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Functional Unit of the Kidneys:

The Nephron

[PROXIMAL TUBULE |

Water, Sodium, Potassium,
Glucose, Amino acids,

RENAL GLOMERULUS

Filtration = 125 mlLimin
Filtraie includes all solutes in plasma except plasma proteins

Small Proteins,
Phosphorus, Chloride
Bicarbonate. Urea
Calcium

Secretes:
Hydrogen, Ammonia,
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The three basic renal processes

Glomerular filtration
Tubular reabsorption
Tubular secretion

GFR is very high: ~180l/day. Lots
of opportunity to precisely
regulate ECF composition and get
rid of unwanted substances.

N.B. it is the ECF that is being
regulated, NOT the urine.
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Khronic Kidney Disease (CKD) ﬁé’nwmzaﬂ'm‘lmamwﬁxx

1. Aadnf >3 ifiau (eGFR Aalnfindalifle)
1.1 Andnd > 2a59 u 3 1Hau

1.1.1 albuminuria
albumin excretion rate (AER) >30mg/24h w32
albumin-to-creatinine ratio (ACR) >30mg/g

1.1.2 asrawudiaidaauavluildadndz(hematuria)

1.1.3 electrolyte Anlné (Vialaiailng)

1.1.4 Anndinie 598381 130 TASIE5 / wensdnw

1.1.5 Us=Adnndnlanangla
\2. eGFR <60ml/min/1.73m2 >3ifian + maz‘Lmﬁmﬂna/

Definition of CKD

- Either of the following present for > 3 months

1.Kidney damage
- Albuminuria ( AER = 30 mg/24 hours; ACR = 30 mg/g)
- Urine sediment abnormalities
- Electrolyte and other abnormalities due to tubular disorders
- Abnormalities detected by histology
- Stuctural abnormalities detected by imaging
- History of kidney transplantation

2. GFR < 60 ml/mim/1.73m2 (> 3 mths)

KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of
ChronicKidney Disease

VOLUME 3 | ISSUE 1| JANUARY 2013

http:/ fwww. kidney-intemational org
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estimated Glomerular Filtration Rate (eGFR)
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GFR (Glomerular Filtration Rate)
- fnsnsnsavaauidaniiiun lnaanuihnirildgnzuazldiiuain

m‘smom‘naq'lm
:Gold standard:Inulin clearance, Isotope clearance

eGFR (estimated Glomerular Filtration Rate )
mmnﬂmmmmnmsmmmmLuJ*s @1 serum marker
‘LuLaam LW LLaua'mma\mﬂ'mT'sﬂ”lmLsaso

* A1Und 100 — 120 ua.siaulvi (nseil lavinau 100%)
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estimated Glomerular Filtration Rate (eGFR)
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eGFR equation (CKD-EPI)

g5 mIn eGFR ( CKD-EPI) duffu @ creatinine uazine

Sex

Serum creatinine
(mg/dl)

Equation for estimating GFR

Female

<07 144 x (Scr/0.7) 0329 (0.993)As

[x 1.159 if black]

>0.7 144 x (Scr/0.7)129 (0.993)Aee

[x 1.159 if black]

<0.9 141 x (Scr/0.9)0411(0.993)Aee

[x 1.159 if black]

141 x (Scr/0.9)12% (0.993)Ase

[x 1.159 if black]

eGFR Interpretation (fnanTsa lawvivlsandne)

CKD Stages eGFR

( ml/min/1.73 m2)

AleNN

svaeit 1 > 90

Unfiviags

60-89

anavlaniay

45-59

anadldniay 8y drunay

30-44

anaviiunai fiv 1in

15-29

GI2GANRN

<15

Ienaszasgaving
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BAMEASNARADURA INFECTIOUS DISEASES INSTITUTE ey aniiadiin Ing 0-2s90-3550-51

