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Foamy Urine & Proteinuria
CNMEEREKEENE-EENREELR
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- Tamm-Horsfall protein (Loop of Henle_t 57 4 i 43 4 BMucoprotein)
» Albumin (~20%) (65,000 Daltons)

=

- /b &Immnuoglobulin light chain & R2-microglobulin
IERKREBRE
- Total protein <150mg/24hr & albumin < 30mg/24hr

Reference: EEBE it £_+—% FH ERREMEEERFR (2003)



Reduced kidney function and MAU are risk factors
for cardiovascular death
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Reference: Hallan S, et al. Association of kidney function and albuminuria with cardiovascular
mortality in older vs younger individuals: The HUNT Il Study. Arch Intern Med 2007;167:2490-6.



ESH/ESC guideline recommendation: tests for MAU are widely
available and relatively inexpensive and highly predictive

Availability, prognostic value and cost of some markers of organ damage
(scored from 0 to 4 pluses)

Markers CV predictive value Availability Cost
Electrocardiography ++ ++++ +
Echocardiography +++ +++ +4+
Carotid intima-media thickness +++ +4++ ++
Arterial stiffness (pulse wave velocity) +++ + ++
Ankle-Brachial index 4+ 44 +
Coronary calcium content + 1441
Cardiac/vascular tissue composition ? ++
Circulatory collagen markers ? ++
Endothelial dysfunction ++ PR
Cerebral lacunae/white matter lesions ? ++ +H++
Est. glomerular filtration rate or
creatinine clearance R T +
Microalbuminuria +++ ++++ +




Categories of CKD in KDIGO 2012

Persistent albuminuria categories
Description and range
Al A2 A3
Prognosis of CKD by GFR
and Albuminuria Categories: Normal to Moderately Severaly
mmiildhy - .
KDIGO 2012 incraased increased increased
Microalbuminuria| Macroalbuminufa
<30 mg/g 30-300 mg'g =300 ma'g
=3 mg/mmol 3-30 mg'mimol =30 mig'mmao

HE G1 Normal or high =80

o

M~ @ g

- E’l G2 Mildly decreased 60-89

EC

ET Mildly to moderately

= = G3a | jecreased 4559

— C

w0 Moderately to

L= 30-44

'_u' o G3b severely decreased

g9

E 8 G4 Severely decreased 15-28

o

Ll‘.:il- G5 Kidney failure <15

ither markers of kidney disease, no CKD); Yellow: moderately increased risk: Oranae: high risk; F

KDIGO Clinical Practice Guideline for Chronic Kidney disease 2012



AERKMWEERARRE ?

- Transient proteinuria (or physiologic proteinuria)
- RAEREE/NKEBEINE N EAEhemodynamic changei& i,
- R Rfever, BE)#%, CHF (venous congestion),[2& B % 154&B 1 &
- #PR1Z B E[O18 & Urine daily protein loss @& /it 1 g/d

- Postural proteinuria
- 2%~5%FVF - 30REBZHFEHEK
- BIIRE4E - X Horthostatic proteinuria
- OJEEMEH © B Y7 norepinephrine & AT-11 3& 0
- EHE<1g/d




Classification of Proteinuria

Categories
Normal to mildly Moderately Severely

Measure increased increased increased
AER {mgf 24 h) = 30 30300 = 300
PER (mg/24 h) =150 150-500 =500
ACR microalbuminuria macroalbuminuria

(mg/mmol) <3 330 =30

(mag/g) < 30 30-300 =300
PCR

(mg/mmol) <15 15-50 =50

(mg/g) =150 150-500 =500
Protein reagent  Negative to trace Trace to + + or greater
strip

Reference: KDIGO Clinical Practice Guideline for the Management of BP in CKD (2012)



Pk & ARV

- Urinalysis (dipstick, 2EE=3%)

- 1+ 30mg/dL, 2+ 100mg/dL,3+ 300mg/dL, 4+ 1~2g/dL
- Se 32~46%, Sp 97~100%
HeEflAlbumin; E—XKEH>300~500mg/dA & (+)
+ 30mg/dL = 30mg/100ml x 1000~1500 ml(fRE&— KR =) = 300~450mg
—B 548 Positive i 2 & ZMacroalbuminuria(>300mg/day)

#A R HA{EIDiabetic kidney diseaseB9IMicroalbuminuria (30~300mg/d)
- FEMicroalbuminurialfs 58 FIACEI/ARBB # = (i Z=DKD/IE & B INBE 21k

False positive

- Sp. gravity >1.020 (X&) or Urine Ph >7 or pyuria/hematuria
- 24hrA FH 28 = 1 58 S T

