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Recruitment procedure

ωSPRINTrecruited subject in102sites in USA and 
Puerto Rico from Nov. 2010 to March 2013

ωThe Trial intended to recruit one third of its subjects 
with CKD

ωPatients with diabetes mellitus, polycystic kidney 
disease, history of stroke, heavy proteinuria (> 1.0 g/d) 
and patients with eGFR < 20 ml/min/1.73 m2

were excluded from the study

ωTotal costs of thistrial were 157 mln of US dollars



SPRINT Trial
Inclusion criteria

ωParticipants were required to meet the following 
criteria:

o Age > 50 years

o Systolic BP > 130 mmHg < 180 mmHg

o Increased risk of cardiovascular events:
cardiovascular disease other than stroke, 
chronic kidney disease other than ADPKD, 
eGFR20-60 ml/min.(28% with eGFR< 60 ml/min),          
10-year riskof cardiovascular disease > 15% on the basis    
of the Framingham riskscore or 
age >75 years(28% were75 yearsor older)



N. Engl. J. Med., 2015;373:
2103-2116

SPRINT Trial
flowchart:

Åeligibility,
Å randomization
Åand follow-up



SPRINT Trial
Baselinecharacteristicsof the study participants

N. Engl. J. Med., 2015;373:2103-2116



SPRINT Trial
Baselinecharacteristicsof the study participants

Chronic Kidney Disease was defined as an estimated GFR less than 60 ml/ml/1.73 m2 of BSA

N. Engl. J. Med., 2015;373:2103-2116



SPRINT Trial
Baseline characteristics of the study participants (cont.)

N. Engl. J. Med., 2015;373:2103-2116



SPRINT Trial
Baselinecharacteristicsof the study participants(cont.)

Statin use (%)                                                                                                        42.6 % 44.7 %

Aspirin use (%)                                                                                                      51.6 %  50.4 %

N. Engl. J. Med., 2015;373:2103-2116



Antihypertensive medication used  in the SPRINT Trial



Antihypertensive medication used  in the SPRINT Trial

Mean number of antihypertensive tables:   3.0            1.9                    



Antihypertensive medication used  in the SPRINT Trial

ωMedications from all major classes of 
antihypertensive agents were provided by SPRINT
at no costs to the participants

ωThere was no restriction on using any 
antihypertensive medications and this was at the 
discretion of individual investigators

ωThiazide-type diuretics were encouraged as first ς
line agents (with chlorthalidoneas the primary 
thiazide-type diuretic)



SPRINT Trial 
Systolic blood pressure in the two treatment arms

N. Engl. J. Med., 2015;373:2103-2116



121.4 mmHg

136.2 mmHg

The mean systolic blood pressure at the year 1

N. Engl. J. Med., 2015;373:2103-2116
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SPRINT Trial 
Systolic blood pressure in the two treatment arms

N. Engl. J. Med., 2015;373:2103-2116

The mean systolic blood pressure at the year 1

136.2 mmHg

121.4 mmHg



SPRINT Trial

PrimaryOutcome

ωDefinition of Primary Outcome: 
the rate of composite outcome of myocardial 
infarction, acute coronary syndrome not 
resulting in myocardial infarction, stroke, acute 
decompensated heart failure or death from 
cardiovascular causes

N. Engl. J. Med., 2015;373:2103-2116



ωDefinition of Secondary Outcomes:
individual components of the primary 
composite outcome plus death from any 
cause 

and

the composite of the primary outcome or
death from any case

SPRINT Trial

PrimaryOutcome

N. Engl. J. Med., 2015;373:2103-2116



SPRINT Trial
Renal outcomes ςdifferent definitions

ωFor patients with chronic kidney disease 
(eGFR<60 ml/min/1.73 m2) at baseline - renal 
outcome was defined by:

composite of decrease in the eGFRof 50% or more, 
or development of ESRD requiring long-term 
dialysis or kidney transplantation

ωFor participants without chronic kidney disease 
at baseline - renal outcome was defined by:

a decrease in the eGFRof 30% or more to a value of 
less than 60 ml/min/1.73 m2



SPRINT Trial 
Systolic blood pressure in the two treatment arms

The intervention was stopped early after median
follow-up of 3.62 years owing to a significantly 
lower rate of the primary composite outcome

in the intensive-treatment group

N. Engl. J. Med., 2015;373:2103-2116



SPRINT Trial
Primary and secondary outcomes and renal outcomes

N. Engl. J. Med., 2015;373:2103-2116
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SPRINT Trial
Primary and secondary outcomes and renal outcomes

N. Engl. J. Med., 2015;373:2103-2116



N. Engl. J. Med., 2015;373:2103-2116

SPRINT Trial
Primary outcomeanddeathfrom anycause



SPRINT Trial
Primary and secondary outcomes and renal outcomes
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SPRINT Trial
Primary and secondary outcomes and renal outcomes

