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GRADE Evidence Levels
Observational 
studies

Quality of 
Evidence

RCTs

Very strong 
association
Strong, consistent     
association with no   
or little confounding 
Dose-response

High Well designed 
studies

Moderate Study flaws     
Inconsistent
Indirect 
Sparse data
Publication bias

Well-designed 
studies

Low

Few/inconsistent 
studies

Very Low



Power and Limits of Evidence 
Appraisal

Most innovative orthopedic devices did 
not achieve expected improvements



Started May 9‐10, 2011 Meeting at FDA
Series of meetings in Europe and USA
2012‐2013 Joint Congresses with ISAR
Major Update at AAOS 2014



American Joint Replacement Registry          Australian Orthopaedic Assoc. Registry
Austrian Arthroplasty Register                         California Joint Replacement Registry
Canadian Joint Replacement Registry        England & Wales National Joint Registry
HealthEast Joint Registry                           Hip and Knee Registry of the Netherlands
Hospital for Special Surgery                         Italian Register of Orthopaedic Implants
Kaiser Permanente                                                      Massachusetts General Hospital
Mayo Clinic                                                         New England Baptist Hospital Registry
New Zealand Joint Register                                       Norwegian Arthroplasty Register
OrthoCarolina                                                             Portuguese Arthroplasty Register
Rush University Med. Ctr. Joint Registry                   Slovakian Arthroplasty Register
ScFCOT THA Registry                                                    Swedish Hip and Knee Registers
Scottish Arthroplasty Project                                                       UMass FORCE Registry
Virginia State Registry                                                          Western Slope Study Group

>3,500,000 Patients Worldwide



Evidence on revision from the 
literature

Study (year), country

Revision Surgery
(reported dislocation)

C - C M - P C - P
Bascarevic et al (2010), 

Serbia
2/82 = 2.4%

(1/82 = 1.2%)
2/75 = 2.7%

(2/75 = 2.7%) N/A

Capello et al (2008), 
D'Antonio et al (2005) (2 

papers) USA

6/349 = 1.7%*
(10/349 = 2.9%)

10/165 = 6.1%*
(7/165 = 4.2%) N/A

Capelllo et al (2008) 
(Addition of 4th system, 

Trident), 
1/186 = 0.5%* 10/165 = 6.1%*

(7/165 = 4.2%) N/A

Hamilton et al (2010),  4/177 = 2.3%
(5/177 = 2.8%) N/A 2/87= 2.3%

(4/87 = 4.6%)

Kim et al (2009) , N/P
(1/100 = 1%) N/A N/P

(2/100 = 2%)

Lewis et al (2010), Canada 1/30 = 3.3% N/A 1/26 = 3.8%

Lombardi et al (2010),  3/44 = 6.8% N/A 3/45 = 6.7%

Poggie et al (2007), 4/315 = 1.3% N/A 2/157 = 1.3%



C‐C >28 mm vs All head 
size Metal on HXLPE

C‐C ≤ 28 mm vs All head 
size metal on HXLPE

Effect: HR (95% LB‐UB) HR (95% LB‐UB)
Time (reference: [0, 1) years)
[1, 2) years 6.72 (5.07‐8.92) 5.74 (4.2‐7.8)
[2, 3) years 8.24 (6.16‐11.01) 7.00 (5.11‐9.59)
[3, 4) years 9.88 (7.37‐13.24) 7.98 (5.82‐10.95)
[4, 5) years 10.84 (8.08‐14.55) 8.80 (6.40‐12.08)
[5, 6) years 12.11 (9.00‐16.30) 9.73 (7.07‐13.40)
[6, 7) years 13.04 (9.64‐17.63) 10.41 (7.54‐14.36)
[7, 8) years 15.19 (11.12‐20.75) 12.08 (8.67‐16.83)
[8, 9) years 15.84 (11.29‐22.21) 12.52 (8.65‐18.11)
[9, 10) years n/a 14.09 (9.10‐21.81)
Female (reference: Male) 1.09 (0.93‐1.28) 0.98 (0.81‐1.19)
55‐64 years (reference: 45‐54 
years) 0.80 (0.66‐0.96) 0.89 (0.71‐1.12)
Fixed Registry Effectsa ‐ ‐
Bearing Surface/Size  n/a 1.36 (1.09‐1.68)
Bearing Surface/Size at Time [0, 2)b 0.77 (0.63‐0.93) n/a
Bearing Surface/Size at Time [2, 6)b 0.88 (0.74‐1.05) n/a
Bearing Surface/Size at Time [6, 9)b 0.93 (0.77‐1.12) n/a
Intercept  Estimate (SE):  ‐5.69 (0.17) ‐5.51 (0.19)