False negative

- Sp. gravity <1.005 (X#) or Urine Ph X1&(ex: <5.0)

Reference: EEBZ2MH F_1T—% H1\H FHKEMEBSEAK (2003)



Pk & B RYte e

- EEEAERHIEEIRMicroalbuminuria

- 24 hr urine total protein/albumin & creatinine
- Gold standard & avoid circadian variation & o8& f&protein
- 124 =" empty to empty” (FRIREBRIEEFREESZF, 45 R B BEFK BEEZ,F)
- EEREARVEZRER  AAEEZRINBMEEMEENRKRR -
- BARZBEIER & WERES L

- BRFE : Htotal urine Cr - ¥IEBEBWBIF AT (CrEE: <50y/0, B
20~25mg/kg/d & & 15~20mg/kg/d; >50y/o 10~20mg/kg/d)

Reference: DOQI Clinical Practice Guidelines for CKD (2002)



Pk & B RYte e

- Spot urine albumin/creatinine ratio (ACR) or PCR

- Spot urine ACR: Urine Albumin/urine Cr

- ACR=24hrs urine albumin BXII}$24hrs urine crig>1g

- BERWRERBIRINBEELL(PCR )EENZR L Zm A—XFELE1000mg LEL BT IS
FREISSEIERERS

- IRERZ - —RBFERALERETR olgE= = #828 1000 mg

> ACR(PCR)&fE ¥ — KB e & FFEBE L RYAlbumin(protein)

- f28iEE/\ PCR RIES1h

- BUBRSE—FK - 0liS2IZMF 4R - R EREEEEBIRNENESE




Classification of Persistent proteinuria

- Secretory(or situational) & TubularE 7 < 2g/d
- >2g/d = Z&Eglomerular or overflow

Normal Overflow Glomarular Tubular Secreted
e.g. Bence-Jones e.g. albuminuria e.qg. iz or a
proteinuna microglobulinuria ‘T'arnm Horsfall

proteinuria

Reference: Brenner & Rector’s The Kidney, 10th ed. Ch. 31



Persistent pathological proteinuria

Types

Types of urine proteins

Glomerular

proteinuria

Albumin, large molecules (= 68 kD) :
transferrin, anti-thrombin,
immunoglobulin G

Tubular
proteinuria

LMW (£ 25 KD) proteinuria:

a,-microglobulin (A1M) or retinol-
binding protein (RBP), [32-
microglobulin (B2M)

Overflow
proteinuria

immunoglobulin light chains (Bence-
Jones protein), hemoglobinuria,
myoglobiuria, lysozyme




Tubular proteinuria

- Tubularinterstitial disease or tubular injury/dysfunction
- Acute hypersensitivity interstitial nephritis(ATIN)
- NSAID, antibiotics
- Gouty nephropathy
- Heavy metals
- Sick cell disease

- Fanconi syndrome(proximal tubule injury; congenital, drug toxicity,
heavy metals)



Overflow proteinuria

- Overproduction of immunoglobulin light chains, myoglobin,
hemoglobulin
- Multiple myeloma
- Amyloidosis
- Hemoglobinuria
- Myoglobinuria



Glomerular Disease

- ESRD In Taiwan (2011)
- Causes: 1st DKD, 2nd GN, 3rd Hypertensive nephropathy

- Glomerular disease: a spectrum of disease groups

- Nephrotic syndrome vs Nephritic syndrome

- BIRIEFRIREIRE FAYE 7 (proteinura/hematuria/HTN/GFR
decreasing)

- REB#H#IKERRI TR MESyndromeI3RIR



Glomerular Disease Classifcation

- Nephrotic syndrome (/NEKFEE £

S ERKRBEN B

- Nephritic syndrome (/\Ek2§3% + SHMEEERMR
- Proteinuriazk ZNephrotic level > Subnephrotic proteinuria <3.5g/d
- ERIFSME & U/A gross/microscopic hematuria (+/- RBC cast)
- E—RAAdysmorphic RBC & AKI(t1B] K iE) & TIGEBWBC cast

Reference: Brenner & Rector’s The Kidney, 10th ed. Ch. 32

")

EF: Proteinuria>3.5g/d & Alb<3.5mg/dL & edema/dyslipidemia
BROSME & UAEESEHRMB|AERBC & RD—RIIBIMBAKI
ERMEAXZ > malnutrition & immune compromised (Ig loss)
MARAT-ILREMITE MEF - thrombosis risk (~25%)

AEJIV)



