CHOPOMBbI

peHoBackynsipHas

* BropuyHaga Al (K) <

» OTekm (K) peHonapeHXxnmaTo3Has
* Mouesou cuHgpom(J1)

* HapylwieHne obpasoBaHUa 1 BblOeneHns
moun (J1 + K)

* Hedpputndeckun cuHgpom (J1 + K)
* HeppoTtmueckun cuHapom (J1 + K)
* [loyeyHasd HeagoCTaTOYHOCTDb




[lopakeHue [ lopaxkeHue
KIybo4yka KaHaJibLla

ApTepunanbHas runepTeH3uns

MoueBoun cuHgpom
[loveyHaq HeaQoCTaTOYHOCTDb

» Hedpputuueckuii * HapyLueHus
CUHOPOM O6pa3OBaHl/IFI U

. He(prTI/ILIeCKI/lﬁ BblOEJIEHNA MO4YMN.

CUHOPOM rmno-, SBOCTeHypus




/

>140/90
MM.PT.CT.

Blood pressure
measurements




Checking sacrum and ankles for pitting oedema



HapylwieHne obpa3oBaHus U
BblAENEHNSA MOYN

* [Nonunypus

« Onurypus, aHypus
* HuKTYpPUSA

* Nwypua

* [lonnakunypus

« [In3zypus

* I3ocTeHypu4a

* [MnocTeHypus



>3 n/cyT

Upe3amepHoe notpebnerHne XnakocTtu

Orl'NH (nonnypunyeckasa ctagus, OlNNH npu TUH)
XI'TH kpome 3aknuuTenbHbIX CTagnn
OcmoTuyeckun auypes (rmneprimkemMms, MaHHUTONM)
OuypeTnku

Tyoynonatuu — c. ®aHkoHn, TUH n gp. (+ HU3Kas NNOTHOCTb
MOU4N)

HecaxapHbin gnabet (+ o4eHb HM3Kasi NIOTHOCTb MOYN):
a. UeHTparnbHbIn
6. HedpOoreHHbIN



EVALUATION OF POLYURIA

POLYURIA (>3 L/24 h)

!

Urine osmolality

Solute diuresis
Glucose, mannitol,

< 250 mosmol > 300 mosmol
radiocontrast, urea

. L] (from high protein

Water feeding), .
medullary cystic

Hsitrourx], Isoowdium :I:Sﬁr::/ratlon diseases, resolving ATN,
ADH level or obstruction, diuretics

Diabetes insipidus (DI)

Central DI (vasopressin-sensitive)
Primary polydipsia posthypophysectomy, trauma,

Psychogenic supra- or intrasellar tumor / cyst

Hypothalamic disease histiocystosis or granuloma,

Drugs (thioridazine, encroachment by aneurysm,
chlorpromazine, Sheehan's syndrome, infection,
anticholinergic agents) Guillain-Barré, fat embolus,

empty sella
4

Nephrogenic DI (vasopressin-insensitive)

Acquired tubular diseases: pyelonephritis, analgesic nephropathy,
multiple myeloma, amyloidosis, obstruction, sarcoidosis,
hypercalcemia, hypokalemia, Sjogren’s syndrome, sickle
cell anemia

Drugs or toxins: lithium, demeclocycline, methoxyflurane, ethanol,
diphenylhydantoin, propoxyphene, amphotericin

