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Stages of chronic renal disease

Stage | Stage |l Stage llI

Kidney damage with Kidney damage| Moderate

normal or N GFR with VGFR
mild V'GFR

130 120 110 100 90 80 O 60 50 40 30 20 15 10 O

Glomerular filtration rate (mL/min/1.73m?)

National Kidney Foundation. Am J Kidney Dis 2002; 39(2 Suppl 1):S1-S266
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Definitions of Microalbuminuria
and Macroalbuminuria

- U o U
Al d CLC U C
Al U C Al U
Urine AER
(ug/min) <20 20 - 200 >200
Urine AER
(ma/24h) <30 30 - 300 >300
Urine albumin/
Cr# ratio < 30 30 - 300 >300
(mg/gm)

AER=AIbumin excretion rate CR#¥ =creatinine




Table 11. Definttion of Chronic Kidney Disease
Criteria

Kidncy damagc for >3 months, as defined by
structural or functional abnormalitics of the
kidney, with or without decrecased GFR,
manifest by efther:

» Pathological abnormalities; or

e Markers of kidney damage, including

abnormalities in the composition of the
blood or urine, or abnormalities in
imaging tests

2. GFR <60 mL/min/1.73 m® for >3 months, with

or without kidnez -EI_EEEE

Methods 10 estimate GFR are discussed in Guideline 4.
Markers of kidney damage are discussed in Guidelines




~ Prevalence of Chronic Kidney
Disease (CKD):

Kidney Failure/End-stage kidney
disease (GFR <15); 400,000

GFR 15-29:
300,000

GFR 30-59;
7.400,000

Kidney damage & GFR 60-83:
5,700,000

Kidney damage & GFR >90:
5,600,000

19 million Americans with CKD L
g million Americans with GFR<g0

Corersh of o J Am Soc Meoheod 2005 1601} 1808
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Table 140. Simplified Classification of Chronic

Kidney Disease by Diagnosis

Disease Ma "!nr TIE'EE ( Exam Eles!

Diabetic Kidney
disease

Nondiabetic Kidney
diseases

Diseases in the
transplant

Type 1 and type 2 diabetes

Glomerular diseases
{autoimmune diseases, systemic
infections, drugs, neoplasia)

Vascular diseases
(large vessel disease, hyper-
tension, microangiopathy)

Tubulointerstitial diseases
{urinary tract infection, stones,
obstruction, drug toxicity)

Cystic diseases
{polycystic kidney disease)

Chronic rejection

Drug toxicity (cyclosporine or
tacrolimus)

Recurrent diseases {glomerular
diseases)

Transplant glomerulopathy



Global Population Trends
2002 - 2050
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¢ nulin (Davies and Shock, 1950)
-l NHANES Ill Estimated GFR (median, 5th, 95th percentiles
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Figure 9 GFR versus age. Estimated GFR percentiles for the US population
using NHANES |1l serum creatinine, age, sex, and race data (see Part 10,
Appendix 2) by age compared to a regression of inulin clearance measurement of
GFR on age among 70 healthy male participants. (Data abstracted from Davies
and Shock [72])




The Rising Tide of Diabetes Worldwide
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=—— No. of patients
=—— Projection
— 95%CI

520,240

281,355

243,524
r:=99.8%
I I I I I I I I I I I

1984 1988 1992 1996 2000 2004 2008

United States Renal Data Sy stem . Annual data report. 2000.




Table 4
Factors Associated with

Accelerated GFR Decline

Nonmodifiable
Male gender, older age, etiology of kidney disease,
African-American ethnicity, and decreased baseline level

of kidney function

Modifiable

Increased levels of proteinuria, decreased serum
albumin, increased blood pressure, poor glycemic
control, and smoking

Source: Reference 1




Table 39. Types and Examples of Risk Factors for Chronic Kidney Disease
Definition Examples
Susceptibility factors  Increase susceptibility to kidney damage  Older age, family history

Initiation factors  Directly initiate kidney damage Diabetes, high blood pressure, autoimmune
diseases, systemic infections, urinary tract
infections, urinary stones, lower urinary fract
obstruction, drug toxicity

