
Stefan James

Professor Cardiology, Dept. of Medical Sciences Uppsala University

Scientific director Uppsala Clinical research center, Uppsala University

Senior Interventional Cardiologist Uppsala University Hospital

President Swedish Cardiac society, Sweden

Changing the paradigm: 

registry-based randomized

trials



11.7%

26.4%

15.3%

13.5%

12.0%

22.9%

6.4%

6.1%

23.6%

0.3%

9.7%

11.0%

19.0%

4.9%

4.8%

0% 10% 20% 30%

AF

Heart failure

PAD

STEMI

Perioperative

Secondary prevention

Stable angina

SV arrhythmias

UA/NSTEMI

Valvular disease

VA/SCD

PCI

CABG

Pacemaker

Radionuclide imaging

Which Treatment is Best for Whom?  High-Quality Evidence is Scarce

< 15% of guideline recommendations supported by high quality evidence





Cost of doing trials



Pragmatic Clinical Trials

Traditional Clinical trial Pragmatic Clinical trial

Research 

question

Is the treatment effective under     

ideal circumstances

Is the treatment effective in clinical 

reality

Aim Biological or mechanistic What matters to patients and decision 

makers

Patient selection Narrow Broad, representative

Endpoints Surrogate, mechanistic Clinically important

Goal Deeper scientific understanding Treatment choice

“Some degree of pragmatism should be included in 

every clinical trial”

Bob Harrington, Stanford



Usual Clinical Trial after 

Regulatory/FDA/Academic 

Interactions

Well planned and 

conducted pragmatic 

trial

Poorly planned pragmatic 

trial

Beautiful but expensive

and cumbersome

Good enough Simple, inexpensive

but inapproprate

IKEA style



Data bases in Sweden based on personal number

with patient characteristics, treatments and outcomes
Since 1947

540219-9750 Population registry

By the taxation authority

For all inhabitants

Year/month/day-control

Used for all 

interaction with 

the society



Data bases in Sweden based on personal number

with patient characteristics, treatments and outcomes

Hospital 

admission - ICD

Population registry

Since 1947

540219-9750

Year/month/day-control

Board of health & welfare



A selection of mandatory Swedish national registries by 

The National Board of Health and Welfare 

(since 1749)

Health data registers:

Social Services registers 

Social services to the elderly and functionally impaired (2007)

Persons with impairments – activities according to LSS (2004)

Social (financial) assistance (2012)



EHRs

Statistics Sweden

Data bases in Sweden based on personal number

with patient characteristics, treatments and outcomes

Hospital 

admission - ICD

Population registry

Since 1947

540219-9750

Year/month/day-control

Education, salary, social 

status, residence etc



EHRs

Statistics Sweden

Data bases in Sweden based on personal number

with patient characteristics, treatments and outcomes

Prescription registry

Hospital 

admission - ICD

Population registry

Since 1947

540219-9750

Year/month/day-control

All dispensions from the 

pharmacy



EHRs

Statistics Sweden

Data bases in Sweden based on personal number

with patient characteristics, treatments and outcomes

Hospital 
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Population registry
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Outpatient 

diagnosis 
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EHRs

Statistics Sweden

Data bases in Sweden based on personal number

with patient characteristics, treatments and outcomes

Hospital 

admission - ICD

Population registry

Since 1947

540219-9750

Year/month/day-control

Prescription registry

Outpatient 

diagnosis 

registry

Quality registry
National helath care 

providers and government



Sweden’s > 100 quality registries

Knee prosthesis

Hip prosthesis

RiksHIA

Coronary

Care 

Diabetes

Prostate-

cancer

Swedeheart



EHRs

Statistics Sweden

Data bases in Sweden based on personal number

with patient characteristics, treatments and outcomes

Hospital 

admission - ICD

Population registry

Since 1947

540219-9750

Year/month/day-control
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Outpatient 
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Quality registry
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EHRs

Statistics Sweden

Data bases in Sweden based on personal number

with patient characteristics, treatments and outcomes

Hospital 

admission - ICD

Population registry

Since 1947

540219-9750

Year/month/day-control

Prescription registry

Outpatient 

diagnosis 

registry

Quality registry

Quality Registry

Quality Registry

Quality Registry

Quality Registry



Number of cases annually: > 80 000

RIKS-HIA 73 CCU hospitals, 100% 

SCAAR 30 PCI hospitals, 100%

Percutaneous valves 7 hospitals, 100%

Heart surgery 7 hospitals, 100%

Secondary prevention       67 hospitals, 90%

Cardio genetics 5 university hospitals

Cardiac CT 10 large hospitals

Continuous bio banking 3 university hospitals

>300 variables - baseline, procedural, outcomes

At monitoring: 95-96% agreement.

