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¨  Objectif: Déterminer si la revascularisation des sténoses des 
artères rénales diminue les événements cardiovasculaires et 
rénaux chez des pts avec sténose des artères et HTA ou 
sténoses et IRC. 

¨  Essai randomisé prospectif ouvert 
¨  N=947 pts (traitement médical optimisé vs traitement médical 

optimisé + dilatation) 
¨  Événement primaire composite: mortalité cardiovasculaire ou 

rénale, AVC, IM, hospit IC, IRC progressive, dialyse. 
¨  Puissance de 90% pour détecter une diminution de risque de 

25% à 2 ans avec la revascularisation. 
¨  Patient type: 69 ans, TAs 150 mmHg, Clairance créat 58 ml/min 
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Stenting and Medical Ther apy for Renal-Artery Stenosis

(0.2%) in the stent group initiated dialysis between 
30 and 90 days after randomization. A patient 
randomly assigned to medical therapy alone had 
a fatal stroke on the day of randomization.

Clinical Outcomes
There was no significant difference in the occur-
rence of the primary composite end point be-
tween the stent group and medical therapy–only 
group (35.1% and 35.8%, respectively; hazard 
ratio, 0.94; 95% confidence interval [CI], 0.76 to 
1.17; P = 0.58) (Table 2 and Fig. 2). In addition, 
no significant between-group differences were 
observed in the rates of the components of the 
primary end point (Table 2, and Fig. S1 through 
S6 in the Supplementary Appendix). We also 
observed no significant difference in all-cause 
mortality during the follow-up period (Table 2).

No interactions were observed between treat-
ment and the four prespecified subgroups — 
those defined according to sex, race (black vs. 
others), presence or absence of global ischemia, 
and presence or absence of diabetes — with re-
spect to the occurrence of a primary end-point 
event (Fig. 3). In addition, no significant differ-
ences in the treatment effect were observed in 
other subgroups.

Blood Pressure over Time
At baseline, participants were taking a mean of 
2.1±1.6 antihypertensive medications. At the end 
of the study, the number of medications in-
creased in both the stent group and the medical 
therapy–only group but did not differ signifi-
cantly between the two groups (3.3±1.5 and 
3.5±1.4 medications, respectively; P = 0.24). Sys-
tolic blood pressure declined in both the medical 
therapy–only group (by 15.6±25.8 mm Hg) and 
the stent group (by 16.6±21.2 mm Hg). In the 
longitudinal analysis, the systolic blood pressure 
was modestly lower in the stent group than in 
the medical therapy–only group (−2.3 mm Hg; 
95% CI, −4.4 to −0.2 mm Hg; P = 0.03), and the 
difference persisted throughout the follow-up 
period (Fig. S7 in the Supplementary Appendix).

Discussion

The CORAL trial was designed to test whether 
renal-artery stenting, when added to protocol-
driven contemporary medical therapy, improves 
clinical outcomes in persons with atherosclerotic 

renal-artery stenosis. We found no benefit of 
stenting with respect to the rate of the composite 
primary end point or any of its individual com-
ponents, including death from cardiovascular or 
renal causes, stroke, myocardial infarction, con-
gestive heart failure, progressive renal insufficien-
cy, and the need for renal-replacement therapy. 
This result was consistent across all prespecified 
subgroups, including patients with global renal 
ischemia and patients with other high-risk char-
acteristics. We did observe a modest, but statisti-
cally significant, reduction of 2 mm Hg in systolic 
blood pressure with stenting, but this reduction 
did not translate into a reduction in clinical events.

Other randomized trials, including the An-
gioplasty and Stenting for Renal Artery Lesions 
(ASTRAL) trial15 and the Stent Placement and 
Blood Pressure and Lipid-Lowering for the Pre-
vention of Progression of Renal Dysfunction 
Caused by Atherosclerotic Ostial Stenosis of the 
Renal Artery (STAR) trial,16 assessed the useful-
ness of renal-artery stenting with respect to 
kidney function and showed no significant dif-
ference in this key measure. These studies have 
been criticized for enrolling some participants 
who did not have clinically significant renal-artery 
stenosis and for not having their findings con-
firmed by core laboratories.21 In addition, none 
of the previous studies were designed specifi-

Figure 2. Kaplan–Meier Curves for the Primary Outcome.

Survival curves are truncated at 5 years owing to instability of the curves 
because few participants remained in the study after 5 years.
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cally to detect a benefit with respect to clinical 
events. We sought to address these concerns in 
CORAL.

A key issue in the interpretation of our results 
is whether the medical therapy that was given to 
CORAL participants can be replicated in clinical 
practice. The medical therapy in our study in-
cluded the use of an angiotensin-receptor block-
er, with or without a thiazide-type diuretic, with 

the addition of amlodipine for blood-pressure 
control. In addition, participants received anti-
platelet therapy and atorvastatin for management 
of lipid levels, and diabetes was managed ac-
cording to clinical practice guidelines.19,20 With 
this regimen, patients who received medical treat-
ment alone had remarkably good cardiovascular 
and renal outcomes, despite their advanced age 
and the high rates of hypertension, diabetes, 

Figure 3. Forest Plot of Treatment Effects within Subgroups.

Hazard ratios for stenting plus medical therapy versus medical therapy alone include all available follow-up data for the primary com-
posite end point. None of the tests for treatment and subgroup interaction were significant (P>0.05). To convert the values for creati-
nine to micromoles per liter, multiply by 88.4. The estimated glomerular filtration rate (GFR) was calculated with the use of the modified 
Modification of Diet in Renal Disease formula. Global ischemia was defined as stenosis of 60% or more of the diameter of all arteries 
supplying both kidneys or stenosis of 60% or more of the diameter of all arteries supplying a single functioning kidney. For the sub-
group of blacks versus others, the analysis was limited to U.S. sites. SBP denotes systolic blood pressure.
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H.  Systolic blood pressure over time 
 
Figure S7.  CORAL study systolic blood pressure in mmHg. 
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Stenting and Medical Therapy for Atherosclerosis Renal-Artery Stenosis 
CORAL Investigators  

   Cooper CJ et al. N Engl J Med. 2014;370:13-22  

¨  Pas de bénéfice clinique à la revascularisation 
surajoutée au traitement médical optimisé, peu importe 
les sous-groupes testés. 
¤ Différence TAs  groupe stent vs RX seul: -2.3 mmHg 

(significatif). Qté de RX anti-HTA idem (3.3 vs 3.5) 
¤  Événements indésirables: 11 dissections (2.2%). 

¨  Confirme les résultats de l’étude ASTRAL; définitivement 
pas d’angiodilatation de routine pour les sténoses des 
artères rénales chez des pts avec HTA ou IRC stade 3. 

¨  Dépistage des sténoses en clinique d’hypertension? 
 



DOUBLE BLOCAGE DU SYSTÈME RÉNINE ANGIOTENSINE  
 



Efficacy and safety of dual blockade of the renin-angiotensin system: meta-
analysis of randomised trials 

     Makani H, BMJ 2013;346:f360 

¨  Objectif: Comparer  les effets à long terme et les effets indésirables d’un  double 
blocage du système rénine-angiotensine (combinaison de deux parmi IECA, BRA ou 
aliskiren) avec une monothérapie. 

¨  Méthode: revue systématique Embase, Cochrane et Pubmed de 1990 à 8/2012 
pour des essais cliniques randomisés; durée >1an pour l’efficacité, durée >4 
semaines pour effet indésirables.   

¨  Mesure:  
¤  efficacité: mortalité totale, mortalité cardiovasc., hospitalisation pour insuffisance 

cardiaque 
¤  Effets indésirables: hyperkaliémie, hypotension, insuffisance rénale, retrait sur effet 

secondaire 
¤  Analyse de sous-groupe pour les patients avec ou sans insuffisance cardiaque. 

¨  33 études: 68 405 pts suivi en moyenne 1 an. Mesure d’efficacité: 56 824 pts suivi 
2.7 ans. 



Résultat: comparaison double blocage versus monothérapie 

Outcome No of studies No of events 
Dual blockage 

No of  events 
monotherapy 

Effect size RR 
(95% CI) 

All cause mortality 7 3314/21638 5286/35186 0.97 (089, 1.06) 

CVD mortality 6 2812/19127 5128/32687 0.96 (0.88, 1.05) 

HF admission 5 1825/16728 2604/25343 0.82 (0.74, 0.92) 

Hyperkaliemia 23 2188/22717 1887/37921 1.55 (1.32, 1.82) 

Hypotension 
 

18 2042/23572 2227/37680 1.66 (1.38, 1.98) 

Renal failure 20 2026/24536 2551/39784 1.41 (1.09, 1.84) 

Withdrawal 26 4265/24994 5825/40247 1.27 (1.21, 1.32) 

Efficacy and safety of dual blockade of the renin-angiotensin system: meta-
analysis of randomised trials 

     Makani H, BMJ 2013;346:f360 



¨  Le double blocage du système rénine-angiotensine est contre-
indiqué dans la plupart des situations cliniques. Dans le sous-groupe 
des insuffisants cardiaques, il diminue l’hospitalisation sans changer 
la mortalité, et ce au prix d’effets indésirables importants. 

¨  Arrêt prématuré de l’étude NEPHRON-D pour des raisons de 
sécurité; augmentation du potassium et de l’IR (étude de double 
blocage du SRA dans le traitement de la néphropathie diabétique 
NEJM, 2013,369:1892). 