- k5% IE:1gA nephropathy, MCD, membranous GN, FSGS,
MPGN

- IBERER - RPGN, CGN
- MH[EE R Ol iE A A [E) R
- NSAID: MCD, membranous GN
- HERETHARRRESA
- membranous GN:NSAID,HBV, SLE, malignancy




Endothelium X &7 4 i@

RZEIGNRILHEL
GNiSEL R AMRRE /N K
4+ F 2L = “Proliferative”

Mesangial cell
7% i M= B B A AR
FE2FILEZEMIGN

= Mesangioproliferative

c

Podocyte (= Epithelium)F1/A 52 4 i Cresent = H LR EGNAS
P BMP@ER= “Membranous”[& 12 B AT A A

Membranous > & 57 (#&38:3%) EEMEEPHNRES(EKRE
Membranoproliferative = P+ & =k %RPGNj

Reference: Brenner & Rector’s The Kidnev. 10th ed. Ch. 22



Clinical presentation
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Asymptomatic

proteinuria or

hematuria
~

Pathological change

Minimal change nephropathy
- Al - ,'.: 2 .

|diopathic children

NSAID related

Idiopathic

HIV infection

06 01

Idiopathic

Malignancy

SLE
Hepatitis B
Gold, penicillamine

Secondary

Mesangial

Idiopathic

Hepatitis C

expansion

Secondary Cryoglobulinemia

into capillaries

SLE
Partial lipodystrophy

Lt



* Can occur with most
glomerulonephiitis excapt
minimal change and
crescentic change

Membranous nephropathy

expansion
into capillaries

Malignancy
SLE

Hepatitiz B
Gold, penicillaming

Hepatitis C
Cryoglobulinemia
SLE

Partial lipodystrophy

Vasculitis restricted to kidneys

—a With cxtrarcnal discaseo




Nephritic Syndrome
RBRES ER B REEES

- Pauci-immune, minimal staining (8 BBRZE = YR E)
- ANCA (Anti-Neutrophil Cytoplasmic Antibody) (+)
- GPA = Wegener's, EGPA = Churg-Strauss, Microscopic polyangiitis
- Linear staining (#RikZE X E)
- Anti-GBM disease, Goodpasture syndrome
- Granular staining (BEMIARE R E)
- OJPIIBECS level 2 B A > BE B2 Bisystemic vs renal-limited

Reference: Brenner & Rector’s The Kidney, 10th ed. Ch. 32



Nephritic Syndrome

- RREA DB AENRE/MEE D
- Pauci-immune, minimal staining CE BBERZE Yt E)
- IEEBBGNRI40~45% (FE 3 AN) & BElZLIRPGNTRIR & O] gEff M
- ANCA (Anti-Neutrophil Cytoplasmic Antibody) (+)

- BEEEIREAANCA (+), BEBESIKRAR; C3ICAESE LI&R:
- Trigger factors: bacterial infection, dru i i
99 ' » rig (W/C-CIP/P)

- B REY) B Shydralazine, allopurinol, contaminated cocaine

ANCA-associated Vasculitis (GPA = ' ‘egener’s, EGPA = hurg-Strauss)

Disease Granuloma | Renal | Pulmonary | Asthma | Ab type | ANCA(+)
Granulomatosis with c-ANCA
polyangiitis (GPA) (+) 80% | 90%(+ENT) () (anti-PR3) 90%
Eosinophilic GPA (+) 45% 70% (+) JANCA 50%
Microscopic (anti-MPO)
polyangiitis () 90% 50% (-) 70%

Reference: Brenner & Rector’s The Kidney, 10th ed. Ch. 32



Nephritic Syndrome

- A EBPGNAY~15% (FEHA) & B2 ARPGNTRIR & ol gk & [
- Anti-GBM (Anti-Glomerular Basement membrane Antibody) (+)
- BN BENREEERIIARR; ABRHEIAEME, C3/C4ERE
- RPGN/Acute GN +/- Lung hemorrhage
- Medical emergency (RPGN + IZMZFZEZfH L & CIEETEE)
- Need early diagnosis (ex: biopsy) & treatment (ex: plasmaphresis)
- BIEHEBRANCA-associated vasculitis & Anti-GBM disease
- HAth: systemic vasculitis in SLE, uremic bleeding with pulm. edema

Anti-GBM Disease (young male, 5~40 y/o, M:F 6:1)

Disease GN Lung hemorrhage | Anti-GBM Ab
Goodpasture’s (+) (+) (+)
Anti-GBM disease (+) () (+)

Reference: Brenner & Rector’s The Kidney, 10th ed. Ch. 32



Nephritic Syndrome

- Granular staining (AR = R E)
- 1 ZEBBGNRI40~45 % (P55 A\) & variable pres

entation

- Immune complex disease (IC disease, B #IkAAIC deposition)
- OJPIIECS level 2 B A > BF B2 Bisystemic vs renal-limited