Congenital: hereditary, polycystic or medullary cystic disease




<400 mn/cyT

« O[r'1

* XbI




Embolism

~ Bilateral renal vascular obstruction

“Third spacing” of fluids Thrombosis
Gl losses
- |
Hipovlemia Diuretic use
Blood loss  _ gacteremia/sepsis
- Peripheral vasodilatation ——[ ) ; )
Antihypertensives |— ACE inhibitor with renal artery stenosis
3 - Prerenal — Alteration in renal autoregulation Prostaglandin synthesis inhibitors
I_ G ]- Cyclosporine
Negative Pericardial tamponade
sediment - Impaired cardiac function
Pulmonary embolus
7 urinalysis Myocardial infarction
s - Increased blood viscosity :
4| Nephritic Toxemia of pregnancy
sediment Hepatorenal syndrome
Anesthesia
“ Increased renal vascular resistance
Surgery
5 - Acute glomerulonephritis Malignant hypertension
Disseminated intravascular coagulation
r Chronic glomerulonephritis
Una < 20 MEQ/L Nephritic
’ = Check
1 Check T
Oliguria Una urinalysis =
(< 400 ml per 24 hr) | FEy, Non-nephritic
Une > 20 mEgQ/L sediment 9 Allergic
FEne > 2 Urine protein L g [_
Check | | > 1 9/day 7L Vasculitis Eosinophils
- Renal —{ urine — Check present
protein | | Urine protein [ Imterstitial nephritis § urine/blood —
<1 g/day eosinophils | [ No
Positive eosinophils
8 [ check scan T
gallium — 10 Infection
scan Negative
scan
e 11 Ischemic
obstruction LAanembularnocmis(Am)-E{T '
u Check - Crystals oxic
renal |
ultrasound Clots
| Obstruction | -
Intraureteral - Stones
~ Pyogenic debris
Bilateral ureteral obstruction [ Edema
Bladder neck obstruction EARNL eutie
“ Postrenal
Autonomic neuropathy Extraureteral Retroperitoneal fibrosis
Urethval obstruction —{* oon9etie - Ureteral ligation
Cecil Chapter 391
Harrison Chapter 47




FENa = [(UNa x PCr) + (PNa xUCr)] x100

Variable Prerenal Intrinsic Renal Postrenal
Urine osmolality > 500 < 350 < 350
(mOsm/kg)
Urine Na* (mEq/L) < 20 > 40 > 40
FENa < 1% > 2% > 1% (mild)

> 2% (scvere)

Serum BUN/Cr > 20 < 15 > 15



HUKTYPWUA

N

3aborneBaHud
CC3

+ N30CTEeHYpUS
CoOoTHOLWEHWe aeHb/HoYb - N CooTHoleHne ﬂeHb/HO”bv




LIBET MO4YWA

NnpPAMOUN OMNNPYOUH (MexaHn4eckas -
3eneHoBartas, ONIMBKOBas XenTtyxa + CUMMNTOMbI X0JfiecTasa,
LD, ITTI, 5-HYK ), ypobunuH (BHecoCcyancTbin reMosins-
Hagney. IMMOHHas XenTtyxa, 6051e3Hn NeYeHn — reu.
WwadppaHHaga xentyxa, + ACT, AJlT, INB), kapoTuHouabl
(ncesooxenTtyxa)

KpacHbin/pozoBbin: makporematypus, Hb-ypus
(BHYTPUCOCYOAUCTbIN reMONn3, + CHMXKeHNe rantornobmnHa
onacHocTb Ol'H), MmornobuHypusa (pabgommonus, Kpawu-
cuHap., + KOK, anbgonasa,onacHocte OlH), nopdounpus
(ocobeHHO Ha conHue nnun nog namnon Byaa), nekapctea
(pnpamnuumH, doeHasonmpmanH u ap.)

YepHaa nocrne 3KCrnosmuum Ha CBETY: ankanToHYpus
(ayT.-peu., oepuumT okcnaasbl rOMOreHTEH3MHOBOW KUCIOThI)



Appearance and Color of Urine

Appearance

Colorless
Cloudy

Milky

Yellow

Yellow-
orange

Yellow-green
Yellow-brown

Cause

Very dilute urine

Phosphates, carbonates
Urates, uric acid
Leukocytes
Red cells (“smoky”)
Bacteria, yeasts
Spermatozoa
Prostatic fluid
Mucin, mucous threads
Calculi, “gravel”
Clumps, pus, tissue
Fecal contamination
Radiographic dye
Many neutrophils (pyuria)
Fat

Lipiduria, opalescent

Chyluria, milky

Emulsified paraffin
Acriflavine

Concentrated urine
Urobilin in excess
Bilirubin

Bilirubin-biliverdin
Bilirubin-biliverdin

Remarks

Polyuria, diabetes insipidus

Soluble in dilute acetic acid
Dissolve at 60° C and in alkali
Insoluble in dilute acetic acid
Lyse in dilute acetic acid
Insoluble in dilute acetic acid
Insoluble in dilute acetic acid

May be flocculent
Phosphates, oxalates

Rectovesical fistula
In acid urine

Insoluble in dilute acetic acid

Nephrosis, crush injury—
soluble in ether
Lymphatic obstruction—
soluble in ether
Vaginal creams

