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Abstract
Background: Unfractionated heparin (UFH) is frequently administered before percutaneous coronary 
intervention (PCI) in patients with ST-segment elevation myocardial infarction (STEMI).
Aims: The aim of the study was to investigate if pretreatment with UFH prior to arrival at the catheterisa-
tion laboratory affects coronary artery occlusion, mortality, and in-hospital major bleeding in patients with 
STEMI undergoing PCI.
Methods: Patients with a first STEMI event undergoing PCI between 2008 and 2016 were extracted from 
the Swedish Coronary Angiography and Angioplasty Registry. Risk ratios for UFH pretreatment versus no 
pretreatment regarding coronary artery occlusion at presentation in the catheterisation laboratory, 30-day 
mortality, and bleeding were obtained using adjusted Poisson regression models with robust standard errors. 
Analyses of propensity score (PS)-matched groups were performed to obtain absolute risk differences.
Results: In all, 41,631 patients were included, 16,026 (38%) with and 25,605 (62%) without UFH pretreat-
ment. Adjusted risk ratios were 0.89 (95% confidence interval [CI]: 0.87 to 0.90) for coronary artery occlu-
sion, 0.87 (0.77 to 0.99) for mortality, and 1.01 (0.86 to 1.18) for bleeding. In the PS-matched analyses, the 
absolute risk differences were –0.087 (–0.074 to –0.099) for coronary artery occlusion, –0.011 (–0.017 to 
–0.0041) for mortality, and 0 (–0.0052 to 0.0052) for bleeding.
Conclusions: Pretreatment with UFH was associated with a reduction in coronary artery occlusion among
patients with STEMI, with a number needed to treat (NNT) of 12, without increasing the risk of major in-
hospital bleeding. Regarding mortality, a reduction was found with UFH pretreatment, with an NNT of 94,
but this effect was not robust over all sensitivity analyses and residual confounding cannot be excluded.
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Abbreviations
BMI body mass index
CABG coronary artery bypass grafting
COPD chronic obstructive pulmonary disease
GP glycoprotein
IPTW inverse probability treatment weighting
LMWH low-molecular-weight heparin
MI myocardial infarction
NNT number needed to treat
NOAC novel oral anticoagulants
PCI percutaneous coronary intervention
PS propensity score
RCT randomised controlled trial
SCAAR  Swedish Coronary Angiography and Angioplasty 

Registry
STEMI ST-segment elevation myocardial infarction
UFH unfractionated heparin

Introduction
Percutaneous coronary intervention (PCI) is the gold standard for 
reperfusion therapy in patients with ST-segment elevation myocar-
dial infarction (STEMI). Pretreatment with unfractionated heparin 
(UFH) prior to arrival at the coronary catheterisation laboratory 
is often administered with the intention to improve spontaneous 
reperfusion rates and reduce clot burden1. Improved coronary 
blood flow prior to PCI has previously been shown to improve 
patient outcome2. After intravenous administration, the maximum 
effect of UFH is achieved within minutes. Furthermore, the half-
life is short, between 1 and 2 hours. These characteristics, com-
bined with the availability of an antidote, potentially makes UFH 
a good candidate for early administration in STEMI patients.
Scientific evidence regarding UFH pretreatment in patients with 
STEMI undergoing PCI is scarce. Only 1 small randomised con-
trolled trial (RCT) dating back to the late 90s3 and 10 observational 
studies with varying results regarding patient-relevant outcomes 
exist1,4-12. Furthermore, evidence on absolute risk differences is 
sparse, restricted to 1 small non-randomised study4, and available 
evidence regarding mortality is inconclusive. This is reflected in cur-
rent guidelines where UFH is endorsed for use during PCI, but there 
are no clear recommendations for UFH pretreatment prior to arrival 
at the coronary catheterisation laboratory13,14. In Sweden, there are 
30 centres performing PCI, each with their own local routines and 
traditions; no consensus has been reached regarding UFH pretreat-
ment. Thus, the aim of the present study was to investigate relative 
risks and absolute risk differences for the clinical effects of UFH 
pretreatment, including coronary artery occlusion at presentation in 
the catheterisation laboratory, mortality at 30 days, and major in-
hospital bleeding for patients with STEMI undergoing primary PCI.

Editorial, see page 697

Methods
In this cohort study, data from the Swedish Coronary Angiography 
and Angioplasty Registry (SCAAR) and the National Patient 

Register were used. SCAAR is a Swedish nationwide register 
where data regarding myocardial infarctions (MI) from all hospi-
tals with a cardiac intensive care unit as well as data from all coro-
nary angiographies and PCI procedures in Sweden are recorded. 
Patient data are reported by the handling physician via a web 
interface. In 2020, the register had a coverage rate of 98.1%15, 
and data can be linked to other registers through patients’ unique 
Swedish personal identity number16. The Swedish National Patient 
Register contains International Classification of Diseases (ICD)-
10 diagnoses from hospital admissions as well as from specialist 
outpatient care, with a 99% coverage of hospital discharges17.
The study population consisted of unique patients with a first 
STEMI event undergoing primary PCI during the study period 
from January 2008 to December 2016. The date of PCI was 
defined as the index date. Patients with chronic total occlusions, 
missing information regarding UFH pretreatment, and with rescue 
PCI following thrombolysis were excluded.

From SCAAR, data regarding age, sex, body mass index (BMI), 
smoking status, year of PCI, previous medical history (coronary 
artery bypass graft [CABG], diabetes, hyperlipidaemia, hyperten-
sion, MI), antithrombotic treatment before and during PCI, and 
the time from symptom onset to PCI were extracted. In Sweden, 
the dose of UFH pretreatment is often 5,000 U. However, the dose 
and the exact timing of the treatment is not recorded in the reg-
ister. To reflect the severity of the STEMI as well as differences 
in procedure, the location of the infarction (proximal versus not 
proximal) and access (radial versus non-radial) were recorded. We 
also recorded whether the PCI was performed at a tertiary hospi-
tal, defined as a centre with cardiac surgery available 24/7. From 
the patient register, we extracted diagnoses before the index date: 
bleeding, chronic obstructive pulmonary disease (COPD), heart 
failure, kidney failure, peripheral vessel disease, and stroke.