¨  Implication: Questionnement par rapport à l’engouement pour l’ajout 
d’aldactone ou d’éplerenone en hypertension réfractaire. 

 Bénéfice versus Sécurité?  Essai randomisé à faire. 

Efficacy and safety of dual blockade of the renin-angiotensin system: meta-
analysis of randomised trials 

     Makani H, BMJ 2013;346:f360 



 
BAISSE DE PRESSION ARTÉRIELLE RAPIDE EN AVC 
HÉMORRAGIQUE 
 



Rapid blood-pressure lowering in patients with acute Intracerebral Hemorrhage 
Interact2 Investigators 

    Anderson CS et al. NEJM 2013;368:2355-65. 

¨  Objectif: déterminer l’efficacité et la sécurité d’une 
baisse intensive de la tension artérielle en hémorragie 
cérébrale aigue. 

¨  Essai randomisé prospectif ouvert 
¨  N=2839 pts (traitement intensif <140 mmHg vs 

traitement conventionnel <180 mmHg) 
¨  Événement primaire composite: décès ou déficit  

neurologique important à 3 mois 
¨  Puissance de 90% pour détecter une réduction absolue 

de 7% des événements primaires 
¨  Pt type = homme, 63 ans, chinois, 179/101 mmHg, score 

NIHSS 10, GCS 14 



NEJM 2013;368:2355-65 
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Figure S2.  Systolic blood pressure levels at and after randomization   

 

 

 

The lines incorporate blood pressure values with 95% confidence intervals represented by the 

vertical bars.  The differences in mean systolic blood pressure are given for the intensive 

group as compared with the guideline-recommended group are given for 1 and 6 hours post-

randomization.  All between group blood pressures are significant (P<0.0001) from 15 

minutes. 
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toma volume was log-transformed to remove 
skewness after the addition of the value 1.1 to 
eliminate negative values. The nominal level of 
significance for all analyses was P<0.048, since 
two interim analyses were performed in which 
the Haybittle–Peto efficacy stopping rule was 
used.16

R esult s

Study Population
From October 2008 through August 2012, a total 
of 2839 participants (mean age, 63.5 years; 62.9% 
men) were enrolled at 144 hospitals in 21 coun-
tries; 1403 participants were randomly assigned 
to receive early intensive treatment to lower their 
blood pressure, and 1436 were assigned to re-
ceive guideline-recommended treatment (Fig. S1 

in the Supplementary Appendix). The baseline 
characteristics were balanced between the two 
groups (Table 1). The primary outcome was de-
termined for 1382 of the participants (98.5%) in 
the intensive-treatment group and for 1412 (98.3%) 
in the standard-treatment group.

Blood-Pressure–Lowering Treatment  
and Achieved Blood-Pressure Levels

As shown in Table 2, the median time from the 
onset of the intracerebral hemorrhage to the ini-
tiation of intravenous treatment was shorter in the 
intensive-treatment group than in the standard-
therapy group (4.0 hours [interquartile range, 2.9 to 
5.1] vs. 4.5 hours [interquartile range, 3.0 to 7.0], 
P<0.001); the median time from randomization 
to the initiation of treatment was also shorter in 
the intensive-treatment group (6 minutes [inter-

Table 3. Primary, Secondary, and Safety Outcomes at 90 Days.*

Variable

Intensive
Blood-Pressure 

Lowering
(N = 1399)

Guideline-  
Recommended 
Blood-Pressure 

Lowering
(N = 1430)

Odds Ratio  
(95% CI) P Value

Primary outcome: death or major disability — no./total no. (%)† 719/1382 (52.0) 785/1412 (55.6) 0.87 (0.75–1.01) 0.06

Secondary outcomes

Score on the modified Rankin scale — no./total no. (%)‡ 0.87 (0.77–1.00) 0.04

0: No symptoms at all 112/1382 (8.1) 107/1412 (7.6)

1: No substantive disability despite symptoms 292/1382 (21.1) 254/1412 (18.0)

2: Slight disability 259/1382 (18.7) 266/1412 (18.8)

3: Moderate disability requiring some help 220/1382 (15.9) 234/1412 (16.6)

4: Moderate–severe disability requiring assistance with daily 
living

250/1382 (18.1) 268/1412 (19.0)

5: Severe disability, bed-bound and incontinent 83/1382 (6.0) 113/1412 (8.0)

6: Death by 90 days 166/1382 (12.0) 170/1412 (12.0)

Death — no./total no. (%) 166/1394 (11.9) 170/1421 (12.0) 0.99 (0.79–1.25) 0.96

Health-related quality of life§

Problems with mobility — no./total no. (%) 767/1203 (63.8) 821/1231 (66.7) 0.88 (0.74–1.04) 0.13

Problems with self-care — no./total no. (%) 563/1202 (46.8) 635/1230 (51.6) 0.83 (0.70–0.97) 0.02

Problems with usual activities — no./total no. (%) 731/1203 (60.8) 814/1231 (66.1) 0.79 (0.67–0.94) 0.006

Problems with pain or discomfort — no./total no. (%) 477/1197 (39.8) 552/1227 (45.0) 0.81 (0.69–0.95) 0.01

Problems with anxiety or depression — no./total no. (%) 406/1192 (34.1) 463/1220 (38.0) 0.84 (0.72–1.00) 0.05

Overall health utility score 0.60±0.39 0.55±0.40 0.002

Living in residential care facility — no./total no. (%) 108/1222 (8.8) 114/1248 (9.1) 0.96 (0.73–1.27) 0.80

Duration of initial hospitalization — days 0.43

Median 20 19

Interquartile range 12–35 11–33
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¨  Résultats  

¨  TAs moyenne à 1 heure:  150 mmHg vs 164 mmHg (p<0.001) 

¨  Résultats de sous-groupes similaires (volume hématome, TAs initiale < 
ou ≥ 180 mmHg, localisation hématome, score NIHSS < ou ≥ 15, 
âge < ou ≥ 65 ans, Chine vs autres régions)   

¨  Profil d’évolution défavorable identique dans les deux groupes 
¤  Détérioration neurologique 1er 24 hres: 14.5% vs 15.1 % (p = 0.62) 
¤  Hypotension sévère 0.5% vs 0.6% 

Rapid blood-pressure lowering in patients with acute Intracerebral Hemorrhage 
Interact2 Investigators 

    Anderson CS et al. NEJM 2013;368:2355-65. 



¨  Pas de différence clinique malgré une différence 
significative de la TA entre les deux groupes. Des concepts 
différents s’opposent: augmentation de TA bénéfique pour 
maintenir la perfusion cérébrale versus effet délétère par 
l’augmentation du volume de l’hématome. 

¨  Limite: non fait à l’aveugle, co-intervention possible, 
différents type de traitements anti-HTA administrés en aigu. 

¨  Confirmation à venir: ATACH II en cours. Nord-Américain; Rx 
= nicardipine seulement (2016). 

Rapid blood-pressure lowering in patients with acute Intracerebral Hemorrhage 
Interact2 Investigators 

    Anderson CS et al. NEJM 2013;368:2355-65. 



 
CIBLE DE PRESSION ARTÉRIELLE EN PRÉVENTION DE RÉCIDIVE 
D’AVC 
 



Blood-pressure targets in patients with recent lacunar stroke: 
the SPS3 randomised trial 

     
    The SPS3 Study Group Lancet 2013;382:507-15. 

¨  Objectif: déterminer si une cible de tension artérielle 
systolique à moins de 130 mmHg  diminue la récurrence 
d’AVC versus une cible de 130-149 mmHg chez des 
patients avec ATCD d’AVC lacunaire. 

¨  Méthode: essai randomisé ouvert avec comité 
d’adjudication à l’aveugle 

¨  Événement primaire: réduction de tout type d’AVC. 
Événements secondaires: IM, décès, hospit pour 
événements vasculaires 

¨  Patient type: homme 63 ans, 144/79 mmHg caucasien 

 



Lancet 2013;382:507-15 

Articles

www.thelancet.com   Vol 382   August 10, 2013 509

antihypertensive medications was available. They were 
obtained and distributed to study centres by the Veterans 
Administration Cooperative Studies Pro gram Clinical 
Research Coordinating Center, Drug Distribution Center, 
Albuquerque, NM, USA.

 Statistical analysis
The primary endpoint was reduction in all stroke. 
Ischaemic stroke was clinically defi ned as a focal neuro-
logical defi cit persisting for longer than 24 h, with an 
absence of haemorrhage confi rmed by neuroimaging. 
Intracranial haemorrhages included intracerebral, sub-
dural or epidural, and subarachnoid locations defi ned by 
neuroimaging. Disabling strokes were classi fi ed as those 
with modifi ed Rankin scores of 3 or higher after 
3–6 months. Strokes were deemed fatal if death occurred 
within 30 days or if death after 30 days could be attributed 
to the stroke. Secondary endpoints were reductions in 
acute myocardial infarction, defi ned by standard criteria 
(compatible clinical history with changes on ECG or in 
cardiac enzyme concentrations), need for acute admis-
sion to hospital for a major vascular event, and death, 
classifi ed as vascular, non-vascular, or unknown. All 
reported effi  cacy outcomes were con fi rmed by a central 
adjudication committee that was unaware of treatment 
assignment. Safety outcomes were serious adverse events 
related to hypotension and blood-pressure management. 
The trial was monitored by an independent data and 
safety monitoring committee selected by the sponsor.