MEDICAL TECHNOLOGY SECTION 1 ) adurumadlamuvmé yomduwung

CHEMISTRY LABORATOR Y - — 126 euuftonanl o Imaonyd 1000

Patient Name Recept Date & Time : 16/07/2016 05:32:456
Angthewin ICU 42

Glucose
BUN

Creatinine 2 mg/ Enzymatc color

eGFR(CKD-EPI) 27.05 (Stage 4) vin/1 . 73m "2
eGFR(Schwartz,éin < 12 1)) - mUmin/1.73m "2

eGFR(CKD-EPI) 27.05 (Staged) mUmn1 73m"2

eGFR(Schwanz \fin < 13 ﬂ) mUmin/1. 73m~2

Requested By Dactor ugwg sewwnd Repored 8 - umArmamesn Wela  Apooved By 0 waaraamsmm Welad
Cnvalanizeny'n
Requested Date 3 Time:  1507/2015 15:42.00 Reported Dste 8 Time 1607/2015

fmratn1ssenunas UACR

EAMEASHAR ADTE A INFEC TIOUS DI SE ASES INSTITUTE = 8 anundinaim s 0-2500-3550-51
MEDICAL TECHNOLOGY SECTION ( nduaumalamamnd aouhemu nes
CHEMI! - -

Patient b 063341

Result Reference Rang Unit
LDL-Cholesteral Enzymatic
Triglyceride rgfdl GPO-PAP
Urine Albumin mgil BROM CRESOL
GREEN
Urine Creatinine 80,71 mgil Kinetic

Urine Microalbumin (Urine A lbumin 7.4 mgiy Calculate

to Creatinine Ratio : UACR )

Urine microalbumin 7.4 < 30 mg/g
(Urine Albumin to Creatinine ratio : UACR)




Reporting System

6 HIS
- s

Calculated
Automate analyzer - eGFR
~OLERIEEID | - eGFR

- UPCR
. - UPCR
Creatinine - Microalbumin(UACR)

; - Microalbumin (UACR
Protein ( ) FeP

- FeP
Phosphate TmP/GER

Microalbumin - TmP/G.-FR Cystatin C
Cystatin C - Cystatin C

* verify/approved*

duudihedndaiaelad (s18) 61 eGFR uusiasseiy
luil 2557

No.of case

5000

4000

3000

eGFR stage

Stage$
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Conceptual model of CKD

© Kidney disease Duration <3 months=acute
Duration >3 months=chronic

" Acutekidney injury  Change within 1 week

Definition of CKD

Abnormalities of kidney structure or function, present
for 3 months

Markers of kidney ¢ Albuminuria (AER230 mg/24hrs; ACR230 mg/g)

damage (one or more) | * Urine sediment abnormalities

* Electrolyte and other abnormalities due to tubular
disorders

* Abnormalities detected by histology

¢ Structural abnormalities detected by imaging

* History of kidney transplantation

Decreased GFR GFR=60 ml/min/1.73 m? (GFR categories G3a—G5)
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Classification of CKD: CGA system

C: Cause
G: GFR category

A: Albuminuria category

Classification of CKD: CGA system

GFR Category | GFR (ml/min/1.73 m?2)

AG1 >90 Normal or High

G2 60-89 Mildly decreased*

G3a 45-59 Mildly to moderately decreased
G3b 30-44 Moderately to severely decreased
G4 15-29 Severely decreased

G5 <15 Kidney failure

Abbreviations: GFR = glomerular filtration rate
*In the absence of evidence of kidney disease, neither G1 or G2 fulfill the criteria for CKD
"Relative to young adult level




Classification of CKD: CGA system

Albuminuria Categories in Chronic Kidney Disease (CKD)

ACR (approximate equivalent)
Category AER Terms
(mg/24 hours) (mg/ml) (mg/g)
<3 <30

A1 <30 Normal to mildly increased
A2 30-300 3-30 30-300 Moderately increased*
A3 >300 >30 >300 Severely increased**

Abbreviations: AER=albumin excretion rate; ACR=albumin-to-creatinine ratio
“Relative to young adult level