OUTCOME DEFINITIONS
The outcomes were coronary artery occlusion at presentation in 
the catheterisation laboratory, 30-day mortality, and major in-
hospital bleeding. Coronary artery occlusion was determined by 
the PCI physician prior to the PCI. In-hospital major bleeding 
included the following events during the index hospitalisation: 
intracranial bleeding, a haemoglobin decrease >30 g/L caused by 
bleeding, bleeding leading to prolonged hospitalisation, or bleed-
ing which required treatment other than compression.

STATISTICAL ANALYSES
We performed 2 adjusted statistical models using (i) a Poisson 
regression model (our main model) and (ii) a propensity score 
(PS)-matched model. For sensitivity analyses, we used multiple 
imputation followed by a PS-matched analysis, as well as inverse 
probability treatment weighting (IPTW).

MAIN ANALYSIS
Poisson regression with robust error margins (HC3) was used 
to obtain risk ratios with 95% confidence intervals (CI)18. 
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Goodness-of-fit was investigated with the chi-squared test. In the 
adjusted models, we a priori identified age, smoking status, sex, 
hyperlipidaemia, hypertension, type of centre (tertiary versus not 
tertiary), and time from symptom onset to PCI as covariates. In addi-
tion, we adjusted for factors differing significantly (p-value<0.05) 
between patients with and without UFH pretreatment and with 
a prevalence of at least 2%. BMI was not included in the models 
as information was missing for 26% of the patients. For each out-
come, we applied 1 crude and 3 adjusted models, with an increas-
ing number of adjusting variables for each model. The first model 
was adjusted for demographics and previous medical history and 
the second model additionally included other antithrombotic treat-
ment. In the third model, we adjusted for age, smoking status, sex, 
year, hyperlipidaemia, hypertension, previous bleeding, CABG, 
COPD, diabetes, heart failure, kidney failure, peripheral vessel 
disease, stroke, antithrombotic treatment prior to PCI (aspirin, 
clopidogrel, fondaparinux, glycoprotein [GP] IIb/IIIa-inhibitor, 
low-molecular-weight heparin [LMWH], prasugrel, thrombo-
lysis, ticagrelor, and warfarin) and antithrombotic treatment dur-
ing PCI (aspirin, bivalirudin, clopidogrel, GPIIb/IIIa-inhibitor, 
UFH, LMWH, prasugrel, and ticagrelor), proximal infarction, type 
of centre, and time from symptom onset to PCI. Antithrombotic 
treatment during PCI was included for the outcomes concern-
ing mortality and bleeding, but not for coronary artery occlusion; 
treatment during PCI occurs after coronary artery occlusion has 
been determined. Furthermore, radial access was not adjusted for 
as this variable could be affected by the UFH treatment. However, 
a subgroup analysis on radial access was performed (see below). 
Tolerance tests were performed to investigate multicollinearity.

In the exploratory subgroup analyses, the outcomes were ana-
lysed according to access (radial or non-radial), sex (male or 
female), weight (<60 kg or ≥60 kg), diabetes (yes or no), age (<75 
or ≥75 years), previous MI (yes or no), extent of the disease (one-
vessel or multiple-vessel disease), and vessel affected (left anterior 
descending artery, left circumflex artery, right coronary artery, and 
other vessels). The fully adjusted model was applied. P-values for 
interaction were calculated in the subgroup analyses.

PS-MATCHED ANALYSIS
To calculate the propensity score (PS), logistic regression, with 
UFH pretreatment as the dependent variable, was performed using 
all variables from the most adjusted Poisson model. We calculated 
2 PS, one for analysing coronary artery occlusion and one for mor-
tality and bleeding. For the outcome coronary artery occlusion, as 
opposed to mortality and bleeding, antithrombotic treatment dur-
ing PCI was not included, since treatments during PCI occur after 
the occurrence of coronary artery occlusion has been established. 
Thereafter, 2 PS-matched datasets were generated, one for ana-
lysing coronary artery occlusion and one for mortality and bleed-
ing. Calliper PS matching with nearest match was used. A calliper 
value of 0.02 was applied after testing values between 0.01 and 
0.5 and looking at the distribution of PS between the groups and 
balance of covariates (data not shown). After matching, the groups 

were balanced for all variables and PS (standardised mean dif-
ference <0.1) (Supplementary Figure 1). PS distribution was also 
similar between the groups (Supplementary Figure 2).

SENSITIVITY ANALYSIS
As sensitivity analyses, we used multiple imputation, followed by 
PS matching, with 10 imputations and 10 iterations per imputa-
tion. We imputed variables with >5% unknown, including BMI 
(26% unknown), smoking status (10% unknown), and time from 
symptom onset to PCI (7.9% unknown). Variables used for imput-
ing unknown data were those included in the most adjusted model. 
Predictive mean matching was performed for imputing BMI and 
time from symptom onset to PCI, while logistic regression was 
performed for imputing smoking status. The distribution of the 
imputed data was similar for each imputation and available data 
(Supplementary Figure 3). Thereafter, PS were calculated using 
all the variables in the most adjusted Poisson model, including 
BMI, smoking status, and time from symptom onset to PCI. As 
an additional sensitivity analysis, we performed IPTW, adjusting 
for the same variables as in the main analysis. We used stabilised 
weights, and when extreme weights were obtained, we provided 
analyses with no weight truncation, truncation at the 99th percen-
tile, and truncation at the 95th percentile.

OTHER STATISTICAL METHODS
To investigate potential differences between patients with and with-
out UFH pretreatment, the Wilcoxon rank-sum test and Pearson’s 
chi-squared or Fisher’s exact test were used for continuous and cate-
gorical variables, respectively. Statistical significance was defined 
as a 2-sided p-value <0.05. The statistical analyses were performed 
using R version 4.1.0 (R Foundation for Statistical Computing).

