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KDIGO  conference on high CV risk
associated with CKD

The role of BP in CKD stage 1-4

What evidence is available if and to what degree BP 
contributes to high CV risk in CKD?contributes to high CV risk in CKD?

- Little epidemiological evidence to our knowledge

- 3 RCT’s in CKD with different BP goals and reports of CV 

outcomes (but powered for renal outcomes)

- Several RCT’s in CKD with different BP-drugs and slightly 

different BP and reports of CV outcomes (but powered for 

renal outcomes)

- Few RCT’s in hypertension and reports of CV outcomes 

in CKD subgroups (HOPE, ONTARGET, TRANSCEND) 
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- Screening 1989-94, 

evaluation 2005

- 64,300 person-years

- 5-25% with CKD3 (eGFR), 

depending on age and 

gender

Kokubo et al Stroke 2009;40:2674-9
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gender

- 346 CV events: 213 

strokes, 133 MI

- Population attributable risk 

of CKD for CV events: 9% in 

men, 17% in women



AASK: African American Study of Kidney

disease and hypertension (N = 1,098)

GFR 20-65 ml/min (mean 46), UprotV < 3g/d, 3 –

6.4 y  F/U

Comparison of  two  goal BP‘s

102-107   vs     < 92   MAP  (mmHg)102-107   vs     < 92   MAP  (mmHg)

•Achieved BP 141/85  vs  128/78  mmHg :

No difference in events rates (death, dialysis, 

doubling of serum creatinine) for BP groups

JAMA 2002;288:2421-31   and   2001;285:2719-28



AASK trial: Effects of BP on
CV outcomes and mortality

Aaa

+CV event = first CV hospitalization or CV death; events as % / patient-year

Wright et al, JAMA 2002, 288:2421-31

HR for CV event + 0.84,  CI 0.61-1.16

HR for stroke (n=55) 0.92 0.55-1.54

HR for CHF (n=50) 1.20 0.70-2.07

HR for CAD (n=42) 0.85 0.47-1.54

HR for all above 1.06 0.76-1.4



REIN 2 study (N =  338)

GFR 20-65 ml/min (mean 34), UprotV 1-10 g/d, 

3 year  F/U

Comparison of  two  goal BP‘s

< 90 diastolic   vs     < 130 / < 80 (mmHg).< 90 diastolic   vs     < 130 / < 80 (mmHg).

•Achieved BP 134/82  vs  130/80  mmHg.

No difference in events rates (dialysis, doubling 

of serum creatinine) for BP groups, independent of 

UprotV

All patients on ramipril, lower goal on felodipine
Lancet     2005;365:939 



REIN-2 trial: Effects on BP

CV events and death:  30 vs 39, 

conventional  vs  intensified,  NS Ruggenenti, Lancet 2005; 365:939



MDRD trial: Effects on BP

30 death, 18/30 CV death, no difference reported 

between BP groups    Klahr S et al, NEJM 1994;330:877



Trials with different Meds but identical 
BP goals, diabetes + hypertension, 
CKD II-IV

STUDY BP (mmHg) outcome (n) stats

RENAAL 142/74 vs 140/74 death (313) -2%  p=0.88RENAAL 142/74 vs 140/74 death (313) -2%  p=0.88

IDNT 144/80 vs 140/77 death (180) -6%  p=0.69

CSG 140/86 vs 137/85 death (22) -45% p>0.5



Trials with different Meds but identical 
BP goals, diabetes + hypertension, 
CKD II-IV

STUDY BP (mmHg) outcome (n) stats

RENAAL 142/74 vs 140/74 CVdeath (113)  -10%  p=0.26RENAAL 142/74 vs 140/74 CVdeath (113)  -10%  p=0.26

IDNT 144/80 vs 140/77 CVdeath (83) -21%  p>0.2



Trials with different Meds but identical 
BP goals, diabetes + hypertension, 
CKD II-IV

