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Protenuria
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Proteinuria with renal Isolated Proteinuria
involvement, positive unne defined as proteinuria without abnormalities in
sediment, red blood cells cast the unnary sediment, including hematuna, or a
or reduction of GFR reduction in glomerular filtraton rate (GFR).
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Persistent proteinuria
(See Fig. 2)

Orthostatic proteinuria
Charactenzed by increased protein
excretion in the upright position, but

Transient proteinuria

ﬁﬁﬂ'\]ﬁ E EK Diagnosed if a repeat qualitative test

15 no longer positive for proteinuna.

* Fever

Infection (UTT)
* Exerase

* Symptomatic Unnary Tract

normal protein excretion when the
patient1s supine.

Fig. 1 - Classification of proteinuria. GFR = glomerular filtration rate.

Proteinuria and Albuminuria at Point of Care
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Pathologic proteinuria
Overflow Proteinuria
Due to massive excretion of a Glomerular Proteinuria
systemic low molecular weight € > Due to impairment of Glomerular
protein Basement Membrane (GBM)
XCK Multiple Myeloma (Bence-Jones Proteins) * Pnmary Glomerulonephnitis
* Myelo-monocytic leukemia (Lysozyme) * Secondary Glomerulonephnts
* Rhabdomyolysis (Myoglobin) 5'X Diabetic Nephropathy
» Intravascular Hemolysis (Hemoglobin) XX Hypertension
* Chronic Kidney Disease
Tubular proteinuria
Due to tubular dysfunction and I >| Post-renal proteinuria
impaired rabsqtption of_ low
molecular weight proteins e Urinary trct %

* Unnary tract infections

* Tubulo-interstitial nephntis . Us bk st -~

Fig. 2 - Classification of pathological proteinuria, based on different
pathophysiological mechanisms, with some typical etiologies.

Proteinuria and Albuminuria at Point of Care
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Normal glomerular capillary Capillary with proteinuria

BN Y, + *“Urine

Mechanism of proteinuria

<9 ;
redblocdcell PO L
proteinuria

Normal Overflow Glomerular Tubular Secreted

N o N\

A\
e.g. Bence-Jones e.g. albuminuria e.g. By~ or a,y- e.g. Tamm-Horsfall
proteinuna microglobulinuria proteinuria

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



Classification and characterization of proteinuria types

Classification of proteinuria

Transient proteinuria

Persistent proteinuria - orthostatic proteinuria

Persistent proteinuria - overflow proteinuria

Persistent proteinuria - glomerular proteinuria

Persistent proteinuria - tubulointerstitial
proteinuria

Post-renal proteinuria

Clinical setting

Fever, heavy exercise, vasopressor infusion,
albumin infusion

Uncommon over age 30 years, may occur in 2 to
5% of adolescents

Myeloma (monoclonal light chains), hemolysis
(hemoglobinuria), rhabdomyolysis (myoglobinuria)

Primary glomerular diseases, secondary
glomerular diseases, diabetic nephropathy,
hypertensive nephrosclerosis

Heavy metal intoxications, autoimmune or allergic
interstitial inflammation, medication-induced
interstitial injury

Urinary tract infections, nephrolithiasis,
genitourinary tumor

Typical level of proteinuria in adults

<1 g/day

<1 to 2 g/day

Variable, could be nephrotic range

Variable, often nephrotic range

<3 g/day

<1 g/day

Predominant protein type

Albumin

Albumin

Nonalbumin

Albumin

Nonalbumin

Nonalbumin

© 2022 UpToDate, Inc.






Foamy urine/ proteinuria

IMEREABRIZEIE —EARIRBELHK
- IRPFREBMAIREYE LA (CUE 7 FRRNFRERIDEE)ZEEE
- BFR > BMREKRRRSE + R&EPHIEREex BE)5E8E
- IEREEERREAR —RETEEMN~E D EREK
- EIFMEBRR/NMERE = RERZFE —BH/NVERX + AARHEHRK
- BEIFNEHRKRFBLAZTEHNAG = RESH
- IEEMNRPAERBER ? ZVEIEE ?
- IERBIFREBHEK
- Tamm-Horsfall protein (Loop of Henle 57 #lif8 73 : BIMucoprotein)

+ Albumin (~20%) (65,000 Daltons)
- /bZImmnuoglobulin light chain & R2-microglobulin

