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Chronic Kidney Disease

• Affects one in 10 individuals in Canada

• Disproportionately affects the elderly

• Disproportionately affects the aboriginal 
population

• Leads to kidney failure, cardiovascular disease, 
and higher risks of early death
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Why risk prediction

• Early and appropriate nephrology care

• Prognostic Information for patient and provider

• Clinical trial enrollment

• Dialysis resource management



Ideal Model

• Across spectrum of chronic kidney disease

• Electronic ascertainment and reporting

• Improve discrimination and reclassification beyond 
standard of care

• Externally validated in diverse patient populations



Patient Information Specimen Information Client Information

LAST NAME, FIRST NAME Specimen:   123456789 Client #: 11223344                     L113XXX

DOB: 01/01/1900                        Age: 00 Requisition:  1234567 LAST NAME, FIRST NAME, MD

Gender:           M                          Fasting:  Y Collected:   10/10/2010 FAMILY PRACTICE ASSOCIATES

Phone:      800-555-1212 Received:   10/10/2010 1234 MAIN STREET

Patient ID:      12345 Reported:   10/11/2010 TOWN, CITY, 123456

Report Status: Final
LAST NAME, FIRST NAME

Serum Tests

Creatinine 154 (Normal <90)

eGFR (Non-AA) 39ml/min (Normal >60ml/min)

Urine Tests

Albumin Creatinine Ratio 20mg/mmol (Normal <2.8 mg/mmol)

Kidney Failure Risk

2 years 2.8%

5 years 8.9%

*Interpretation 
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A prediction model for progression of 
CKD to Kidney Failure

• Patients with CKD Stages 3 – 5

• Followed by nephrologists in Ontario and British 
Columbia, Canada

• 8,391 participants with 1,563 kidney failure events

• Multiple lab based prediction models



Kidney Failure Risk Equation (KFRE)

• We developed laboratory based prediction 
models that accurately predict the progression of 
CKD (C statistics 0.84 – 0.91)

• Our preferred models use routinely collected 
laboratory data
– 3 variable KFRE – Age, Sex, eGFR

– 4 variable KFRE – Age, Sex, eGFR, ACR

– 8 variable KFRE – + Calcium, Phosphorous, 
Bicarbonate and Albumin



Knowledge Translation

Risk Factor Units
(Type Over Placeholder Values in 

Each Cell) Notes

Age years 50

Sex male (m) or female (f) m

Estimated GFR ml/min/1.73 m2 30

Urine Albumin Creatinine Ratio mg/g 50

Calcium mg/dl 9.8

Phosphorous mg/dl 3.8

Albumin g/dl 4

Bicarbonate meq/l 26

Five year risk of kidney failure 10.7%



Knowledge Translation

http://itunes.apple.com/us/app/calculate-medical-calculator/id361811483?mt=8
https://market.android.com/details?id=com.qxmd.calculate
http://www.qxmd.com/get_calculate_for_blackberry/redirect_calculate_for_blackberry.php


Knowledge Translation - Output



Progress To-Date and Future Directions

• Equation is accessed online > 30,000 times a month

• Decision Analysis Re: Utility as a dialysis access planning 
tool

• Quality Improvement Project: Utility as a consult triage 
tool

• External validation in diverse CKD populations



Tangri et al. JAMA 2016



Study Populations – N America

Source Cohort
No of 

Participants

F/U 

Time, 

years, 

Median 

(IQI)

Age (years)

eGFR 

(ml/min/ 

1.73m2) (SD)