The initial sample size of 2500 patients was calculated 
assuming an average follow-up of 3 years, an estimated 
3-year recurrent stroke rate of 21%, a 25% relative-risk 
reduction in stroke by intensive control of blood pressure, 
a type I error of α=0·05, and 90% power. Sample-size 
estimation was reassessed midway through the trial to 
check the power of the study on the basis of the observed 
overall event rate. This assessment resulted in the fi nal 
sample size being increased from 2500 to 3000 patients.12 

We did two prespecifi ed subgroup analyses. The fi rst 
was in patients who were hypertensive at baseline. Thus, 
we excluded from this analysis patients who were non-
hypertensive at baseline (systolic blood pressure lower 
than 130 mm Hg without taking antihypertensive medi-
cations) and who received no antihypertensive therapy 
during the study unless blood pressure exceeded the 
assigned target range during follow-up. The second 
included data after censoring at 6 months of follow-up. 
This analysis was undertaken because the maximum 
separation of the baseline and achieved blood pressures 
requires an average of 6 months of medication titration. 
All participants who did not die or withdraw from the 
study during the fi rst 6 months, irrespective of whether 
or not they had an event during this time, were included 
in this subgroup. We also assessed outcomes in various 
demographic and clinical subgroups. 

We did standard time-to-event analyses of the pri-
mary endpoint with the log-rank test and used Cox’s 

proportional hazards models to compute hazard ratios 
(HRs) and 95% CIs in each treatment group. If multiple 
events of the same type occurred, time to event was 
calculated as time to fi rst event. Data for patients with no 

Higher-target group 
(n=1519)

Lower-target group 
(n=1501)

Hazard ratio 
(95% CI)

p value

Number of 
patients

Rate (% per 
patient-year)

Number of 
patients

Rate (% per 
patient-year)

Stroke

All stroke 152 2·77% 125 2·25% 0·81 
(0·64–1·03)

0·08

Ischaemic stroke 
or unknown

131 2·4% 112 2·0% 0·84 
(0·66–1·09)

0·19

Intracranial haemorrhage

All 21* 0·38% 13† 0·23% 0·61 
(0·31–1·22)

0·16

Intracerebral 16 0·29% 6 0·11% 0·37 
(0·15–0·95)

0·03

Subdural or 
epidural

5 0·091% 6 0·11% 1·18 
(0·36–3·88)

0·78

Other 2 0·036% 4 0·072% 1·97 
(0·36–10·74)

0·43

Disabling or fatal 
stroke‡

49 0·89% 40 0·72% 0·81 
(0·53–1·23)

0·32

Myocardial infarction 40 0·70% 36 0·62% 0·88 
(0·56–1·39)

0·59

Major vascular event* 188 3·46% 160 2·91% 0·84 
(0·68–1·04)

0·10

Deaths

All 101 1·74% 106 1·80% 1·03 
(0·79–1·35)

0·82

Vascular death 41 0·70% 36 0·61% 0·86 
(0·55–1·35)

0·52

Non-vascular 35 0·60% 40 0·68% 1·12 
(0·71–1·76)

0·62

Uncertain 25 0·43% 30 0·51% 1·18 
(0·69–2·00)

0·55

*One classifi ed as both intracerebral and other, and one as both intracerebral and subdural or epidural. †One classifi ed 
as intracerebral and subdural or epidural, and two as both intracerebral and other. ‡Disabling strokes classifi ed as 
modifi ed Rankin score 3 or higher after 3–6 months.

Table 2: Primary and secondary outcomes
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Figure 1: Systolic blood pressure by treatment group

À la randomisation: moyenne 1.7 médicaments;  
À la dernière visite: 1.8 vs 2.4 médicaments (p< 0.0001) 
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events were censored at the end of study participation 
or death, whichever occurred fi rst. The proportional 
hazards assumption was verifi ed by assessment of the 

interaction between time and blood-pressure-inter-
vention group, and we used Cox’s models to investigate 
whether the eff ect of intervention diff ered by specifi c 
subgroups. Odds ratios and 95% CIs were computed by 
logistic regression for orthostatic symptoms, as these 
were measured as whether or not the patient had at least 
one symptom during the follow-up period All analyses 
were based on the intention-to-treat principle and were 
done with SAS (version 9.2). The study is registered with 
ClinicalTrials.gov, number NCT00059306.

Role of the funding source
The sponsor of the study participated in study design, 
data collection, data analysis, data interpretation, and 
writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication. 

Results
3020 participants were enrolled from North America 
(n=1960 [65%]), Latin America (n=694 [23%]), and Spain 
(n=366 [12%]) and were followed up for a mean of 
3·7 (range 0–8·6, SD 2·0) years (appendix p 1). Baseline 
characteristics did not diff er substantially between target 
groups (table 1). The median time from qualifying stroke 
to randomisation was 62 days. Blood-pressure therapy 
was permanently discontinued in similar numbers of 
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HR 0·81 (95% CI 0·64–1·03)

Number of events (annualised rate [%])

130–149 mm Hg

Subgroup (pinteraction) HR (95% CI)

<130 mm Hg

Age (p=0·53)
<65 years (n=1757)
≥65 years (n=1263)
Sex (p=0·50)
Male (n=1902)
Female (n=1118)
History of diabetes (p=0·64)
Non-diabetic (n=1914)
Diabetes (n=1106)
Race (p=0·85)
Hispanic (n=916)
White (n=1538)
Black (n=492)
Other/mixed (n=74)
Region of residence (p=0·09)
North America (n=1960)
Latin America (n=694)
Spain (n=366)
Baseline SBP (p=0·78)
Normotensive (n=314)
SBP<median (n=1306)
SBP≥median (n=400)

 87 (2·71%)
 67 (2·86%)

 111 (3·09%)
 41 (2·17%)

 78 (2·15%)
 74 (3·97%)

 36 (2·23%)
 72 (2·56%)
 37 (4·09%)
 7 (4·53%)

 111 (2·90%)
 24 (2·11%)
 17 (3·31%)

 11 (2·03%)
 65 (2·90%)
 76 (2·81%)

 68 (2·05%)
 57 (2·53%)

 80 (2·41%)
 45 (2·01%)

 59 (1·64%)
 66 (3·37%)

 29 (1·83%)
 63 (2·22%)
 30 (3·04%)
 3 (2·11%)

 100 (2·58%)
 20 (1·77%)
 5 (0·92%)

 12 (2·03%)
 53 (2·18%)
 60 (2·36%)

0·76 (0·55–1·05)
0·89 (0·62–1·26)

0·78 (0·59–1·04)
0·93 (0·61–1·43)

0·76 (0·54–1·07)
0·85 (0·61–1·19)

0·82 (0·51–1·34)
0·86 (0·62–1·21)
0·75 (0·47–1·22)
0·48 (0·12–1·85)

0·89 (0·68–1·17)
0·84 (0·47–1·52)
0·28 (0·10–0·76)

1·02 (0·45–2·31)
0·75 (0·20–1·08
0·84 (0·60–1·18)

<130 mm Hg better 130–149 mm Hg better

1·00·5 2·00·2 5·0

Figure 2: Probability of patients experiencing a primary event by time after randomisation
Primary events were all recurrent strokes, myocardial infarction, or vascular death. HR=hazard ratio.

Figure 3: Primary outcome assessed by demographic and clinical subgroups
HR=hazard ratio. SBP=systolic blood pressure.
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q Résultats (suite): 

q Diminution significative des hémorragies intracérébrales (16 
versus 6) 

q Taux d’effets indésirables graves similaire 0.26% vs 0.40% 
par pt-année 

q Limite: Deux fois moins d’événement qu’attendu. Manque 
de puissance pour confirmer ou infirmer un effet 
bénéfique à viser une cible de moins de 130 mmHg. La 
cible de 130 mmHg semble cependant sécuritaire. 

 

Blood-pressure targets in patients with recent lacunar stroke: 
the SPS3 randomised trial 

     
    The SPS3 Study Group Lancet 2013;382:507-15. 
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The trial protocol was based on the assigned target of 
systolic blood pressure being achieved and, therefore, we 
did not require specifi c antihypertensive agents to be 
used. Patients assigned to the lower-target group used an 
average of 2·4 antihypertensive medications and the 
distribution of medication categories diff ered from that 
in the higher-target group (table 1). The mean diff erence 
in systolic blood pressure at the end of the trial was 
11 mm Hg. On the basis of previous studies, this 
diff erence should have resulted in about a 30% reduction 
in recurrent stroke. The observed reduction of 19% 
(95% CI –3 to 36), however, was smaller even than the 
hypothesised 25%. This fi nding could be due to chance or 
the specifi c population of patients assessed.2,21 The 95% CI 
for the 19% reduction does include the hypothesised 25% 

reduction, but it also spans zero and, therefore, is not 
signifi cant. The rate of intracerebral haemorrhage was 
reduced by 63% in the lower-target group, which is 
consistent with the known sensitivity of this stroke sub-
type to strict blood-pressure control.14 This result indicates 
that the number needed to treat to prevent one intra-
cerebral haemorrhage at 4 years (roughly the average 
follow-up in SPS3) would be 175.