Green fluorescence

Dehydration, fever

No yellow foam

Yellow foam if sufficient
bilirubin

Yellow foam

“Beer” brown. vellow foam

1BET MO4YI



Red

Red-purple
Red-brown

Brown-black

Blue-green

Hemoglobin
Erythrocytes

Myoglobin

Porphyrin

Fuscin, aniline dye

Beets

Menstrual contamination

Porphyrins

Erythrocytes
Hemoglobin on standing
Methemoglobin
Myoglobin

Bilifuscin (dipyrrole)

Methemoglobin
Homogentisic acid

Melanin

Indicans
Pseudomonas infections
Chlorophyll

Pos!t!ve Reagent strip for
Positive

. blood
Positive

May be colorless
Foods, candy

Yellow alkaline, genetic
Clots, mucus

May be colorless

Acid pH

Muscle injury

Result of unstable
hemoglobin

Blood, acid pH

On standing, alkaline;
alkaptonuria

On standing, rare

Small intestine infections

Mouth deodorants



1 -

b'_ . -

Porphyria cutanea tarda. Wood light examination of the urine in a
patient with porphyria cutanea tarda demonstrating classic coral red fluorescence with
normal urine specimen exhibited for comparison




Urine Color Changes with Commonly Used Drugs

Drug

Alcohol, ethyl

Anthraquinone laxatives (senna, cascara)

Chlorzoxazone (Paraflex) (muscle relaxant)

Deferoxamine mesylate (Desferal) (chelates iron)

Ethoxazene (Serenium) (urinary analgesic)

Fluorescein sodium (given IV)

Furazolidone (Furoxone) (Tricofuron) (an antibacterial, antiprotozoal nitrofuran)
Indigo carmine dye (renal function, cytoscopy)

Iron sorbitol (Jectofer) (possibly other iron compounds forming iron sulfide in
urine)

Levodopa (L-dopa) (for parkinsonism)

Mepacrine (Atabrine) (antimalarial) (intestinal worms, Giardia)
Methocarbamol (Robaxin) (muscle relaxant)

Methyldopa (Aldomet) (antihypertensive)

Methylene blue (used to delineate fistulas)

Metronidazole (Flagyl) (for Trichomonas infection, amebiasis, Giardia)
Nitrofurantoin (Furadantin) (antibacterial)

Phenazopyridine (Pyridium) (urinary analgesic), also compounded with
sulfonamides (Azo Gantrisin, etc.)

Phenindione (Hedulin) (anticoagulant) (important to distinguish from hematuria)

Phenol poisoning

Phenolphthalein (purgative)

Phenolsulfonphthalein (also sulfobromophthalein)
Rifampin (Rifadin, Rimactane) (tuberculosis therapy)
Riboflavin (multivitamins)

Sulfasalazine (Azulfidine) (for ulcerative colitis)

Color

Pale, diuresis

Reddish, alkaline; yellow-brown, acid
Red

Red

Orange, red

Yellow

Brown

Blue

Brown on standing

Red then brown, alkaline

Yellow

Green-brown

Darkens; if oxidizing agents present, red to brown
Blue, blue-green

Darkening, reddish brown

Brown-yellow

Orange-red, acid pH

Orange, alkaline; color disappears on acidifying
Brown; oxidized to quinones (green)
Red-purple, alkaline pH

Pink-red, alkaline pH

Bright orange-red

Bright yellow

Orange-yellow, alkaline pH

*Other commonly used drugs have been noted to produce color change once or occasionally: amitriptyline (Elavil)—blue-green; phenothiazines—red; triamterene
(Dyrenium)—pale blue (blue fluorescence in acid urine). An extensive list may be found in Young et al. Clin Chem 1975;21:379.



[ NIOKO3a B MoOYe

[Tpn OTCYyTCTBUM MUNEPITINKEMUN — AODPOKA4YECTBEHHASA MIOKO3YpPUS
(SGLT (SLC5A2 ), bepeMeHHOCTb
+ runeprnvkemums - CL]

KeToHOBbIE Tena

HuTtponpyccnaHbin TecT — obHapyXMBaeT aueToH U auetoaueTaT (HO He
3-OHBb)

OKA, ronogHbIn KETO3, arkoronb, KeToreHas gueta, bepeMeHHOCTb,
OoTpaBrieHme n3onponunoBbIM CINPTOM

m<456_8)

