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Peterson et al, ACC 2004

Link Between Overall ACC/AHA Guidelines 

Adherence and Mortality
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Hospital Composite Quality Quartiles 

Adjusted Unadjusted 

Every 10%  in guidelines adherence 

 11%  in mortality



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
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Conclusion Clinical trials registered in 

ClinicalTrials.gov are dominated by small trials 

and contain significant heterogeneity in 

methodological approaches, including reported 

use of randomization, blinding, and DMCs.



Cost of doing trials

‘Current clinical trials are too slow, too expensive, not reliable, 

and not designed to answer the important questions…’

Rob Califf, Commissioner for medical products & 

tobacco FDA. “Applied clinical trials.

‘There is a peculiar paradox that exists in trial execution - we 

perform clinical trials to generate evidence to improve patient 

outcomes; however, we conduct clinical trials like anecdotal 

medicine’

Monica Shah NHI, quoted in Gheorghiade et al 2014

www.forbes.com



It takes A LOT of work

• 9 Data Safety Monitoring Board Reviews

• 33 Investigator Meetings

• 14,709 CEC events sent for adjudication

• 15,000+ SAEs processed

• 30,000+ Monitoring visits

• 300,000 Patient visits completed

• 2.7 Million CRF data forms completed



Big Cost Drivers in Traditional Clinical 

Trials

 Data collection – size of case report form

 Site monitoring - % source document verification

 Number of study-specific procedures and tests

 Number of study-specific contacts and visits

 Volume and complexity of safety reporting 

requirements

 Investigational drug storage and accountability

 Total trial timeline!!!!!
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Current State of Clinical Trials

“As large trials became popular…the original simplicity was 

lost…leading to increasingly complex trials.  The unintended 

consequence has been to threaten the very existence of RCTs, 

given the operational complexities and ensuring costs.  An ideal 

opportunity would be to embed randomization in the EMR… 

introducing randomization into registries sponsored by societies.” 

-Antman E, Harrington RA.  JAMA 2012;338:1743-4.



"Unfortunately, too many of the decisions made today about health and 

healthcare are not supported by high quality evidence,” 

"Prospectively designed registries and cohort studies in the context of clinical practice 

are highly valuable, and randomized trials conducted in the context of clinical practice, 

often called a pragmatic clinical trial may be the most important source of knowledge in 

the future,” 



Learning health care systems



Summary

 Enormous gap between evidence and need for 

evidence

 Costs are skyrocketing

 Technical development growing

 Digitalized health records, clinical registries

 A new path is needed- to facilitate better, faster, 

easier, and more cost effective clinical research
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General Classification

Robert Harrington, Stanford 2015

 Explanatory or mechanistic trials

○ aimed at impact of a treatment on biological or 

mechanistic measures

 Pragmatic or evaluative trials

○ aimed at impact of a treatment on what matters to 

patients and their care providers (living longer, feeling 

better, avoiding unpleasant experiences, spending 

less money) and to inform decision makers about 

health and healthcare



Elements of PCTs

Traditional Clinical 

trial

Pragmatic Clinical 

trial

Research question Is the treatment 

effective under ideal 

circumstances

Is the treatment 

effective in clinical 

reality

Patient selection Narrow Broad, representative

Goal Deeper scientific 

understanding

Treatment choice

Endpoints Surrogate, mechanistic Clinically important



Ford I, Norrie J. N Engl J Med 2016;375:454-463

Loudon K, The PRECIS-2 tool. BMJ 2015; 350: h2147.



Definition for pragmatic clinical trial-

R. Califf, FDA (2015)

(1) an intent to inform decision-makers (patients, clinicians, 

administrators, and policymakers), as opposed to elucidating 

a biological or social mechanism; 

(2) an intent to enroll a population relevant to the decision in 

practice and representative of the patients/populations and 

clinical settings for whom the decision is relevant; and 

(3) either an intent to 

○ (a) streamline procedures and data collection so that the trial can focus on 

adequate power for informing the clinical and policy decisions targeted by 

the trial 

○ (b) measure a broad range of outcomes



Study design 





Pragmatic Clinical Trial-

Califf FDA

Fit for the purpose of informing decision-makers 

regarding the comparative balance of benefit and risk 

of a biomedical or behavioral health intervention at 

the individual or population level

We should be striving for pragmatism in every clinical 

trial



Usual Clinical Trial after 

Regulatory/FDA/Academic Interactions
Well planned and 

conducted pragmatic 

trial

Poorly planned pragmatic 

trial





• No patient consent- only written information

• Simple randomization

• One single-sided outcome form, completed from hospital notes

• Only collection of outcomes though public registries and mailed forms to patients-

no extra tests





Cluster randomized trial (CRT)

A cluster randomized controlled trial is a type of trial in which 

groups of subjects (as opposed to individual subjects) are 

randomized.
 different communities, clinics, or cities to either get or not get a particular 

intervention

Cluster RCT 
Eligible patients

cluster

T T TC C C

Individual RCT 
Eligible patients

T T TC C C

Control Treatment
Control Treatment

ControlTreatment



• Randomized policy experiment designed to evaluate the comparative effectiveness 

of two insurance benefit designs

• Potentially eligible patients were identified using administrative discharge claims 

submitted by hospitals to the insurance company

• Assignment occurred by cluster randomization at the level of the plan sponsor 

(employer)

• No individual consent

• Outcomes assessed by applying validated diagnostic algorithms to the insurance 

company health care utilization databases.

