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Renal Consequences of Hypertension
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phase)ol| 9J#iA1qF ESRDE A Y= =717 AxtE ol
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(hypertensive nephrosclerosis) ¢ ezl AAFA;
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T Ca 5% $7H44 HETY 557 134
oA gzdzte] o] Frixlcraess Pzl
EAFNA ARl A= endotheling] A4 o] Fr15
3 endothelium derived relaxing factor (EDRF)9]
A A8 7tA4dlel A AlA o 2 = norepinephrines] ¥
off thgt whg-o] Frjxlctesn,

£

FUA EL £F4 45N ¥FFol s 730
2Agd A-talod o8-8 (filtration fraction) o} 7}
of m¥qte Ay ez AP 4 (hydrau-
ric pressure) F7he Zhed AIAEo] HojehH HgHA
of 9] % hyperfiltration®} hyperperfusion @45 42
7)A gepin, olofl e} AltAlE HeE o AR U4l
P Ay che Ao},

DEYY NAHS

A1 7 81 % (nephrosclerosis) & |4 A7|7le] 7y
gtoll 95ty A, zolut AAA AFFoA
thrombotic microangiopathy, scleroderma, Barter’s,
Z % 3, radiation nephritis, chronic renal allograft
rejection & nEglolx AAIZE Y 4 9l
t}{Table 1),

2ol 98 27] A FL Al 425 Yy

Table 1. Mechanisms of Vascular Damage in Primary Ne-
phrosclerosis
Disease Postulated mechanism
Thrombotic Intravascular

coagulation ;
endothelial damage or
defective prostacyclin

microangiopathy

production
Microcirculatory
regulatory disturbance ;

Scleroderma

overproduction of
collagen
Prolonged vasospasm
due to angiotensin 1
Direct toxic effect on
endothelial cells
Immune (2 humoral)
attack on endothelium

Barter’s syndrome

Radiation nephritis

Chronic renal allograft
rejection

o w3l HEE Alagch, FAAEY Al Sl A
AR 2zle A4 2v G fdaso] gloy AXFE
oo Aol Hlald 4 Qlch, FAHAIFHAEY &
A=l a4 4975 (interlobular artery) ¢
W2 AlZ (myointima) & F43 £+ LEHY 2
A A&7 313 (hyaline arteriosclerosis) | o} (Fig.
1~3).

TAE™ (arcuate artery) o] Wolx A EY 3
)

e
A Lo 7] A e] Aats]n W H-8HE Z (internal elas-
tic lamina) ¢] s}# et YA LFY9) o] Fo}
Aw HAnHo g A-Fa|Lub(glomerular tuft) & &4
Ho Aede 4% 52 5sid),

25 UGB ol AT 9ln peldo] tf4 A5

Fig. 1. Benign nephrosclerosis. There is contraction and
sclerosis of glomerular tufts, tubular atrophy and
marked thickening of the wall of a small artery (left
upper corner).
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Fig. 2. Benign nephrosclerosis. Intimal fibrosis of a
small artery with narrowing of the lumen,
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Fig. 3. Benign nephrosclerosis. Hyaline deposits in the
wall of an arteriole.

= AL agsle] x<3ol e}l Az} PRz
A2 £4og sAFo] Falso] THANERA
(maculomolecule) 7} Al £ 744 (cell matrix)Hell £-<]
57 dlFez A, ALeH PP A2 F
Al | &8 A7) 2)4ElE 2¥qte] AgAQ PaE
2 o} = o} 8 9l (humoral factor)ol] 7} &l & cb 2 #
thaio  Fo#9ele 2+ angiotensin, catecholamine,
serotoning< ¥ 4 AUrh =¥ A HAA 2 T4
£ A7 A4S 437 B olig) platelet
derived growth factor (PDGF), endothelin #4]& =}
Sakchs,

oty ngiet
1. H2|ex Wt

AlAg StH o g YA o) o3 Sl 33l
¥ A ol AR 2r)e A4 2 adr)
ot n¥qle] Hgle] YA T2 o]k o]Rizkel] &4
2y A GAMEY AT Yoz
Widt 544l 47 RAFEch, 290 W
¥ ¥+ onion skin, A ¥4 o Ao A oz
Mol AlME Yol Al %7 AH(fibrinoid necrosis)
7t A 7% A 7= Ao (Fig. 4, 5).