Progression factors  Cause worsening kidney damage and Higher level of proteinunia, higher blood
faster decline in kidney function after pressure level, poor glycemic control in
initiation of kidney damage diabetes, smoking




AlapnTtikn Ne@potrabeia kai 2A

HP,COTOR‘IO"I Agvtepomadn
50| TPOAMYN 50| mpoAnym
X 0.04 X p 0.001
= 40 P = 40
o ©
3 S
=
k& 30 £ 30
B &
\ =
g 20 £ 20
('2 <
a =]
z 3
3 10 A 10
0 0
01 2 3 4 5 6 7 8 9 01 2 3 4 5 6 7 8 9
Xpovia, Xpova

® Evruruconpm pévn
® YvuBotikn DCCT. N Eng J Med 1993






ESRD Due to Any Cause
In 332,544 Men Screened for MRFIT
Adjusted Relative Risks

22.1%

Adjusted Relative Risk

Optimal Normal High étage 1 Stage 2 Stage 3 Stagei

Normal N

* p<0.001 Hypertension
Blood Pressure Category

§ Men with optimal blood pressure was the reference category.

Klag MJ, et al. NEJM 1996;334:13-18.
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Hypertension and CKD
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Hypertension and Progression
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Relationship between hypertension and
diabetic nephropathy.

120

90
Incidence Rate
of Proteinuria
per 1,000 Type | 60
)iabetics per Year
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Diastolic BP (mmHg)
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Meta Analysis: Lower Mean BP Results in Slower. Rates of
Decline in GER'In Diabetics and Non-Diabetics

MAP (mmHg)
95 98 101 104 107 110 113 116 119

N N L N R R EE RN R R

T

r=0.69; P<0.05

Untreated

A\

GFR
(mL/min/year)

1
(00
|

130/85 140/90

Bakris GL, et al. Am J Kidney Dis. 2000;36(3):646-661.



Treatment of
Patients with Kidney Disease

S F =Y> s " v
010)s 0 0
<lgm <130/80 2.3
Proteinuria
>lgm - <125/75 3.4
Proteinuria




EVOOOCTTEIPANATIKN «UTTEPTACT»

ACEi dr ARB’s

1 Gosw e Avasa
i NN




Effects of nifedipine and captopril in normotensive type | diabetic
patients with incipient nephropathy.

140
120 |-
Albumin 100
Excretion
Rate 80
(ug/min) g0
After
6 Weeks 40
20
0
Placebo Nifedipine Captopril
n=7 20 mg BID 25 mg BID
n=7 n=8

*p<.05, baseline vs. treatment

Viimran A et al., J Hypertens 1988;6:919-23. “us Baseline  mmm Treatment
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B Placebo
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E¢ENIEN o€ BavarTo,
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N peTapooxeuon (%) 20

10 -

0

T | | ! |

0] 1 2 3 4
MapakoAouBnon (xp)

Collaborative Study Group
*p = 0.006 vs placebo. Lewis EJ etal. N EnglJ Med 1993;329:1456-1462.



Irbesartan vs Amlodipine in AODM

IDNT: Emmidpaon oTnv
aAPTNPICKN TTiEON

Mapéuoia ps?»on ™¢ All

200
:gg 158 T 158
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140 [— [ —— j— p—
»n (S —— — T——
: 120 B APXIKEG TIMEG
1 gg Y16 egpareia
60 87 80 87 29 87 -
40
20
0 - .
Ouada eAéyxou Irbesartan Amlodipine
Méon &6on: 269mg/d Méon d6on: 9.1mg/d
N=569 N=579 N=567

nis E.J. New Enaland J Med. 2001:345:851-860




IDNT — time to dublication of serum
creatinine
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Fig. 6. EPO titers in patients



Prevalence of Anhemia Among Patients With
CKD: Preliminary PAERI Study Results

Hemoglohin
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Dose response of EPO-induced correction of uremic anemia
Slope of the rate of increase in the hematocrit in patients on
maintenance dialvsis given various doses (13 to 200 units/kg) of
ervthropoietin (EPQ) three times per week. The response is fastest at
the highest dose, but a gradual and adeguate rise in hematocrit is
achieved in most patients with 50 units/kg. (Data from Eschbach, Jw,
Faorie .IC Downrnino ME et 3l WM FEFraol | Med 1987 216 7% 1
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Figure 41 Serum phosphorus levels versus GFR (MHAMES 111). Median and Sth and 95th
percentiles of serurm phosphorus among adult participants age 20 years and older in MHAMES
11, 19685 to 1994 Values are adjusted to age 60 years using a polynomial quantile regression.
The estimated GFE for each individual data point is shown with a plus near the abscissa. 95
percent confidence intervals at selected levels of estimated GFE are demarcated with
triangles, squares, and circles.




