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V ascu lar d isease and the
k idney

                   C ase 1
• A 28  yo AA  M  presents w ith  acute low  back pa in  fo llow ing

w eekend basketba ll gam e
• Has no  other com pla ints; states he w as to ld  o f HBP during

co llege sports  but never fo llow ed up .
BP:  148/90  m m  Hg (first read ing)

 146/88  m m  Hg (second read ing- end exam )
–  He ight: 6 '0" ; w e ight: 218  lb
You treat the acute low  back pa in  and ask the patient

to  return .

BP on return   w hen he fee ls w e ll is  from  150/92  to148/90
m m  HG .

• Fam ily  H x s ign ificant fo r HBP in  both parents.
• Laboratory : BUN  13  m g/d l, creatin ine 0 .9  m g/dL; Fasting

g lucose: 96  m g/dL
– U/A  2+  p rot,  0  hem e
CXray  norm al, EKG  borderline  LVH .

Hypertension A ffects
Approx im ate ly

65  M illion  Am ericans: 28%  of
Adu lts

Fie lds LE et a l. Hypertension . 2 004 ;44 :398-404 .
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*H ypertension defined as a  BP of ≥ 1 40/90  m m  Hg or reported use of
antihypertensives.
Erro r bars ind icate 95%  confidence interva ls . Data are  w e ighted to  the US popu lation .
Adapted from  Hajjar I, Kotchen TA . J AM A . 2003 ;290 :199-206 .

P reva lence of Hypertension Increases
W ith  Age: NHANES 1999-2000 Data
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“H igh-Norm al”  BP in  M en is Not Ben ign
Fram ingham  Data
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*CV  death , M I, stroke , heart fa ilu re . †A d justed fo r concom itant CV  risk factors.
Vasan RS  et a l. N  Eng l J M ed. 2001 ;345 :1291-1297 .
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JNC  7 : L ifesty le  M od ifications to
Prevent

and M anage Hypertension

DASH =  D ietary  Approaches to  Stop Hypertension .
Choban ian  AV  et a l. JNC  7 : Com plete Report.
Availab le  at: h ttp ://hyper.aha journa ls .o rg/cg i/content/fu ll/42/6/1206.

2 -4  m m  HgM oderate a lcoho l
consum ption

4 -9  m m  HgPhysica l activ ity

2 -8  m m  HgSod ium  reduction

8 -14  m m  HgDASH  d iet

5 -20  m m  Hg/10  kgW eight reduction

Approx im ate SBP
reductionM od ification

W alk ing  the dog

1 drink
 =  250  m l
beer
 =  100  m l
w ine
 =  35  m l
liquor

                   Case 1
• Lifesty le  m od ifications a lone m ay be

suffic ient fo r
a 28  yo patient w ith  m ild  hypertension
and no  other CV  risk factors.

•  If  do  not ach ieve goa l BP w ith in  3 -6
m onths, pharm aco log ic  therapy can be
prescribed .

• Exce llent data prove that low ering  BP
w ith  severa l c lasses of d rugs, inc lud ing
ACE Is , A RBs, β-b lockers, CCBs, and
th iaz ide-type d iuretics, w ill reduce the
com plications of hypertension .

• W HAT IS  HAPPEN ING  IN  THE
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                   C ase 1
• L ifesty le  m od ifications a lone m ay be

suffic ient fo r
a 28  yo patient w ith  m ild  hypertension
and no  other CV  risk factors.

•  If  do  not ach ieve goa l BP w ith in  3 -6
m onths, pharm aco log ic  therapy can be
prescribed .

• Exce llent data prove that low ering  BP
w ith  severa l c lasses of d rugs, inc lud ing
ACE Is , A RBs, β-b lockers, CCBs, and
th iaz ide-type d iuretics, w ill reduce the
com plications of hypertension .

• W HAT IS  HAPPEN ING  IN  THE K IDNEYS?

Patho logy of hypertensive
k idney d isease

(arterionephrosc leros is)

Hypertension and the
k idney

Rena l d isease causes hypertension

Hypertension causes rena l d isease

Rena l d isease causes hypertension

Hypertension causes rena l d isease

Hypertensive arterionephrosc leros is

C lin ica l features of hypertensive
arterionephrosc leros is

M ost patients are  asym ptom atic

A  m inority  deve lop  chron ic  rena l
fa ilu re , w ith/w ithout p rote inuria
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A rterionephrosc leros is :
B ilatera l, sm all k idneys, g ranu lar surface Un ifo rm  th inn ing  of cortex

A rterionephrosc leros is

•Arterio losc leros is/hya linos is

•Segm enta l and g loba l 
g lom eru losc leros is

•Patchy tubu lar atrophy and 
Interstit ia l fibrosis

A rterionephrosc leros is

A rterio lar sc leros is and hya linos is :
=  Insudated  pa lsm a prote ins and 
degenerating  m ed ia l m yocytes

Arterionephrosc leros is-
G lom eru lar changes

• G lom eru lom egaly
• G loba l sc leros is
• Perih ila r FSGS

A B

C

     Case 2 :
• 60 yo AA  M  w ith   Hypertension presents to  ER  w ith

severe head aches over  few  w eeks, and chest pa in  and
SOB  o f 2  hrs duration .