ARl Y FEA Wz siALeE FANAL
wrinkling=l=d Z 3 A3 £ 3} (glomerular tuft) &
&3 AuAe H&Hc), dgnugte] AFAq
Yz g L AradHAAE glofa Aol x4
ol Felzalk AZAF ¢ glovt A FEFLL

A11Y 45 63 1992—

Fig. 4. Malignant nephrosclerosis. Striking “onion peel”
thickening of the intima of a small artery with
marked constriciton of the lumen.

Fig. 5. Fibinoid necrosis of an arteriole at the glomer
ular hilus.

HAFN AARFHE 2 45N RE o 2o 7
A e Azsle] Yeho,

Y DU 20lE FYAFAAAHTAA e
wpobzde] £g7HEHS o] MZA FAo2 ulFs
SRR CELEETE EREDE DEER PR
UE A% A 44 Yo

2. Hel Maisty Ha

FA GGl ol Aol 40~50%F Ak gl
Auk oy FlHd o2 o)W s e+ 3 A glal ot
Zeiv FAT UASoE Q% YAy e] JlAH £4
ol AfLokA e WHE dogcie o[ &) 713 €l
FA QA FAE] a glehe,

Two kidney, one-clip 328} Agxdoljs] A4

S-70



o .
—#AY

pmw_ PATHOGENIC INSULY]

NORMAL
REPAIR & HEALING

> |GLOMERULAR CELL INJURY |

1. ALTEREDU!LOGV OF INTHINSIC
GLOMERULAR CELLS
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& INGLAMMATORY FACTORS
2 DECREASED ACTIVITY OF
‘GROWTH INHIBITORY FACTORS
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GLOMERULAR
HYPERTROPHY

231E gREAol JehtA g 29 29l e
2439 AAdgos YL Ao AL o
% ol e},

Y AFe FL

1. ACCUMULATION OF MESANGIAL
MATRIX & GIBM

2.LOSS OF SIZE 8 CHARGE
SELECTIVITY IN GBM

ICAPILLARVOBLITERAT!ON J /
i GLOMERU* scierosis |

END-STAGE KIDNEY

/ 4

el g AR

HYPERLIPIDEMIA

HYPOAR:UMINEMIA
GLOMEAULAR
HYPERTENSION
Ll
SYSTEMIC
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Fig. 6. sty Heiga,
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Table 2. Features Supporting a Diagnosis of Hyperten-

sive Nephrosclerosis

= & angiotensin II«] FAT Agol Yol A

Black race

Positive family history ; onset of hypertension be-
tween age 25 and 45

o zef Ao fi L 43f8clo R FEoe
Az}, olzi g A& AR ¥ sle] AR YEF
He 2447 AA7t4LEE Yo7 x feed back HE K
2 4% angiotensin 119 557} 1% 458cHE 3o
ohn,

=3 dahiisidze £4os FgFueAd ¥
Aekle] HuFapde] Frhsn Huds o] £
Hslo] yubd Y Szl (disseminated intrava-
scular coagulation) 7} A7]= Aoz F&3=H
of, 29joll ofjrbal R BAAe] AT A
Eate] sof ot BARA UdeA YA Yok (Fig.
6).

