
2008 19 219-226

242-13 127

ACEI ARB

1 1 2 3

1 3

2

angiotensin-converting

enzyme inhibitors (ACEI) angiotensin-receptor blockers ( ARB ) renin-angiotensin aldosterone

system(RAAS)

( end-stage renal disease ) ACEI ARB

ACEI ARB ( monotherapy ) 

ACEI ARB

ACEI ARB RAAS

ACEI ARB

( ) 

( Drug therapy, Combination )

( Angiotensin-converting enzyme inhibitors,

ACEI )

( Angiotensin receptor blockers, ARB )

( Chronic kidney disease, CKD )

( Renoprotection )

renin-angiotensin aldosterone system

( RAAS ) ( chronic

kidney disease, CKD ) 

angiotensin-converting enzyme in-

hibitors ( ACEI ) 

ACEI angiotensin-re-

ceptor blockers ( ARB ) 
1

20 Brenner



( single-nephron hyperfiltration hypothesis ) 

angiotensin II ( Ang II ) 

Ang II ( efferent

arteriole ) 

( glomerular capillary hydraulic pressure )

ACEI

reserpine hydralazine 

ACEI

( glomerular cap-

illary pressure ) 2

(

adriamycin )

Ang II ( inflammatory mech-

anisms ) 

( proximal tubular cells ) 

nuclear factor kappa B ( NF- B ) 

NF- B ( apoptosis ) 

NF- B ( proinflammatory gene ) 

( profibrotic gene ) endothelin-1

monocyte chemoattractant protein-1 RANTES

( T ) osteopontin

t rans fo rming

growth factor- 1 ( TGF- 1 ) Ang II

NF- B
1,2

RAS
RAS

GFR ( glomerular filtration rate ) 

( )

1980

ACEI - captopril

Lewis

captopril 50% ( serum

creatinine; SCr ) 2

3

ramipril

ramipril 2

( end-stage renal disease; ESRD )
4

ARB ACEI

Irbesartan Diabetic Nephropathy

Trial ( IDNT ) 1715 2

i r b e s a r t a n

( 300 mg/day ) amlodipine ( 10 mg/day ) 

irbesartan amlodipine

irbesartan 33% 2

( p = 0.003 ) amlodipine irbesar-

tan 37% 2 ( p <

0.001 ) 5

DETAIL6 (Diabetics Expose to Telmisartan and

Enalapril) 

2 ( early-

stage diabetic nephropathy ) ARB

( telmisartan ) ACEI ( enalapril ) GFR

GFR

1 ml/min/1.73 m2 2

GFR

10-12 ml/min/1.73 m2  7 DE-

TAIL telmisartan enalapril

GFR 3.5 3 ml/min/1.73 m2

ACEI ARB

ACEI

ARB

ACEI ARB

2

ACEI ARB
ACEI angiotensin I Ang II 40 %

angiotensin I ACE ( chymase

) Ang II ACEI

Ang II 1,8 ACEI Ang II

ACE es-
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cape chymase

Ang I I 1,8

A n g  I

Ang II Ang I Ang II

ACEI Ang II

Ang II 9

ACEI

Ang II

Ang II Ang II type I ( AT1 ) 

TGF- aldosterone
1

ARB Ang II

AT1 ARB AT1

A T 2

AT2 AT1 AT2

bradykinin

(antiproliferative

and antifibrotic effects ) 1 AT2

(interstitial fibrosis) 
1

Ang II aminopeptidase an-

giotensin IV (Ang IV) Ang IV AT4

(profibrotic action )

ARB Ang II

Ang II Ang IV

A R B AT  4

Ang IV
10,11

ARB

ACEI ARB

1

ACEI ARB

RAAS

ACEI ARB

( sodium-depleted healthy volun-

teers ) captopril losartan

( plasma renin activity ) 12

RAAS

ACEI ARB

ACEI ARB Ang II 13

(non-di-
abetic nephropathy)

14,15

Zoccali 16 ACEI 11

losartan Russo
17 140 /  90  mmHg

Creatinine clearance ( CCr ) 90 ml/min/1.73 m2

IgA enalapril 10 mg losar-

tan 50 mg

10

CCr 40-106 ml/min 6

( fosinopril 20 mg/day irbesar-

tan 150 mg/day ) 

fosinopril irbesartan ( p = 0.039 )

CCr
18

Laverman 9

( median proteinuria ) 4.5

g/day ( 95 % CI 3.5-6.4 ) CCr 80 ml/min ( 95 % CI

66-96 ) 6 ACEI

ARB Losartan lisinopril

losartan

100  mg/day Losar tan  100

mg/day 50 mg/day ( p

0.05 ) losartan 150 mg

losartan
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5 0  m g

Lisinopril 40 mg/day

75 % lisinopril 40 mg/day

20 mg/day 10 mg/day

( losartan 150, 100, 100, 50 mg/day

lisinopril 40, 40, 20, 40 mg/day) 