Results
MAIN ANALYSIS
A total of 41,631 patients were included in the study population 
(Figure 1), 16,026 (38%) receiving and 25,605 (62%) not receiv-
ing UFH pretreatment. The mean age was 67, and 71% were 
male. In 2008 and 2016, a total of 26% and 49%, respectively, of 
patients were pretreated with UFH and, overall, the proportion of 
pretreatment varied between 1% and 85% across the PCI centres 
(Supplementary Figure 4). Baseline characteristics are presented 
in Table 1. Goodness-of-fit showed a good fit for the Poisson mod-
els. The overall results are summarised in the Central illustration.

A total of 27,478 (66%) patients presented with coronary artery 
occlusion at angiography, 2,712 (6.5%) died within 30 days, and 
874 (2.1%) experienced in-hospital major bleeding (Table 2). In 
the most adjusted model, the risk ratios for UFH pretreatment ver-
sus no pretreatment were 0.89 (95% CI: 0.87 to 0.90) for coro-
nary artery occlusion, 0.87 (95% CI: 0.77 to 0.99) for mortality, 
and 1.01 (95% CI: 0.86 to 1.18) for bleeding. Tolerance tests 
showed that all adjusted variables had a variance inflation fac-
tor <5, indicating that multicollinearity was not a problem. In the 
subgroup analyses, interaction tests revealed no effect modifiers 
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for coronary artery occlusion (Figure 2). For mortality, access site 
and extent of vessels affected were effect modifiers. For bleeding, 
access site, weight, and age were found to be effect modifiers.

PS-MATCHED ANALYSES
As outlined in the methods section, 2 PS-matched datasets were 
created, one for coronary artery occlusion and a separate one for 
mortality and bleeding. In the PS-matched analysis regarding 
coronary artery occlusion, a total of 22,376 patients (54% of the 
primary population) were included (Supplementary Table 1). In 
the separate PS-matched dataset used for mortality and bleeding, 
15,256 patients (37% of the primary population) were included. 
For both datasets, the mean age was 67 years and 71% were male.

A total of 14,880 (66%) patients had coronary artery occlusion, 
708 (4.6%) died within 30 days, and 398 (2.6%) had major in-hos-
pital bleeding (Table 3). Absolute risk differences were significant 
for coronary artery occlusion –0.087 (95% CI: –0.074 to –0.099), 
and for mortality –0.011 (95% CI: –0.017 to –0.0041), but not 
for major in-hospital bleeding 0 (95% CI: –0.0052 to 0.0052). 
A Kaplan-Meier curve is presented in the Central illustration.

Unique patients enrolled in SCAAR
between 1st January 2008 
and 31st December 2016

n=285,656

Study population
n=41,631

Patients with chronic occlusions
n=4,562

Patients without STEMI
n=233,132

Patients not treated with PCI
n=6,264

Missing information regarding
heparin pretreatment
n=67

Figure 1. Flowchart of the study population. PCI: percutaneous 
coronary intervention; SCAAR: Swedish Coronary Angiography and 
Angioplasty Registry; STEMI: ST-segment elevation myocardial 
infarction

EuroIntervention

CENTRAL ILLUSTRATION Patient outcomes with versus without heparin pretreatment in patients with ST-segment 
elevation myocardial infarction undergoing PCI.

Risk ratio (95% CI) Absolute risk difference (95% CI)

Occlusion Adjusted Poisson regression
PS-matched groups

Mortality Adjusted Poisson regression
PS-matched groups

Bleeding Adjusted Poisson regression
PS-matched groups
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n=41,631
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A) Flowchart of patients included for analysing occlusion or mortality and bleeding from the Swedish Coronary Angiography and 
Angioplasty Registry. B) Forest plots with risk ratios, calculated using adjusted Poisson regression as well as PS-matched groups, and 
absolute risk differences, calculated using PS-matched groups. C) Kaplan-Meier curves for overall survival with 95% confidence intervals 
(dashed lines) in PS-matched groups with (blue) and without (red) unfractionated heparin. CI: confidence intervals; PCI: percutaneous 
coronary intervention; PS: propensity score; STEMI: ST-segment elevation myocardial infarction; UFH: unfractionated heparin
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Table 1. Characteristics of the compared groups.

Overall 
n=41,631

UFH pretreatment 
n=16,026

No UFH pretreatment 
n=25,605

Unknown
Standardised 

mean difference
p-value1

Demographics

Age 67±12 67±12 67±12 0 (0.0) –0.01 0.060

BMI 27.0±5.5 27.0±4.8 26.9±5.9 10,795 (26) 0.01 0.017

Smoker 11,176 (30) 4,662 (31) 6,514 (29) 4,249 (10) 0.04 <0.001

Male sex 29,640 (71) 11,259 (70) 18,381 (72) 0 (0.0) –0.03 <0.001

Year 2008 4,563 (11) 1,168 (7.3) 3,395 (13)

0 (0.0) 0.33 <0.001

2009 4,532 (11) 1,408 (8.8) 3,124 (12)

2010 4,463 (11) 1,478 (9.2) 2,985 (12)

2011 4,375 (11) 1,513 (9.4) 2,862 (11)

2012 4,378 (11) 1,481 (9.2) 2,897 (11)

2013 4,630 (11) 2,085 (13) 2,545 (9.9)

2014 4,899 (12) 2,197 (14) 2,702 (11)

2015 4,874 (12) 2,265 (14) 2,609 (10)

2016 4,917 (12) 2,431 (15) 2,486 (9.7)