**Including nephrotic syndrome (albumin excretion usually >2200 mg/24 hours [ACR > 2200 mg/g; > 220 mg/mmol]

Prognosis of Chronic Kidney Disease based on GFR

and Albumin Categories

19199 3 wennTailsalaEefmnuanuduiuiues GFR uazszAudayiululaane

szavanuiiulutlannag
Al A2 A3
<30 mg/g 30-300 me/g >300 meg/g
<3 mg/mmol | 3-30 mg/mmol | >30 mg/mmaol

seuzaadlsalalEay sz 1 > 90
AUTTAU GFR
(ml/min/l.73m2)

ssu:ﬁ 2 60-89

53&::17} 3a 45-59

szﬂxﬁ 3b 30-44

szugﬁ 4 15-29

52059 5 <15

(37 KDIGO 2012)

B sovidesin [ |eosidenhunans [ ] eowidesas [ eon@ecgennn
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Cause of ESRD

Other Urologic Other/unknown causes
Diseases 16%
(including stones)

2%
Cystic kidney — -

5% {

Glomerulonephritis )\

15%

| Diabetes
38%

High blood pressure
24%

USRDS 2011

Diabetic Kidney Disease

08/11/58
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Incipient
) |
g ,=l 5000 §
ES 2
= E 1000 &
5z 5
(=] 20 =

Proteinuria, nephrotic
syndrome, GFR |

Mesangial nodules
(Kimmelstiel-Wilson lesions),
| tubulointerstitial fibrosis

© 2003, Elsevier Limited. All rights reserved.

12



o
Normo- A’ Sustained

albuminuria Neormealbuminuria

sruzaatidhilsawm
30% 50% nisArURM ALt AR IR sau el

ladavadugnesy

v
Micro- 30% Sustained

——

albuminuria Microalbuminuria
nismauRuszAuAudulainlfumnzamitald

nisRIURNTEA LT AR AN zan Tl

v

Overt

proteinuria

nismauRussAuAiulainlfumzanitall

v

End-stage

kidney disease

;,szf;‘f’r' 1 msaniulsaluszossig uazUedvdaauasuiavelsalaes o

e I No nephropathy I —_—
1.4%
2.0% (1.3% to 1.5%)
(1.9% to 2.2%)
0% 0 10/0-t10°/°0 v Microalbuminuria _—
0.0% t0 0.1%)] | ——— =" — 3.0%
2.8% (2.6% to 3.4%)
(2.5% to 3.2%)
M =
v Macroalbuminuria —_—
0.3% 4.6%
(0.1% to 0.4%) l 2.3% (3.6% 10 5.7%)
(1.5% to 3.0%)
L ‘ _—
> Elevated plasma creatinine or
Renal replacement therapy 19.9%

(14.0% to 24.4%)

Fig. 1. Annual transition rates with 953% confidence intervals through the stages of nephropathy and to death from any cause.

Kidney International, Vol. 63 (2003), pp. 225-232

I—H>»mog
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Natural History of Diabetic Nephropathy

Designation | Characteristics GFR Albumin Blood  [chronology
(minimum)| Excretion Pressure
Hyperfunction|  Glomerular Increased May Type 1 normal| present at
Stage 1 and hyperfiltration | in type 1 Be Type 2 normal| time of
hypertrophy and type 2| Increased [hypertension | diagnosis
Thickend BM Type 1 normal(Type 1 normal| ;4 ¢
Stage 2| Silentstage | Expanded Normal [TYPe 2 may be|Type 2 normal years
mesangium <?‘?g:l’3° hypertension
Type 1
GFR
Incipient 30-300 increased 6-15
Stage 3 stage Microalbuminuria I:: L?ls mgld Type 2 normal|  years
hypertension
Overt diabetic inuri GFR . 15-25
Stage 4 Hephropathy Macroalbuminurial below N | >300mgid |Hypertension| years
Stage 5|  Uremic ESRD 0-10 | Decreasing |Hypertension 52;::2

Prognosis of Chronic Kidney Disease based on GFR

and Albumin Categories

19199 3 wennTailsalaEefmnuanuduiuiues GFR uazszAudayiululaane

szavanuiiulutlannag
Al A2 A3
<30 mg/g 30-300 mg/g >300 meg/g
3-30 mg/mmol | >30 mg/mmol