THYY HYsSe| Y
ESRDS| {d%F 20~40%7t n8 4443 HF o]

t}*®), Stephen$'®L n¥ Y HEE W Y& 9679
A5 2~9d7F 3 A Az 15%elA A7l 5ol

3. Long-standing or very severe hypertension

4. Evidence of hypertensive retinal damage

S. Evidence of hypertensive left ventricular hypertro-
phy

6 Onset of hypertension prior to development of pro-
teinuria

7. Absence of any cause for primary renal disease

8. Biopsy evidence [7] ; degree of glomer. :ar ische-
mia and fibrosis compatible with degree of arterio-
lar and small arterial vascular disease

sl oty wnsldeh

)5 LejA wysl SAle 4r)zke nygte
FAAEFY AASFE el JAH g s YA =
il 52| xolAta) g 7]5 A Ar]d AlvlE Bl E
Rolxgl, AAY 2} —-—éa 3l ot oz A3ty
2 ?i‘v:"ﬂ' ESRDz A=+ 74+ g€ e,

dA o g AlAA Ao 31"& A7) 7ke] 13 qhsk}
7h et 1~2g o]l o] 2y, QA =t wisiet
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A vt 5o ojthd £71¢ do|w n¥st
£ 2 Al 8] o} gttt (Table 2),

A4l 2@t A5 WA Y= AP
Z BAE 1~7%7F G712 7HA 1d ol Alrpabaet),
FATEE 10~2007 e A 40%7F Aoz,
10%7} CVAZ, 5~15%7} x5F02 Apgictn 3
o}, z2]u} obz) ESRD f1dle s ¥4 S
Zo] FAIA T iR o 2 o] A
A gt Aoz o|dgle]l g4 Ystels ESRD
2 Aot H=paguio] gle 50~604 o] 4ol &
A7t 55 X&AQ n¥gt FAE BolHA ofF
A A8 AlZ]5e] A3sl=le] ESRDE #4dcE Ao
o2y,

A n e vimd g2 z¥ste] AAHE 23 50
Al ol #xFt FAT ks H Al A Fbas)
offtxE TAd A nHGE oAl sl of gt 3
2 bl (1~2gm/day), 873 Yot i
o] 4 nYt HxlolAA ehtn, fobd e

%, ExE 10%0A4 walckn ghops, obaf Al s
o A7 e AR A4 AuleA T2 FF=2 A

ox.

Al 3

r GLOMERULAR CELL INJURY J

\J

1. ALTERED BIOLOGY OF INTRINSIC
GLOMERULAR CELLS

2. PERSISTENCE OF ACTIVATED
INFIL TRATING CELLS

v

1. RELEASE OF GROWTH FACTORS
& INFLAMMATORY FACTORS
2. DECREASED ACTIVITY OF

/ GROWTH INHIBITORY FACTORS

GLOMERULAR 1. ACCUMLATION OF MESANGIAL

HYPERTROPHY MATRIX & GBM

2. LOSS OF SIZE & CHARGE
SELECTIVITY IN GBM

ol St 497t wEo|xar HIHel my} 2HL
a}x) stedd 4% 470490l A4 ESRDZ 1dol
AepalAl |, el WA HeRe ok v aeh gt
7} ESRDE 2olt 495 ln c 87 Axd 34 4

FA43E el £ o= gleh,
AL A FEE

Al A dakEaba AR wdgh
A7 TR 02 ALFa| £4-8 do 7= gk A
AFe- of2{rtal Bghaql 84lol| ofdte] AMFA) A

AP, 2 58 aqle 1) HEEA %“
ZA(dd 228, BAAY, cryoglobulin, ofe] 2
o]zl lipoprotein, 54 % HEzlobdE5) 9 A
2 2) AR AL FAlolt 2 7| A e A 3) A
ATy Aol 9% W2 4% thrombox-
ane A, heparinase) &} £u] 4) AL7H @l ol d
hyperfiltration & 2 hyperperfusion & 4 5 o] o},
GFR 25ml/min ¢]3l% 743514 =" YA Adg
F5oll FAAIYe] AT AZFolA dr] AR Az A

HYPERLIPIDEMIA

GLOMERULAR

/ HYPERTENSION
PROTEINURIA ?

