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Pathophysiology of Hypertensive Renal Damage
Implications for Therapy

Anil K. Bidani, Karen A, Griffin
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TPOTIOLNGLOUC KOL LN TIOLPAYOVTEC.
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Glomerular hypertension, Nephrosclerosis,

However, in hypertensive patients,

chronically elevated systemic arterial pressures
cause remodeling of the afferent arteriole and

reduce its ability to constrict and dilate.
pressure

Increase in transamural pressure

>

1/CREATININE (d/mg)

S &
Rotﬁlo of ATP
& ATP ":;"‘"°',°‘°" to Myogenic mechanism
e~ TGF mechanism
Activation of P2X, Activation A, Third machanism 7
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Afferant arteriolar vasoconstriction J

Autoregulatory control of rens!
haemodynamics

Afferent arteriole caliber changes in response
to systemic pressure (myogenic reflex) and
sodium chloride delivery to the macula densa
(tubuloglomerular feedback) are part of the
autoregulatory process that helps maintain
intraglomerular pressure and therefore GFR.

Normally, the glomerular capillary loops are
shielded from elevated systemic arterial
pressures by a process called autoregulation.
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T he inextricable role of the Kidney In hypertension
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Primary Hypertension: Pathogenesis
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; : ; 1 2 Angtictensinase A
The renin-angiotensin system (RAS) 1s a powerful modulator of

: o T
blood pressure, and dysregulation of the RAS causes hyperten- v B
: i ¥ e - F i, t Peripheral nervous  Vascular
ston. Pharmacological blockade of the RAS wath remun inhibirors, ! systom smooth
J | sy
angiotensin-converting enzyme (ACE) inhibitors, or angiotensin P ——
receptor blockers effectively lowers blood pressure in a substan- A e, SO
tal proportion of patients with hypertension (19), reflecting the l l
important role for RAS activation as a cause of human hyperten- Bt Sodium and Thirst
sion. Similarly, in rodent models, deletion of RAS genes lowers SRbeOrption:  Wew B o, o

| —

Maintain or increase =
ECFV

blood pressure whereas overexpression causes hypertension (20).

J Clin Invest. 2014;124(6):2341-2347. hitps://doi.org/10.1172/JCI172274.



Renin -
Hormonal peptide-340 AA,anenzyme.

T% -15 min ,prepared and stored in -
/ granular JG cells in kidney and also other | d ‘° | ¥ )
..H , Mo PLXKY] tisuue-the main source of plasmaRenin | o'x’
ﬁ LoA oYX TOoV (active) and 90% in prorenin (inactive "~\ " (e \e/
/ / . . s . oo\ s
GUVGT XTOC ELVXL butimmune reactive ).it is synthesized In Lus—___. b 'y
"k Q both constitutive and rate limiting #15

/
TTLO TLEPLTTAOKY] pathway. It catalyzes the rate limiting
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XTCO , OTL step of RAS - attract active future target.
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Therapeutic Implications
The pathophysiology of hypertensive renal damage discussed
suggests 3 broad targets for therapeutic interventions: (1)
reduction of BP load; {2) reduction of pressure transmission
to the renal microvasculature; and (3) interruption and/or
modification of the local cellular/molecular pathways that
mediate eventual tissue injury and fibrosis.
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Figure 1. Pathophysiclogic mechanisms of hypertension in chronic kidney disease.

AJKD

Hypertension in CKD: Core Curriculum 2019 ﬂ
LEIaine Ku, Benjamin J. Lee, Jenny Wei and Matthew R. VWeir E




Box 1. Causes of Secondary Hypertension

» Renovascular hypertension (atherosclerosis, fibromuscular
d?ephm}

Coarctation of the aorta

anary aldosteronism
Pheochromocytoma

Polycystic ovary syndrome
Cushing syndrome
Pb'pefﬁwoﬂm* hypothyroidism
Obstructive sleep apnea