Previous medical history

Bleeding 1,708 (4.1) 573 (3.6) 1,135 (4.4) 0 (0.0) –0.04 <0.001

CABG 1,319 (3.2) 403 (2.5) 916 (3.6) 19 (<0.1) –0.06 <0.001

Cancer 863 (2.1) 306 (1.9) 557 (2.2) 0 (0.0) –0.02 0.064

COPD 2,176 (5.2) 767 (4.8) 1,409 (5.5) 0 (0.0) –0.03 0.001

Dementia 166 (0.4) 58 (0.4) 108 (0.4) 0 (0.0) –0.01 0.35

Diabetes 6,130 (15) 2,318 (15) 3,812 (15) 623 (1.5) –0.01 0.14

Dialysis 153 (0.4) 46 (0.3) 107 (0.4) 0 (0.0) –0.02 0.032

Heart failure 1,712 (4.1) 507 (3.2) 1,205 (4.7) 0 (0.0) –0.08 <0.001

Hyperlipidaemia 9,362 (23) 3,497 (23) 5,865 (24) 1,698 (4.1) –0.04 <0.001

Hypertension 18,548 (46) 7,118 (45) 11,430 (46) 1,333 (3.2) –0.02 0.068

Kidney failure 849 (2.0) 291 (1.8) 558 (2.2) 0 (0.0) –0.03 0.011

MI 5,460 (14) 1,938 (12) 3,522 (14) 1,219 (2.9) –0.05 <0.001

Peripheral vessel disease 1,314 (3.2) 436 (2.7) 878 (3.4) 0 (0.0) –0.04 <0.001

PCI 4,177 (10) 1,576 (9.8) 2,601 (10) 21 (0.1) –0.01 0.29

Stroke 2,421 (5.8) 801 (5.0) 1,620 (6.3) 0 (0.0) –0.06 <0.001

Anti-thrombotic treatment prior to PCI

Any antithrombotic 37,371 (90) 16,026 (100) 21,345 (83) 2 (<0.1) 0.63 <0.001

Aspirin 35,917 (86) 15,332 (96) 20,585 (80) 17 (<0.1) 0.49 <0.001

Bivalirudin 125 (0.3) 34 (0.2) 91 (0.4) 0 (0.0) –0.03 0.009

Clopidogrel 17,029 (41) 5,581 (35) 11,448 (45) 11 (<0.1) –0.20 <0.001

Fondaparinux 1,852 (4.4) 86 (0.5) 1,766 (6.9) 1 (<0.1) –0.34 <0.001

GPIIb/IIIa inhibitor 899 (2.2) 634 (4.0) 265 (1.0) 0 (0.0) 0.19 <0.001

LMWH 1,507 (3.6) 29 (0.2) 1,478 (5.8) 0 (0.0) –0.33 <0.001

NOAC 150 (0.4) 25 (0.2) 125 (0.5) 0 (0.0) –0.06 <0.001

Prasugrel 1,698 (4.1) 821 (5.1) 877 (3.4) 0 (0.0) 0.08 <0.001

Thrombolysis 878 (2.1) 74 (0.5) 804 (3.1) 1 (<0.1) –0.20 <0.001

Ticagrelor 14,077 (34) 7,688 (48) 6,389 (25) 0 (0.0) 0.49 <0.001

Warfarin 880 (2.1) 115 (0.7) 765 (3.0) 1 (<0.1) –0.17 <0.001

Values are presented as n (percentage) or mean±standard deviation. 1Wilcoxon rank-sum test, Pearson's chi-squared test, Fisher's exact test. BMI: body 
mass index; CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; GP: glycoprotein; LMWH: low-molecular-weight heparin; 
MI: myocardial infarction; NOAC: novel oral anticoagulants (apixaban, dabigatran, rivaroxaban); PCI: percutaneous coronary intervention; 
UFH: unfractionated heparin
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Sensitivity analyses with multiple imputation before PS match-
ing showed similar results to the main analysis (Supplementary 
Table 2). For coronary artery occlusion and bleeding, IPTW 
showed similar results to the main analysis, but for mortality the 
analyses were inconsistent.

Discussion
The current study is, to our knowledge, the largest study to date 
regarding the clinical effects of UFH pretreatment compared with 
no pretreatment in patients with STEMI undergoing primary PCI. 
Our results showed that UFH pretreatment was associated with an 

Table 1 (cont'd). Characteristics of the compared groups.

Overall 
n=41,631

UFH pretreatment 
n=16,026

No UFH pretreatment 
n=25,605

Unknown
Standardised 

mean difference
p-value1

Antithrombotic treatment during PCI

Any antithrombotic 41,067 (99) 15,710 (98) 25,357 (99) 0 (0.0) –0.08 <0.001

Aspirin 4,797 (12) 270 (1.7) 4,527 (18) 2 (<0.1) –0.56 <0.001

Bivalirudin 21,502 (52) 8,149 (51) 13,353 (52) 6 (<0.1) –0.03 0.009

Cangrelor 301 (0.7) 119 (0.7) 182 (0.7) 0 (0.0) 0.00 0.71

Clopidogrel 3,748 (9.0) 210 (1.3) 3,538 (14) 4 (<0.1) –0.49 <0.001

Fondaparinux 157 (0.4) 38 (0.2) 119 (0.5) 0 (0.0) –0.04 <0.001

GPIIb/IIIa inhibitor 10,062 (24) 3,458 (22) 6,604 (26) 0 (0.0) –0.10 <0.001

Heparin 26,709 (64) 7,566 (47) 19,143 (75) 8 (<0.1) –0.59 <0.001

LMWH 1,140 (2.7) 15 (<0.1) 1,125 (4.4) 0 (0.0) –0.29 <0.001

NOAC 1 (<0.1) 0 (0) 1 (<0.1) 0 (0.0) –0.01 >0.99

Prasugrel 1,009 (2.4) 186 (1.2) 823 (3.2) 0 (0.0) –0.14 <0.001

Thrombolysis 50 (0.1) 16 (<0.1) 34 (0.1) 0 (0.0) –0.01 0.34

Ticagrelor 4,695 (11) 964 (6.0) 3,731 (15) 0 (0.0) –0.28 <0.001

Warfarin 9 (<0.1) 2 (<0.1) 7 (<0.1) 0 (0.0) –0.01 0.50

Clinical characteristics

Cardiogenic shock 1,306 (3.2) 405 (2.6) 901 (3.6) 415 (1.0) –0.06 <0.001

Proximal infarction 16,363 (39) 6,390 (40) 9,973 (39) 21 (0.1) 0.02 0.068

Radial access 26,200 (63) 12,595 (79) 13,605 (53) 0 (0.0) 0.56 <0.001

Tertiary centre 22,170 (53) 8,779 (55) 13,391 (52) 0 (0.0) 0.05 <0.001

Time from symptom onset 
to PCI, minutes 284±260 276±244 290±270 3,303 (7.9) –0.05 0.19

Values are presented as n (percentage) or mean±standard deviation. 1Wilcoxon rank-sum test, Pearson's chi-squared test, Fisher's exact test. BMI: body 
mass index; CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; GP: glycoprotein; LMWH: low-molecular-weight heparin; 
MI: myocardial infarction; NOAC: novel oral anticoagulants (apixaban, dabigatran, rivaroxaban); PCI: percutaneous coronary intervention; 
UFH: unfractionated heparin

Table 2. Number of events in the comparison groups and crude and adjusted risk ratios for UFH pretreatment versus no UFH 
pretreatment. Significant results in bold.