• He has a BP of 190/130 m m  HG , P84 , R  18/m in , b lu rring
of d isc m arg ins on eye exam , S4G , R a les at both bases,
and no  edem a.

• Lab : Bun 38  m g/d l, creatin ine 2 .4  m g/d l, U/A  2+  p rot, 2+
hem e 10-15  rbc no  casts. CXray card iom egaly . EKG
show s LVH  +  ev idence of an  acute in ferio r M I.

• BP is contro lled  w ith  IV  labeta lo l,  he  is  g iven ASA  and
p lav ix , and of bare-m eta l card iac s tent is  p laced in  h is R
coronary artery .

• Over next few  days BP is contro lled  w ith  a  beta b locker,
ACE inh ib ito r  and d iuretic . He fee ls m uch im proved , but
BUN  and creatin ine on ly  change s lightly .

• USG  show s 10  cm  echogen ic  k idneys.
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    Case 2

• W hat are  the consequences of severe (
acce lerated , m alignant ) HBP?

• W hat is like ly  to  happen to  h is k idney function if
he stops h is BP m ed ications after hosp ita l
d ischarge?

• W hat is like ly  to  happen to  h is k idney function if
he stays on BP m ed ications?

• How  m any BP m ed ications w ill it take to  contro l
h is hypertension?

• If th is patient had d ied  from  h is m yocard ia l
in farct, w hat w ou ld  h is k idneys like ly  show  at
autopsy? *

%  Not at Goa l*
 G oa l BP Systo lic D iasto lic

Patient Type  (m m  Hg) B P BP

Tota l hypertensives < 140/90 57% 2 6%
African Am erican <140/90 60% 3 2%
M exican Am erican/
  H ispan ic  < 140/90 63% 3 0%
O lder patients (≥6 0 yr) <140/90 71% 9 %
Sym ptom atic  CHD  <140/90 47% 4 %
Patients w ith  d iabetes      <130/80† 81% 2 4%

NHANES (1999-2000)

M any Patients in  the US A re Not
at JNC-Recom m ended BP Goa ls

M RFIT :  Effect o f Systo lic  BP and
D iasto lic  BP on Age-Ad justed CHD

M orta lity

BP=b lood pressure , CHD=coronary heart d isease , M RF IT=M ultip le  R isk Factor Intervention T ria l.
Age-ad justed CHD  death rates per 10 ,000  person-years by leve l o f systo lic  and d iasto lic  BP fo r m en in
M RFIT .
Adapted w ith  perm iss ion from  N eaton JD  and W entw orth  D .  A rch Intern  M ed .   1992 ;152 :56-64 .
© 1992 , Am erican M ed ica l A ssoc iation .
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N  =  18 ,790 .
HOT =  Hypertension Optim al T reatm ent.
Adapted from  H ansson  L  et a l, fo r the HOT Study G roup . Lancet. 1998 ;351 :1755-
1762 .

HOT Study: Few er M ajor CV  Events
in  Patients W ith  D iabetes
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Parv ing HH  et a l. B M J . 1989 .
V iberti G  et a l. JAM A .  1994 .
K lahr S  et a l. N  E ng l J M ed .  1994 .†

Hebert L  et a l. K idney Int .  1994 .
Lebov itz H  et a l. K idney Int. 1 994 .
M asch io  G  et a l. N  E ng l J M ed .  1996 .†

†N ond iabetic  rena l d isease patients.
Adapted from  Izbar M , Bakris  GL . In : A ntm an EM , ed .  C ard iovascu lar Therapeutics: A  Com pan ion to
Braunw ald ’s  Heart D isease .  2n d  ed . New  York, NY : W .B . Saunders Com pany; 2002 :chap 35 .

Bakris GL et a l. K idney Int. 1996 .
Bakris GL . H ypertension .  1997 .
G ISEN  G roup . Lancet. 1 997 .†

Estac io . D iabetes Care . 2000 ;23(supp l 2 ):B54-B64 .
Schrie r RW . K idney Int .  2002 ;61 :1086-1097 .