F'y

4

PROGRESSIVE

l / RENAL DYSFUNCTION
L GLOMERULAR SCLEROSIS J

I END-STAGE KIDNEY J

Fig. 7. Mechanisms by Which Glomerular Injury May Lead to Glomerulosclerosis.
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a7 "o (Fig. 7).
ey MYSe XA

2EGA AABF A I AL P A75A
39 A= T FF 2 4= Bl wet et
A 53t A4 EYE AL BARE 24 AsA
38 A=rt ANE #A7h AU FAtuo AEgol
o] Zraghohe AL e adefA Yo (Fig. 8),

oy AEHejn AFH) 1Y} A a2 e Als A
39 APL =2A & F ohiet 4 EE FyMIAI
GAzYYE ATH 2 24 Hazxrld AVls
o] A& WAA vt 237 FasE AFE Yo &
3] Al go] obd ¥t Adlel slv FRollA ol
g dAo| FeafAlg,

2y AL Ao g nyghE 2H3E £ F 22
FAUWe 2719 A7jgo2 FEFAAHA A3
ESRDZ #hAddich, whdell 24 ¥ ghollA o] Y=l
gl AE A7lsol w$ A3 tdndet #

100
] Treated malignant hypertension:
wfb survival rate according to
s renal function at time of diagnosis
ol
\ Blood urea <60 mg/100 ml
': (45 cases)
S ory N Blood urea 60 mg/100 ml
S ' or over (37 cases)
@ 60 .
a— [
] ]
= \
< SOF \
2 H
& \
- w} ;'
H
W0t '
[}
wb \
T e -
° 1 ) ] ) % ) 4

Years
Fig. 8. Survival in treated patients with malignant
hypertension according to renal function at he
time of initial presentation. A seven year experi-

ence in 94 cases. Br. Med. J. 2:969, 1959, With
permission.

A e AT

dql FRYA A 2ol Yol 42 %
& #AYel A75el FHez sAHE AT AF
A epan,

A4 o R Qg St ngstel dla H el
Y9 A2t ESRDZ A8 455 £8 A7 4 A
2 AR ANAA S g, e 2o

< A7FY AL 28 97 349 A

& FAAD 4 e,
1

oK
off mX a2 rLl R

ghe 2 I3t oA et ol g H Aol dek
Al

)
b

o2l ALAE etz u o] ulsjeiHolat elol o
Aol Ak, AUt AFadH At AEY S
o 2 AFA Hol B o4 W HsA o3 Al 34}
7 £ASRA Te] AUT Bl Bl ahod 417
o) AR chE Holeh,

=
[

AlH Detet gagietH

HAAndte] D2 YA A FrMAH g
preglomerular resistance?} AM5E A1at mdgte] A}
T 2AEIRE A A shgEo] ALFAl 2Egte] A4
Hebe AL o] AgEE ZdollA waA] ghefesn,

Lance 5-(1991)%*¢} uninephrectomized spontane-
ously hypertensive rats (Unx SHR), Brenner (1981)
11)4 remnant kidney (Rnx), Dworkin 5 (1984) 2]
DoCA-salt hypertensive rats (DoCA-HR), Luca %
(1991)*72] two kidney one-clip Goldblatt hyperten-
sive rats®] APz o] AE ol YAut
SNGFR (sigle nephron GFR)®} SNPF (single ne-

phron plasme flow)5-o] A45o] ALFA =A¥E Ay
9] 4-gto] Fr}sl 2 hyperfiltration®} hyperperfusion
off &5t A= Al AgFoz WA Aol

Luca$%¢ two kidney, one-clip Goldblatt HR ¢j
Ay mdol A glycine Folo W aAg S 3 Az
Axde] AF4 FH0] F4aEE LA AbTA A%
& Foda AR ozt AT A - Al e feed-back
71A 2] Aefio]] 7]l gtk ¥ E

DoCA-HR®] =t angiotension % 3Fo] zjujA o]
B2 AgholA vlxdt J & 7Y 4 glx, Rnx 2
£ renal mass7} | ¥-% AAL Aol ghrzhel] A}
TFA 73 35o] AP wFoll A3 ALEA] A 8Fol
AP = WY AAEF #A A= AEHE + Ge
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22f1} SHRelAE 1Mol Szt 4713, Unx
+ 6709 Foll ghl e rh sl o] ALfA] A o]
57 uﬂ—‘?"wﬂ nE} Sl A A=l AT HSHF
of obab-g uhedsle o] Qe AE 2elolgtn & 4 3l
Ak,