Ceramic on Ceramic Sizes < 28 
And > 28mm vs Metal on HXLPE 



ICOR Implant Library

 Develop global, standardized 
classification system of hip and knee 
implantable devices and include all their 
clinical attributes and characteristics to 
advance the implementation of UDI and 
FDA post-market surveillance

 Key for ICOR future– more active 
surveillance and potentially device 
specific surveillance





International Consortium of 
Vascular Registries (ICVR)

Started in late 2014





 Our focus is to provide timely information on 
performance of specific medical devices for decision 
making by patients, physicians, regulators and all 
other stakeholders

 Approach is to facilitate and/or leverage national 
investments in registries and other relevant data 
systems (dual purposing) to create ‘National Medical 
Device Evaluation System on a fairly immediate basis, 
greatly minimizing the cost or development resources 
needed’

COORDINATED REGSITRY 
NETWORK (CRN) SOLUTIONS IN 

OTHROPEDIC & VASCULAR AREAS
WOMEN’S HEALTH DEVICES (NEW)



CRN Is Realistic

Having few national registries, and none 
collecting detailed device information we need 

to integrate relevant data
 Major ‘Quality and safety’ registries initiated 

by professional societies, states, healthcare 
systems, NIH/AHRQ, other

 CMS claims including Part A,B,C,D
 Commercial claims
 PCORI CDRNs
 All payer State databases
 Comprehensive EHRs





CRN in Orthopedics
(Co-PI Liz Paxton, Kaiser)



CRN in Orthopedics



CRN in Orthopedics



CRN in Orthopedics





Vascular CRN
(Co-PI, Phil Goodney, VQI)

22

1mo
Registry data

Index 
Exposure

1 yr 2 yrs 3 yrs 4 yrs 5 yrs

Centralized 
Follow-up

Administrative Data (Medicare, 
commercial claims, All-payer State) 



Building Vascular CRN



Key Points for Discussion
 Even with optimistic expectations about registry 

and related data maturity our efforts should be 
scaled up to create appropriately targeted CRNs 
that are powerful enough to address particular 
device related questions (e.g. outlier 
performance)

 For effective CRN seamless access to key 
national data sources must be achieved and 
stakeholder alignment and support is critical 
– The process has to be inexpensive and not 

burdensome to justify data quality sacrifices made 
compared to direct data collection

 Sufficient device and clinical outcome data will 
always be a challenge and we have be able to 
make decisions based on CRN data



Claims as Adjunct System/Model 
For Infrastructure Investment

Examples  





Cornell Science and Infrastructure Center 



Example in Urology



Analyses
 Safety events/complications within 90 days and re-

intervention within 1 year were determined before and 
after propensity score matching

 Propensity score matching was used to adjust for 
differences in baseline characteristics between mesh 
and no-mesh groups

 Kaplan-Meier curves were constructed to determine 
freedom from re-intervention within 1 year following 
procedure. Cox proportional hazard model was used 
to assess the differences in risks of re-intervention 
between groups



Cornell Science and Infrastructure Center 



Cornell Science and Infrastructure Center 
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Mesh Use in POP Repair

Table Number of providers stopping use of mesh or decreasing use by over 50% in 2012 and 2013 
years when compared to year 2011.

Total 
providers

Stopped using mesh Mesh use decrease >50%

2012 2013* 2012 2013*

Overall 88 9(10.2%) 22(25.0%) 24(27.3%) 40(45.5%)

Hospital Volume
Low 57 8(14.0%) 21(36.8%) 22(38.6%) 34(59.6%)

Medium 18 1(5.6%) 1(5.6%) 1(5.6%) 5(27.8%)

High 13 0(0.0%) 0(0.0%) 1(7.7%) 1(7.7%)

Teaching Status
Teaching 32 1(3.1%) 4(12.5%) 4(12.5%) 11(34.4%)

Non-teaching 56 13(23.2%) 18(32.1%) 20(35.7%) 29(51.8%)

*The number of hospitals in 2013 stopping or reducing the use of mesh include those who also stopped in 
2012.