N. Engl. J. Med., 2015;373:2103-2116



SPRINT Trial
Serious adverse events

N. Engl. J. Med., 2015;373:2103-2116
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Serious adverse events
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Serious adverse events
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SPRINT Trial
Serious adverse events



N. Engl. J. Med., 2015;373:2103-2116

SPRINT Trial
Serious adverse events



standard

intensive

AcuteKidneyInjury in SPRINT

HR 1.64 (95% CI 1.30ς2.10) 

Rocco M.V. et al. Am. J. Kidney Dis. 2018, 71, 352 - 361



AKI AKI 1 
(1.5ς2.0 x 
s-creatinine
increase)

AKI 2
(2.0ς3.0 x 
s-creatinine
increase)

AKI 3
(>3.0 x 
s-creatinine
increase)

Intensive 212 128 42 42

Standard 124 81 18 25

Dialysis treatment 8 vs. 6 patients

AcuteKidneyInjury in SPRINT

Rocco M.V. et al. Am. J. Kidney Dis. 2018, 71, 352 - 361



Inclusion 
criteria:
ÁHypertension

ÁHigh CV risk

ÁCKD 3-5 (no HD)

ÁProteinuria<1g/day

ÁNo diabetes (but IGT)

Total of 2,646 patients

Cheung A.K., et al. J. Am. Soc. Nephrol., 2017, 28, 2812 - 2823

Intensive vs. standard BP in CKDpatients



standard

intensive

Primary CV Outcome 
HR 0.81 (0.63-1.05)

2,646 patients

Cheung A.K., et al. J. Am. Soc. Nephrol., 2017, 28, 2812 - 2823

Intensive vs. standard BP in CKDpatients

p=0.12



All-cause death Outcome 
HR 0.72(0.53-0.99)

Intensive vs. standard BP in CKDpatients

Cheung A.K., et al. J. Am. Soc. Nephrol., 2017, 28, 2812 - 2823

2,646 patients

p=0.04



standard

intensive

End-stage renal disease or 50%eGFR decrease
HR 0.90 (0.44-1.83)

2,646 patients

Cheung A.K., et al. J. Am. Soc. Nephrol., 2017, 28, 2812 - 2823

Intensive vs. standard BP in CKDpatients

NS



Change 
in eGFR

standard ς0.32 ml/min/year

intensive ς0.47ml/min/year

2,646 patients

Cheung A.K., et al. J. Am. Soc. Nephrol., 2017, 28, 2812 - 2823

Intensive vs. standard BP in CKDpatients



Intensive vs. standard BP in CKD

Cheung A.K., et al. J. Am. Soc. Nephrol., 2017, 28, 2812 - 2823

Adverse effects with lower BP

ÁHyperkalemia 36% increased

ÁHypokaliemia 87% increased

ÁAcute kidney injury 46% increased



Intensive vs. standard BP in CKD
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Cheung A.K., et al. J. Am. Soc. Nephrol., 2017, 28, 2812 - 2823

2,646 patients
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p< 0.01



Patients without CKD όŜDCw Ҕсл ƳƭκƳƛƴκƳчύ

Kidney function declinein SPRINTTrial
(in patients without CKD at baseline)

Magrico R., et al. Clin. J. Am. Soc. Nephrol., 2018., 13, 73 - 80



Kidney function declinein SPRINTTrial
(in patients without CKD at baseline)

30% reduction in eGFR

Magrico R., et al. Clin. J. Am. Soc. Nephrol., 2018., 13, 73 - 80



Kidney function decline(a decrease in the eGFR of 30% 
or more to a value of less than 60 ml/min/1.73 m2) in SPRINTStudy

NNT= number needed to treat
NNH= number needed to harm

Magrico R., et al. Clin. J. Am. Soc. Nephrol., 2018., 13, 73 - 80



Why the low BP target did not bring renal
benefits in the SPRINT Trial?

ωBlood pressure was measured with the use of 
an automated measurement system (model 
907, Omron Healthcare), by patients left alone 
in the roomΣ ǿƘƛŎƘ ŜƭƛƳƛƴŀǘŜǎ ǘƘŜ αǿƘƛǘŜ Ŏƻŀǘ 
ŜŦŦŜŎǘέ όthese values of BP seem to be ca. 10-15 
mmHg lower, that obtained with the traditional 
method, measured  in the office by the 
physician or nurse



tŀǘƛŜƴǘǎΩ ǎǘŀǘǳǎ ŘǳǊƛƴƎ ǘƘŜ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ 
measurement reported in different trials  



tŀǘƛŜƴǘǎΩ ǎǘŀǘǳǎ ŘǳǊƛƴƎ ǘƘŜ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ 
measurement reported in different trials  

BP was obtained by an automatic device when patient has been resting alone for 5 min.
BP was checked every minute, total 3-5 times and the average value was calculated
The methodology for measuring BP in SPRINTTrial was not the same what is used 

in most clinical practices and this difference has significant clinical implications



Blood pressure recording in the SPRINT Trial



Blood pressure recording in the SPRINT Trial

ωTargeting the SBP <120 mmHg without using similar BP 
measurement methods as in the trial may increase the 
risk of serious adverse events by systematically 
overshooting the trial-based BP targets and potentially 
leading to hypotensive complications

ωThus, applying the SPRINT intensive BP targets based 
on usual office measurements would correspond to a 
SBP target range of 125-мор ƳƳHg



ωThe decline of blood pressure obtained 
in the high risk population (>50 years of 
age with cardiovascular risks) was too 
fast in the intensive-treatment arm!