In 70% of Dialysis Patients, Serum Phosphorus Exceeds 5
mg/dL (hyperphosphatemia)

1.0-2.9 3.0-3.9 4.0-4.9 5.0-5.9 6.0-6.9 7.0-7.9 8.0-8.9 9.0-99 10.0-17.0

Percentage o

0% -

Serum Phosphorus (mg/dL)



Overview of SHPT
pathogenesis

| calcitriol
140
N/

t Phosphorus

PTH




Progression of SHPT:
parathyroid hyperplasia

Single nodule
J vDR |

l
/ \ Nodular

Early ,
nodularity
Secretory Diffuse YW
Normal ceIIs' - — ul
e

T m

Gland volume

Normal PTH » Very high

Continuous functional demand

Adapted, with permission, from Tominaga Y et al. Curr Opin Nephrol Hypertens 1996;5:336-41



N
Osteitis fibrosa Bone biopsy from the iliac crest
showing osteitis fibrosa due to severe secondary
hyperparathyroidism. Left panel: Goldner Masson trichrome
stain shows an increased number of multinucleate
osteoclasts at the resorptive surfaces (arrow) and
extensive bone marrow fibrosis (as shown by the light
blue staining of the marrow) replacing narmal marrow
elements. The increased resorptive activity results ina
thin and scalloped appearance to mineralized trabecular
bone (blue). Right panel: Tetracycline labeling reveals 3
marked increase both in osteoid (orange-red staining) and
in new bone formation (two distinct yellow-green bands
below the majority of orange-red stained osteoid
surfaces). Courtesy of L Darryl Quarles, MD.

Mormal bone Histologic appearance of normal bone. Left
panel: Goldner Masson trichrome stain shows mineralized
lamellar bone in blue and adjacent nonmineralized osteoid
in red-brown. Osteoid usually comprises less than 23
percent of bone surfaces. The cellular area betyween the
osseous structures is the marrow space. Right panel:
Villanueva-stained section viewed under polarized light
following time-spaced tetracycline labeling. Osteoid
appears orange, mineralized bone is green, and
tetracycline markers appear as luminescent vellow-green
bands within bone and beneath osteoid (arrow). The
distinct dual bands represent active mineralized bone
formation. Courtesy of L Darryl Quarles, MD.
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F < 0.001

HMean EBCT Score

No CAD < 50 percent 1 wvessel 2 Yessel & Yessel

Mean EBCT

calcium score L 184 114 637 1043

EBLCT calcium scores correlate with extent of coronary disease
Correlation of electron beam computed tomography (EBCT) calcium scores and
the extent of coronary artery disease (CAD) as determined by angiography. The
EBCT scores generally correlated with the amount of angiographic disease,
with the highest scores in those patients with three-vessel disease by
angiography. Patients with nonischemic cardiomyopathy (no CAD ar <50 percent
by angiography) had the lowest calcium scores. (Data from Budhoff, MJ,
Georgiouw, D, Brody, A, et al, Circulation 1996; 93:595.)




——GF Make

—i- GF Female
&GP Black

—— GF White

—o— Dialysls Mala

1+ Diatysis Female

== Dialy=is Biack

(0 Dialysis Wihite

Annuai Moartality (%)

A5-24 45004 D554 E5-/4 P B »B5

Age {years)
Figure 6 Cardiovascular mortality in the general population (NCHS) and in ESRD treated by

dialysis (USREDS). CVD maortality defined by death due to arrhythmias, cardiomyopathy,
cardiac arrest, myocardial infarction, atherosclerotic heart disease, and pulmonary edema
in the general population {data from MCHS multiple cause mortality data files, ICD-9 caodes
402, 404, 410-414, and 425-429, 1993) compared to ESRD treated by dialvsis {data from
USREDS special data reguest HCFA form 2746, field numbers 22, 26-29, and 31, 1994-19945).
Reprinted with permission [2].
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Venous