AR E =
IERRERS B R AB AR B E
- Total protein < 150mg/24hr & albumin < 30mg/24hr e

Reference: EEREME £ +—% $AH SARAKEAEAR (2003) SRAE~ AR A B ic

Kaohsiung Chang Gung Memorial Hospital




microalbuminuria macroalbuminur]

Table 7 | Relationship among categories for albuminuria and proteinuria

Categories

Measure Normal to mildly increased (A1) Moderately increased (A2) Severely increased (A3)
AER (mg/24 hours) <30 30300 > 300
PER (mg/24 hours) <150 150-500 =500
ACR

(mg/mmol) <3 330 >30

(mg/qg) <30 30300 > 300
PCR

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

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

Abbreviations: ACR, albumin-to-creatinine ratio; AER, albumin excretion rate; PCR, protein-to-creatinine ratio; PER, protein excretion rate.

Albuminuria and proteinuria can be measured using excretion rates in timed urine collections, ratio of concentrations to creatinine concentration in spot urine samples, and
using reagent strips in spot urine samples. Relationships among measurement methods within a category are not exact. For example, the relationships between AER and ACR
and between PER and PCR are based on the assumption that average creatinine excretion rate is approximately 1.0 g/d or 10 mmol/d. The conversions are rounded for
pragmatic reasons. (For an exact conversion from mg/g of creatinine to mg/mmol of creatinine, multiply by 0.113.) Creatinine excretion varies with age, sex, race and diet;
therefore the relationship among these categories is approximate only. ACR <10mg/g (<1 mg/mmol) is considered normal; ACR 10-30 mg/g (1-3 mg/mmol) is considered
“high normal.” ACR >2200mg/g (>220 mg/mmol) is considered “nephrotic range.” The relationship between urine reagent strip results and other measures depends on
urine concentration.

KDIGO 2012 Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease
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- Urinalysis (dipstick, £ E £ %)
- 1+ 30mg/dL, 2+ 100mg/dL,3+ 300mg/dL, 4+ 1~2g/dL [~
- Se 32~46%, Sp 97~100%
- HgEflAlbumin; F—XREH>300~500mg/d7 & (+)
- 30mg/dL = 30mg/100ml x 1000~1500 ml(f&xz& — KR E) = 300~450mg

- —B#F%BPositiveR £ & ZMacroalbuminuria(>300mg/day)

- % R Hi{EHIDiabetic kidney diseaseffYMicroalbuminuria (30~300mg/d)
- TEMicroalbuminuriaf% 5% FEACEI/ARBE# £ i Z=DKD/IE 4 B ThRER b

- False positive
- Sp. gravity >1.020 (X&) or Urine Ph >7 or pyuria/hematuria
- 24hr A B Z THEE ST
- False negative
- Sp. gravity <1.005 (X#) or Urine Ph X{&(ex: <5.0) o R A R R R ST L R

Reference: EBEEM: £ +—% 8 SARBHEAEENR (2003) U A e PR

Kaohsiung Chang Gung Memorial Hospital






HEGATIVE =

Transient
proteinuria

Microscopic uinalygis ———ie POEITIVE —eeeeeeeeiie. FiNAiRGS CONigtant with

|

KEGATIVE  KEGAT VR 3+ {0 4+ profein
on dipstick test

|

l

Trace to 2+ protein
on dipstick test

|
l

POSTVE

|

Quantify proteinuria: 24-hour urine collection: urine proteinicreatinine ratio

Repeat urinalysis 2 o 3 times in next maonth

renal disaase {Table 5)

L 3

Urine protein excretion <2 g per day

Creatinine clearance

Mormal

Age =30 years

|

Yes

l

l

Ma

|

Waork-up for —enecaTVE—»|s0lated

orthostatic
proteinuria

|

proteinuria

l

l

Lirine protein excretion >2 g per day

Creatinine clearancse

|
l l

Reduced Mormal Reduced
Sympiomatic l
protaknurka Symptomatic
| profeinuria —s
T L 3
Obwious Cause unclear  Obvious cause
undertying
cause

Urine analysis + $&f&

UPCR/UACR

Renal function
BP
Cause...