*
*

r=0 .69 ; p< 0 .05

Lew is EJ et a l. N  E ng l J M ed .  2001 ;345 :851-860 . © 2001 M assachusetts M ed ica l Soc iety . A ll
rights reserved .

IDNT :  Rena l Outcom e End Po int— T im e to
 Doub ling  of Serum  Creatin ine , ESRD , o r Death
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Am lod ip ine 5 65 5 42 5 08 4 74 3 85 2 87 187 1 28 4 6
P lacebo 5 68 5 51 5 12 4 71 4 01 2 80 190 1 22 5 3

20%  RRR irbesartan  v s
p lacebo , p=0 .02
23%  RRR irbesartan  v s
am lod ip ine, p= 0 .006
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Poh l M A  et a l. J  Am  Soc Nephro l.  2002 ;13 :644A . (Poster #SU-P0853)

Case 2 : Patho logy of
m alignant (acce lerated)

hypertension

M alignant nephrosc leros is

Norm al s ize  k idney*

Sm ooth surface*

Petech ia l 
Hem orrhages

(*Un less underly ing  
essentia l HTN)
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A rterio le  w ith  fibrin  throm bus

Sch istocytes in  hem o lytic  anem ia

Severe endothe lia l in ju ry
leads to  throm botic

m icroang iopathy
1 .Acute rena l fa ilu re
2 .M icroang iopath ic  anem ia
3 .Throm bocytopen ia
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Von Willebrand factor 
cleaving metalloproteinase (ADAMTS13)

Acce lerated  HTNAnti-phospho lip id  
Antibody syndrom e

A llograft
re jection

Case 3
• 68 yo W M  retired  construction  w orker

transferred  fo r eva l vascu lit is  and ARF.
• Exce llent hea lth  –  go lfer and bow ler.
• 5/95  loss of appetite ,  tem ps to  102 , rash

on back, cough A dm  Hosp
•  B13  m g/d l C r 1 .1  m g/d l W BC 2 .9  Hct 33 ,

p lts 49  K . Rx antib iotics No dx d isch
•  2  days later readm  for tem ps .Hosp x 10

days  C r   ↑ to  3 .6  m g/d l, aDNA -, ANA  +
1 :400 , ESR 68-145 , U/A  2+  p rot, 2+  hem e,
severa l rbc ?  rbc  casts?

     U rinary  prote in  784  m g /day
• W BC 10 .0 , Hct 35% , p lts 142 ,000

Case 3

• Transfer to  CUM C Px W D ,W N , NAD , BP
170/84 , Cor-Chest neg , A bd 2  Fb  L , no
edem a, no  rash .

• BUN   97  m g/d l  C reatin ine  4 .0  m g/d l Pa lb
3 .5 , ALT  60  other LFTs n l

 W BC 11 .2K  Hct 37%  p lts 114  K  , Pt 14   PTT
49  U/A  1+  p rot + rbc no  casts

 ANA  +  1 : 40  H ep  BV ,HCV  neg , H IV -, ANCA  –
, CH50  and C3  n l

Anticard io lip in  antibody strong posit ive



9



1 0

Case 3 :Antiphospho lip id
antibody syndrom e

Patho log ic  find ings

Glom eru li show  ischem ic changes (g loba l
w rink ling  of g lom eru lar basem ent m em branes,
tuft retraction , and cystic  d ilation  of
Bow m an's space)

Ischem ic w rink ling

G lom eru li show  segm enta l
intracap illa ry   fibrin

A rteries show  w idespread lum ina l narrow ing
w ith  extensive subendothe lia l hya linos is ,
endothe lia l sw e lling , foca l m yocyte dropout,
foca l m uco id  intim al fibrop las ia , and foca l
intram ura l fibrin  w ith  entrapped red  b lood ce lls .
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Recana lized  a rtery  (hea led  throm bus))

F ib rin

Subendothe lia l F ib rin

Endothe lia l ce ll

GBM

Case 4
• A 4  yo  g irl p resents w ith  d iarrhea and acute

rena l fa ilu re .
• She w as in  good hea lth  until 3  days PTA  w hen

w ent to  ne ighbor’s Bar-B -Q  and had a
ham burger. Over 24  hrs deve loped abdom ina l
cram ps, N/V , and b loody d iarrhea. She becam e
letharg ic  took in  less flu ids and her parents
brought her to  ER .

• BP 70/45  m m  Hg, P130  /m in , T  101 ,  Cor-
Chest -, A bd d iffuse m ild  tender , increased BS ,
ext- no  edem a, +  p etech iae on legs.

• W BC 12 .2K , H ct 28% , p lts  52K , sm ear w ith
sch istocytes.