Albuminuria, 

N (%)*

Kidney 

Failure 

Events

North 

America

AASK** 898 8 (4, 10) 55 (11) 40 (12) 592 (66%) 303

ARIC 722 12 (7, 14) 67 (5) 50 (10) 192 (27%) 112

BC CKD** 11,131 3 (2, 5) 70 (13) 31 (11) 7928 (71%) 2,091

CCF ACR** 4,102 2 (1, 4) 71 (11) 48 (10) 1643 (40%) 101

CCF DIP** 12,275 3 (1, 4) 72 (13) 46 (11) 2835 (23%) 300

CRIC** 3,099 6 (4, 7) 59 (11) 40 (11) 1866 (63%) 796

Geisinger** 20,720 4 (2, 6) 70 (10) 51 (8) 1961 (44%) 453

ICES-KDT** 100,569 4 (2, 6) 73 (11) 46 (12) 3961 (33%) 3,093

KEEP 16,425 4 (2, 6) 69 (12) 48 (10) 478 (32%) 500

KPNW** 1,486 5 (3, 6) 73 (10) 45 (11) 921 (85%) 100

MDRD** 1,459 6 (3, 12) 52 (13) 33 (14) 970 (63%) 1,041

Mt Sinai BioMe** 3,574 2 (1, 5) 65 (13) 42 (14) 39611 (39%) 525

Pima 78 3 (1, 5) 58 (14) 36 (15) 74 (95%) 53

REGARDS 3,158 7 (5, 8) 72 (9) 47 (11) 1079 (36%) 240

Sunnybrook** 3,098 3 (2, 5) 71 (14) 37 (13) 1378 (75%) 382

VA CKD 434,810 4 (3, 4) 75 (9) 47 (11) 14084 (41%) 8,836

Sub-Total 617,604 4 (3, 6) 74 (10) 46 (11)
79573 

(41%)
18,926



Study Populations – Non NA
CRIB** 382 3 (1, 7) 61 (14) 21 (11) 259 (84%) 190

GCKD 3927 2 (2, 3) 62 (11) 42 (10) 2163 (56%) 89

GLOMMS-1 1,007 4 (1, 6) 71 (13) 31 (9) 701 (70%) 122

Gonryo 1,088 3 (1, 5) 66 (13) 32 (16) 343 (95%) 345

HUNT 1,060 13 (6, 14) 75 (8) 49 (9) 313 (30%) 55

Maccabi 58,630 5 (3, 6) 73 (11) 49 (10) 10938 (35%) 1383

MASTERPLAN** 579 6 (4, 6) 61 (12) 35 (12) 314 (54%) 134

MMKD 140 4 (2, 5) 49 (11) 30 (15) 133 (95%) 70

NephroTest** 1,317 3 (2, 6) 61 (14) 35 (13) 857 (69%) 292

NZDCS 8,865 7 (4, 8) 71 (11) 43 (15) 1099 (15%) 808

Okinawa83 1,698 17 (17, 17) 69 (10) 51 (8) 599 (35%) 55

Okinawa93 15,162 7 (7, 7) 70 (10) 52 (7) 1090 (7%) 131

RENAAL**,† 1,434 3 (2, 4) 60 (7) 37 (11) 1434 (100%) 335

Severance 3,173 10 (9, 12) 60 (10) 54 (7) 384 (12%) 92

SRR CKD** 5,291 2 (1, 3) 69 (14) 24 (9) 4335 (82%) 802

Sub-Total 103,753 4 (3, 7) 71 (12) 47 (12) 24962 (34%) 4,903

Overall Total 721,357 4 (3, 7) 74 (10) 46 (11)
104534 

(40%)
23,829



Discrimination



Discrimination in Subgroups



Calibration for 4-var Model (5 year)
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4 Variable Equation



Conclusions

• The KFREs accurately predict the risk of kidney failure 
requiring dialysis in patients with CKD Stages 3-5 for 
up to 5 years

• Risk prediction is accurate across multiple countries 
and subpopulations

• The KFRE is simple and highly accurate and can be 
integrated into clinical practice



Kidney Failure in Manitoba
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Reporting of Kidney Function (eGFR)

• Manitoba adopted routine reporting of eGFR in 
Oct 2010

• A new website and referral pathways were 
developed in collaboration with nephrologists, 
primary care providers and health administrators

• An education campaign was launched to coincide 
with reporting of eGFR

Ryz, Tangri and Komenda, BMC Public Health: In 
Press





The 2011 Manitoba Experience
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Month 

Wait Time by Pre and Post GFR Consult Period 

Pre GFR Consults 

Post GFR Consults Post GFR 
Consult Period 
(January 1, 
2011 to June 
30, 2011) 

Pre GFR 
Consult Period 

(April 1, 2011 
to  September 

30, 2011) 

Average Wait Time = 
113.01 + 3.31*Month 

Average Wait Time = 
115.49 + 7.13*Month 

*No sta s cally significant difference in slope or intercept (p=0.08 & p=0.77); Intercept is defined as 
March 2010 for Pre GFR line of best fit

,

 and De cemb er  2010 for  Pos t GF R line of  best fit.