AMERICAN FAMILY PHYSICIAN

Proteinuria in Adults: A Diagnostic Approach



Microscopic finding Pathologic process

Fatty casts, free fat or oval fat bodies Nephrotic range proteinuria (> 3.5 g per 24 hours)

KA B

N—

Leukocytes, leukocyte casts with . . .
. Urinary tract infection
bacteria

Leukocytes, leukocyte casts without : o
Renal interstitial disease

bacteria

Normal-shaped erythrocytes Suggestive of lower urinary tract lesion

Dysmorphic erythrocytes Suggestive of upper urinary tract lesion

Erythrocyte casts Glomerular disease

Waxy, granular or cellular casts Advanced chronic renal disease

Eosinophiluria* Suggestive of drug-induced acute interstitial nephritis

No renal disease; present with dehydration and with
diuretic therapy

*—A Wright stain of the urine specimen is necessary to detect eosinophiluria. AMERIC AN FAMILY PHYSICI AN’

Adapted from Larson TS. Evaluation of proteinuria. Mayo Clin Proc 1994,69: 1154-8.

Hyaline casts

Proteinuria in Adults: A Diagnostic Approach



Transient
proteinuria

Resssune:;
ino follow-
up needed

Lrine protein excrefion <2 g per day

Craatinine clearance

l

Lring profein excretion >2 g per day

Craatining clearancs

|
l l

Mormal Reduced Mormal Reduced
l mafic l
Age <30 years E;T.:Thurh Sympiomatic
| | PrCAQINILEE i
. Lo
Obvious Cause unclear  Obvious cause
l l underlying
causa
Work-up for —=NEGATVE—=|30lated
orthosiatic proteinuria
proteinura
POSITVE
l ,
Reassure; blood Bloed prassure  Treat underly-

pressure measurement, ing disease undertying

measurameant urinalysis and and follow up disaase; consider

and urinakysis renal function every maonth mionthily blood indicated

avary 110 2 testing every until stabla ar prassura tasting

Vears & months creatinine measurement, | \[Tabie &)
clearance urinalysis and
improwving renal function

tasting;
consider

nuphrnlngy

AMERICAN FAMILY PHYSICIAN

Proteinuria in Adults: A Diagnostic Approach

- Nephrology consultation
- treat underlying dz
-f/u



Prognosis of CKD by GFR
and Albuminuria Categories:

Prognosis of CKD by GFR and albuminuria category

KDIGO 2012

Persistent albuminuria categories

Description and range

ﬁE‘ G1 Normal or high >90
™

~ o :

- E’t G2 Mildly decreased 60-89
€

£Eo Mildly to moderately

E = G3a | yecreased 45-59
—- c

0w O Moderately to

m - —

= o G3b severely decreased £
o=

(= 7]

% § G4 Severely decreased 15-29
o

e

% G5 | Kidney failure <15

A1 A2 A3
N{:nni'?j;fm Moderately Severely
increased increased increased
<30 mg/g 30-300 mg/g =300 mg/g

<3 mg/mmol 3-30 mg/mmol >30 mg/mmol

Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk;

Orange: high risk; Red, very high risk.




Summary of
relative risks
from
categorical

meta-analysis
(dipstick included)
(— =, +, =++)

Kidney failure (ESRD)

All-cause mortality

Cardiovascular mortality

ACR
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DKD =z 2 #7 : B& /K £ UACR>30 mg/g = eGFR < 60 mL/

min/1.73m*) BEEM R B M B RRRE R A LI E & DKD -




x_ . BERRBREERRAZERSINRZE

S mam

All patients S4H]&E UACR, serum creatinine, potassium
NRIEEERIEERASI B2 BRR » BhHE
B e S} B R
ZRAREYRE
= 6 {8 H 8l eGFR
2O —FB|Z electrolytes, bicarbonate,
45-60 hemoglobin, calcium, phosphorus #1 para-
thyroid hormone
FE=R vitamin D sufficiency
Hepatitis B virus & (@ 57
% & Bone mineral density (BMD) JBIE
SEAES
3 @& A8 eGFR
3-6 & A H|& electrolytes, bicarbonate,
30-44 calcium, phosphorus, parathyroid hormone,
hemoglobin, albumin
R S AR
[<30 BN ERER

5 1-3 BREPRIA B B R A -
RS 2 B R SR B R B
Ak

(1) & 0 A B & 18 5 i

( GFR lETB¢> 5 ml/
min/1.73m2 ) -
(2) H&EHFK (ACR=300mg/g)
& HPK (PCR=500mg/g) -
(3) S AR RFE MR (RBC
> 20/HPF) Bfrfamsg 4TI 3Kk
HAT B[RS -
(4) EPFEEDAZERIEY S M (HRA
POfE s POfE DL AR ER &% ) o
(5) FFENMPPEE -
(6) ZE (M B s -