<3 mg/mmol

seuzaadlsalalEay sz 1 > 90
AUTTAU GFR
(ml/min/l.'f?:mz)

s:u:ﬁ 2 60-89

5zﬂ:i7i 3a 45-59

zal:?'l 3b 30-44

ssugﬁ 4 15-29

52059 5 <15

(37 KDIGO 2012)

B sovidesin [ |eosidenhunans [ ] eowidesas [ eon@ecgennn
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Clinical of DKD in DM type1and 2

DM type 1 DM type 2
Onset 10-30 years after the Microalbuminuria, proteinuria
diagnosis of DM and HT not pathognomonic for
DN
Clinically silent for an
average of 16 years May occur in the absence of DR
(30%)

Microalbuminuria is the first
clinical evidence Clinical course less predictable
than for DM type 1

Proteinuria and HT
accompany the loss of renal Associated with increase risk of
function CVvD

Associated with increase in
the risk of CVD

Progression of microalbuminuria to nephropathy

Typical progression of diabetic nephropathy

Diabetes
onset
120
Appearance of
- microalbuminuria
E = 1004 = . 2 1
- @a 1
= E 804 Diabetes
= m diagnosis
=~
5% %7
s E [E570
g £ 40-
S E
(€]
20+
0 T T T T T 1
5 10 15 20 25 30

Years from diabetes onset

15



Clinical clues for diagnosis

History of Diabetes over 10 years

History of Diabetic kidney disease in family
Accelerated high blood pressure

Diabetic retinopathy

Enlarge kidney size (in CKD)
Microalbuminuria

Heavy proteinuria in impaired kidney function

DKD: Screening

How?
7 Urine albumin-to-creatinine ratio (ACR)
2 Serum Cr (and eGFR)

? At least every year

Who?
7 Type 1 diabetes patients with > 5 yrs duration
2 All type 2 diabetes patients

08/11/58
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DKD: Treatment

Hyperglycemia
= Glomerular hypertension

Glycemic control
HbAlc < 7%

Low protein diet 0.8 g/kg/d

BP < 130/80 mmHg
RAS inhibitors

| Renal Pathological Changes

Proteinuria

Urinary protein < 1 g/d

DKD: Treatment

Hyperglycemia
R Glomerular hypertension

Glycemic control
HbAlc < 7%

Low protein diet 0.8 g/kg/d

BP < 130/80 mmHg
RAS inhibitors

Lipid control
Stop smoking
Weight reduction

08/11/58
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Hypertension and Kidney

Cause of ESRD

Other Urologic Other/unknown causes
Diseases 16% =5
(including stones)

2%
Cystic kidney —F
5%

\

Glomerulonephritis /

15%

| Diabetes
38%

High blood pressure
24%

USRDS 2011

18



Age-adjusted relative risk

ESRD and Blood pressure

Optimal Normal

120-129

High-
<120 (not Normal
optimal) 130-139

Stage 1

20|
15
10
. |
0_|-|-|-| | |

Stage 2 Stage3 Stage 4
140-159 160-179 180-209

>210

=i \ = 9 = ) a - & = = o w
M9 5 Branafuuztilumsianmanudiulain GFR wieluusatonluden e Ywaunsndeauainns

litnnau ACEIs wio ARBs ufihtlsalaidota

Aiisald
Araueulafindalada (mrmHg) > 120 110 - 119 <110
GFR (mU/min/1.73m’) >60 30 - 59 <30
GFR Flanadlutausn (%) <15 15 - 30 > 30
syaulUunadasludon (mmol/L) <45 4.6-50 >5
dranafiuuzirlumsiny
w§ndulden Wiodiunnne 4-12 fam 2-4 §Uai < 2 §Uami
nasnammdulaiaiatimung uag 6-12 \fiou 26 iy 1-3 (fiou
TuIALIAN
<140/90 or <130/80

08/11/58
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CKD care

CKD clinic model

20



OPD CKD clinic

CKD patient

OPD care

M3 Ingudnu

= a =)
NUFHIVIIBIBN

Time to follow up

Persistent albuminuria categories
Description and range

Guide to Frequency of Monitoring
(number of times per year) by
GFR and Albuminuria Category