 

 
**Average wait me was calculated by taking weighted average weight me from four loca ons.  

Hingwala, Tangri and Komenda CJKHD: In Press



Referral Pathways - 2011

• Site based referrals

• Urgent referrals seen within 4-8 weeks 

• Semi-urgent and non-urgent referrals seen on 
a first come first served basis

• Median wait list time – 230 days



Triage Flow Chart

Risk assessment
(Kidney Failure Risk Equation)

Refer back to GP

with “low risk letter”   

Book
- 3-10% = non-urgent (<6 mo)
- >10% = urgent (<4 wks)

Risk factors
- eGFR <15

- K+ >6

- Nephrotic Range Proteinuria

- Hematuria 

- PKD

- Pregnancy

Book emergently

- Request further info

YES

< 3%

Complete referral?

- Reason for referral

- eGFR

- ACR or PCR

Fax consult back to

GP with an “incomplete 

referral letter”

NO

> 3%

Nephrology consult

received

YES

NO
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*Intervention resulted in a change in # of referrals (p=0.1) and change in referral trend (slope) post-intervention (p=0.06)
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Discussion

• eGFR reporting led to significant increases in referrals 
and wait times for nephrology care in Manitoba

• Implementation of a risk based triage system reduced 
wait times

• Most patients triaged as low risk are unlikely to 
progress

• Provider satisfaction (family physician and 
nephrologist) with risk based triage was high



Discussion

• A risk based triage system based on the KFRE 
is both feasible and highly effective at 
improving wait times for nephrology care

• Further implementation of risk based triage 
and treatment pathways is the next step



How will we do this

• Revamp the Manitoba Renal Program website 
(kidneyhealth.ca)

• Implement automated calculating and reporting 
of Kidney Failure risk in all community 
laboratories

• Engage patients and family physicians to develop 
and evaluate our intervention



Revamp kidneyhealth.ca

• Report patient referral guidelines to the public 
with updated triage flow chart

• Patient-friendly infographics on facts and 
figures of CKD including KFRE calculation

• Post guidelines for management of CKD 
specifically depending on level of Kidney 
Failure risk



New Online Tools for Primary Care Kidney Health 
Management and Referrals 

• Visit 
kidneyhealth.ca

• Click ‘Primary 
Care’

• Referral form 
shortcut still 
available



New Online Tools for Primary Care Kidney Health 
Management and Referrals 

Tool 1: 

Online Kidney 
Disease Referral 
Pathway Tool



• Enter eGFR, 
ACR and if 
Hematuria 
present

• Click ‘Next 
Steps’

New Online Tools for Primary Care Kidney Health 
Management and Referrals 



New Online Tools for Primary Care Kidney Health 
Management and Referrals 

• Get a course of 
action to follow -
whether referral 
or primary care 
management



New Online Tools for Primary Care Kidney Health 
Management and Referrals 



New Online Tools for Primary Care Kidney Health 
Management and Referrals 



Tool 2: 

Kidney Failure Risk 
Equation Tool

• Identifies risk of kidney 
failure within three and 
years and current stage of 
kidney disease (if present).

• More information available 
at kidneyfailurerisk.com

New Online Tools for Primary Care Kidney Health 
Management and Referrals 



Tool 2: 

Kidney Failure Risk 

Equation Tool Results

New Online Tools for Primary Care Kidney Health 
Management and Referrals 



New Online Tools for Primary Care Kidney Health 
Management and Referrals 

Referral Form:

• Pick site

• Fax

• (Right click/save 
for fillable pdf)



Engagement with Patients and 
Physicians

• Web site – www.kidneyfailurerisk.com

• Increase Awareness of Kidney Failure risk

• Feedback from patients on how they would like 
Kidney Failure risk presented

• Feedback from family physicians on design of 
referral pathways



Patient Education Tools



Patient Education 



Patient Education



Risk Equation



Personalized Medicine



Deliverables

• More timely referrals of high-risk patients

• Fewer referrals of low-risk patients

• Decreased wait time to see a kidney specialist

• Cost savings for the Manitoba healthcare 
system



Paul Komenda, Claudio Rigatto
University of Manitoba, Department of Medicine
Manitoba Renal Program