Event n/total n (%) RR

UFH No UFH Crude
Adjusted models

1a 2b 3c

Occlusion 9,920/16,026 (62) 17,558/25,605 (69) 0.90 (0.89 to 0.92) 0.92 (0.90 to 0.93) 0.89 (0.88 to 0.91) 0.89 (0.87 to 0.90)

Mortality 880/16,026 (5.5) 1,832/25,605 (7.2) 0.77 (0.71 to 0.83) 0.80 (0.72 to 0.88) 0.88 (0.78 to 0.99) 0.87 (0.77 to 0.99)

Bleeding 324/16,026 (2.0) 550/25,605 (2.1) 0.85 (0.75 to 0.96) 0.91 (0.79 to 1.04) 1.00 (0.86 to 1.17) 1.01 (0.86 to 1.18)
aadjusted for: age, smoking status, sex, year, previous bleeding, CABG, COPD, diabetes, heart failure, hyperlipidaemia, hypertension, kidney failure, 
heart failure, peripheral vessel disease and stroke. badjusted for: age, smoking status, sex, year, previous bleeding, CABG, COPD, diabetes, heart failure, 
hyperlipidaemia, hypertension, kidney failure, heart failure, peripheral vessel disease, stroke, antithrombotic treatment prior to PCI including: aspirin, 
clopidogrel, fondaparinux, GPIIb/IIIa-inhibitor, LMWH, prasugrel, thrombolysis, ticagrelor and warfarin (and antithrombotic treatment during PCI 
including: GPIIb/IIIa-inhibitor, LMWH, aspirin, bivalirudin, clopidogrel, heparin, prasugrel and ticagrelor for the outcomes of mortality and bleeding). 
cadjusted for: age, smoking status, sex, year, previous bleeding, CABG, COPD, diabetes, heart failure, hyperlipidaemia, hypertension, kidney failure, 
heart failure, peripheral vessel disease, stroke, antithrombotic treatment prior to PCI including: aspirin, clopidogrel, fondaparinux, GPIIb/IIIa-inhibitor, 
LMWH, prasugrel, thrombolysis, ticagrelor and warfarin (and antithrombotic treatment during PCI including: aspirin, bivalirudin, clopidogrel, GPIIb/
IIIa-inhibitor, heparin, LMWH, prasugrel and ticagrelor for the outcomes of mortality and bleeding), proximal infarction, tertiary centre, and time from 
symptom onset to PCI. CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; GP: glycoprotein; LMWH: low-molecular-
weight heparin; PCI: percutaneous coronary intervention; RR: risk ratio; UFH: unfractionated heparin
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0.50 0.80 1.25 2.00 0.50 0.80 1.25 2.00 0.50 0.80 1.25 2.00

Occlusion

Access Radial

 Non-radial

Sex Male

 Female

Weight <60 kg

 ≥60 kg

Diabetes Yes

 No

Age ≥75

 <75

Previous MI Yes

 No

Extent of disease One vessel

 Multiple vessels

Vessel affected LAD

 LCx

 RCA

 Other

Mortality

p<0.001

p=0.02

Bleeding

p=0.006

p=0.002

p=0.002

Figure 2. Fully adjusted subgroup analyses regarding coronary artery occlusion, mortality, and bleeding (unfractionated heparin pretreatment 
versus no such treatment). Subgroups with statistically significant p-values for interaction are presented with filled circles with p-values 
provided. Subgroups without statistically significant interaction are presented with open circles. Occlusion adjusted for: age, smoking status, 
sex, year, previous bleeding, CABG, COPD, diabetes, heart failure, hyperlipidaemia, hypertension, kidney failure, heart failure, peripheral 
vessel disease, stroke, antithrombotic treatment prior to PCI (including: aspirin, clopidogrel, fondaparinux, GPIIb/IIIa-inhibitor, LMWH, 
prasugrel, thrombolysis, ticagrelor, and warfarin), proximal infarction, tertiary centre, and time from symptom onset to PCI. Mortality and 
bleeding adjusted for: age, smoking status, sex, year, previous bleeding, CABG, COPD, diabetes, heart failure, hyperlipidaemia, hypertension, 
kidney failure, heart failure, peripheral vessel disease, stroke, antithrombotic treatment prior to PCI (including: aspirin, clopidogrel, 
fondaparinux, GPIIb/IIIa-inhibitor, LMWH, prasugrel, thrombolysis, ticagrelor, and warfarin), antithrombotic treatment during PCI 
(including: aspirin, bivalirudin, clopidogrel, GPIIb/IIIa-inhibitor, heparin, LMWH, prasugrel, and ticagrelor), proximal infarction, tertiary 
centre, and time from symptom onset to PCI. CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; 
GP: glycoprotein; LAD: left anterior descending artery; LCx: left circumflex artery; LMWH: low-molecular-weight heparin; MI: myocardial 
infarction; PCI: percutaneous coronary intervention; RCA: right coronary artery

Table 3. Number of events in the propensity score-matcheda comparison groups and risk ratios for UFH pretreatment versus no UFH 
pretreatment. Significant results are in bold.