Lance 522& Unx SHR ol 4 calcium channel
blocker (nifedipine)/angiotensin converting enzyme
inhibitor (enalapril)7} 2.5 A7 288 E3H4]A
ATH AHFE ok Folodt 492 A5
ot FokA 25 AbTAl 2A 8 heztast glomer-
ular transcapillary hydrauric pressure difference (&
Py #a4l7l =, 1& M2 e
nifedipine= efferent arteriole®] *87t4 2, enala-
pril& HAnate] 43tz ATA n¥shel i
of AFA) A%HE Atk Baslgs JuanF
< Rnx 290l A nifedipinec] glomerular ultrafiltra-

a F9% 7 A

tion coefficiency¢] %7}2} Bowman's space® 4%
F7kA17) L o] 2 _lshed Al-Al RAlE o] F4fo]

423to 2 A A7 5o APE ol 4 QUckn
3} e,

Lance52¥2 Unx SHRo A nefedipine Ap$] Zr4
9} Al#le] ¥ ALS (compensatory kidney growth) 2]
A A 7| AN A4t FAUSS FHAaAA A
TH AFernd AFE oAy + Ydtn F4EA
i,

Anderson539-& Rnx ZlollA angiotensin I &4
A3 A Alel enaraprile] +UYA R +54 £ 549
HAg o o| B3t ALFAUe n¥GE
AL A A 35S oy doh 3ol enarapril o]
nifedipine® o} A}7-3] 7 89| olubel o] 48 &9}
7t 9=tz 2astgdh, =2y Anderson$2 reser-
pine, hydralazine, hydrochlorothiazide% ACEI ©
Al Foddl A Al nEste] Ao 2 A =5
T £7stn ArAU 99533 WEg dosx £
+ e goz A, o3 Fu¥ Al E ATA 7 57
A5 oubslx] Zdoha B st

William 53¢ 2599 AYA4 nggd#als
7} dizoxide (I.V)9} furosemide® = 5 A & 3 -'?'—
methyldopa, hydralazine, furosemide %2 A}-&3}o]
227 Y4& 110mmHg o|WE §2) 4 7= 26:14 7}

n}‘_ ml

A Z )
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A4A A8E
BUN}
o,
Pohl §29'& 839 2] Al7]5Ao7} v n¥Y&AE
747 diazoxide, furosemide, methyldopa, % pro-
pranolol5-2.2 AZ &3 23} 35719 Y4 ndgt

g 73 1699 x4 30~40%2]

A creatinine Fx 7} 24 =SS sl

80 -
HYPERTENSION

18 35 35 28 20 14 0 &

0 | 2 3
TIME (years)

Fig. 9. Change in creatinine clearance (mean+S.E.M.)
in patients (Rx of diazoxide, furosemide methyl-
dopa, propranolol etc.) diagnosed as having pri-
mary hypertension who survived more than six
months. Figures show the number of patients at
each point. Quarterly J.Med. 172:569, 1974.

"] Il
401 I

20 1

o

..... HYPERTENSION (14)
——— PYELONEPHRITIS (5)

| ’ 2
TIME (years)
Fig. 10. Change in creatinine clearance (mean+S.E.
M.) in patients followed for two years or more.
Quarterly J.Med. 172:569, 1974.
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At A] creatinine 3 4&°] 35.1904 50.5ml/E 7|
AR BASGED o] FAEL 43U A Ae g
17158 A8k Y88 sk oled AAe
A4l nEs AR A E vd AHAE 2o
AALFA Al o] dol Al ¥ YA AlF-A SRk
J aolx E3dtn 67 Aol Al7]%e] otits
B9 vh(Fig. 9, 10). FogtA o|wA AHE
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