< Chemical or medication induced
+ Caffeine, coffee

o Aleohol

o NSAIDs

= Oral contraceptives

LR T T S

= Steroids
= Calcineurin inhibitors

o&mﬁ'ﬂ‘ﬂpﬁﬂc&gm(ﬂmﬂim%Fm mm
o Wicit drugs (amphetamines, cocaine)
* Monogenic disorders Hmamgl'ﬁmﬂl]pﬂtam agents
S Ddinine < sl  of whih e, wiho
5 mmam;ﬁm hypertension (famiial hyper- adequate BP control
aldosteronism type HHE a3 Eﬂﬂﬂl f
o Familial hyperaldosteronism type |l aning HH'tEI'ME mtﬂl
¥ Clets soivem I , 1 of which iz & thiazide-type duretic
7 Subypes ot conge o yperplasia and another of which is spironolactone,
without adequate EP
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was severe and widespread edema, The clinical picture appears in
fact to be almost as characteristic as the histological one: the pe-
tients are relatively old: hypertension is present, usually of the
benign type, and the kidneys {requently show signs of decompensa-
tion: there is a history of diabetes usually of long standing; the pre-
senting symptoms may be those of edema of the nephrotic type,

renal decompensation or heart failure; the urine contamms large
amounts of albumin and there is usually impairment of concentrat-

ing power with or without nitrogen retention.



INTERCAPILLARY LESIONS IN THE GLOMERULI OF
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* Recelved for publication August 1o, 1935,

was severe and widespread edema, The clinical picture appears in
fact to be almost as characteristic as the histological one: the pe-
tients are relatively old: hypertension is present, usually of the
benign type, and the kidneys {requently show signs of decompensa-
tion: there is a history of diabetes usually of long standing; the pre-
senting symptoms may be those of edema of the nephrotic type,

renal decompensation or heart failure; the urine contamms large
amounts of albumin and there is usually impairment of concentrat-

ing power with or without nitrogen retention.



Fic 1, Intercapillry glomerulosclerosis. Central hyalinization of ll lomer-
tar loops. Peripherel capillries patent. Special basement membrane
stain.

Fic, 2. Central yaliization of peripheral loop. Capillaries wide open and
contain req blood cels Basement membrane clearly delineated and el
cale. Specil basement membrane stan, High power.

Fic. 3, Intercapillary hyalinization. Peripheral capillaies patent, nucle of
endothelial and epithelial cell clearly recognizable. Capillry basement
membrane somewhat thickened. Specil basement membrane stain. High
POWET.




Fi6. 4. Hyalinization of intercapillary connective tissue extending into most of
the loops, in direct continuity with the hyaline matenial of the vas afferens,
Special basement membrane stain. Medium power,

Fi. 3. Intercapillary hyalinization in several loops; the hyaline material en-
croaches upon the capillary wall which is homogeneously thickened, The
capillaries are collapsed and their lumen reduced to a narrow slit, Special
basement membrane stain. Medium power,

Fic. 6. Central hyalinization clearly seen even with eosin-methylene ble stain.
Crowding of endothelial nuclei around collapsed capillaries gives appear-
ance of “onion layers,” Eosin-methylene blue stain. High power,




Fic. 7. Well preserved endothelial nuclei are seen embedded in central hyaline
mass. Special basement membrane stain.

Fic, 8. Hvaline fatty mass seen between basement membrane and epithelil
cells of Bowman's capsule. Special basement membrane stain. High
DON,

F16. g. Sudan 11 fat stain shows large fatty mass between epithelial cells and
basement membrane of Bowman's capsule. The picture also shows fat in
the vas afferens, some fatty degeneration of capillary loops and fat in the
tubular epithelial cells, Sudan 11T stain. High power,



[t6. 10. Intracapillary glomerulonephritis. Central hvalinization identical n
situation with that of intercapillry glomerulosclerosis (se¢ Fig. 1). Notice
open capillaries i the periphery. Special basement membrane stan, High
DO

Fic. 11. Single glomerulus in an otherwise diffuse intracapillary glomerulo
nephrtis. There i no other change but a severe central intercapillary
yalimization, Special basement membrane stain. High power.

bic. 12. Intracapillary glomerulonephntis showing blurred outline of periph-
eral capillaries, Special basement membrane stain. High power.



H Xpovia Negppikh Noooc (XNN) eivar pia kardotaon mou xapakTtnpiletal
aTmo TPOoodEVUTIKA ATTWAEId TNC VEPPIKAC AgIToupyidc He Thv TTApodo Tou
XPOVOU.
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O1 ogaoeg uynAou Kivouvou meplAagpavovrtal Ta aTtoga HeE 10TopIko olapnTn,
UTEPTAONG Kdl OIKOYEVEIAKO I0TOPIKO VEQYPIKAC VOOOU.

Tpeic anAéc e€eTaocic pmopolv va avixveloouv Tnv XNN:
*MéTpnon apTnpiakng wieong
‘AcUKwya ota oUpa

‘KpeaTivivh opoU
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