[ToHWXXaeTca npn MACHOM AneTe

[ToBbILLIAETCA Npu pacTUTenbHOM aneTe (UMTpaT NnpeBpaLlaeTcs B
bukapboHar), HekoTopbix MM (MO ¢ ypeasHon akTUBHOCTLIO, HaMp.,
Proteus)



OTHOCcUTenbHasa NoOTHOCTb

Urea (20%), sodium chloride (25%), sulfate, and phosphate contribute
most of the specific gravity of normal urine. Normal adults with adequate
fluid intake will produce urine of specific gravity 1.016-1.022 over a
24-hour period; however, normal kidneys have the ability to produce urine
with specific gravity that ranges from 1.003-1.035. If a random specimen
of urine has a specific gravity of 1.023 or more, concentrating ability can
be considered normal. Minimum specific gravity after a standard water

load should be less than 1.007.



MouyeBown cnHOpom
( = UBMEHeHNA ocaaKka)

[ emaTypus

*[lpoTenHypud

 LiInnnnpgpypus

* [lenkountypua (nnypuma)

* bakTepunypus

® XUNYPWS wucnersrnsancots,onpeons, yeansose rus. yinos . ronoem
* Teneckonnyecknn ocagok
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Dipstick testing for protein,
blood, nitrate and leucocytes



| EMATYPUWA

>2-3 RBCs per HPF

/ \ doanbcudukaumng

[loueyHas: BHeno4yeyHas:
Onyxonb (NOYEYHOKITETOYHbIN pakK,
J nomepynspras (TH, onyxonk Bunemca,
nobpokayecTBEHHAs CEMEeNHas  NMePEeXOAHOKNeToqHbIN pak MIT)
remaTypus) MKB
LLIncTtocombl
[nepnnasusa NX
1 HernomepynsipHas (Hanp. NIC (sapdbapyH, unknodocdhamua)

nanunngapHbIA HEKPO3) v ap.



HWXe Knybo4ka

YacTo + 6onb, ansypus

\ g

dysmorphic RBCs (damaged RBCs with an
irregular membrane)

KIy6o4ek
[ nomepynonaTtuu

Yacto + npotenHypus, Al

BoamoxHO + pecnupaTtopHasd
nHpekunsa(OCIH, 6onesHb bepxe)



normal red blood cells (similar in size, shape, and hemoglobin content)
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lomerular in origin
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hematuria is honc







Renal tumour

Glomerulonephritis

Small-vessel
vasculitis

Systemic lupus

Vascular
malformation

Renal infarction

erythematosus
i Other glomerular
Coagulation :
disorders diseases

Interstitial nephritis

Pyelonephritis

Calculus

Ureteric tumour

Cystitis

Bladder tumour

Benign prostatic
enlargement

Urethritis

Prostate cancer

Trauma



Hematuria
1. Upper urinary tract (UUT; kidneys, ureter) causes of hematuria include:
a. Renal stone (most common cause)
b. Glomerulonephritis (GN). Characterized by dysmorphic red blood cells (RBCs)
(damaged RBCs with an irregular membrane)
c. Renal cell carcinoma (RCC) and Wilms tumor
2. Lower urinary tract (LUT; bladder, urethra, prostate) causes of hematuria include:
a. Infection (most common)
b. Urothelial carcinoma (old term, transitional cell carcinoma): most common
noninfectious cause of hematuria
c. Prostatic hyperplasia: most common cause of microscopic hematuria in men
3. Drugs associated with hematuria
a. Anticoagulants (warfarin, heparin)
b. Cyclophosphamide
(1) Hemorrhagic cystitis
(2) Risk factor for urothelial carcinoma



‘Macroscopic haematuria has a positive predictive value of 83%
for bladder cancer and 22% for all urothelial tumours, rising to

41% in patients over the age of 40.’ '
e Buntinx F, et al. Fam Pract 1997; 14(1):63-68. .
dakTopbl pucka

e« >40 net

* KypeHue

* JlyyeBasa Tepanus

* Apomatunyeckmne amuHbl (aHUNNHOBbLIE
Kpacurtenu)