The SPS3 trial had limitations. First, the observed rate 
of recurrent stroke was much lower than that 
anticipated. This low rate is similar to that seen in other 
trials that have assessed prevention of recurrent 
stroke.22–24 It might, therefore, be the result of good 
blood-pressure control in both treatment groups, the 
frequent use of statins, and high adherence to 
antiplatelet therapy. Second, the assign ment to blood-
pressure targets was not masked, which could have 
potentially introduced bias. Stroke end points were, 
however, confi rmed by a central adjudication committee 
that was unaware of patients’ group allo cations, as is 
frequently done in large hyper tension trials.25 Third, we 
tested treatment targets and not the eff ect of specifi c 
blood-pressure agents. Finally, some patients did not 
achieve blood pressures within the target ranges at any 
point during follow-up (70 [4·6%] in the higher-target 
group and 74 [4·9%] in the lower-target group). These 
proportions, however, are similar to those reported in 
other trials of blood-pressure targets and, therefore, 
probably refl ect the clinical realities of blood-pressure 
management.19,25 An important strength of the SPS3 

Intervention Population (mean follow-up) Number of 
patients

Achieved systolic blood 
pressure (diff erence 
between treated patients 
and controls [mm Hg])

Relative risk 
reduction for 
recurrent stroke 
(95% CI)

HSCSG (1974)13 Deserpidine, thiazide Heterogeneous stroke, uncertain ischaemic 
(96%) vs ICH (2·3 years)

452 ~167 vs ~142 (25) 20%† (–29 to 51) 

Dutch TIA (1993)14 Atenolol All causes of TIA (34%) or ischaemic stroke 
(2·6 years)

1473 ~155 vs ~149 (6) 18% (–19 to 43)

PATS (1995)15 Indapamide Heterogeneous, including TIA (12%) and ICH 
(14%; 2·0 years)

5665 149 vs 144 (5) 29% (12 to 41)

TEST (1995)16 Atenolol Heterogeneous ischaemic stroke (2·3 years) 720 161 vs 157 (4) 0% (–45 to 30)

INDANA (1997)1 Multiple Subgroups with previous stroke from fi ve 
hypertension trials (NR)

519 NR 29% (–14 to 56)

HOPE (2000)17‡ Ramipril Heterogeneous (NR) 1013 ~151 vs ~141 (10) 15% (–30 to 44)

PROGRESS (2001)2 Perindopril, 
indapamide

Heterogeneous, including TIA (22%) and ICH 
(11%; 3·9 years)§

6105 ~144 vs ~135 (9) 28% (17 to 38)

PRoFESS (2008)15 Telmisartan All causes of ischaemic stroke, including small-
artery disease (52%; 2·5 years)

20 322 ~141 vs ~137 (4) 5% (–4 to 14)

SPS3 (2013) Target systolic-blood-
pressure levels*

MRI-proven recent lacunar infarction (3·6 years) 3020 138 vs 127 (11) 19% (–3 to 36)

ICH=intracerebral haemorrhage. TIA=transient ischemic attack. NR=not reported. *No trials other than SPS3 tested target blood-pressure levels, although the MOSES trial 
compared eprosartan with nitrendipine in stroke survivors, but only a small diff erence (1·5 mm Hg) was achieved in systolic blood pressure in a small number of participants 
and, therefore, did not reliably characterise blood-pressure eff ects.18 †Relative-risk reduction computed as 1–odds ratio because not reported in publication. ‡HOPE results for 
patients with previous stroke or TIA are presented in fi gure 2a of Rashid and colleagues,3 but are otherwise unpublished.§Analysis restricted to patients with ischaemic stroke 
as the qualifying events showed a 26% (95% CI 12–36) reduction in subsequent strokes.2

Table 5: Randomised trials of long-term blood-pressure lowering in patients with stroke or TIA*

HSCSG
Dutch TIA
PATS
TEST
INDANA
HOPE
PROGRESS
PRoFESS
SPS3

0–60 604020–40 –20
Relative-risk reduction (95% CI) for recurrent stroke (%)

Figure 4: Randomised trials of long-term blood-pressure lowering for 
secondary stroke prevention

167 vs 142 

155 vs 149 
149 vs 144 
161 vs 157 
NR 
151 vs 141 
144 vs 135 
141 vs 137 
138 vs 127 

TAs obtenue;  
traité vs contrôle 

mmHg 
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¨  Lignes directrices commandées par le NHLBI en 2008; 
support cessé en 06/2013; guide publié par 17 
membres signataires en 12/2013. 

¨  3 questions principales retenues par le comité 
¤  Est-ce que l’initiation de la médication à une cible déterminée 

de TA améliore la santé? 
¤  Est-ce que le traitement pharmacologique à des cibles de TA 

déterminées améliore la santé? 
¤  Y-a-t-il des différences entre les classes de RX pour les 

bénéfices et effets indésirables sur la santé?  
¨  Revue de la littérature 1966-2013; uniquement RCT 

retenus, suivi >1 an, >100 pts. 

2014 Evidence-based guideline for the management of high blood pressure in adults 
Report from the panel members appointed to the eight joint national comittee (JNC 8) 

    
   Janes PA, JAMA 2013 published online december 18,  



Recommendation 1 
In the general population aged ≥60 years, initiate pharmacologic treatment to lower 
blood pressure (BP) at systolic blood pressure (SBP) ≥150 mm Hg or diastolic blood 
pressure (DBP) ≥90 mm Hg and treat to a goal SBP <150 mm Hg and goal DBP <90 
mm Hg. (Strong Recommendation – Grade A) 
Corollary Recommendation 
In the general population aged ≥60 years, if pharmacologic treatment for high BP 
results in lower achieved SBP (eg, <140 mm Hg) and treatment is well tolerated and 
without adverse effects on health or quality of life, treatment does not need to be 
adjusted. (Expert Opinion – Grade E) 
Recommendation 2 
In the general population <60 years, initiate pharmacologic treatment to lower BP at 
DBP ≥90 mm Hg and treat to a goal DBP <90 mm Hg. (For ages 30-59 years, Strong 
Recommendation – Grade A; For ages 18-29 years, Expert Opinion – Grade E) 
Recommendation 3 
In the general population <60 years, initiate pharmacologic treatment to lower BP at 
SBP ≥140 mm Hg and treat to a goal SBP <140 mm Hg. (Expert Opinion – Grade E) 

2014 Evidence-based guideline for the management of high blood pressure in adults 
Report from the panel members appointed to the eight joint national comittee (JNC 8) 

    
   Janes PA, JAMA 2013 published online december 18,  



Recommendation 4 
In the population aged ≥18 years with chronic kidney disease (CKD), initiate 
pharmacologic treatment to lower BP at SBP ≥140 mm Hg or DBP ≥90 mm Hg 
and treat to goal SBP <140 mm Hg and goal DBP <90 mm Hg. (Expert 
Opinion – Grade E) 
Recommendation 5 
In the population aged ≥18 years with diabetes, initiate pharmacologic 
treatment to lower BP at SBP ≥140 mm Hg or DBP ≥90 mm Hg and treat to a 
goal SBP <140 mm Hg and goal DBP <90 mm Hg. (Expert Opinion – Grade E) 
Recommendation 6 
In the general nonblack population, including those with diabetes, initial 
antihypertensive treatment should include a thiazide-type diuretic, calcium 
channel blocker (CCB), angiotensin-converting enzyme inhibitor (ACEI), or 
angiotensin receptor blocker (ARB). (Moderate Recommendation – Grade B) 

2014 Evidence-based guideline for the management of high blood pressure in adults 
Report from the panel members appointed to the eight joint national comittee (JNC 8) 
 

   Janes PA, JAMA 2013 published online december 18,  



Recommendation 7 
In the general black population, including those with diabetes, initial antihypertensive treatment 
should include a thiazide-type diuretic or CCB. (For general black population: Moderate 
Recommendation – Grade B; for black patients with diabetes: Weak Recommendation – Grade C) 
Recommendation 8 
In the population aged ≥18 years with CKD, initial (or add-on) antihypertensive treatment should 
include an ACEI or ARB to improve kidney outcomes. This applies to all CKD patients with 
hypertension regardless of race or diabetes status. (Moderate Recommendation – Grade B) 
Recommendation 9 
The main objective of hypertension treatment is to attain and maintain goal BP. If goal BP is not 
reached within a month of treatment, increase the dose of the initial drug or add a second drug 
from one of the classes in recommendation 6 (thiazide-type diuretic, CCB, ACEI, or ARB). The 
clinician should continue to assess BP and adjust the treatment regimen until goal BP is reached. If 
goal BP cannot be reached with 2 drugs, add and titrate a third drug from the list provided. Do 
not use an ACEI and an ARB together in the same patient. If goal BP cannot be reached using only 
the drugs in recommendation 6 because of a contraindication or the need to use more than 3 
drugs to reach goal BP, antihypertensive drugs from other classes can be used. Referral to a 
hypertension specialist may be indicated for patients in whom goal BP cannot be attained using 
the above strategy or for the management of complicated patients for whom additional clinical 
consultation is needed. (Expert Opinion – Grade E) 

2014 Evidence-based guideline for the management of high blood pressure in adults 
Report from the panel members appointed to the eight joint national comittee (JNC 8) 
 

   Janes PA, JAMA 2013 published online december 18,  
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ing entities and encourage continued attention to rigorous meth-
ods in guideline development, thus raising the standard for future
guidelines.

Discussion
The recommendations based on RCT evidence in this guideline dif-
fer from recommendations in other currently used guidelines sup-
ported by expert consensus (Table 6). For example, JNC 7 and other
guidelines recommended treatment to lower BP goals in patients
with diabetes and CKD based on observational studies.12 Recently,
several guideline documents such as those from the American Dia-
betes Association have raised the systolic BP goals to values that are
similar to those recommended in this evidence-based guideline.37-42

Other guidelines such as those of the European Society of Hyper-
tension also recommend a systolic BP goal of lower than 150 mm
Hg, albeit in patients older than 80 years (not 60 years as recom-
mended in this guideline).37 This changing landscape is understand-
able given the lack of clear RCT evidence in many clinical situations.