Arterial

Fig lli-1. Arterial and ve-
nous pressure monitoring.
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Apparatus for C¥VYHD Diagram of egquipment used far the
performance of cantinuous wenovenous hemodialysis (CWYHD) ar slow
continuous hemodialysis. &: Double-lumen subclavian catheter; B:
Blood pump; C: Venous bubble trap; D: Dialyser; E: Air embolus
detector; F: Venous pressure monitor; G: Heparin infusion; H: Dialysate
infusion pump; |I: Dialysate collection bag; J: Saline infusion; K:
Dialysate; L: Constricting clamp. (Reproduced with permission from
Tam PY-w, Huraib S, Mahan B, et al. Clin Nephraol 1988; Z0:79).
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Survival on dialysis according to site and disease Five year
patient survival rates after the institution of maintenance hemodialysis in
the United States i(from the US Renal Data System), Europe (from the
European Dialvsis and Transplant Association), Japan, and Tassin, France.
survival was lowest in the United States and highest in nondiabetics and in
Tassin where the patients were more intensively dialyzed. (Data from Hull,
AR, Parker, TF 111, Am Jd Kidney Dis 1990; 13:2373, and Charra, B, Calemard,
E, Ruffet, M, et al, Kidney Int 1992 41:1286.)




— Glomerulonephitis
—— Other cause

— Hypertension
— = Diabetes

Fercent alive

12 24 36 48
Months since onset of ESRD (after 90 days)

Dialysis patient survival estimates by patient age kaplan-
Meier survival curves (log scale) starting at day 91 following the onset
of end-stage renal disease and censored at first transplant. The
incident cohort is 1984, and the results are adjusted for the age, race,
and sex characteristics of the 1992 incident cohort. Survival is highest
in patients with glomerulonephritis and lowest in those with diabetes
mellitus. (Data from the USEDS 1995 Annual Data Beport).
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Dr. Murray, Brigham and WWomen's Hospital, Boston,
MA, USA
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YTTEPOCEIO aTTOPPIYN

lmmunofluorescence microscopy in hyperacute
Fejection showing extensive fibrin deposition in a
glaomerulus {right) and in the vascular wall and lumen
af an artery (left). The arterial lumen is markedly

ed due to intraluminal fibrin deposition.
Courtesy of Helmut Rennke, MD.
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A.[:ute 'U'EIS[:LIlEIr renal transplant rejection Ac u’rn-
vascular rejection in a renal transplant. Note that the
inflammatory infiltrate is limited to the expanded intima,
and does not involve the entire vascular wall as
systemic vasculitis. Courtesy of Helmut Eennke, MD.
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A[:ute [:EIIuIar renal transplant rejection Acute
cellular rejection in a renal transplant shows diffuse
interstitial infiltrate of mononuclear cells, some af which
are actively invading the tubules (arrow). Courtesy of Helmut
Fennke, MD.
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Chronic renal transplant rejection Light
micrograph of an intermediate stage of chronic vwascular
rejection in an interlobular artery. The arterial lumen is
narrowed by marked subintimal thickening with loose

). Courtesy of Helmut Eennke, MD.
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HLA mismatches and renal graft survival Five-Year graft survival
tcolumns) and the half-life of graft survival after the first year (line) in
cyclosporine-treated cadaver recipients gradually decline with an increasing
number of HLA-4,6.DFR mismatches. The total number of patients exceeded
Z0,000, anly 1928 of whom had O or 1 mi 15, suishi, ¥,
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AITIO ATTWAEIAC UOOXEUUATWY.

M Rejection (685)
M Death (394)

M Thrombosis (57)

M Recurrent Disease (37)
M Primary Nonfunction (34)

W Other (40)




AlTia BavVATOU JETOPOOXEUMEVIDV.
VEQPPOTTAB WV

7%

M Infection (271)
W Cardiac (194)
M Cancer (70)
MCVA (42)

M Vascular (23)
W Pulmonary (24)
W GI(26)

B Other (99)

M Unknown (57)

24%