Events n/total n (%)
RR (95% CI) ARD (95% CI) NNT (95% CI)

UFH No UFH

Occlusionb

6,955/11,188 (62) 7,925/11,188 (71) 0.88 (0.86 to 0.89) –0.087 
(–0.074 to -0.099) 12 (10 to 13)

Mortalityc

313/7,628 (4.1) 395/7,628 (5.2) 0.79 (0.69 to 0.92) –0.011 
(–0.017 to -0.0041) 94 (57 to 245)

Bleedingc

199/7,628 (2.6) 199/7,628 (2.6) 1.00 (0.82 to 1.21) 0 
(–0.0052 to 0.0052) Not applicable

aCalliper=0.02. bPropensity score calculated by logistic regression with heparin pretreatment as a dependent variable (yes or no) and adjusting for the 
following covariates: age, smoking status, sex, year, previous bleeding, CABG, COPD, diabetes, heart failure, hyperlipidaemia, hypertension, kidney 
failure, heart failure, peripheral vessel disease, stroke, antithrombotic treatment prior to PCI including: aspirin, clopidogrel, fondaparinux, GPIIb/
IIIa-inhibitor, LMWH, prasugrel, thrombolysis, ticagrelor and warfarin, proximal infarction, tertiary centre, and time from symptom onset to PCI. 
cPropensity score calculated by logistic regression with heparin pretreatment as a dependent variable (yes or no) and adjusting for the following 
covariates: age, smoking status, sex, year, previous bleeding, CABG, COPD, diabetes, heart failure, hyperlipidaemia, hypertension, kidney failure, heart 
failure, peripheral vessel disease, stroke, antithrombotic treatment prior to PCI including: aspirin, clopidogrel, fondaparinux, GPIIb/IIIa-inhibitor, LMWH, 
prasugrel, thrombolysis, ticagrelor and warfarin, antithrombotic treatment during PCI including: aspirin, bivalirudin, clopidogrel, GPIIb/IIIa-inhibitor, 
heparin, LMWH, prasugrel and ticagrelor, proximal infarction, tertiary centre, and time from symptom onset to PCI. ARD: absolute risk difference; 
CABG: coronary artery bypass graft; CI: confidence interval; COPD: chronic obstructive pulmonary disease; GP: glycoprotein; LMWH: low-molecular-
weight heparin; NNT: number needed to treat; PCI: percutaneous coronary intervention; RR: risk ratio; UFH: unfractionated heparin
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11% relative risk reduction in STEMI patients presenting in the 
catheterisation laboratory with a coronary artery occlusion. The 
PS-matched analysis showed a corresponding 9% absolute risk 
reduction in coronary artery occlusion, corresponding to a number 
needed to treat (NNT) of 12. Regarding mortality, a 13% relative 
risk reduction was shown in the main analysis, and a 1% abso-
lute risk reduction in the PS-matched analysis, corresponding to 
an NNT of 94. Regarding major in-hospital bleeding, our results 
suggest no harmful effects of UFH pretreatment.

Our positive findings regarding UFH pretreatment for coro-
nary artery occlusion are in line with previous literature1,3-8,10,11. 
Only 1 cohort study reported no difference in patency between the 
groups9. A potential explanation for the differing result in the lat-
ter study may be that a trained medical student instead of an expe-
rienced cardiologist was used for determining Thrombolysis in 
Myocardial Infarction (TIMI) flow. The previously largest cohort 
study, including 7,144 patients (who also were included in our 
study), reported a 36% reduction of total occlusion1, a figure sub-
stantially larger than ours. Possible explanations for our differing 
results could be different cut-offs for vessel occlusion. They also 
calculated odds ratios, in contrast to the relative risks reported in 
this study. These 2 estimates are not comparable when the out-
come occurs in >10% of the sample19. A large difference between 
the groups regarding patency of the culprit coronary vessel was 
also reported in the only RCT on the topic; patency was 4 times 
more likely in the UFH-pretreated group3. However, this RCT 
was performed in the late 90s with a low sample size (n=48) and 
does not reflect the current care of STEMI patients. Furthermore, 
in the RCT, high-dose prehospital UFH was used, as opposed to 
the clinical routine in Sweden, where low-dose UFH (generally 
5,000 U) is the choice for pretreatment prior to arrival in the coro-
nary catheterisation laboratory.

As far as we are aware, PS-matched analyses have only been 
used in 1 previous study4. In that study, with 528 patients in each 
group, a statistically significant reduction in coronary artery occlu-
sion with UFH pretreatment was found. The absolute risk reduc-
tion was 11 percentage points, which is in line with our results. In 
addition, a study examining the effects of pretreatment with dif-
ferent antithrombotic treatments in patients with STEMI includ-
ing 10,064 patients and with 81% of pretreatment being UFH 
suggested an improved patency with pretreatment20. Overall, our 
results regarding coronary artery occlusion seem to be consistent 
with previous literature.

Regarding mortality, the results from previous studies are 
mixed. No statistically significant difference in mortality between 
the groups was found in 5 studies1,4-6,11, whereas a statistically 
significant difference in favour of UFH pretreatment was reported 
in 4 studies7-9,12. The diverging results may be a result of power 
and/or bias issues. Indeed, a post hoc power analysis based on 
the mortality incidence in our PS-matched analysis revealed that 
11,502 patients would be required to reject a 1.1% absolute risk 
difference with 80% certainty. In our study, a mortality difference 
between the groups in favour of UFH pretreatment was observed 

in both the main analysis and the PS-matched analysis. The inter-
action tests in our subgroup analyses revealed that the access site 
and extent of vessel disease were effect modifiers for mortality. 
About one-third of the study population had non-radial access and, 
for these patients, a higher risk of mortality with UFH pretreat-
ment was found.

The sensitivity analyses using multiple imputation showed simi-
lar results. Interestingly, the IPTW analyses were not consistent, 
and the extreme weights obtained may be part of the explanation. 
For example, when investigating mortality and bleeding, the larg-
est weight was 426, the mean 1.07, the median 0.68, and the third 
quartile 0.96. Consequently, few patients significantly affect the 
results, resulting in wide confidence intervals without truncation 
and biased results with arbitrary truncation. Indeed, one may spec-
ulate that if a patient receives UFH pretreatment, despite many 
underlying factors negatively associated with such treatment, they 
will be assigned an extreme weight in the IPTW analysis. These 
patients are likely to have an increased risk of poor outcomes and 
will contribute to biased results.

