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Attainment targets

 To understand the role of systemic vs. 

intrarenal renin-angiotensin system (RAS) 

in the pathogenesis of hypertension

 To understand the Japanese guideline for 

hypertensive patients with CKD (treated 

with RAS inhibitors)
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with RAS inhibitors)

Attainment targets



RAS-dependent hypertension

 Reno-vascular hypertension   

(systemic RAS-dependent)

 Salt-dependent hypertension

(kidney RAS-dependent)



RAS-dependent hypertension

 Reno-vascular hypertension 

and renioma

(systemic RAS-dependent)

 Salt-dependent hypertension

(kidney RAS-dependent)



Classical pathway of circulating renin-

angiotensin system (RAS) in anesthetized rats

Gibbons GH. Am J Hypertens 1998; 11: 177S
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AGT (1000)

Ang I (1) 

Ang II (0.5) 

Circulating RAS

Renin from JG cells

 Changes in AGT synthesis occur slowly and thus are less 

responsible for the regulation of plasma Ang I and Ang II than 

renin

Kobori H et al. Pharmacol Rev. 2007.



Patients profile (1)

• Aneurysm of thoracic aorta was diagnosed in 

December 2008 (74-year-old woman).  

• Aortitis was also identified when ascending aorta 

replacement was carried out.

• Steroid therapy was started (prednisolone 20 mg/day) 

for controlling aortitis.

• In 2010, BP increased and antihypertensive drug was 

started (with prednisolone 10 mg/day). 



• In June 2012, BP was increased up to 190/90 

mmHg during treatment with CCB and diuretic.  

• The levels for plasma renin activity (PRA)  and 

plasma aldosterone concentration (PAC) were 

55.4 ng/ml/hr and 252 pg/mL, respectively. 

• This patient was admitted in September 2012.

Patients profile (2)



Physical examination on admission

Height, 144cm; weight, 52.1kg; prednisolone at 10mg/day

Blood pressure 180/74 mmHg; heart rate 70 beats/min, regular.

Conjunctiva:  not anemic, not icteric

Oral and neck regions: normal, no lymphadenopathy

Heart sounds: normal, no murmur; Lung sounds: normal, no rale

Abdomen: soft and  distension, no palpitations, bruits

Upper and lower extremities: palpable artery

Neurological findings: nothing of note



Urinalysis TP 5.1 g/dl

Gravity 1.006 Alb 2.8 g/dl

pH 7.5 BUN 15.0 mg/dl

Protein - Cre 0.81 mg/dl

Occult blood - UA 6.3 mg/dl

Na 141 mEq/l

CBC K 3.9 mEq/l

WBC 10,760 /μl Cl 104 mEq/l

RBC 366×104 /μl Ca 8.4 mg/dl

Hb 11.2 g/dl P 3.7 mg/dl

Ht 34.4 % HDL-Cho 50 mg/dl

PLT 23.1×104 /μl LDL-Cho 146 mg/dl

TG 137 mg/dl

Biochemistry BS 98 mg/dl

AST 17 IU/l HbA1c 5.2 %

ALT 16 IU/l CRP 0.29 mg/dl

ALP 190 IU/l IgG 418 mg/dl

LDH 172 IU/l PRA 20.5 ng/ml/h

T-Bil 0.4 mg/dl PAC 139 pg/ml

Results of laboratory investigations on admission





Before test After test

PRA  (ng/ml/hr) 13.7 158.2

PAC  (pg/ml) 73 47

Selective renal venous sampling

15.3 41.0

17.7

18.2

Right renal vein Left renal vein

Distal IVC

Proximal IVC

Captopril test

(ng/ml/hr)



RAS-dependent hypertension

 Reno-vascular hypertension   

(systemic RAS-dependent)

 Salt-dependent hypertension

(kidney RAS-dependent)



Asians love salt !

Salt intake (g)



Japan Spain

miso soup

2.0 g NaCl

ramen noodle

6.3 g NaCl

UDON noodle

5.6 g NaCl

Paella

1.1 g NaCl

Omelet

1.1 g NaCl

Carpaccio

0.6 g NaCl



Renal blood flow = approx. 1,500 L / day 

1,350 g NaCl in 150 L primitive urine

is filtered at the glomeruli (saline = 0.9%)

NaCl dynamics in Asians

Less than 10 g/day in the urine

Reabsorption by angiotenin II

at proximal tubules

Reabsorption

by angiotenin II

and aldosterone

at distal tubules



AGT (1000)

Ang I (1) 

Ang II (0.5) 

Circulating RAS

Renin from JG cells

 The concentrations of  plasma AGT are close to the Michaelis-Menten

constant of the proteolytic activity of renin.

 Therefore, changes in AGT concentrations can also influence the Ang I 

generation rate.

 However, changes in AGT synthesis occur slowly and thus are less responsible 

for the regulation of plasma Ang I and Ang II than renin

Kobori H et al. Pharmacol Rev. 2007.



AGT (plasma >> kidney)

Ang I 

Ang II 

Kidney renin activity is 1,000-fold higher than plasma

(plasma << kidney)

Kidney Ang II levels are much higher than plasma (plasma < 

kidney)

Because of its molecular size, it seems unlikely that much of the plasma AGT filters 

across the glomerular membrane

In the kidney



Kidney Ang II (fmol/g)

100

150

200

250

300
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Salt-resistant normal rats

LS HS

Salt-sensitive hypertensive rats

Nishiyama and Kobori. KI,  2005.

