 3: Clinical events – pre-hospital physician vs. no pre-hospital physician  
 
          
Variable    No  Unadjusted    Adjusted (*) 
______________________MD MD OR (95%CI)  OR (95% CI)       p 
Sample size          1045 594 
 
Pre/ in-hospital Events 
Refractory ischemia         5.4  5.6 0.96 (0.62-1.50) 0.92 (0.59-1.44)  .706 
Reinfarction          4.0  5.9 0.67 (0.42-1.06) 0.66 (0.42-1.05)  .082 
Stroke (in-hospital)         2.5  1.5 1.66 (0.77-3.56) 2.02 (0.92-4.44)  .081 
Major bleed          2.8  4.5 0.60 (0.35-1.02) 0.68 (0.39-1.17)  .164 
     
30-Day Events 
Death           6.7  6.7  1.00 (0.67-1.49) 1.27 (0.82-1.98)  .292 
Re-infarction          4.2  6.4  0.64 (0.41-1.01)     0.68 (0.43-1.06)  .087 
Serious rec. Ischemia         1.3  2.5  0.52 (0.25-1.09) 0.51 (0.25-1.07)  .077 
ICH           2.0  0.8  2.42 (0.91-6.44) 2.99 (1.08-8.23)  .034 
Death/re-MI         10.2          12.8  0.77 (0.57-1.06) 0.88 (0.63-1.23)  .451 
Death/MI/ischemia        11.2 15.2  0.71 (0.53-0.95) 0.80 (0.58-1.09)  .148 
 
 
* NOTE: Adjusted for baseline patient characteristics: age, sex, diabetes, hypertension, MI 
location, systolic blood pressure, heart rate, treatment assignment, and time to treatment. 
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Table 4: In-hospital management of patients   
 

MD vs. 
Variable  Pre-hospital MD   No-pre-hospital MD   no MD

__________________________________________________________________ 
Sample size    1045        594 
  
Medications pre/in--hospital 
GP2b3a      18   22   .019 
Aspirin      96   97   .281 
ACEI      63   61   .525 
BB      87   93   <.001 
CCB      11   14   .101 
Nitrates - IV     67   52   <.001 
Lipid lowering     73   71   .389 
Heparin: other     40   36   .101 
LMWH: other     52   19   <.001 
Ticlopidine/clopid.    64   40   <.001 
 
Procedures in hospital 
Angiography     72   41   <.001 
PCI Urgent     29   25   .133 
 Non-urgent    29   12   <.001 
CABG Urgent       2      1   .665 
Non-urgent       3    2   1.00 
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