Immune Complex Disease

Low C3 (“CLIP-SM” + C) Normal C3

Systemic Renal-limited Systemic | Renal-limited

Cryoglobulinemia Poststreptococcal GN HSP IgA
(HCV/RF/Cryo+,SPEP) (PSGN)(10~14d, ASLO+) (Henoch- nephropathy

SLE (Lupus) " Schonlein

(ANA/ds-DNA Ab+) Shunt nephritis (VP shunt Hx) Purpura) IR

s ibrillar

Endocarditis (IE) Membranoproliferative GN (ME’HEE’ y

(fever, B/C+, valvular dx) (MPGN) )

Other: idiopathic proliferative GN/Crescentic GN
1. Cholesterol emboliiE BRI E HKC3/CATT B 1K
Reference: Brenner & Rector’s The Kidney, 10th ed. Ch. 32

#F: HSP = IgA nephropathy
+ systemic vasculitis



syndrome

l‘LT-'_IIII s -\:l:j

arial R Ra. 15 AN I

!

!
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|

Pathogenic | anti-GBM Pauci- Irnrmune
category disease immune GM complex GN
Serologic Anti-GBM ANCA Low C3
marker antibody (anti-GBM, (anti-GBM
(negative negatives negative,
ANCA,? normal C3) ANCA
normal C3) negative® )
Immuno- = l | - = 't]
inear Ig parse ar ranular
fluorescence | - absent 1g/C3 Ig and C3
mMICroscopy 4
Differential _ _ _ : i
diagnosis .é-.n.’u—EEM Wegener's |diopathic pru_:mferaa’r_we
diseqse granulo- GN, crescenic GN,
Good- matosis and MFGM
pasture’s Microscopic Fostinfectious GN
syndrame polyarteritis {AS0, ADNAse)
hodosa Lupus nephritis

—~ O g

Fenal-limited
crescentic GHM

Churg-strauss syn

{ANA, anti-dsDNA)
Cryoglobulinemia
{cryocrit, HCY)
Bacterial endocarditis
{echo, blood cultures)
Shunt nephritis (history,
blood cultures

“CLIP SM”

Some
mimickers
Mormal C3 Mormal C3
{anti-GBM Anti-GBM
hegative, negative,
AMNCA ARCA
negative ) negative
Granular Sparse or
lg and C3 absent 1g/C3
g4 nephro-
pathy®
HSP )
Fibrillary GN® ”ﬁ”gni”t |
“Yisceral Hugpﬁrr:rgnsmﬁ
abscess
Interstitial
nephritis
Sceleroderma
crisis
Toxemia
Atheroembali




Nephrotic Syndrome

- B &APrimary glomerular disease vs Systemic disease

Primary Glomerular Disease

MCD (minimal change disease)(20%)
INEERIEERRT RIRE
Primary & Secondary (NSAID, Hodgkin’s)

Systemic Disease

DM
(HbA1C, Kimmelsteil-Wilson)
(Retinopathy 60% in T2DM)

MN (Membranous nephropathy)(30%)
MABRIEEREES RIRE
Primary: phospholipase A2 receptor Ab
Secondary: HBV, HCV, Syphilis, Cancer,SLE

Amyloidosis

(AL = light chain disease)
(AA = inflammation dx)

FSGS (focal segmental glomerulosclerosis) (40%)
Primary (SUPAR ) & secondary (HIV, Heroin, etc)

SLE
(Typically WHO class V)

MPGN (5%) (HCV +/- Cryo; HBV, etc)

Fibrillary-immunotactoid glomerulopathy (1%)

HAfth: Mesaingial proliferative GN, IgM/C1q nephropathy

Reference: Brenner & Rector’s The Kidney, 10th ed. Ch. 32

Cryoglobulinemia

(Typically MPGN in kidney)



Glomerular Disease Approach

- Recent infection/fever - VDU
- Infective endocarditis - Infective endocarditis
- PSGN (10~14 days after GAS) - HIV-related FSGS
- IgA nephropathy (5~7 days after URI)
- SLE - Nephrotic syndrome
- FEEEAMCD most common
- Skin purpura/ecchymosis - MPGN/MN/SLE
- TTP/HUS - &fff HBV > MN
- PSGN - 8 HCV = Cryoglobulinemia
1= - Solid tumor cancer - MN
- HSP
- Cryoglobulinemia - Bffflymphoma
- RPGN, Amyloidosis
- KEFEAERZZGN
- IgA nephropathy - RE & SHME > HUS
- BRIA/EHEEAL/A M/ m/ MK
- RFA&Z Znephrotic syndrome - Thrombocytopenic Purpura(TTP)