2019684 E‘ﬁ@ér
i IR R 58

2019 Taiwan Clinical Practice Guideling

¢ Diabetic Kidney Disease
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Y RES EBEMR RAEREE  EAZH
EIPRER B ER ERREREE EAEH o i
&5 & & I B Al g 4
DKD & : HEEERENELN = Epbe
LER @55 6 (8) St
[ ds B2 e D e s 95 A 0 MERFTE 140/90
%j‘g?ﬁ/\*ﬂ*ﬁﬁﬁ mmHg LT BEES : hEE
2. 5% L AR N e R
. - AR ) He °
B 5 A0 A Bk BT A B mmre ST
E ((:rueraltniﬁir?tgb:lar’]cqilon EEEEE/ Al Lits
’ = 300 mg/g * eGFR<60
gEACR) B i B M mL/min/1.73 m’ 2 5 I N
& B B Bt B (serum BE ER2ELEAM = U
creatinine) » MIAE AL ER DR ERESIN S E
eGFR ° (ACEl) NI ERNDEXEE
E4UH| (ARB) * o
mEsHmETESS | L _
IEEBTRENRE - = MEEIEE » BIREAER
L Wt e 3z e BX mg/g HID AN H
Ag EABME R BEmoEsaEmE| £ ceEs
= mIHY = fis #1) %5 1) (ACE) =% Il &
PIRMEIE A 7.0% 1L ENES M (ARB)
% o
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DKD WA ZAEBIELE —M AR
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Efr AN7H 20
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Z 15% DA BEA CKD Ak
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WMEA0SAR/ANT/ K&
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KDIGO 2012 Clinical Practice Guideline Dal |y
for the Evaluation and Management of D :
Chronic Kidney Disease rotein

ntake

Protein intake

3.1.13: We suggest lowering protein intake to 0.8 g/kg/day
in adults with diabetes (2C) or without diabetes
(2B) and GFR <30 ml/min/ 1.73 m* (GFR cate-
gories G4-G5), with appropriate education.

3.1.14: We suggest avoiding high protein intake (>1.3 g/
kg/day) in adults with CKD at risk of progres-
sion. (2C)
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EixEEHE (Sodium
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Figure 2. Holistic approach for improving outcomes in patients with diabetes and CKD*

Lifestyle
tFinerenone is currently the only nonsteroidal MRA
with proven clinical kidney and cardiovascular benefits.

First-line N

drug therapy

HbA1c, CGM l ASCVD risk, lipids
therapy a
i T2D only
- All patients
(TIDand T2D) .




Figure 6. Practical approach to initiating sodium-glucose transport protein 2 inhibitory (SGLT2i)
patients with T2D and CKD

Practical provider guide to initiating SGLT-2 inhibitors
in patients with type 2 diabetes and CKD

n

Assessment Intervention Follow-up

« Assess adverse effects

* Review knowledge

« Anticipate an acute
drop in eGFR, which is
generally not a reason
to stop the SGLT-2
inhibitor

Patient
selection

+ Ask about
hypoglycemia

* Reduce sulfonylurea
or insulin if needed

Glycemia

Volume

diuretic if needed




Sick day protocol &
Periprocedural/perioperative care

 Sick day protocol (for illness or excessive exercise or alcohol intake): temporarily
withhold sodium-glucose cotransporter 2 inhibitor (SGLT2i), keep drinking and
eating (if possible), check blood glucose and blood ketone levels more often, and
seek medical help early.

* Periprocedural/perioperative care: inform patients about risk of diabetic
ketoacidosis, withhold SGLT2i the day of day-stay procedures and limit fasting to
minimum required, withhold SGLT2i at least 2 days in advance and the day of
procedures/surgery requiring one or more days in hospital and/or bowel
preparation (which may require increasing other glucose-lowering drugs during
that time), measure both blood glucose and blood ketone levels on hospital
admission (proceed with procedure/surgery if the patient is clinically well and
ketones are, 1.0 mmol/l), and restart SGLT2i after procedure/surgery only when
eating and drinking normally.

HbAlc, hemoglobin Alc; ACR, albumin-creatinine ratio.