Choudhry N Engl J Med. 2011 Dec 1;365(22):2088-97







QR
Outpatient EHRs

Inpatient EHRs

Sweden statistics
Prescription 

registry

Data bases for baseline characteristics and outcomes 

in Sweden

PAR

Population

registry



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



 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?



Two questions need to be 

answered:

Did the patient consent orally?

Are inclusion and no exclusion 

criteria met?

Did the patient consent?

Are inclusion and exclusion crieteria met?



Information for consent

Did the patient consent?

Are inclusion and exclusion crieteria met?



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



All patients with STEMI in Sweden and Iceland undergoing 

primary or rescue PCI. N=11 709 *)

Enrolled in TASTE
N=7259

N=3621 assigned

to thrombus aspiration

N=3399 underwent

thrombus aspiration

N=222 underwent

conventional PCI

TASTE  trial enrollment flow chart

Not enrolled 

N=4697

N=3623 assigned

to conventional PCI

N=3535 underwent 

conventional PCI

N=1162 underwent

thrombus aspiration

N=3445 underwent

conventional PCI

N=178 underwent

thrombus aspiration

N=3621 were

followed up

N=3623 were

followed up

N=1162 were

followed up

N=3535 were

followed up

Enrolled in Denmark

N=247

Erroneous 

enrollments 

N=15

Randomized in TASTE
N=7244



All-cause mortality up to 1 year

HR up to 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



All-cause mortality up to 1 year

HR up to 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



Same composite clinical endpoint at 180 days

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

Site-based Follow-up
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Claims-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

7,244 patients

1st patient: August 2010

87 centers

48 months to full enrollment

10,732 patients 

Site-based Follow-up

500,000 € 15,000,000 €



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 levels

R

1:1

Funding: Swedish Research council (VR)



Randomization in ambulance, ED,  

cath lab or CCU
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2013-01-01 2013-07-01 2014-01-01 2014-07-01 2015-01-01 2015-07-01 2016-01-01

Alla vårdenheter
Enköping Detox-AMI
Gävle Detox-AMI
Göteborg SU Mölndal Detox-AMI
Göteborg SU Sahlgr Detox-AMI
Göteborg SU Östra Detox-AMI
Halmstad Detox-AMI
Jönköping Detox-AMI
Kalmar Detox-AMI
Karlstad Detox-AMI
Kiruna Detox-AMI
Kristianstad Detox-AMI
Köping Detox-AMI
Lidköping Detox-AMI
Lindesberg Detox-AMI
Linköping Detox-AMI
Ljungby DETOX-AMI
Norrköping Detox-AMI
Norrtälje Detox-AMI
Nyköping DETOX -AMI
Skövde Detox-AMI
Stockholm Danderyd Detox-AMI
Stockholm KS Huddinge Detox-AMI
Stockholm KS Solna Detox-AMI
Stockholm St Göran Detox-AMI
Stockholm SöS Detox-AMI
Sundsvall Detox-AMI
SUS Lund Detox-AMI
SUS Malmö Detox-AMI
Trelleborg DETOX-AMI
Umeå Detox-AMI
Uppsala Detox-AMI
Varberg Detox-AMI
Växjö Detox-AMI
Örebro Detox-AMI
Örnsköldsvik Detox-AMI

35
hospitals

Total:

6650
enrolled

72% AMI

Of these 55% STEMI



VALIDATE (R-RCT)

 Hybrid R-RCT: Register data, register randomisation 
combined with phone call endpoint follow up and CEC

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

 Total cost: <2 million dollar

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



Included NSTEMI/STEMI in relation to

possible eligible patients in Sweden

Eligible

Enrolled

>60% of all 

eligible

patients in 

a whole

country is 

enrolled



Randomised in VALIDATE

Inclusion

CRF

7 days CRF
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Study data 

base
1500 and 3000 patients 

DSMB

Comparison of 6 months

endpoint data

Phone Call

6 months

CRF

A substudy to prove the validity of pharmaceutical R-RCT, by comparing a 

Hybrid R-RCT (phone follow up, CEC) with a pure R-RCT

Background data from 

SCAAR

VALIDATE R-RCT



SPIRRIT- HFPEF

Patients enrolled from ~11.018 

eligible patients in registry

N=3583

Primary Endpoint: All cause death, 

Secondary efficacy endpoints: HF hospitalization and 

other cardiovascular outcomes

Safety endpoints related to renal function and 

potassium

Spirinolactone Standard of care

R

1:1

•Stable chronic HF 

•Age ≥ 50 years

•EF ≥ 40%

•NT-proBNP
> 300 (sinus rhythm);