Regarding bleeding, our results are consistent with previous stud-
ies where no statistically significant differences were reported1,4-8. 
However, our definition of bleeding is restricted to major bleeding 
only. Interestingly, the interaction tests in the subgroup analyses 
revealed that access site, age, and weight were effect modifiers. 
UFH pretreatment was associated with an increased risk of bleed-
ing for patients that undergo non-radial access, are 75 years of age 
or older, or weigh below 60 kilograms. One may speculate that 
these three groups contain frail patients, i.e., patients particularly 
prone to bleeding complications. For patients with a low weight, 
one may also speculate that the increased risk of bleeding may be 
caused by a higher UFH dose relative to the patient’s body weight.

An important strength of our study is that we used data from 
SCAAR. This approach makes many relevant variables accessi-
ble for the analyses. In addition, our study sample is large with 
a high coverage; it includes nearly 6 times as many patients than 
the previously largest cohort study1 and enabled subgroup ana-
lyses. Another strength is that we calculated risk ratios instead of 
odds ratios, which have been used in several previous studies1,6-9. 
Odds ratios may be more difficult to interpret. As opposed to risk 
ratios, they do not correspond to the relative risk for common out-
comes, for example, occlusion. In addition, the PS-matched ana-
lyses allowed us to estimate the absolute risk differences with 
corresponding NNT. Furthermore, we used sensitivity analyses to 
investigate the robustness of the results.

Limitations
A limitation of the present study is that the UFH pretreated 
patients differed somewhat from the patients not receiving UFH 
pretreatment. We took this into account using 2 different statistical 
methods and multiple levels of statistical modelling. Nonetheless, 
residual confounding cannot be excluded. Another limitation is 
that the dose and exact timing of the pretreatments were unknown; 
these data are not recorded in SCAAR. An additional limitation is 
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that several patients were excluded in the PS-matched analyses. 
This may affect the generalisability of the results. Furthermore, 
the IPTW sensitivity analyses regarding mortality were not robust. 
Finally, the National Patient Register does not include diagnoses 
recorded in primary care. Therefore, some background charac-
teristics may be missing.

Conclusions
In summary, our results show that pretreatment with UFH prior 
to arrival at the catheterisation laboratory in patients with STEMI 
undergoing primary PCI is associated with a reduced risk of coro-
nary artery occlusion at presentation, with an NNT of 12, without 
increasing the risk of major in-hospital bleeding. Regarding mor-
tality, our analyses show a reduced risk with UFH pretreatment, 
with an NNT of 94, but this effect was not robust over all sensi-
tivity analyses. Residual confounding cannot be ruled out; cau-
tion must be taken in interpretation, and a future RCT could add 
further insights.

Impact on daily practice
In this study, comparing unfractionated heparin pretreatment 
with no pretreatment in patients with STEMI undergoing pri-
mary PCI, we show a significant relative risk reduction in coro-
nary artery occlusion at the time of angiography as well as an 
absolute risk reduction with an NNT of 12, without an increased 
risk of major bleeding. A reduced risk of mortality was found, 
with an NNT of 94, but this result was not robust over all sen-
sitivity analyses. Providing risk ratios as well as absolute risk 
differences in a well-characterised cohort of 41,631 patients, 
which constitutes the largest published study so far on this 
topic, the study contributes further evidence that could be use-
ful for future guidelines as the results suggest a clinical benefit 
of unfractionated heparin pretreatment.
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Supplementary Table 1. Characteristics of PS-matched groups pretreated or not pretreated with 

unfractionated heparin (UFH) for the outcomes concerning occlusion, mortality and bleeding, 

respectively.  
  Occlusion Mortality and bleeding  

 UFH  
n=11,188 

No UFH  
n=11,188 p-value UFH  

n=7,628 
No UFH  
n=7,628 p-value 

Demography Age 67±12 67±12 0.57 67±12 67±12 0.73 

Smoker 3,493 (31) 3,354 (30) 0.044 2,261 (30) 2,264 (30) 0.082 

Male sex 7,877 (70) 7,992 (71) 0.090 5,450 (71) 5,403 (71) 0.40 

Year 

2008 849 (7.6) 932 (8.3) 

<0.001 

947 (12) 1,005 (12) 

<0.001 

2009 1,044 (9.3) 960 (8.6) 771 (10) 816 (10) 

2010 1,217 (11) 1,120 (10) 713 (9.3) 762 (9.4) 

2011 1,276 (11) 1,309 (12) 682 (8.9) 732 (9.0) 

2012 1,041 (9.3) 1,491 (13) 761 (10.0) 797 (9.8) 

2013 1,388 (12) 1,357 (12) 735 (9.6) 760 (9.4) 

2014 1,344 (12) 1,403 (13) 886 (12) 921 (11) 

2015 1,415 (13) 1,371 (12) 1,060 (14) 1,110 (14) 

2016 1,614 (14) 1,245 (11) 1,073 (14) 1,198 (15) 
Previous medical 
history 

Bleeding 409 (3.7) 421 (3.8) 0.67 323 (4.2) 334 (4.4) 0.66 

CABG 292 (2.6) 290 (2.6) 0.93 230 (3.0) 241 (3.2) 0.61 

COPD 535 (4.8) 542 (4.8) 0.83 392 (5.1) 389 (5.1) 0.91 

Diabetes 1,541 (14) 1,579 (14) 0.46 1,106 (14) 1,081 (14) 0.56 

Heart failure 351 (3.1) 350 (3.1) 0.97 271 (3.6) 300 (3.9) 0.22 

Hyperlipidemia 2,494 (22) 2,483 (22) 0.86 1,775 (23) 1,805 (24) 0.57 

Hypertension 4,956 (44) 5,018 (45) 0.40 3,449 (45) 3,424 (45) 0.68 

Kidney failure 192 (1.7) 203 (1.8) 0.58 137 (1.8) 150 (2.0) 0.44 

MI 1,401 (13) 1,407 (13) 0.90 1,051 (14) 1,045 (14) 0.89 
Peripheral vessel 
disease 305 (2.7) 313 (2.8) 0.74 241 (3.2) 248 (3.3) 0.75 