History of JNC 8
The panel was originally constituted as the “Eighth Joint National
Committee on the Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC 8).” In March 2008 NHLBI sent
letters inviting the co-chairs and committee members to serve on
JNC 8. The charge to the committee was as follows: “The JNC 8 will
review and synthesize the latest available scientific evidence, up-

date existing clinical recommendations, and provide guidance to busy
primary care clinicians on the best approaches to manage and con-
trol hypertension in order to minimize patients’ risk for cardiovas-
cular and other complications.” The committee was also asked to
identify and prioritize the most important questions for the evi-
dence review. In June 2013, NHLBI announced its decision to dis-
continue developing clinical guidelines including those in process,
instead partnering with selected organizations that would develop
the guidelines.43,44 Importantly, participation in this process re-
quired that these organizations be involved in producing the final
content of the report. The panel elected to pursue publication in-
dependently to bring the recommendations to the public in a timely
manner while maintaining the integrity of the predefined process.
This report is therefore not an NHLBI sanctioned report and does
not reflect the views of NHLBI.

Conclusions
It is important to note that this evidence-based guideline has not re-
defined high BP, and the panel believes that the 140/90 mm Hg defi-
nition from JNC 7 remains reasonable. The relationship between
naturally occurring BP and risk is linear down to very low BP, but the
benefit of treating to these lower levels with antihypertensive drugs
is not established. For all persons with hypertension, the potential
benefits of a healthy diet, weight control, and regular exercise can-
not be overemphasized. These lifestyle treatments have the poten-
tial to improve BP control and even reduce medication needs. Al-

Table 6. Guideline Comparisons of Goal BP and Initial Drug Therapy for Adults With Hypertension

Guideline Population
Goal BP,
mm Hg Initial Drug Treatment Options

2014 Hypertension
guideline

General ≥60 y <150/90 Nonblack: thiazide-type diuretic, ACEI, ARB,
or CCB

General <60 y <140/90 Black: thiazide-type diuretic or CCB

Diabetes <140/90 Thiazide-type diuretic, ACEI, ARB, or CCB

CKD <140/90 ACEI or ARB

ESH/ESC 201337 General nonelderly <140/90 β-Blocker, diuretic, CCB, ACEI, or ARB

General elderly <80 y <150/90

General ≥80 y <150/90

Diabetes <140/85 ACEI or ARB

CKD no proteinuria <140/90 ACEI or ARB

CKD + proteinuria <130/90

CHEP 201338 General <80 y <140/90 Thiazide, β-blocker (age <60y), ACEI (nonblack),
or ARB

General ≥80 y <150/90

Diabetes <130/80 ACEI or ARB with additional CVD risk
ACEI, ARB, thiazide, or DHPCCB without addi-
tional CVD risk

CKD <140/90 ACEI or ARB

ADA 201339 Diabetes <140/80 ACEI or ARB

KDIGO 201240 CKD no proteinuria ≤140/90 ACEI or ARB

CKD + proteinuria ≤130/80

NICE 201141 General <80 y <140/90 <55 y: ACEI or ARB

General ≥80 y <150/90 ≥55 y or black: CCB

ISHIB 201042 Black, lower risk <135/85 Diuretic or CCB

Target organ damage
or CVD risk

<130/80

Abbreviations: ADA, American
Diabetes Association; ACEI,
angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor
blocker; CCB, calcium channel
blocker; CHEP, Canadian
Hypertension Education Program;
CKD, chronic kidney disease; CVD,
cardiovascular disease; DHPCCB,
dihydropyridine calcium channel
blocker; ESC, European Society of
Cardiology; ESH, European Society of
Hypertension; ISHIB, International
Society for Hypertension in Blacks;
JNC, Joint National Committee;
KDIGO, Kidney Disease: Improving
Global Outcome; NICE, National
Institute for Health and Clinical
Excellence.
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¨  5 membres se sont dissociés du comité par la suite sur la 
cible à moins de 150/90 mmHg pour les pts > 60 ans. 

¨  Les guides de pratique des différentes sociétés ont des 
cibles d’initiation et de traitement divergentes, établies à 
partir de la même littérature; il y a encore de l’inconnu 
en hypertension… 

¨  Essai clinique SPRINT (NHLBI) randomise 9250 pts >50 
ans à deux cibles différentes, soit <120 et <140 mmHg . 
Résultats prévus 2018-2019.  

2014 Evidence-based guideline for the management of high blood pressure in adults 
Report from the panel members appointed to the eight joint national comittee (JNC 8) 
 

   Janes PA, JAMA 2013 published online december 18,  



EFFET D’UNE RÉDUCTION MODESTE DU SEL SUR LA PRESSION 
ARTÉRIELLE  



Effect of longer term modest salt reduction on blood pressure: Cochrane systematic 
review and meta-analysis of randomised trial 

     He FJ et al, BMJ 2013;346:f1325 

¨  Objectif: Déterminer l’effet à long terme d’une réduction modeste en sodium sur la 
TA, les lipides et certaines hormones. 

¨  Méthode: recherche Medline, Embase, Cochrane pour étude randomisée, sans co-
intervention, réduction urinaire de sodium de 40-120 mmol/24 hres (2.3-7.0 g/jr), 
pt >18ans, HTA seulement ou normotendu, durée >4 semaines. 

¨  34 essais cliniques, 3230 individus;  
¤  22 avec pts hypertendus (990), 12 avec pts normotendus (2240),  

¤  23 études en chassé-croisé, 11 études en parallèle.  

¤  22 études en double insu. 



¨  Résultats pour tous les individus 

¤ Âge moyen 50 ans, durée médiane étude 4 semaines, TA 
141/86, Na urinaire= 160 mmol/24 hres  (9.4 g/jr CI 7.3 à 
11.7 g/jr)  

¤  Réduction moyenne obtenue: -75 mmol/jr (-4.4 g/jr CI 2.3 à 
6.9g/jr) 

¤  Efficacité: 
n  TAs:  -4.18 mmHg (-5.18 à -3.18) 
n  TAd: -2.06 mmHg (-2.67 à -1.45) 

Effect of longer term modest salt reduction on blood pressure: Cochrane systematic 
review and meta-analysis of randomised trial 

     He FJ et al, BMJ 2013;346:f1325 



¨  Résultats pour les individus hypertendus 

¤ Âge moyen 50 ans, durée médiane étude 5 semaines, TA 
148/93, Na urinaire= 160 mmol/24 hres  (9.4 g/jr CI 7.3 
à 11.7 g/jr)  

¤  Réduction moyenne obtenue: -75 mmol/jr (-4.4 g/jr CI 3.1 à 
6.8g/jr) 

¤  Efficacité: 
n  TAs:  -5.39 mmHg (-6.62 à -4.15) 
n  TAd: -2.82 mmHg (-3.54 à -2.11) 

Effect of longer term modest salt reduction on blood pressure: Cochrane systematic 
review and meta-analysis of randomised trial 

     He FJ et al, BMJ 2013;346:f1325 



¨  Résultats pour les individus normotendus 

¤ Âge moyen 50 ans, durée médiane étude 4 semaines, TA 
127/77, Na urinaire= 153 mmol/24 hres  (8.9 g/jr CI 7.5 
à 11.7 g/jr)  

¤  Réduction moyenne obtenue: -75 mmol/jr (-4.4 g/jr CI 2.3 à 
6.9g/jr) 

¤  Efficacité: 
n  TAs:  -2.42 mmHg (-3.56 à -1.29) 
n  TAd: -1.00 mmHg (-1.85 à -0.15) 

Effect of longer term modest salt reduction on blood pressure: Cochrane systematic 
review and meta-analysis of randomised trial 

     He FJ et al, BMJ 2013;346:f1325 



¨  Petite augmentation physiologique de l’activité de la rénine, 
aldostérone et noradrénaline sans changement sur les lipides. 

¨  Il n’y a pas d’étude postérieure à 2009 incluse dans cette analyse. 
Certaines méta-analyses publiées antérieurement impliquaient 
qu’une réduction du sodium pouvait avoir des effets délétères. La 
présente étude vise à connaître l’effet d’une réduction modeste de 
la consommation de sel sur plus de quelques jours, de façon à guider 
l’élaboration des lignes directrices de l’OMS sur le niveau de 
consommation de sodium recommandé à l’échelle mondiale. 

¨  Recommandation du PECH 2014 sur les cibles de sodium alimentaire 
inspiré de cette méta-analyse = 2000 mg de sodium pour tous. 

Effect of longer term modest salt reduction on blood pressure: Cochrane systematic 
review and meta-analysis of randomised trial 

     He FJ et al, BMJ 2013;346:f1325 



 
ÉVALUATION DU MODÈLE DE PRÉDICTION DE L’HYPERTENSION 
DE FRAMINGHAM 
 



Evaluating the Framingham Hypertension Risk Prediction Model in Young 
Adults: The Coronary Artery Risk Development in Young Adults (CARDIA) 
Study 

   Carson, AP et al. Hypertension 2013;62:1015-20 

¨  Objectif: évaluer la performance du modèle de 
prédiction de l’hypertension du Framingham Heart Study 
et la comparer avec la préhypertension chez des adultes 
de la cohorte CARDIA. 

¨  Étude de cohorte prospective, communautaire faite chez 
de jeunes adultes aux États-Unis pour investiguer les 
tendances et les déterminants de la MCV. 