- Membranous nephropathy - Atypical HUS



Glomerular Disease Approach

- 2B & fffHemoptysis
- FoHFBRECE - B - mRENMKE - RILES
- ZEPulmonorenal syndrome
- Check ANCA(1&EM25-223) & Anti-GBM (A7)
- Check ANA & Anti-ds-DNA Ab (L72-241) & C3/C4

- ANCA/Anti-GBM disease not likely or negative

-« Check C3/C4 level - Low C3 level then: check CLIP-SM
- ASLO (L72-109), Cryo.(L72-239), ANA & Anti-ds-DNA Ab
- B/C +/- 2D-ECHO, HBsAg/HCV Ab/RPR/HIV, RF (L72-134)

- HEBRGN mimics
- TTP/HUS/aHUS - |Hb/PLT/haptoglobin, MAHA in PB smear, tLDH
- Cholesterol emboli > | C3/C4, toe cyanosis, cath., eos., livedo.
- MM - Hb, Ca, S/U IFE(L72-204)/PEP(L72-201) or SFLC (L72-214)
- AIN - rash, new drug, urine WBC + WBC cast



Glomerular Disease Approach

- ZERenal echo > BlEEE K Snephromegaly
- ZEAmyloidosis, Sarcoidosis, HIV, DM, PKD

- Z[ERenal biopsy

- IF (immunofluorescence) +/- EM (electric microscopy)

- For nephrotic syndrome
- HbA1C (for DM)
- ANA/C3/C4/Anti-ds-DNA Ab (for SLE)
- Serum+Urine IFE or serum IFE + serum free light chain (for MM/AL)
Cryoglobulin test (for Cryoglobulinemia)
HBsAg(MN), HCV Ab (MPGN/Cryo), HIV (FSGS), RPR (MN)
PLA2 receptor Ab (Z<Fzf# % 58)(for MN)
SUPAR (A PFriE%5R) (for FSGS)
Cancer screen if MN



Glomerular Disease Treatment

- General
- Dietary protein (average daily need + average loss amount)
- Albumin (1pc = 12.5g) + Diuretics for edema & Na restriction (<2g/d)
- Diet + Statin for dyslipidemia in nephrotic syndrome
- ACEI/ARB - | proteinuria, slow non-immunologic progression
- Consider influenza/pneumococcus vaccination

- Primary
- Nephrotic syndrome: consider steroid, cytotoxic agents
- Acute GN/RPGN: consider pulse steroid x 3 days then maintain dose
- Lupus: steroid + endoxan (or MMF) +/- plasmapheresis
- ANCA-associated vasculitis/Anti-GBM disease
- Pulse steroid + endoxan (or rituximab) +/- plasmapheresis
- Secondary
- Treat underlying disease (ex: Antibitoics for IE/PSGN)



Steps of Proteinuria Approach

- HEBRFalse (+) & transient & admixture proteinuria
- Repeat U/A +/- TP/Cr or ACR (or 24hr urine TP/Cr)

- FE A & TP/Cr <1g/mg > #EBRPostural proteinuria
- Split urine measurement = ;5&) (7am~11pm) + 54 (11pm~7am)
> MREHShrHIBANREB<S0mg M BB E SR KA T &2

- Persistent proteinuria > #E—SBEHM[FRE
- Clinical: DM, HTN, edema, CKD, hematuria, fever/infection/URI
- Lab: urinalysis, spot urine ACR(L72-338)/TPCr or 24hr urine TP/Cr
- >2g/d (1g/g) 5c&/EGlomerular proteinuria / overflow proteinuria
> <2g/d (1g/g) 5= /ETubular proteinuria / early glomerular disease
- Edema, no HTN/AKI/hematuria = nephrotic likely

- HTN/AKI/hematuria, edema, recent fever/infection - nephritic likely
- AKIBIBUN/CrAZ%>20/FeNa<1% (TIFIATIN/ATNE &%)
Reference: EE B2 it £_1+—6 £/ ERREMEEERR (2003)




Reference
| EEBREm S % S SORENEEEN
FR (2003)

2. ESH/ESC hypertension guideline 2013

3. KDIGO Clinical Practice Guideline for Chronic Kidney
disease 2012

4. KDIGO Clinical Practice Guideline for the Management
of BP in CKD (2012)

5. DOQI Clinical Practice Guidelines for CKD (2002)
6. Brenner & Rector’s The Kidney, 10th ed. Ch. 32
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