• BUN  45  m g/d l, creatin ine 3 .1  m g/d l.
• U/A  2+  p rot. 3+  hem e, + rbc TNTC , +  rbc  casts.
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Ch ildhood HUS

• STx Assoc iated
• 2 .1per 100 ,000  /yr      peak <  5  yo
• W arm  sum m er m onths
• Onset G I sx, cram ps, d iarrhea, n/v , fever
• 70%  b loody d iarrhea w /i 2  days
• E.co li 0157  3 -7% sporad ic , 20% ep idem ic
• STx –  E  co li in  stoo l fo r w ks
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Ro le  o f Sh iga Tox in

• Ep idem ics w ith  hem orrhag ic  co lit is  +/-
HUS

• Ep idem ics in  fast food outlets
     E . co li 0157 :H7
• Sporad ic  HUS sam e
• A  fi lterab le  agent in  stoo l causes Hem .

Co lit is  &  cytopath ic  to  green m onkey
k idney ce lls  (verotox in)

• E. Co li 0157 :H7  produce both STX1  and
STX2

T ransm iss ion of E . Co li -
STX

• E. co li in  cattle  (&  other an im als) –
m anure , w ater troughs, farm s

• Transm it by food or w ater
• Usua lly  beef contam inated at

s laughter
• A lso  raw  m ilk , fru it &  veg , app le

c ider, app le  ju ice
• Person to  person –  day care  centers

Case 4 : E .co li-assoc iated  HUS

Patho log ic  find ings

Fibrin  throm b i in  TM A

throm b i in  g lom eru lar cap illa ries

Cortica l necrosis
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Co lon : hem orrhag ic  necrosis Sh igatox in -1  and Endothe lium

• Binds to  Gb3  on g lom eru lar endothe lium

• Gb3 express ion equa l in  ch ild ren vs.
adu lts

• M echan ism  for ch ildhood susceptib ility

rem ains undeterm ined

Ergonul, Clayton,
Fogo, Kohan, 2003

Verotoxin

•A subunit binds 60S
Ribosomes, inhibit protein
synthesis

•5 B subunits binds glycolipid
receptors (gb3) on
surface of colonic epithelium,
endothelium, and WBCs

Sh iga Tox in  and Ce ll In ju ry

M oake , NEJM  2002

H igher R isk HUS

• Antib iotics
• B loody d iarrhea
• Fever, vom iting
• Leukocytosis
• <  5  yo
• fem ales

Course ARF Ch ildhood HUS

• 50%  d ia lys is
• 75%  transfus ions
• 25%  N euro sx ( CVA , sz, com a )
• 3-5%  d ie  in  acute phase
• Long term  rena l dysfunction

com m on
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Res idua l Rena l D isease in
Ch ildhood HUS

• 3-18%  ESRD
• 10-40%  low  GFR , p rote inuria , CRF,

HBP
• Duration  anuria p red icts dysfunction
        7 .5  %  anuria   <  10  days low  GFR
       42 .5%  anuria   >  16  days  low

GFR

Throm botic
throm bocytopen ic  purpura

(TTP)
• Fam ilia l o r acqu ired
• S ing le  ep isode, o r re lapsing
• F:M  3 : 2
• Peak in  3 rd decade
• CNS, other extrarena l s igns often

predom inate (e .g . fever; purpura ; heart
fa ilu re ; lung  edem a; e levated LDH)

• Acute rena l fa ilu re ; m icroang iopath ic
hem o lytic  anem ia ; throm bocytopen ia

                  ADAM TS 13

A d is integrin a nd m eta lloprotease, w ith  TSP-1 -
like  dom ains

                   ( aka  vW F-c learing  protease)
Protease, norm ally  degrades vW F m ultim ers
Defic iency →
              p late lets GP Ibα ↔ vW F m ultim ers
M utations or a utoAb

C riteria  fo r Inc lus ion of TTP Cases

Presence of throm bocytopen ia  &  m icroang iopath ic
hem o lys is

No p laus ib le  causes
No features suggestive  of typ ica l o r atyp ica l HUS
Age >  10  yr

127  Cases in  4  yrs –  A ll severe ADAM TS
13 defic ient

Tsa i H -M . JASN  14 : 1072-1081 , 2003 .

ADAM TS and TTP

Levy et a l, Nature  2002
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ADAM TS13

• A d is integrin  and m eta lloprotease , w ith  TSP-1 -

like  dom ains

(aka vW F-c learing  protease)

• Protease, norm ally  degrades vW F m ultim ers
• Defic iency →

p late lets G P Ibα ↔ vW F m ultim ers

• M utations or a utoAb

Acce lerated  HTNAnti-phospho lip id  
Antibody syndrom e

HUS
(sh iga  tox in)

A llograft
re jection