Why it was so many renal outcomes 
observed in the SPRINT Trial?



SPRINT Trial 
Systolic blood pressure in the two treatment arms

N. Engl. J. Med., 2015;373:2103-2116
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SPRINT Trial 
Systolic blood pressure in the two treatment arms



J. Am. Soc. Nephrol., 2016, 27, 40-43
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J. Am. Soc. Nephrol., 2017, 28, 2794-2801



Association between percentage decline in renal function
in the AASK and MDRD studies  from time of randomization 

until month 3 and risk of ESRD

Ku e. et al.,J. Am. Soc. Nephrol., 2017, 28, 2794-2801



Conclusion:

Ku e. et al.,J. Am. Soc. Nephrol., 2017, 28, 2794-2801



Am. J. Kidney Dis.  2017, 70, 207-217



Sumida K. et al., Am. J. Kidney Dis.  2017, 70, 207-217

Association of predialysis systolic blood pressure (SBP) with 
all-cause mortality in the first 3 months after dialysis initiation 



Association of predialysis diastolic blood pressure (DBP)with 
all-cause mortality in the first 3 months after dialysis initiation 

Sumida K. et al., Am. J. Kidney Dis.  2017, 70, 207-217



Meta-analysis

ÁAll randomized controlled trials until June 2016

ÁComparison of 2 defined blood pressure targets:

Áactiveblood pressure treatment vs. placebo or no treatment

Á intensivevs. less intensive BP control

ÁOnly patients with CKD stage 3ς5 (eGFRғ сл ƳƭκƳƛƴκмΦтоƳчύ  

without renal replacement therapy

ÁPrimary outcome: mortality

Á18 studies, 15,924 patients, 1,293 deaths

Malhotra R. et al. JAMA Int. Med., 2017, 177, 1498 - 1505

Standard vs. lower target BPin CKD patients
(meta-analysis)
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Standard vs. lower target BPin CKD patients
(meta-analysis)



Results

Á Systolic blood pressure initially 148 mmHg

Á Systolic BP reduction ï8 mmHg (standard) vs. ï16 mmHg (lower)

ÁMortality in the ñintensivelyò treated group 14% lower

ÁWithout significant heterogeneity across studies

Malhotra R. et al. JAMA Int. Med., 2017, 177, 1498 - 1505

Standard vs. lower target BPin CKD patients
(meta-analysis)



Malhotra et al. JAMA Int Med 2017

Standard vs. lower target BPin CKD patients
(meta-analysis)



Summary
Á Intensive (systolic) blood pressure control improves CV 

outcome and mortality in CKD patients

ÁProgression of CKD is not retarded, with more serious  

adverse events,particularly hypotension, AKI and 

worsening of kidney function

Malhotra R. et al. JAMA Int. Med., 2017, 177, 1498 - 1505

Standard vs. lower target BPin CKD patients
(meta-analysis)



JAMA Internal Medicie, 2017, 177, 1506 - 1507



Kovesdy C. P., JAMA Int. Med., 2017, 177, 1506 - 1507

651.749 US Veterans with estimated GFR
lower than 60 ml/min/1.73 m2



651.749 US Veterans with estimated GFR
lower than 60 ml/min/1.73 m2

Kovesdy C. P., JAMA Int. Med., 2017, 177, 1506 - 1507
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Kovesdy C. P., JAMA Int. Med., 2017, 177, 1506 - 1507



Cardiovascular and renal  outcomes according
to achieved blood pressure from clinical trials

Khouri Y. et al., Curr. Cardiol. Rep., 2011, 13, 492ς501



N. Engl. J. Med. 2017, 377, 745-755
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Whelton P. K. et al., J. Am. Coll. Cardiol., 2018, 71:2199-2269



Carey R.M., Whelton P.K. , Ann. Intern. Med. 2018, 168, 351-358

ACC/AHA 2017 Guidelines



Whelton P. K. et al., J. Am. Coll. Cardiol., 2018, 71:2199-2269



New classification of blood pressure ACC/AHA, 2017

Carey R.M., Whelton P.K. , Ann. Intern. Med. 2018, 168, 351-358



Recommendations for treatment of hypertension
in patients with CKD according to the 2017 ACC/AHA Guidelines

COR = Class of Recommendation
LOE = Level of Evidence

Whelton P. K. et al., J. Am. Coll. Cardiol., 2018, 71:2199-2269