¨  Examen et questionnaire 5115 adultes 18-30 ans en 
1985-1986  

¨  Suivi à 2, 5, 7, 10, 15, 20 et 25 ans. Rétention: 72% à 
25 ans. 



¨  Modèle de prédiction FHS: âge, IMC, sexe, tabagisme, 
Hx familiale HTA, TAs et TAd.  

¨  Résultats: 
¤  Initialement: pt type âgé de 24.9 ans, 55.5% femmes,

49.3% noir, TA<120/80 pour la plupart.   
n  22.1% pré-hypertension (120-139/80-89). 

¤ À 25 ans: Incidence HTA: 1179  pts 
¤  Préhypertension: Hazard ratio: 6.81 (6.06-7.66) 
¤ Modèle Framingham : c-index 0.84 
¤ Modèle pré-hypertension: c-index 0.71 

Evaluating the Framingham Hypertension Risk Prediction Model in Young 
Adults: The Coronary Artery Risk Development in Young Adults (CARDIA) 
Study 

   Carson, AP et al. Hypertension 2013;62:1015-20 



Evaluating the Framingham Hypertension Risk Prediction Model in Young 
Adults: The Coronary Artery Risk Development in Young Adults (CARDIA) 
Study 

   Carson, AP et al. Hypertension 2013;62:1015-20 

¨  La présence de pré-hypertension n’est pas aussi 
bonne que le modèle de Framingham pour 
identifier les individus qui vont développer de 
l’hypertension. Les données du modèle de 
Framingham sont des informations facilement 
disponibles en clinique. 

¨  Permet de cibler les gens pour qui des interventions 
sur le style de vie pourraient être bénéfiques. 



PROGRAMME MULTI-FACETTE DE CONTRÔLE DE LA PRESSION 
ARTÉRIELLE 
 



¨  Objectif : Décrire le développement et l’implantation d’un 
programme de contrôle de l’hypertension à l’échelle populationnelle 
ainsi que les résultats obtenus. 

¨  Population :  
¤  Système Kaiser Permanente Northern California 
¤  Population assurée: 2.3 millions 
¤  21 hôpitaux/ 45 centre de santé/ 7000 médecins 
¤  Pts hypertendus : 349 937 (15.4%) en 2001et 652 763 (27.5%) en 2009 
¤  Patient type: 63 ans, 52% femme, 58% caucasien, 28% diabète 
 

¨  Méthode 
¨  Programme multi-facettes (5 éléments principaux) 2001-2009 

 

Improved blood pressure control associated with a large scale 
hypertension program 
                                                                            

     Jaffe, MG, JAMA. 2013;310:699-705  
  
 



 
¨  1- Création d’un registre pts hypertendus en 2000 
¨  2- Mesure des taux de contrôle mensuel de HTA 

¤  Rapport au directeurs des centre médicaux 
¤  Équipe centrale de coordination 

¨  3- Algorithme de traitement basé sur la preuve, révisé 
aux 2 ans 

¨  4- Visite de suivi par assistant médical 2 à 4 semaines 
après modification de la médication 

¨  5- Promotion de thérapie d’association en monocomprimé 
(IECA-HCT) 

 

Improved blood pressure control associated with a large scale 
hypertension program 
                                                                            

     Jaffe, MG, JAMA. 2013;310:699-705  
  
 



Development of an Evidence-Based Practice Guideline
In 2001, an evidence-based, 4-step hypertension control al-
gorithm was developed to aid clinicians (Table 1). The guide-
line was updated every 2 years based on emerging random-
ized trial evidence and national guidelines. Clinicians were
encouraged to follow the algorithm unless clinical discretion
required otherwise. Dissemination of guidelines occurred
through distribution of printed documents, e-mail, clinical
tools (eg, pocket cards), videoconferences, lectures, partner-
ing with pharmacy managers, and use of the electronic medi-
cal record to optimize selection of medication.

Medical Assistant Visits for Follow-up Measurements
In 2007, all medical centers developed a medical assistant fol-
low-up visit typically scheduled 2 to 4 weeks after a medica-
tion adjustment. Typically, a medical assistant measured blood
pressure and informed the primary care physician, who then

directed treatment decisions and follow-up planning. Medi-
cal assistants were trained using standardized materials and
blood pressure competency assessments. Patients were not
charged a co-payment for these visits. This system acceler-
ated treatment intensification without significantly increas-
ing the need for repeat clinician visits, while simultaneously
improving patient convenience and affordability.

Promotion of Single-Pill Combination Therapy
In 2005, single-pill combination (SPC) therapy with lisinopril-
hydrochlorothiazide was incorporated into the regional guide-
line as being optional for initial treatment and recommended
as a step-2 strategy (Table 1).

Patient Characteristics
Information on demographic characteristics was available for
patients in the hypertension registry (Table 2). Diabetes melli-

Table 2. Patient Characteristics of the Kaiser Permanente Northern California (KPNC) Hypertension Registry, 2001-2009

Year

%

2001 2002 2003 2004 2005 2006 2007 2008 2009
KPNC, No.

Total adult population 2 278 043 2 345 910 2 325 616 2 339 898 2 384 895 2 421 141 2 423 368 2 416 095 2 371 761

Hypertension registry 349 937 415 687 432 611 509 783 543 650 572 100 600 523 610 724 652 763

Percentage of total
KPNC adult membership

15.4 17.7 18.6 21.8 22.8 23.6 24.8 25.3 27.5

Age, mean (SD), y 63.0 (13.6) 63.0 (13.8) 62.9 (13.8) 63.0 (13.9) 63.0 (13.9) 62.9 (14.0) 63.0 (14.1) 63.3 (14.2) 63.0 (14.4)

Age category, y

18-44 10.4 10.6 10.7 10.7 10.7 10.9 10.9 10.5 11.0

45-65 44.7 44.8 45.0 45.5 45.9 46.3 46.0 45.6 45.7

66-85 44.8 44.6 44.3 43.8 43.4 42.8 43.1 44.0 43.3

Women 52.1 52.2 52.3 52.4 52.3 52.2 52.2 52.3 52.7

Race/ethnicity

White NA NA NA NA NA NA NA 58.8 58.4

Black or African American NA NA NA NA NA NA NA 10.6 10.8

Hispanic or Latino NA NA NA NA NA NA NA 13.3 13.2

Asian or Pacific Islander NA NA NA NA NA NA NA 16.1 16.5

Multiracial NA NA NA NA NA NA NA 0.8 0.8

American Indian
or Alaskan Native

NA NA NA NA NA NA NA 0.3 0.3

Diabetes mellitus 25.6 25.9 26.2 28.0 27.8 27.8 28.0 29.1 28.5

Abbreviations: KPNC, Kaiser Permanente Northern California; NA, not available.

Table 1. Summary of Evidence-Based Clinical Practice Guideline for Initial Therapy and Treatment Intensification for the Kaiser Permanente Northern
California Hypertension Program, by Year

Step 2001 2003 2005 2007 2009
1 Thiazide diuretic

or β-blocker
Thiazide diuretic Thiazide diuretic or thiazide

diuretic + ACE inhibitor
Thiazide diuretic or thiazide
diuretic + ACE inhibitor

Thiazide diuretic or thiazide
diuretic + ACE inhibitor

2 Thiazide diuretic
+ β-blocker

Thiazide diuretic + ACE
inhibitor or thiazide
diuretic + β-blocker

Thiazide diuretic + ACE
inhibitor

Thiazide diuretic + ACE
inhibitor

Thiazide diuretic + ACE in-
hibitor

3 Thiazide diuretic
+ β-blocker + ACE inhibitor

Thiazide diuretic
+ β-blocker + ACE inhibitor

Thiazide diuretic
+ β-blocker + ACE inhibitor

Thiazide diuretic
+ β-blocker + ACE inhibitor

Thiazide diuretic + ACE in-
hibitor + DCCB

4 Thiazide diuretic
+ β-blocker + ACE
inhibitor + DCCB

Thiazide diuretic
+ β-blocker + ACE
inhibitor + DCCB

Thiazide diuretic
+ β-blocker + ACE
inhibitor + DCCB

Thiazide diuretic
+ β-blocker + ACE
inhibitor + DCCB

Thiazide diuretic + ACE in-
hibitor + DCCB + β-blocker
or spironolactone

Abbreviations: ACE, angiotensin-converting enzyme; DCCB, dihydropyridine calcium channel blocker.
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tus was ascertained from a regional diabetes registry (see Ap-
pendix [Supplement] for details).13

Hypertension Control Rates
Control rate was defined as meeting the NCQA HEDIS com-
mercial hypertension control criteria, an externally reported
standard that permits comparison of rates across reporting
health plans.12 Using the same method, we report on KPNC hy-
pertension registry control rates during the study period. We
also examined publicly available national and California state
commercial NCQA HEDIS control rates.12 California data rep-
resented the mean control rate of commercial health insur-
ance plans.

Statistical Analysis
Analyses were performed using SAS version 9.1 (SAS Institute
Inc). Data were reported as means with standard deviations
or frequencies and proportions. Comparisons across study

years were conducted using analysis of variance for continu-
ous variables and χ2 tests for categorical variables. Temporal
trends for NCQA HEDIS hypertension control rates within KPNC
were assessed using the Cochran-Armitage test. For annual con-
trol rates measured in the KPNC hypertension registry, we ac-
counted for the nonindependence of proportions by treating
as a time series, fitting a log-linear regression of the propor-
tion on time, allowing for autocorrelated errors. All P values
were 2-sided.