Stroke 541 (4.8) 568 (5.1) 0.41 424 (5.6) 431 (5.7) 0.81 
Antithrombotic 
medication prior 
to PCI 

Aspirin 226 (2.0) 170 (1.5) 0.005 183 (2.4) 172 (2.3) 0.55 

Clopidogrel 22 (0.2) 28 (0.3) 0.40 22 (0.3) 31 (0.4) 0.22 

Fondaparinux 10,711 (96) 10,865 (97) <0.001 7,252 (95) 7,248 (95) 0.88 

GpIIb/IIIa-inhibitor 4,698 (42) 5,001 (45) <0.001 3,357 (44) 3,223 (42) 0.028 

LMWH 73 (0.7) 62 (0.6) 0.34 72 (0.9) 75 (1.0) 0.80 

Prasugrel 574 (5.1) 608 (5.4) 0.31 385 (5.0) 407 (5.3) 0.42 

Thrombolysis 27 (0.2) 25 (0.2) 0.78 23 (0.3) 21 (0.3) 0.76 

Ticagrelor 4,642 (41) 4,486 (40) 0.034 2,893 (38) 3,032 (40) 0.021 

Warfarin 95 (0.8) 118 (1.1) 0.11 91 (1.2) 102 (1.3) 0.43 
Antithrombotic 
medication 
during PCI 

Aspirin - - - 1,840 (24) 1,807 (24) 0.53 

Bivalirudin - - - 10 (0.1) 12 (0.2) 0.67 

Clopidogrel - - - 168 (2.2) 188 (2.5) 0.28 

GpIIb/IIIa-inhibitor - - - 3,351 (44) 3,509 (46) 0.010 

Heparin - - - 139 (1.8) 161 (2.1) 0.20 

LMWH - - - 5,228 (69) 5,147 (67) 0.16 

Prasugrel - - - 138 (1.8) 128 (1.7) 0.54 

Ticagrelor - - - 648 (8.5) 573 (7.5) 0.025 
Clinical feature Proximal infarction 4,468 (40) 4,325 (39) 0.050 2,999 (39) 2,937 (39) 0.30 

Tertiary centre 5,947 (53) 6,069 (54) 0.10 4,013 (53) 4,044 (53) 0.62 
Time from symptom 
to PCI, minutes 279 ±245 283±259 0.046 290 ±256 293 ±267 0.071 

 Propensity score 0.48±0.14 0.48±0.14 0.14 0.50±0.22 0.50±0.21 0.17 

Values are presented as n (percentage) or mean±standard deviation. CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary 
disease; GpIIb/IIIa: glycoprotein IIb/IIIa; LMWH: low-molecular-weight heparin; PS: propensity score; UFH: unfractionated heparin 
  



Supplementary Table 2. Sensitivity analyses for primary outcomes using multiple imputation and PS-

matched comparison groups and inverse probability treatment weighting.  

 Risk ratio (95% confidence intervals) 

 Multiple imputation, PS-
matched groups 

IPTW 

No weight truncation Weights truncated at 99th 
percentile 

Weights truncated at 95th 
percentile 

Occlusion 0.89 (0.86; 0.92) 0.91 (0.89; 0.93) 0.90 (0.88; 0.91) 0.89 (0.88; 0.91 

Mortality 0.83 (0.70; 0.96) 1.15 (0.80; 1.67) 0.93 (0.81; 1.06) 0.87 (0.77; 0.98) 

Bleeding 1.01 (0.79; 1.24) 1.17 (0.61; 2.28) 1.02 (0.84; 1.25) 1.02 (0.86; 1.21) 

Significant results are in bold. Occlusion adjusted for: age, smoking status, sex, year, previous bleeding, CABG, COPD, diabetes, heart failure, 
hyperlipidemia, hypertension, kidney failure, heart failure, peripheral vessel disease, stroke, antithrombotic treatment prior to PCI including: 
aspirin, clopidogrel, fondaparinux, GPIIb/IIIa-inhibitor, LMWH, prasugrel, thrombolysis, ticagrelor and warfarin, proximal infarction, tertiary 
centre, and time from symptom onset to PCI 
Mortality and bleeding adjusted for: age, smoking status, sex, year, previous bleeding, CABG, COPD, diabetes, heart failure, hyperlipidemia, 
hypertension, kidney failure, heart failure, peripheral vessel disease, stroke, antithrombotic treatment prior to PCI including: aspirin, clopidogrel, 
fondaparinux, GPIIb/IIIa-inhibitor, LMWH, prasugrel, thrombolysis, ticagrelor and warfarin, antithrombotic treatment during PCI including: 
aspirin, bivalirudin, clopidogrel, GPIIb/IIIa-inhibitor, heparin, LMWH, prasugrel and ticagrelor, proximal infarction, tertiary centre, and time 
from symptom onset to PCI 
PCI = percutaneous coronary intervention, PS = propensity score, IPTW = inverse probability treatment weighting 
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Supplementary Figure 1. Standardised mean difference for continuous variables and mean difference for 
binomial variables before (red dots) and after (blue dots) PS matching for occlusion (A) and mortality and 
bleeding (B).  
For treatments where only the name of the drug is written, pretreatment is intended. For treatments with PCI 
after the name of the drug, treatment during PCI is intended. The dotted line is the limit of what is 
considered a balanced mean difference (<0.1). 
 
CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease, GpIIb/IIIa: 
glykoprotein IIb/IIIa; LMWH: low-molecular-weight heparin; MI: myocardial infarction; PS: propensity 
score  



A 

 
B 

 
Supplementary Figure 2. Distribution of propensity score in the group pretreated with unfractionated 
heparin (blue) and the group that did not receive such treatment (red) before and after matching for 
occlusion (A) and mortality and bleeding (B). 
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Supplementary Figure 3. Distribution of original data (blue line) and 10 imputations (red lines) for BMI 
(A) and time from symptom onset to PCI (B). 
 
BMI: body mass index; PCI: percutaneous coronary intervention 
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Supplementary Figure 4. Proportion of STEMI patients undergoing PCI receiving UFH pretreatment by 
year (A) and type of centre (B). 
 
PCI: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction; UFH: 
unfractionated heparin 