A1 A2 A3
No"::":l o Moderately Severely
_mi ly increased increased
increased

<30 mg/g 30-300 mg/g =300 mg/g
<3 mg/mmol |3-30 mg/mmol | >30mg/mmol

G1 Normal or high

Zm _

G2 | Mildly decreased 6

Mildly to moderately

Gap | Moderately to 30-44
severely decreased
G4 | Severely decreased 15-29

GFR categories (ml/min/1.73 m?)
Description and range

G5 | Kidney failure

<15

08/11/58
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Indictors for CKD treatment

” a

fum “acute factor” Wi laviaanas

Lifestyle modification
2 BMI

7 Exercise

2 Stop smoking

Diet
? Na<2g/day, NaCl 5 g/day

2 Protein intake 0.8 g/kg/day
7 Avoid saturated fat

HbAlc < 7%

Indictors for CKD treatment

BP 130/80 mmHg, 120/75 mmHg in Uprot >1 g/d
Control proteinuria (<0.5 g/day)
Bicarbonate > 23 mEq/L

LDL cholesterol < 100 mg/dL

08/11/58
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Sodium intake and Kidney progression

High salt intake ’—
N
N vascular  g—r ! N tubular cell
injury injury
N CKD progression }(—

Dietary protein intake

arsoms llsauuudhinme = arsens llsauiignmraiguiesniniinie
PSinwas nitrogen vudh = YSinaas nitrogen aieen (NO)

Dietary protein-N = Urine urea-N + total non-urea-N
(protein 100g & N 16g)

Dietary protein intake (DPI) = 6.25x [dietary protein-N]
=6.25 x [urine urea-N] + 0.031[BW]

08/11/58
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Protein intake and CKD

>

go] e Usual Protein Diet
= Low Protein Diet

70 1.1 ¢/kg/d

g/kg/d

Cumulative Incidence (%)

0 24 48 72 96 120 144
Follow-Up Time (Months)

Levey AS. Am J Kidney Dis 48:879-888.
(MDRD study)

Cumulative Incidence (%) @

Protein intake and mortality

"""" Usual Protein Diet
— Low Protein Diet 1.3|g/kg/d

(74) , griptrre
”
o’

.5B g/kg/d

24 a8 72 96 120 144
Follow-Up Time (Months)

Levey AS. Am J Kidney Dis 48:879-888.
(MDRD study)

08/11/58
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Study (Reference) Yl

Patients,

Ihle etal. (7) 1989
Rosman et al. (6) 1989
Locatelli et al. (8) 1991
Williams et al. (3) 1991
Klahr et al. (2) 1994

Total

B4
248
456

80
585

1413

: Favors Low Protein Diet

Meta-analysis: LPD in non-diabetes

Favors Usual Diet

‘2P = 0.007

0.1

02

Risk Ratio

I

T T T

5 10

Pedrini MT. Ann Intern Med. 1996;124:627-632.

Study (Reference)

Year Pafients, n

Meta-analysis: LPD in DKD

Ciavarella et al. (11) 1987
Barsofti et al, (14) 1988
Walker et al. (15) 1988
Zeller et al. (12) 1991
Dullaart et al. (13) 1993

Total

Favors Low Protein Diet

Favors Usual Diet
16 .
8 -
19 PR S — =
35 TR | P X
30 . ;
108 ———— 2=357  12P=000036
01 02 05 1 5 10
Risk Ratio

Pedrini MT. Ann Intern Med. 1996;124:627-632.
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Indictors for CKD clinic

I [

185umsilsziiu UPCR 100%
I@sumslsziivguamaia 100%
I85umsithsoueusy educational class lwirdesiay asu 100%
fisasamasves UPCR > 50% v1n baseline 90%
BP < 130/80 mmHg 80%
1¥5uomngu ACEI wie ARB Tudi liifidoriu 100%
Athewmuiim HbAlc < 7% 90%
fiheiian LDL cholesterol < 100 mg/dL 80%
fihefiszdu hemoglobin > 10 g/dL 90%
fiheiish serum phosphate < 4.5 mg/L 80%
#ihofis PTH eglunasind 80%
fiholgsumasion AVF wiounouisy HD 80%

08/11/58
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