STUDY BP (mmHg) outcome (n) stats

RENAAL 142/74 vs 140/74 CHF (216) -32%  p=0.005RENAAL 142/74 vs 140/74 CHF (216) -32%  p=0.005

IDNT 144/80 vs 140/77 CHF (193) -28%  p=0.048



Trials with different Meds but identical 
BP goals, diabetes + hypertension, 
CKD II-IV

STUDY BP (mmHg) outcome (n) stats

RENAAL 142/74 vs 140/74 MI (118) -28%  p=0.08RENAAL 142/74 vs 140/74 MI (118) -28%  p=0.08

IDNT 144/80 vs 140/77 MI (99) -10%  p>0.2



Trials with different Meds but identical 
BP goals, no diabetes but 
hypertension, CKD II-IV

STUDY BP (mmHg) outcome (n) stats

AIPRI 142/87 vs 137/85 death (9) +49% p=0.04AIPRI 142/87 vs 137/85 death (9) +49% p=0.04

HOU 126/75 vs 126/75 death (1)

REIN-1 144/88 vs 145/90 death (3)

For other CV outcomes too few events (<10) 



CV Death
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Difference in BP plac/rami:  4/2 mmHg

Main outcomes in patients with CKD

< 1.4 ≥≥≥≥ 1.4

Placebo
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s- creatinine <1.4 mg/dl  >1.4 mg/dl

Ramipril 10 gm/dall



Main outcomes in patients with CKD 

(serum creatinine ≥ 1.4 mg/dl)

Heart Fail. Hosp. MIAll

Placebo

Ramipril
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< 1.4 ≥≥≥≥ 1.4 < 1.4 ≥≥≥≥1.4

< 1.4 ≥≥≥≥ 1.4

CV Death All Death

< 1.4 ≥≥≥≥ 1.4
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ONTARGET and TRANSCEND trials

6 CKD subgroups, based on normo- micro- macroalb 

AND on eGFR <>60 ml/min

BP difference: 

OT -3.5 / -2.0 mmHg (dual vs mono),  OT -3.5 / -2.0 mmHg (dual vs mono),  

TR -4.0 / -2.5 mmHg (telmisartan vs placebo)

OT: No difference in CV outcomes between ramipril, 

telmisartan or both in any renal subgroup

TR: Benefit on CV events of temisartan vs placebo in 

all subgroups

Tobe et al, Circulation revision submitted



ONTARGET: Design

History of vascular disease 
N = 25620

Randomized
Double-blind

Ramipril 10 / Telmisartan 
80  n = 8502

Ramipril 10 mg
n = 8576

Telmisartan 80 mg
n = 8542

Ontarget Investigators NEJM 2008;358: 1547; Mann et al., Lancet 2008;372:547

Primary outcome: Composite MI, stroke, CV death or CHF hospitalization

Secondary outcomes: 

Components of the primary

Composite of dialysis, doubling of s-creatinine or death

Follow-up: Every 6 months for 5 years,including serum creatinine and urine 
albumin at 6 weeks, 2 y and study end

80  n = 8502n = 8576n = 8542



ONTARGET: primary CV outcome (MI, stroke, CV 

death, heart failure hospitalization)

Ontarget Investigators NEJM 2008;358: 1547

-3.5 / -2.0 mmHg (dual vs mono)



1.5

Normal MicroMacroNormal Micro Macro

GFR ≥ 60 mL/min/1.73m2 GFR < 60 mL/min/1.73m2

Primary cardiovascular outcome 

ONTARGET
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Tobe et al, Circulation, revision submitted



Transcend: design

History of vascular disease, intolerance to ACEi
N =5926 

Randomized
Double-blind

Placebo
n = 2972

Telmisartan 80 mg
n = 2954

Primary outcome: Composite MI, stroke, CV death or CHF hospitalization

Secondary outcomes:

Composite MI, stroke, or CV death

Dialysis or doubling serum creatinine 

Follow-up: Every 6 months for 5 years

n = 2954

Yusuf et al, Lancet 2008  and  Mann et al, Ann Int Med 2009



Transcend, composite of MI, stroke or CV 

death



Is renal risk an important modifier of 

cardiovascular risk when other risks are 

known? 