Results
Between 2001 and 2009, the KPNC hypertension registry
increased from 349 937 (15.4% of adult KPNC membership)
to 652 763 (27.5% of adult membership). The number of
individuals used to calculate the internal hypertension con-
trol metric varied from 234 852 in 2001 to 353 156 in 2009.
Among hypertension registry members, mean age was 63
(SD, 14) years; mean age remained stable throughout the
study period, with the majority of patients aged 45 to 85
years (Table 2). More than half of registry members were
women, and the proportion was similar across study years.
Diabetes was common, and prevalence increased from
25.6% in 2001 to 28.5% in 2009.

The NCQA HEDIS commercial hypertension control rate
within KPNC increased after implementation of the hyperten-
sion program from 43.6% (95% CI, 39.4%-48.6%) in 2001 to
80.4% (95% CI, 75.6%-84.4%) in 2009 (P < .001 for trend)
(Figure 1A). Control rates calculated using the NCQA HEDIS
metric and internal hypertension registry control metric were
similar (P < .001 for trend) (Figure 1B). In contrast, the na-
tional mean NCQA HEDIS control rate increased from 55.4%
to 64.1% between 2001 and 2009 (P = .24 for trend). California-
wide control rates were available since 2006 and were similar
but slightly higher than the national average (63.4% vs 69.4%
from 2006 to 2009; P = .37 for trend).

In addition, following the study period, the NCQA HEDIS
hypertension control rate within KPNC continued to im-
prove, from 83.7% in 2010 to 87.1% in 2011.

From 2001 to 2009, the rate of lisinopril-hydrochloro-
thiazide SPC prescriptions in KPNC increased from 13 to
23 144 prescriptions per month. During this period, the
percentage of angiotensin-converting enzyme (ACE) inhibi-
tor prescriptions dispensed as an SPC (in combination with a
thiazide diuretic) increased from less than 1% to 27.2%
(Figure 2).

Discussion
Control of hypertension remains elusive nationally, despite
widespread availability of effective therapies. Furthermore,
limited data exist about the implementation and results of
large, sustained hypertension programs. We describe a mul-
tifactorial approach implemented in one of the nation’s larg-
est community-based hypertension programs. This approach
was associated with a near-doubling of hypertension control

Figure 1. National Committee for Quality Assurance (NCQA) Healthcare
Effectiveness Data and Information Set (HEDIS) Hypertension Control
Rates
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A, NCQA HEDIS hypertension control rates comparing Kaiser Permanente
Northern California (KPNC), national, and California, 2001-2009. B, NCQA
HEDIS hypertension control rates within KPNC vs KPNC internal hypertension
registry control rates, 2001-2009. Error bars indicate 95% CIs for the KPNC
NCQA HEDIS hypertension rates; 95% CIs for the KPNC internal hypertension
registry control rates are not shown, because they are extremely small (<0.3%).
See eTable (Supplement) for complete details.

Research Original Investigation A Program for Improved Blood Pressure Control

702 JAMA August 21, 2013 Volume 310, Number 7 jama.com

Downloaded From: http://jama.jamanetwork.com/ by a Universite Laval User  on 01/14/2014

JAMA 2013:310;699-705 



¨  Amélioration du contrôle de l’hypertension sur une 
population par une approche systématique. 

¨  Nécessite de connaître l’ampleur du problème et de            
pouvoir mesurer l’efficacité des interventions.   

¨  Utilisation systématique de stratégies connues pour 
améliorer le contrôle de l’hypertension (guide de 
pratique directif, équipe multi, thérapie simplifiée).     

 
¨  Limite: comment mesurer le succès du contrôle de la TA; 

TA de clinique, ambulatoire? Phénomène de sarreau 
blanc? 

 

Improved blood pressure control associated with a large scale 
hypertension program 
                                                                            

     Jaffe, MG, JAMA. 2013;310:699-705  
  
 



BAISSE DE PRESSION ARTÉRIELLE PAR LA DÉNERVATION RÉNALE 
 



Size of blood pressure reduction from renal denervation: insights from meta-
analysis of antihypertensive drug trials of 4121 patients with focus on trial design: 
the CONVERGE report 

     Howard JP et al. Heart;99:1579-87 

¨  Objectif: Explorer et expliquer la différence entre la tension 
artérielle systolique mesurée en clinique et la tension ambulatoire 
rapportée dans les études de dénervation rénale. 

•  Hypothèse 1: la baisse de TA mesurée par MAPA est systématiquement 
plus petite que la baisse mesurée en clinique dans les études de RX anti-
HTA. 

•  Hypothèse 2: la baisse de TA mesurée en dénervation rénale pourrait 
s’expliquer par le type de mesure effectué et par le choix du 
comparateur.    



Size of blood pressure reduction from renal denervation: insights from 
meta-analysis of antihypertensive drug trials of 4121 patients with focus 
on trial design: the CONVERGE report 

    Howard JP et al. Heart;99:1579-87 

¨  Méthode : revue systématique  

¤  MEDLINE et EMBASE (2000-2012) pour les essais cliniques de Rx 
anti-HTA avec mesure de bureau et ambulatoire en début et fin 
d’étude. Stratification selon le design des études (non contrôlée 
versus randomisée contrôlée (placebo) double insu). 

¤  MEDLINE et EMBASE pour les essais cliniques en dénervation rénale: 
RCT, études cas-témoin, séries de cas, résumés de conférence. 



Size of blood pressure reduction from renal denervation: insights from meta-
analysis of antihypertensive drug trials of 4121 patients with focus on trial design: 
the CONVERGE report 
                                                                          Howard JP et al. Heart;99:1579-87 

¨  Traitement pharmacologique: 
¤ 17 études avec un seul bras, 2779 pts 

n TAs de base, clinique vs MAPA : 161 et 147 mmHg 

¤ 14 études randomisées contrôlées avec placebo double 
insu, 1342 pts 
n TAs de base, clinique vs MAPA: 159 et 148 mmHg 

 
 



Figure 1 (A) Forest plot of office versus ambulatory pressure reductions in open-label drug trials. Office pressure reductions were 5.60 mm Hg
higher than ambulatory pressure reductions (p<0.0001). (B) Forest plot of office versus ambulatory pressure reductions in placebo-treated patients in
randomised blinded placebo-controlled drug trials. Office pressure reductions were 2.90 mm Hg higher than ambulatory pressure reductions
(p=0.002). (C) Forest plot of office versus ambulatory pressure reductions in active drug-treated patients in randomised blinded placebo-controlled
drug trials. The incremental effect of the active drugs was identical on office and ambulatory pressure monitoring (office drops numerically
0.88 mm Hg smaller, p=0.45).

4 Howard JP, et al. Heart 2013;0:1–9. doi:10.1136/heartjnl-2013-304238
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Figure 1 (A) Forest plot of office versus ambulatory pressure reductions in open-label drug 
trials. Office pressure reductions were 5.60 mm Hg higher than ambulatory pressure 
reductions (p<0.0001).  
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Figure 1 (B) Forest plot of office versus ambulatory pressure reductions in placebo-treated patients 
in randomised blinded placebo-controlled drug trials. Office pressure reductions were 2.90 mm Hg 
higher than ambulatory pressure reductions (p=0.002). 

Heart 2013;99:1579-87 



Figure 1 (A) Forest plot of office versus ambulatory pressure reductions in open-label drug trials. Office pressure reductions were 5.60 mm Hg
higher than ambulatory pressure reductions (p<0.0001). (B) Forest plot of office versus ambulatory pressure reductions in placebo-treated patients in
randomised blinded placebo-controlled drug trials. Office pressure reductions were 2.90 mm Hg higher than ambulatory pressure reductions
(p=0.002). (C) Forest plot of office versus ambulatory pressure reductions in active drug-treated patients in randomised blinded placebo-controlled
drug trials. The incremental effect of the active drugs was identical on office and ambulatory pressure monitoring (office drops numerically
0.88 mm Hg smaller, p=0.45).
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(C) Forest plot of office versus ambulatory pressure reductions in active drug-treated patients in 
randomised blinded placebo-controlled drug trials. The incremental effect of the active drugs was 
identical on office and ambulatory pressure monitoring (office drops numerically 0.88 mm Hg 
smaller, p=0.45). 

Heart 2013;99:1579-87 



Size of blood pressure reduction from renal denervation: insights from meta-
analysis of antihypertensive drug trials of 4121 patients with focus on trial design: 
the CONVERGE report 

     Howard JP et al. Heart;99:1579-87 

¨  Dans les études pharmacologiques randomisées à l’insu, 
la baisse de TAs mesurée au bureau ou par MAPA est 
similaire une fois soustrait la différence observée dans 
le groupe placebo. Cela correspond à l’efficacité réelle 
de l’intervention. 

¨  La réduction de la mesure de TAs au bureau et au 
MAPA devraient converger lorsque les études 
randomisées en double insu seront disponibles en 
dénervation rénale. 