Chair Tomas Jernberg



Covers the common disease areas ACS-PCI, valve disease, heart 
failure and atrial fibrillation.

EuroHeart is an ESC coordinated and sponsored programme that:

EuroHeart – The Project

Starts with development of standardised data sets and quality 
indicators for diseases and devices.

During the pilot phase, it tests the system in 2 – 4 countries.

Will develop a data science centre localised with options for 
remote data access.

Will include representatives from the interested countries in the 
development and in all subcommittees.



”A prospective randomized trial that uses a clinical registry for one or several major functions for 

trial conduct and outcomes reporting” (Uppsala Clinical Research definition)

Registry-based Randomized Clinical Trial - R-RCT

R a n d o m i z e d c l i n i c a l

t r i a l

• R a n d o m i z e d

• Causal inference

• Efficacy

• Narrow selection

• Resource-intense

O b s e r v a t i o n a l R W D

• Observational

• Hypothesis generating

• Pragmatic

• All comers

• Resource-effective
R

-R
C

T
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Prosective randomized trial that uses a clinical registry

for one or several major functions for trial conduct and 

outcomes reporting.

Register based Randomized Clinical trials- R-RCT



▪ Combines the advantages of a clinical registry and 

randomized study

▪ Complement to classical RCT –No substitute 

▪ No formal definition

RRCT

Evaluation of therapeutic 

options available/used in 

routine clinical care

RCT

Approval of new 

pharmaceutical agents and 

medical devices

R-RCT vs. classical RCT 



Pre-requisits for modern R-RCTs



 Identify patients

 Randomize

 Collect baseline and procedure characteristics (CRF)

 Assist with and collect consent forms 

 Identify clinical endpoints (endpoint detection)

 Control clinical outcome events (adjudication, CEC)

Some or all parts of trial

What can a registry do?



Vlaar, P.J. et al. The Lancet  2008; 371:1915-20

PCI alone (N=500)

PCI + thrombus aspiration (N=500)

Thrombus aspiration

RR 50%



Fröbert, O. et al. Int J Cardiol. 2010; 145:572-3

PCI alone (N=16 417)

HR (95% CI): 1.21 (1.08-1.35)

PCI +thrombus aspiration (N=3600)

RR 20%

Thrombus aspiration

Vlaar, P.J. et al. The Lancet  2008; 371:1915-20



Randomize and store data

Did the patient consent?

Are inclusion and exclusion crieteria met?



Randomized

All primary PCI:s

7244 patients

Date

Patients

TASTE  inclusion rate

Eligible



HR 1 year 0.94 (0.78 – 1.15), P=0.57

HR up to 30 days 0.94 (0.72 - 1.22), P=0.63

The simplest and most 

pragmatic design



Registry based Patient Follow-up
STEMI Thrombectomy Story

Registry-based Follow-up

Lagerqvist B et al. N Engl J Med 2014;371:1111-1120 Jolly SS et al. N Engl J Med 2015;372:1389-1398

1st patient: June 2010

30 centers

33 months to full enrollment

1st patient: August 2010

87 centers

48 months to full enrollment

Standard site-based Follow-up

500,000 € 15,000,000 € 

Fröbert et al. N Engl J Med 2013 Oct 24;369(17):1587-97 



Title Citation Class LOE

2012 ESC Guidelines ST-

segment elevation myocardial 

infarction .

European Heart Journal

2012 Oct;33(20):2569-619

Routine aspiration should 

be considered

IIa B

2014 ESC/EACTS guidelines on 

myocardial revascularization

Eur Heart J. 2014 Oct 

1;35(37):2541-619

May be considered in 

selected patients

IIb A

2015 ACC/AHA focused update 

PPCI

JACC Routine thrombectomy

not useful

III A

2015 ACC/AHA focused update 

PPCI

JACC Selective and bailout

Thrombectomy not well

established

IIb C

2017 ESC Guidelines ST-

segment elevation myocardial 

infarction 

European Heart Journal

2017

Routine use of thrombus

aspiration is not

recommended.