Categories of CV risk in the ONTARGET & 
TRANSCEND studies based on classical RF

Clase et al   Ann Int Med, 2011



Clase et al  Ann Int Med, 2011



Summary on high CV risk in CKD

The role of BP in CKD stage 1-4

Consistent data of innumerable observational 
studies: BP is higher in CKD compared to 
controls (data not reiterated here)

- No consistent data that lowering BP reduces 
CV risk in CKD
- No consistent data that a change of BP 
(��) affects CV risk differently in people 
with/without CKD



Summary on high CV risk in CKD

The role of BP in CKD stage 1-4

What evidence would we like to analyze ?

- RCT’s in CKD with different BP goals and 
powered for CV outcomespowered for CV outcomes
- Metaanalysis of CKD subgroups from 
published RCT’s in hypertension with data of 
CV outcomes in CKD subgroups



E N D



KDIGO  conference on high CV risk
associated with CKD

The role of BP in CKD stage 1-4

What evidence would we like to analyze ?

- RCT’s in CKD with different BP goals and powered for 

CV outcomes

- Metaanalysis of CKD subgroups from published RCT’s in 

hypertension with data of CV outcomes in CKD subgroups



To be provocative/for the future:

• Should we individualize blood pressure 

management by patient groups?

• Should we treat blood pressure only in • Should we treat blood pressure only in 

people with hypertension but instead 

according to cardiovascular risks?

• Should we measure blood pressure as a 

method of assessing effectiveness?



Clase, Tobe, Gao, McQueen, Teo, Yusuf, Mann.  Ann Int Med, 2011



Clase, Tobe, Gao, McQueen, Teo, Yusuf, Mann.  Ann Int Med, 2011



Is hypertension a risk for cardiovascular disease in 

people with CKD?  

Yes



What are the effects on CV events of treating lowering blood pressure in 

general?

Remarkably consistent across:

Drug class (RCTs)

Primary and secondary prevention (RCTs)

Initial blood pressure (RCTs)Initial blood pressure (RCTs)

Age (Observational)



Drug class



Law BMJ 2009



Primary or secondary prevention



Law BMJ 2009



Initial blood pressure



Law BMJ 2009



Age



Prospective studies collaboration Lancet 2002



What are we measuring when we measure blood pressure?



Keenan BMJ 2009



45

Heart      BP     Kidney

E N DE N D



MDRD trial: Effects on BP

30 death, 18/30 CV death, no difference reported 

between BP groups    Klahr S et al, NEJM 1994;330:877



MDRD study 
(1989 – 1993)

Long-term follow-up 

until 2000:

Study A: CRD stage 3-4

Study B: CRD stage 4-5

Sarnak et al., Ann Intern Med. 2005; 142:342-351

Phase V = 1994

GFR 25 - 55 and

13 - 24 ml/min



24-h blood pressure profile in two patients with 

hypertension (dipper and non-dipper)

Blood pressure (mm Hg) Sleep

Non-dipper

175

135

155

7:00     11:00        15:00      19:00        23:00        3:00         7:00

Dipper

Time of day

115

95

75

55

Redman et al, 1976; Mancia et al, 1983; Kobrin et al, 1984; Baumgart et al, 1989; 
Imai et al, 1990; Portaluppi et al, 1991

Non-dipper

Dipper



Adjusted* risk of renal function loss in the 

SHEP study (n =2181)

SBPa

MAPb

PPc

2.5 -

2 -

1.5 - †

‡

‡

†
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DBPd

1 -
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Quartile 1 Quartile 2 Quartile 3 Quartile 4

J Am Soc Nephrol 2002; 13: 2776-2782

*adjusted for age, gender, race, diabetes, CV diseases, smoking