Figure 7. SGLTZ2i with established kidney and cardiovascular benefits and dose adjustments as

approved by the US FDA (take note of country-to-country variation)

eGFR 225 ml/min per 1.73 m?
in DAPA-CKD

in DAPA-HF and DECLARE

10 mg daily eGFR =30 ml/min per 1.73 m?
(Canincrease to 25 mgdaily  in EMPA-REG
if needed for glucose control)  eGFR =20 ml/min per 1.73 m?
in EMPEROR-Reduced
and EMPEROR-Preserved

100 mg daily eGFR =30 ml/min per 1.73 m*
(The higher dose of 300 mg in CREDENCE
is not recommended for CKD)

J L
7T !
LCFLs

eGFR =30 ml/min per 1.73 m?

eGFR =25 ml/min per 1.73 m?

eGFR =30 ml/min per 1.73 m? for
T2D and ASCVD for glucose control
eGFR =20 ml/min per 1.73m?

for HFrEF

eGFR =30 ml/min per 1.73 m?



Chapter 4: Glucose-lowering therapies in patients with type 2
diabetes (T2D) and CKD

Practice Point 4.1: Glycemic management for patients with T2D and CKD should include lifestyle
therapy, first-line treatment with metformin and a SGLT2i, and additional drug therapy as

needed for glycemic control (Figure 23).
Figure 23. Treatment algorithm for selecting glucose-lowering drugs for patients with T2D and CKD

1 Physical activity
$ Lifestyle therapy Nutrition
Weight loss
_ Metformin SGLT-2 inhibitor
S o istine GFR eGFR [t GFR i
el ~.| - e I £ . e ! &
& therapy % - a5 230 Dialysis 4 % 20 Dialysis
Reduce dose Discontinue Discontinue Do not initiate Discontinue
_ « Guided by patient preferences,
comorbidities, eGFR, and cost
-9 Additional drug therapy as DPP-4inhibitor,  Insulin - Includes patients with E:,GFR
o~ ded for glycemic control < 30 ml/min per 1.73 m"or
9 M€ g Sulfonylurea TZD treated with dialysis

* Alpha-glucosidase inhibitor "9 %



GLP-1 RA

Practice Point 4.2.1: The choice of GLP-1 RA should prioritize agents with documented
cardiovascular benefits.

* the priority would be to use one of the other GLP-1 RA, which have proven cardiovascular and
kidney benefit (i.e., liraglutide, semaglutide [injectable], and dulaglutide).

Practice Point 4.2.2: To minimize gastrointestinal side effects, start with a low dose of GLP-1
RA, and titrate up slowly (Figure 29).

Practice Point 4.2.3: GLP-1 RA should not be used in combination with dipeptidyl
peptidase-4 (DPP-4) inhibitors.

Practice Point 4.2.4: The risk of hypoglycemia is generally low with GLP-1 RA when used
alone, but risk is increased when GLP-1 RA is used concomitantly with other medications
such as sulfonylureas or insulin. The doses of sulfonylurea and/or insulin may need to be
reduced.

Practice Point 4.2.5. GLP-1 RA may be preferentially used in patients with obesity, T2D, and
CKD to promote intentional weight loss.



1.2 Renin-angiotensin system (RAS) blockade

Recommendation 1.2.1: We recommend that treatment with an angiotensin-converting enzyme
inhibitor (ACEi) or an angiotensin II receptor blocker (ARB) be initiated in patients with diabetes,
hypertension, and albuminuria, and that these medications be titrated to the highest approved dose that
is tolerated (1B).

Practice Point 1.2.1: For patients with diabetes, albuminuria, and normal blood pressure,
treatment with an ACEi or ARB may be considered.

Practice Point 1.2.2: Monitor for changes in blood pressure, serum creatinine, and serum
potassium within 2—4 weeks of initiation or increase in the dose of an ACEi or ARB (Figure
4).

Practice Point 1.2.3: Continue ACEi or ARB therapy unless serum creatinine rises by more
than 30% within 4 weeks following initiation of treatment or an increase in dose (Figure 4).



Figure 4. Monitoring of serum creatinine and potassium during ACEi or ARB treatment — dose
adjustment and monitoring of side effects

ACEI], angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin Il receptor blocker; GI,
gastrointestinal; NSAID, nonsteroidal anti-inflammatory drug.
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