III A

Guidelines



During trial

Mean use during trial

Mean use immediately after trial

Bucceri Circ CV Int 2019
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Trombsugning – före, under, och

efter TASTE





Eligible patient*: 

In ambulance, ED or cath lab

N=6600 

Oxygen
6l/min for (6-)12h 

via Oxymask

Air

Primary Endpoint: 1-year total mortality
Additional secondary endpoint and sub studies

Data analysis through SWEDEHEART registry and national mortality registry

*Inclusion criteria:

• symptoms suggestive of AMI 

within 6h

• SpO2 ≥ 90%

• ≥ 30y

• ECG changes indicating

ischemia and/or 

elevated troponin levelsR

1:1

Funding: Swedish Research council (VR)



Primary Endpoint up to 365 days

Ambient air

Oxygen treatment

Oxygen treatment 5.0 %

Ambient air 5.1 %

HR 0.97

95% CI, 0.79 – 1.21

P=0.8



VALIDATE (R-RCT)

 FU: Register data, combined with phone call endpoint follow up 
and CEC

 Funding: Heart-lung foundation. Swedish research council, Astra 
Zeneca, The Medicines company. 

STEMI (n=3000) or NSTEMI (n=3000)

Pre-treatment with Ticagrelor, Prasugrel or 

Cangrelor

Angiography: PCI intended

Primary Endpoint:

NACE: Death, Myocardial Infarction or Bleeding 

complication (BARC 2, 3 or 5)

at 6 months

Heparin only

(70-100U/kg)

Bivalirudin
(5000U Heparin pre-hospital 

or 3000U pre-PCI)

R

1:1



 25 PCI centers out of 29 in 

Sweden participated in the trial 

 47.8% (6006 of 12,561) of all 

patients in Sweden presenting 

at enrolling hospitals with an 

initial diagnosis of STEMI or 

NSTEMI planned for PCI were 

randomized.

 Of all patients potentially 

eligible for enrollment, 70.0% 

(6006 of 8585) were 

randomized.

All potential patients

Enrolled

Included NSTEMI/STEMI in relation to

possible eligible patients in Sweden



Primary Endpoint at 180 days

HR 0.96

95% CI, 0.83 – 1.10

P=0.54



Guideline Reco Guideline Reco

Thrombus 

aspiration

2012 

Routine thrombus aspiration should be 

considered

IIa B 2017 

Routine use of thrombus aspiration is not

recommended

III A

Bivalirudin 2012 

Bivalirudin (GP IIb/IIIa blocker restricted 

to bailout) is recommended over 

heparin and a

GP IIb/IIIa blocker

I B 2018 

Bivalirudin may be considered as an 

alternative to UFH

IIb A

Oxygen 2012 

Oxygen is indicated if hypoxia (SaO2 

<95%), breathlessness, or acute heart 

failure.

I C 2017 

Routine oxygen is not recommended if SaO2 

> 90%

III B

iFR 2014

FFR to identify haemodynamically

relevant coronary lesion(s) in stable 

patients when evidence of ischaemia is 

not available.

I A 2019

When evidence of ischaemia is not available, 

FFR or iFR are recommended to

assess the haemodynamic relevance of

intermediate-grade stenosis.

I A

Guidelines

iFR-

SWEDEHEART

Swedeheart RRCT



iFR-

SWEDEHEART

1: Buccheri S, et al

Assessing the Nationwide Impact of a 

Registry-Based Randomized Clinical Trial 

on Cardiovascular Practice. 

Circ Cardiovasc Interv. 2019 

Mar;12(3):e007381.

2: Karlsson S et al

Heparin pre-treatment in patients with ST-

segment elevation myocardial infarction 

and the risk of intracoronary thrombus and 

total vessel occlusion. Insights from the 

TASTE trial. 

Eur Heart J Acute Cardiovasc Care. 

2019 Feb;8(1):15-23. 

3: Jolly SS, et al 

Thrombus Aspiration in ST-Segment-

Elevation Myocardial

Infarction: An Individual Patient Meta-

Analysis: Thrombectomy Trialists 

Collaboration. 

Circulation. 2017 Jan 10;135(2):143-152. 

doi:

4: Olivecrona GK, et al 

Impact of thrombus aspiration during ST-

Elevation Myocardial Infarction: a six 

month composite endpoint and risk of 

stroke analyses of the TASTE trial. 

BMC Cardiovasc Disord. 2016 Apr 

1;16:62

5: Calais F et al

Thrombus aspiration in patients with large 

anterior myocardial infarction: A Thrombus 

Aspiration in ST-Elevation myocardial 

infarction in Scandinavia trial substudy. 

Am Heart J. 2016 Feb;172:129-34. 

6: Wachtell K, et al

Novel Trial Designs: Lessons Learned from 

Thrombus Aspiration During ST-Segment 

Elevation Myocardial Infarction in Scandinavia 

(TASTE) Trial. 