> 750 (AF)

Event driven 1073 events 



Data base

Informed consent

Randomisation code

Incl-/exclusion critera

Extra study specific

Variables/ EDC

Clinical registry
(variables incl. 

personal ID)

Study database
All variables

Personal ID

Cannot be changed

Analyse database

Personal ID replaced

with study code

Only relevant registry

variables

Open database

Available for investigators

Possibility to remove patients 

from registry

Available for registry

staff/ for registry

staff/trialists

Not possible to remove

patients from a trial

Audit trail

Available for trialists, 

sponsor

Data checks

All patients 

Other national 

registries (hospital 

discharge, pharmacy, 

other clinical regsitries etc)





Paradigm for Collaboration

Pharmaceutical
Industry

Patients' Unmet 
Needs & 

Engagement

ARO

CRO

Government 
& Volunteer 
Sector Funding

Roe MT et al. Am Heart J; 2015



PCORnet: 

Integrated Research Network in the U.S.

1. Highly engaged patients, clinicians, health systems, researchers 

and other partners

2. A collaborative community supported by robust governance

3. Analysis-ready standardized data with strong privacy protections

4. Oversight that protects patients, supports the timely conduct of 

research, and builds trust in the research enterprise

5. Research that is sustainably integrated into care settings and with 

communities of patients



ADAPTABLE Study Design
Patients with known ASCVD + ≥1 “Enrichment Factor”

Identified through EHR screening and electronic patient contact by CDRNs/PPRNs 

(PPRN patients would need to connect through a CDRN to participate)

Patients contacted electronically with trial information and e-consent via web portal 

Treatment assignment will be provided directly to patient

ASA 81 mg QD ASA 325 mg QD

Randomized Electronic Follow-Up: 3 vs 6 months 

Supplemented with EHR/CDM Data Queries

Duration: Enrollment over 24 months; 

maximum follow up of 30 months

Primary Endpoint: Composite of all-cause mortality, hospitalization 

for MI, or hospitalization for stroke

Primary Safety Endpoint: Hospitalization for major bleeding

*Enrichment Factors

• Age > 65 years

• Creatinine > 1.5 mg/dL

• Diabetes mellitus (type 1 or 2)

• Known 3-vessel CAD

• Current CVD or PAD

• Known EF<50% by echo, cath, 

nuclear study

• Current smoker



Enabling and Testing Pragmatic Research: 

e-Data Collection and e-Follow-Up

6 18 24 30

Baseline Data

ADAPTABLE

Enrollee
12

Patient Web Portal Follow-Up
• Randomized to 3 vs. 6 months contact

• Patient Reported Hospitalizations

• Medication use

• Health outcomes

PCORNet Coordinating Center Follow-Up 
• Via Common Data Model 

• Validated coding algorithms for endpoints

N=20,000

Death 
Ascertainment

National 
Death Index 

(NDI) & Social 
Security 

Database



Web-Based, Electronic Informed 

Consent

 Text and video review of the consent is completed on the web 

portal 

 Simplified common consent form with selected local adaptations

 Focused questions to confirm patient comprehension for informed 

consent and eligibility for randomization after consent is obtained

 Direct patient feedback and user testing for the development of 

the consent form and process as well as the comprehension 

questions

ClinicalTrials.gov: NCT02697916



ClinicalTrials.gov: NCT02697916



Disrupting the Norm

Traditional Trials vs. ADAPTABLE

54

Costs +++++
+



• Large need for randomized trials (RCT) particularly for the evaluation of

strategies, devices, pharmacological therapies

• Classical (explantory) RCTs are often not performed in broad representative 

patient populations. They are expensive and has slow enrollment.

• All trials should strive for pragmatism

• Sweden has opportunities to lead the development of more pragmatic trials 

with strong track record in clinical trials, strong AROs, good collaboration, and 

complete national public registries 

• The national clinical registries are strong networks for collaboration and enroll 

complete patient populations

• Prospective Registry based Randomized Clinical Trials  (RRCT) is a unique 

opportunity for clinical research in Sweden

Conclusions





Assessing the Level of Pragmatism in a Trial, 
the Pragmatic–Explanatory Continuum Indicator Summary 2 (PRECIS-

2) Tool.

Ford I, Norrie J. N Engl J Med 2016;375:454-463

PRECIS-2

Loudon K, The PRECIS-2 tool. BMJ 2015; 350: h2147.