¨  Dénervation rénale: 
¤ 23 études, 720 pts 

n 2 essais randomisés contrôlés 
n 3 études cas-témoin 
n 17 études avec un seul bras 

¤ Méthode de prise de la TA 
n 11 études mesure de clinique  
n 5 études mesure ambulatoire 
n 7 études mesure de clinique et ambulatoire 

Size of blood pressure reduction from renal denervation: insights from meta-
analysis of antihypertensive drug trials of 4121 patients with focus on trial design: 
the CONVERGE report 

     Howard JP et al. Heart;99:1579-87 



whenever patients are selected on the basis of exceeding a
threshold on any marker that naturally fluctuates with time. In
hypertension trials, any patient has a better chance of meeting
inclusion criteria on a day when their blood pressure is above
their own long-term average. If the patient’s blood pressure is
then followed up, its average will tend to return to that indivi-
dual’s true mean pressure, even if there was no intervention.
This phenomenon is observed frequently in hypertension
trials22–24 and is sometimes confused with the placebo effect.
The size of the regression to the mean is dependent on the size
of the natural variability. Since a 24 h ambulatory average incor-
porates dozens of raw values, its variation between visits is cor-
respondingly smaller, and regression to the mean is reduced.
However, due to day-to-day variations in blood pressure it is
not eliminated,2 and could remain a significant source of bias if
ambulatory pressures at enrolment are used as the baseline. This
could explain why trials only measuring ambulatory blood pres-
sures show a tendency for larger ambulatory blood pressure
reductions than trials where ambulatory pressures are measured
after enrolment (19.3 mm Hg vs 11.9 mm Hg). This phenom-
enon can be neutralised in placebo-controlled trials because the
office pressure drop in the placebo arm can be subtracted from
that in the treatment arm to isolate the true effect.

Underestimation of final office pressures may be explained by
observer bias, a phenomenon noted in other studies.25 This
might be an understandable natural extension of the common
clinical practice of repeating measurements that seem to be erro-
neously high. In a patient openly having had treatment, if a final
office reading unexpectedly appears to have increased from
baseline, the physician may choose to remeasure. For a patient
openly in the control arm, however, such a value might not be
considered erroneous. Higher than average values will be dis-
missed for the treatment cohort, but recorded for the control.
The rejection of only a few values viewed to be biologically
implausible can lead to the emergence of a false trend.4 Blinding

of treatment groups would minimise this form of bias, and any
residual bias would be evident in the placebo arm.

There is an additional possibility that undergoing an invasive
procedure may affect a patient’s compliance with medication.
Some patients do not take the medication prescribed. Selecting
a cohort of hypertensive patients in whom many drugs are pre-
scribed but the reduction in pressure is small is an excellent way
of enriching a population for such non-adherent individuals.
Low adherence to medication has been seen in other studies of
resistant hypertension.26 27 To go on to perform an invasive
procedure on patients with such variable medication compliance
could be predicted to seriously influence their future medication
habits. This may manifest as decreased compliance due to the
belief of having received a ‘curative’ procedure, or increased
compliance as a catheter ablation may signify the seriousness of
their condition. Such phenomena could significantly confound
measurements taken to assess a blood pressure reduction from
renal denervation. In a double-blinded trial, the bias would be
equal in both arms and would therefore be neutralised.

Curious disappearance of the alerting response in open
trials of renal denervation
If office and ambulatory pressure reductions from renal denerv-
ation truly are significantly different, there must be a specific
reduction in the size of the ‘white coat effect’.8 Absolute office
pressures are typically higher than ambulatory pressures. The
term ‘white coat effect’ can be used to refer to this gap. Our
analysis shows office pressure drops to be ∼28 mm Hg depend-
ing on trial design, while ambulatory pressure drops are signifi-
cantly smaller. If office pressures fall further than ambulatory
pressures, this white coat effect must shrink, as shown in
figure 3.

The white coat effect typically averages 10–25 mm Hg.28–31

Results of the three denervation trials reporting ambulatory and
office pressure drops indicate that the white coat effect must

Figure 2 A plot showing the
relationship between trial design and
the reductions in office and
ambulatory blood pressures. Each data
point represents a trial. In unblinded
trials, office pressure drops were
27.6 mm Hg versus pretreatment, and
26.6 mm Hg versus unintervened
controls. Ambulatory pressure drops
averaged 15.7 mm Hg across all trials.
Dotted circles representing trials
represent those with atypical blood
pressure measurement strategies and
are discussed in the paper.

6 Howard JP, et al. Heart 2013;0:1–9. doi:10.1136/heartjnl-2013-304238
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whenever patients are selected on the basis of exceeding a
threshold on any marker that naturally fluctuates with time. In
hypertension trials, any patient has a better chance of meeting
inclusion criteria on a day when their blood pressure is above
their own long-term average. If the patient’s blood pressure is
then followed up, its average will tend to return to that indivi-
dual’s true mean pressure, even if there was no intervention.
This phenomenon is observed frequently in hypertension
trials22–24 and is sometimes confused with the placebo effect.
The size of the regression to the mean is dependent on the size
of the natural variability. Since a 24 h ambulatory average incor-
porates dozens of raw values, its variation between visits is cor-
respondingly smaller, and regression to the mean is reduced.
However, due to day-to-day variations in blood pressure it is
not eliminated,2 and could remain a significant source of bias if
ambulatory pressures at enrolment are used as the baseline. This
could explain why trials only measuring ambulatory blood pres-
sures show a tendency for larger ambulatory blood pressure
reductions than trials where ambulatory pressures are measured
after enrolment (19.3 mm Hg vs 11.9 mm Hg). This phenom-
enon can be neutralised in placebo-controlled trials because the
office pressure drop in the placebo arm can be subtracted from
that in the treatment arm to isolate the true effect.

Underestimation of final office pressures may be explained by
observer bias, a phenomenon noted in other studies.25 This
might be an understandable natural extension of the common
clinical practice of repeating measurements that seem to be erro-
neously high. In a patient openly having had treatment, if a final
office reading unexpectedly appears to have increased from
baseline, the physician may choose to remeasure. For a patient
openly in the control arm, however, such a value might not be
considered erroneous. Higher than average values will be dis-
missed for the treatment cohort, but recorded for the control.
The rejection of only a few values viewed to be biologically
implausible can lead to the emergence of a false trend.4 Blinding

of treatment groups would minimise this form of bias, and any
residual bias would be evident in the placebo arm.

There is an additional possibility that undergoing an invasive
procedure may affect a patient’s compliance with medication.
Some patients do not take the medication prescribed. Selecting
a cohort of hypertensive patients in whom many drugs are pre-
scribed but the reduction in pressure is small is an excellent way
of enriching a population for such non-adherent individuals.
Low adherence to medication has been seen in other studies of
resistant hypertension.26 27 To go on to perform an invasive
procedure on patients with such variable medication compliance
could be predicted to seriously influence their future medication
habits. This may manifest as decreased compliance due to the
belief of having received a ‘curative’ procedure, or increased
compliance as a catheter ablation may signify the seriousness of
their condition. Such phenomena could significantly confound
measurements taken to assess a blood pressure reduction from
renal denervation. In a double-blinded trial, the bias would be
equal in both arms and would therefore be neutralised.

Curious disappearance of the alerting response in open
trials of renal denervation
If office and ambulatory pressure reductions from renal denerv-
ation truly are significantly different, there must be a specific
reduction in the size of the ‘white coat effect’.8 Absolute office
pressures are typically higher than ambulatory pressures. The
term ‘white coat effect’ can be used to refer to this gap. Our
analysis shows office pressure drops to be ∼28 mm Hg depend-
ing on trial design, while ambulatory pressure drops are signifi-
cantly smaller. If office pressures fall further than ambulatory
pressures, this white coat effect must shrink, as shown in
figure 3.

The white coat effect typically averages 10–25 mm Hg.28–31

Results of the three denervation trials reporting ambulatory and
office pressure drops indicate that the white coat effect must

Figure 2 A plot showing the
relationship between trial design and
the reductions in office and
ambulatory blood pressures. Each data
point represents a trial. In unblinded
trials, office pressure drops were
27.6 mm Hg versus pretreatment, and
26.6 mm Hg versus unintervened
controls. Ambulatory pressure drops
averaged 15.7 mm Hg across all trials.
Dotted circles representing trials
represent those with atypical blood
pressure measurement strategies and
are discussed in the paper.

6 Howard JP, et al. Heart 2013;0:1–9. doi:10.1136/heartjnl-2013-304238
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¨  La baisse attendue de la TAs amenée par la 
dénervation devrait se situer près des valeurs 
obtenues au MAPA, soit de 10 à 15 mmHg. 

¨  Limites: 
¤ Études de dénervation rénale hétérogènes 
¤ Plusieurs études avec changement de médication 

pendant le suivi 

Size of blood pressure reduction from renal denervation: insights from meta-
analysis of antihypertensive drug trials of 4121 patients with focus on trial design: 
the CONVERGE report 

     Howard JP et al. Heart;99:1579-87 



¨  Conclusion: les études ouvertes sans contrôle approprié 
sont sujettes aux biais. 
¤  Biais causé par l’observateur 
¤  Biais causé par un changement de la compliance du pt suite 

à la procédure 
¤  Régression à la moyenne 
¤  Effet placebo  

¨  L’essai clinique Simplicity-3 (étude randomisée, 
contrôlée, avec simulation d’intervention dans le groupe 
contrôle, n’a pas rencontré son objectif primaire (baisse 
de pression artérielle systolique. 

Communiqué de presse: Medtronic; 9 janvier 2014 

Size of blood pressure reduction from renal denervation: insights from meta-
analysis of antihypertensive drug trials of 4121 patients with focus on trial design: 
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     Howard JP et al. Heart;99:1579-87 



Mot de la fin 
 
We think that the major methodological challenges in clinical-practice 
research have to do with preventing bias, not with performing 
statistical analyses. 
 
R. Brian Haynes, David L. Sackett, Gordon H. Guyatt, and Peter Tugwell. Clinical Epidemiology: How to Do 
Clinical Practice Research, 2006.  
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