Curr Cardiol Rep. 2016 Jan;18(1):11. 

7: Fröbert O, et al. ST-elevation myocardial

infarction, thrombus aspiration, and different 

invasive strategies. A TASTE trial substudy. 

J Am Heart Assoc. 2015 Jun 15;4(6):e001755.

8: Lagerqvist B, et al . Outcomes 1 year after

thrombus aspiration for myocardial infarction. 

N Engl J Med. 2014 Sep 18;371(12):1111-20. 

9: Fröbert O, James SK; TASTE Research 

Group. Thrombus aspiration during myocardial

infarction. 

N Engl J Med. 2014 Feb 13;370(7):675-6.

10: Fröbert O,  et al TASTE Trial. Thrombus

aspiration during ST-segment elevation 

myocardial infarction. 

N Engl J Med. 2013 Oct 24;369(17):1587-97.

11: Fröbert O et al

TASTE trial.  A multicenter, prospective, 

randomized, controlled clinical registry trial 

based on the Swedish angiography and 

angioplasty registry (SCAAR) platform. Study

design and rationale. 

Am Heart J. 2010 Dec;160(6):1042-8.

.

1: Ritsinger V et al. 

Elevated admission glucose is common and 

associated with high short-term complication

burden after acute myocardial infarction: 

Insights from the VALIDATE-SWEDEHEART 

study. 

Diab Vasc Dis Res. 2019 Nov;16(6):582-

584. 

2: Wester A, et al

Impact of Baseline Anemia in Patients With

Acute Coronary

Syndromes Undergoing Percutaneous

Coronary Intervention: A Prespecified

Analysis

J Am Heart Assoc. 2019 Aug 

20;8(16):e012741. 

3: Völz Set al

Radial versus femoral access in patients with

acute coronary syndrome undergoing

invasive management: A prespecified

subgroup analysis from VALIDATE-

SWEDEHEART. 

Eur Heart J Acute Cardiovasc Care. 2019 

Jun 25

4: Sharma T, et al 

Relationship between degree of heparin 

anticoagulation and clinical outcome in 

patients receiving potent P2Y12-inhibitors 

with no planned GPI during primary

percutaneous coronary

intervention in acute myocardial infarction - a 

VALIDATE-SWEDEHEART substudy. 

Eur Heart J Cardiovasc Pharmacother. 

2019 May 15.

5: Venetsanos D, et a 

Sex-related response to bivalirudin and 

unfractionated heparin in patients with acute

myocardial infarction undergoing

percutaneous coronary intervention

Eur Heart J Acute Cardiovasc Care. 2018 

Oct 23

6: Erlinge D, et al.

Bivalirudin versus heparin monotherapy in 

non-ST-segment 

elevation myocardial infarction. 

Eur Heart J Acute Cardiovasc Care. 2018 

Oct3:

7: Venetsanos D, et al. 

Pretreatment with ticagrelor may offset 

additional inhibition of platelet and coagulation

activation with bivalirudin compared to 

heparin during primary percutaneous coronary

intervention. 

Thromb Res. 2018 Nov;171:38-44.

8: Ong C, Bangalore S. 

Does VALIDATE-SWEDEHEART invalidate

the use of bivalirudinin myocardial infarction? 

J Thorac Dis. 2018 Jan;10(1):70-74.

9: Zeymer U. 

Why did VALIDATE-SWEDEHEART not 

validate the results of HORIZONS? 

J Thorac Dis. 2018 Jan;10(1):35-37.

10: Erlinge D, et al. 

Bivalirudin versus Heparin Monotherapy

in Myocardial Infarction. 

N Engl J Med. 2017 Sep 21;377(12):1132-

1142

11: Erlinge D, et al

Bivalirudin versus heparin in non-ST and ST-

segment elevation myocardial infarction-a 

registry-based randomized clinical trial in the 

SWEDEHEART registry (the VALIDATE-

SWEDEHEART trial). 

Am Heart J. 2016 May;175:36-46. 

1: Nyström T, et al

Oxygen Therapy in Myocardial Infarction Patients 

With or Without Diabetes: A Predefined Subgroup

Analysis From the DETO2X-AMI Trial. 

Diabetes Care. 2019 Aug 31. 

2: Andell P,

Oxygen therapy in suspected acute myocardial

infarction and concurrent normoxemic chronic

obstructive pulmonary disease: a prespecified

subgroup analysis from the DETO2X-AMI trial. 