†

HS＋ARB

High salt (HS) diet does NOT reduce intrarenal Ang II levels in Dahl salt-

sensitive rats

*



Urine AGT, pmol/day

*

1
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Salt-resistant rats

LS HS

Salt-sensitive rats

†

HS＋ARB

Maintenance of intrarenal AngII is associated with 

100-fod increases in urinary AGT in DSS rats

Kobori and Nishiyama. Hypertension, 2003.
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p =0.0008, n = 41

High salt diet increases urinary AGT in 

patients with IgA nephropathy

Konishi et al. Hypertension, 2011.
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N.S., n = 11

High salt diet does NOT change urinary AGT 

in subjects with normal kidney function
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Konishi et al. Hypertension, 2011.



 Pressure natriuresis is defined 

as the relationship between 

sodium excretion and mean 

blood pressure.

 Increase in slope indicates an 

improvement of sodium-

sensitivity of blood pressure, 

whereas reduction in slope 

indicates a change for the worse 



Treatment with an ARB improves sodium 

sensitivity of blood pressure in Japanese type 2 

diabetic patients with microalbuminuria

albuminuria
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Imanishi et al. JAAS, 2013.
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Systemic vs. Intrarenal RAS

in salt-dependent hypertension

High salt

Angiotensinogen

AngII

Plasma renin

Salt-sensitive 

hypertension

Renal 

Injury

Plasma AngII

Systemic RAS Intrarenal RAS

Vicious 

cycle

Vicious 

cycle

Cardiovascular 

injury

Kidney

renin



Specific aim

 To understand the role of systemic vs. 

intrarenal renin-angiotensin system (RAS) 

in the pathogenesis of hypertension

 To understand the Japanese guideline for 

hypertensive patients with CKD (treated 

with RAS inhibitors)



Hypertension Research 2014,  Apr; 37(4): 253-387.



Target blood pressure for 

hypertensive patients with CKD

JSH 2014



Hypertensive patients with CKD

Diabetes (-)

First-choice drug

(-) proteinuria (+)

RAS 

inhibitors, CCB 

or diuretics 

RAS inhibitors

Diabetes (+)

JSH 2014



RENAAL study and its sub-analysis 
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Brenner et al: N Engl  J Med 2001
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ORIENT study; RCT studies with an ARB 

in Asian type 2 diabetic nephropathy

To evaluate renal protective effects of an 

ARB, olmesartan medoxomil, in Asian type 2 

diabetic patients with overt proteinuria, as 

defined by  time to the first occurrence of the renal  

composite outcomes including a doubling of 

serum creatinine, ESRD* or death.

*ESRD: End-Stage Renal Disease

(serum creatinine  5 mg/dL, chronic dialysis or renal 

transplantation)



Study Design

Study design paper in Imai E, et al. Hypertens Res ; Vol. 29, No.9 (2006)

-6w

Prior antihypertensive therapy (restrictions)

Other antihypertensive 

therapy (no restrictions, 

except use of ARB, ACEI, 

K-sparing diuretic)

Patients taking ACE-I prior to entering the study may continue with ACE-I during the study (regimen 

cannot be changed during the study period, nor can an ACE-I be newly administered)  

Placebo Olmesartan 10mg or placebo

Olmesartan 20 mg or placebo

Olmesartan 40 mg or placebo

Screening period 

(6 weeks)
5 years following up.

0w 4w 8w 12w

Target BP; 130/85 mmHg, Even if 

patients achieve target BP, dose 

should be increased with care 



Time Course Change in Blood Pressure

0 24 48 72 96 120 144 168 192 216 240

60

80

100

120

140

160
placebo

Mean Dif=2.8mmHg,P=0.0064

Mean Dif=1.6mmHg,P=0.0052

olmesartan

Weeks of Study

SBP

DBP

(mmHg)

Diabetologia. 2011 Dec;54(12):2978-86.



Primary Composite Renal Outcome

0 6 12 18 24 30 36 42 48 54
0
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(%)

Months of Study

placebo

HR=0.97 (P=0.79)

(Cox regression using 

Cr, Alb/Cr, Region as a covariate) 

olmesartan

Diabetologia. 2011 Dec;54(12):2978-86.



Urinary Protein to Creatinine Ratio (mg/g.CRE)

0 24 48 72 96 120 144 168 192 216 240

-80

-40

0

40

80
(%)

placebo

Weeks of Study

P=0.005
olmesartan

olmesartan 282 265 245 228 205 183 138 78 38 15

placebo 284 274 246 220 192 170 129 75 33 15

Diabetologia. 2011 Dec;54(12):2978-86.



Cardiovascular Outcomes

HR=0.64（P=0.039）
(Cox regression using 

age, alb/Cr, medical history of CAD 

and HF, PAD as a covariate)

36%

0 6 12 18 24 30 36 42 48 54 60
0

10

20

30
(%)

NO. AT RISK
olmesartan 282 277 270 261 252 230 160 77 31 1

placebo 284 277 266 253 240 218 149 65 32 0

placebo

olmesartan

Months of Study

Diabetologia. 2011 Dec;54(12):2978-86.



Take home message

 Intrarenal renin-angiotensin system (RAS) 

plays a role in the pathogenesis of salt-

dependent hypertension

 Japanese guideline suggests the potential 

utility and benefit of RAS inhibitors for 

Asian hypertensive patients with CKD


