Table Number of providers stopping use of mesh or decreasing use by 
over 50% in 2012 and 2013 years when compared to year 2011.

Total 
provider

s

Stopped using mesh Mesh use decrease 
>50%

2012 2013* 2012 2013*
Overall 88 9(10.2%) 22(25.0%) 24(27.3%) 40(45.5%)

Hospital Volume
Low 57 8(14.0%) 21(36.8%) 22(38.6%) 34(59.6%)

Medium 18 1(5.6%) 1(5.6%) 1(5.6%) 5(27.8%)

High 13 0(0.0%) 0(0.0%) 1(7.7%) 1(7.7%)

Teaching Status
Teaching 32 1(3.1%) 4(12.5%) 4(12.5%) 11(34.4%)

Non-
teaching 56 13(23.2%) 18(32.1%) 20(35.7%) 29(51.8%)

*The number of hospitals in 2013 stopping or reducing the use of mesh 
include those who also stopped in 2012.



Clipping Versus Coiling 



Cornell Science and Infrastructure Center 

Risks of clipping/coiling must be balanced against risk of 
procedures

Annual rupture risk 0.5-1.0%
50-80% of aneurisms do not rupture



Cornell Science and Infrastructure Center 

Outcomes 2001‐2003
N=1134

2004‐2007
N=1539

2008‐2010
N=1684

P for 
trend

In‐hospital mortality 2.6% (2.1‐3.0) 1.5% (1.1‐1.9) 1.5% (1.2‐1.9) 0.076

In‐hospital complications 28.9% (27.6‐30.3) 26.4% (25.1‐27.8) 25.0% (23.7‐26.3) 0.024

30‐day mortality 3.2% (2.1‐4.2) 1.9% (1.2‐2.6) 1.6% (1.0‐2.2) 0.007

30‐day readmissions 18.8% (16.5‐21.2) 16.6% (14.7‐18.5) 14.5 (12.8‐16.2) 0.003

Outcomes 2001‐2003
N=977

2004‐2007
N=2962

2008‐2010
N=4003

P for 
trend

In‐hospital mortality 1.5% (1.3‐1.8) 0.8% (0.6‐1.0) 0.7% (0.5‐0.9) 0.048

In‐hospital complications 17.7% (16.9‐18.5) 16.4% (15.6‐17.2) 13.8% (13.1‐14.6) <0.001

30‐day mortality 1.9% (1.1‐2.8) 1.4% (1.0‐1.8) 1.5% (1.1‐1.8) 0.440

30‐day readmissions 13.0% (10.9‐15.2) 11.8% (10.6‐13) 11.0% (10.0‐12.0) 0.068

Clipping Versus Coiling 



Cornell Science and Infrastructure Center 



Essure Warning/Labeling 
Change

 Essure was 
approved November 
4, 2002 and 
acquired by Bayer

 October 2013: 
patient labeling 
updated to include 
risks of chronic pain 
and device migration

 Over 10,000 adverse 
events reported up 
to date



Outcomes in Real World



Use of Essure

40% reduction in 14 
months



Da Vinci Robot or Robotic Surgery 
Overall: Building a Registry

http://intuitivesurgical.com/company/media/images/davinci_si_images.html
http://orlive.com/karlstorznetwork1/channels/karl-storz

vs.

 Quality Registry needed 
for all clinical areas of 
adoption with different 
goals (different IDEAL 
stages) 



Focal Therapy for Prostate Cancer 
and HIFU: Building a Registry  



Immediate Future for our Team
 Closer collaboration with NEST and all 

stakeholders: manufacturers, societies, registry 
umbrella organizations

 Implement more active surveillance platform  
building on successes up to date and trust 
established with partners

 Facilitate registry cohesion
 Assist FDA with pre-post market balance initiative 

and national/international post-market science 
plan

 Serve as scalable network for other devices



Thank You!
Email: ars2013@med.cornell.edu