Eur Heart J Acute Cardiovasc Care. 2019 May 13

3: Jernberg T,  et al

Long-Term Effects of Oxygen Therapy on Death or 

Hospitalization for Heart Failure in Patients With

Suspected Acute Myocardial Infarction. 

Circulation. 2018 Dec 11;138(24):2754-2762. 

4: Sparv D, et al

Investigators. The Analgesic Effect of Oxygen in 

Suspected Acute Myocardial Infarction: A Substudy

of the DETO2X-AMI Trial. 

JACC Cardiovasc Interv. 2018 Aug  

27;11(16):1590-1597.

5: Hofmann R et a

Oxygen therapy in ST-elevation myocardial

infarction. 

Eur Heart J. 2018 Aug 1;39(29):2730-2739.

6: Hofmann R, 

Supplemental oxygen therapy does not affect the 

systemic inflammatory response to acute

myocardial infarction. 

J Intern Med. 2018 Apr;283(4):334-345. 

7: Hofmann R, et al

Oxygen Therapy in Suspected Acute Myocardial

Infarction. 

N Engl J Med. 2017 Sep 28;377(13):1240-1249. 

8: Hofmann R, et al

DETermination of the role of OXygen in suspected

Acute Myocardial Infarction trial. 

Am Heart J. 2014 Mar;167(3):322-8. 

1: Andell P, et al

Reclassification of Treatment Strategy With 

Instantaneous Wave-Free Ratio and 

Fractional Flow Reserve: A Substudy From 

the iFR-SWEDEHEART Trial. 

JACC Cardiovasc Interv. 2018 Oct 

22;11(20):2084-2094. 

2: Escaned J et al

Safety of the Deferral of Coronary 

Revascularization on the Basis of 

Instantaneous Wave-Free Ratio and 

Fractional

Flow Reserve Measurements in Stable 

Coronary Artery Disease and Acute 

Coronary Syndromes. 

JACC Cardiovasc Interv. 2018 Aug 

13;11(15):1437-1449. 

3: Berry C, et al . 

Meta-Analysis of Death and Myocardial 

Infarction in the DEFINE-FLAIR and iFR-

SWEDEHEART Trials. 

Circulation. 2017 Dec 12;136(24):2389-

2391. 

4: Götberg M, et al

Instantaneous Wave-free Ratio versus 

Fractional Flow Reserve to Guide PCI. 

N Engl J Med. 2017 May 11;376(19):1813-

1823.

5: Götberg M, et al

Instantaneous Wave-Free Ratio versus 

Fractional Flow

Reserve guided intervention (iFR-

SWEDEHEART): Rationale and design of a 

multicenter, prospective, registry-based 

randomized clinical trial. 

Am Heart J. 2015 Nov;170(5):945-50. 

35 scientific papers published

Swedeheart RRCT



R-RCTs in Sweden

TIMING (n=3000) Treatment after ischemic stroke in atrial fibrillation Ongoing

TASTE (n=7200) Thrombus aspiration in primary PCI NEJM

iFR (n=2018) iFR vs FFR in stable angina or ACS NEJM

VALIDATE (n=6006) Bivalirudin vs UFH for PCI in ACS NEJM

DETO2X (n=6629) Oxygen therapy in myocardial infarction NEJM

FULL-REVASC (n=4000) FFR-guidance in myocardial infarction Ongoing

PROSPECT-2 (n=1200) Near infrared spectroscopi Ongoing

IAMI (n=4400) Influenza vaccination After Myocardial Infarction Ongoing

SPIRRIT HFpEF (n=3200) Spironolactone for HFpEF Ongoing

REDUCE (n=6600) Betablocker post MI in patients Ongoing

ABC AF (n=6500) Biomarker score based treatment strategies Ongoing

Cardiology

Stroke



SWEPIS (n=10 000)   Post-term Induction of labour Stopped

Swedegraft (n=800) Vein grafts for CABG surgery Ongoing

TACSI (n=2048) Medication after CABG Ongoing

SLITS (n=2507) Gastric by pass operation Lancet

BEST (N=4000) Obesity surgery Ongoing

Obesity Surgery

Cardiothorasic Surgery

SWEDEPAD (N=2400) Drug Elution trial in Peripheral Arterial Disease, Ongoing

Vascular Surgery

Gynecology/Labor

R-RCTs in Sweden



Conclusions

We need more trials- more affordable, generalizable and 

clinically informative trials

Integrating trials with simple questions into clinical registries 

is one way of conducting large trials in clinical reality

Euroheart will be an opportunity to conduct RRCT in 

Cardiology across Europe