( p 0.05 )

Losar tan

100 mg/day Lisinopril

40 mg/day
19

( randomized parallel-group ) 

45

( primary proteinuric nephropathy )

urinary protein/ creatinine ratio 3.8 2.4 g/ g CCr

95 33 ml/min lisinopril 40 mg/day can-

desartan 32 mg/day ( lisinopril 40

mg/day + cansesartan 32 mg/day ) 

4

( BP <125/ 75 mmHg )

(baseline) 

can-

desartan ( p= 0.004 p = 0.023  )

lisinopril ( p = 0.03 )

5.5 mmol/L 8 ( 

3.1 % ) 6.0 mmol/L 2 Lisinopril

lisinopril candesartan

5.5 mmol/L candesar-

tan ( p< 0.001 ) 20

C O O P E R A T E 2 1 (  T h e

Combination Treatment of Angiotensin-II Receptor

Blocker and Angiotensin- Converting Enzyme

Inhibitor in Non-diabetic Renal Disease trial ) 

ACEI ARB

2.9

263

losartan 100 mg/day trandolapril 3 mg/day

serum creatinine ( SCr )

11 % SCr

ESRD trandolapril ( 23 %

hazard ratio 0.38 95 % CI 0.18-0.63 p =0.018 )

losartan ( 23 % hazard ratio 0.40 95 % CI

0.17-0.69 p=0.016 )

( p=0.01 )

trandolapril

losartan

ACEI

ARB

GFR 20,21

ACEI ARB
22-27

2 2 (  C A L M

study Candesartan and Lisinopril Microalbumin-

uria study ) 199

candesartan ( 16 mg/day )

lisinopril ( 20 mg/day ) 12

(candesartan16 mg/day + lisino-

pril 20 mg/day ) 12 24

candesartan

lisinopril ( 16.3 mmHg vs

10.4 mmHg vs 10.7 mmHg; p < 0.001 )
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urinary albumin/ creatinine ratio

candesartan lisinopril ( 50 % vs 24 %

vs 39 % p <0.001 )

( 0.09 mg/dL ) 

( 0.3 mEq/L)

( 

<10% )

ACEI ARB 23

22,24-27 300

11-43 %

CALM 22 ACEI

CALM 24

24

ACEI ARB

RAS

(

GFR SCr ESRD )

( Systematic review )
MacKinnon, M meta-

analysis 21

( randomized controlled ) 28 654

GFR ACEI

( 440 mg/day

95 % CI 289-591 )

(  2 1 0

mg/day 95 % CI 84-336 582 mg/day 95 %

CI 371-793 ) ACEI ARB

( 0.11 mEq/L 95 %

CI 0.05-0.17 )

GFR

8

ACEI ARB

1
14

( ) 70

( hypertensive nephrosclerosis )

( ) SCr

(baseline) 1 mg/dl

( hyporeninemic hy-

poaldosteronism ) 

ACEI

( non-steroidal anti-inflammatory drugs )

spironolactone
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The Renoprotective Effect of Combination

Treatment with ACEI and ARB

Hsiao-Lin Chang, Chin-Chung Tseng1, Ming-Cheng Wang1,

Yea-Huei Kao2, Li-Chu Liu, and Chien-Huei Huang3

Hypertension and proteinuria are important risk factors for renal disease progression. There is clear evi-

dence that blockade of the renin-angiotensin system with either angiotensin converting enzyme inhibitors (ACEI)

or angiotensin receptor blockers (ARB) reduces proteinuria and slows down the progression of renal disease to

end stage renal disease in diabetic and non-diabetic nephropathy. These beneficial effects are not entirely relat-

ed to blood pressure control. Some patients exhibit benefit from suppressed renin-angiotensin system (RAS) from

either ACEI or ARB therapy while others do not. Because of these shortcomings of monotherapy, many investi-

gators are currently examining whether dual blockade of the RAAS by combination treatment with ACEI and ARB

may offer more complete blockade of the RAAS.  The available data suggest that combination treatment with A-

CEI and ARB has a greater renoprotective effect than monotherapy with either drug and is well tolerated in pa-

tients with chronic renal disease. Most clinical trials use surrogate endpoints (e.g., treatment. Clinical trials with

rigorous endpoints are needed to establish the benefits of combination treatment in renoprotection.  ( J Intern

Med Taiwan 2008; 19: 219-226 )
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