* H-1 BnokaTopbl, dpeHaUeTnH, kKnodubpar
 LiInknogocdamuna



Bacterial cystitis

B
~ Infection Pyelonephritis
Prostatitis
Cutturee Urethritis — Papillary necrosis
6 Tumor
Clotting factor deficiency
1 Check ; ~ Renal —
Hematuria — urine |— Thrombocytopenia L
7+ Cysts
(>3 RBC/HPF) | culture zl- Coagulation defect -+ Anticoagulant drugs &
- Stones
Polveythemi
Culture Ab | o - ~ Medullary sponge kidney
negative SN 3 - Sickle cell disease/trait
coagulation 8-T
studies Unors
Check ~ Ureteral -+ Stones
o1 CT urogram s
L prr or IVP = Diverticula
C8C, CT urogram it
platelets . sl o VP e
ormal positive
coagulation CT urogram Stone
: Urine protein or IVP Diverticula
1 negative
o] — Cystoscopy | [~ Trauma - Vasculitis
LY urine positive Interstitial cystitis )
protein Check ~ A-V malformation
l:r:nge/ garotein cystoscopy ~ Renal infarction
y ch(osoopy li -~ Tumors
hegetve Arteriogram | [~ Cysts
positive - Cortical necrosis
i g:;?k ~ Renal vein thrombosis
10 - Glomerulonephritis arteriogram ——
eriogram
,'——{ Intestinal nephritis negant?vge
Biopsy Vasculitis
positive Check
Check renal
—{ renal biopsy
biopsy = (see below)
iopsy
negative | _ Benign familial hematuria
‘—E Runner's/march hematuria
Cecil Chapter 100 IORGec hemgmne

Harrison Chapter 47



EVALUATION OF HEMATURIA

HEMATURIA

!

Proteinuria (>500 mg/24 h),
Dysmorphic RBCs or RBC casts

QF @ 1 ®
. Urine culture Serologic and
Pyuria, WEC casts B Urine eosinophils hematologic

Qy

Hemoglobin electrophoresis

Urine cytology

UA of family members

evaluation: blood
cultures, anti-GBM
antibody, ANCA,
complement levels,
cryoglobulins,
hepatitis B and C
serologies, VDRL,

24 h urinary calcium/uric acid HIV, ASLO
> ®
IVP +/- Renal As indicated: retrograde :
ultrasound i pyelography or Fienal blopsy
arteriogram,
or cyst aspiration
X}
Cvst @ Urogenital biopsy
yslGsCopy and evaluation
= ®
Renal CT scan > 2222},258?’ g
©

Follow periodic
urinalysis




[TPOTEVNHYPUNA

N anbbymuHa
< 30 mr
MAY
30-300mr/r (ACR))

N < 150 mr/cyT

MAY- Mnkpoans0yMnHypus



INTERPRET EACH TEST AT THE
APPROPRIATE TIME INTER 1
USING THE DIPSTICK ANALYS| ¢

(TESTS REQUIRE DIFFERING AMOU

[ ——

-
e f T T
@-------l
| Y
cal L L1 § fft
= 1 '
5 Y R

https://www.youtube.com

Qualitative tests include dipsticks and sulfosalicylic acid (SSA).
(1) Dipsticks are specific for albumin.
(2) SSA detects albumin and globulins.



What do you know about Tamm-Horsfall protein in the urine?
Normal individuals excrete <150 mg/day protein. Of this, about 5-15 mg
is albumin and the remainder consists of different plasma proteins and
glycoproteins derived from renal cells. Tamm-Horsfall mucoprotein is the
most abundant protein that is not derived from plasma but from the cells
of the ascending limb of the loop of Henle; it is excreted at the rate of
50-75 mg/day. Pathological proteinuria occurs when daily excretion
exceeds 150 mg protein.



Mukpo(??7?)ansbymmHemms

AnbOyMmuHypua*
A1l A2 A3
onTUMansLHas unu
Cragum XBN HE3HAYUTENLHO Bbicokas OuyeHb BbicOKas
NOBbLILLIEHHAR
<30 wmr/r 30-300 mr/r >300 mr/r
<3 Mr/MMons 3-30 mr/Mmmons >30 Mr/Mmmons
C1 BeICOKasq Wik ONTUMansHas 90 YMepeHHLIA BLiCokuA
c2 HeaHayuTEeNLHO CHUXeHa 60-89 YMepeHHkIA SICOKNA
CK®, C3a YMepeHHO CHUXeHa 45-59 YMepeHHLIA Beicokui
MA/MUH/ 1,73M° C36 Cy1L{eCTBEHHO CHUXEHa 30-44 BLICOKM L
c4 Pe3K0 CHWXeHa 15-29 ' - '
C5 TMNH <186

*ANE0YMUHYPNA ONPEaeifaeTcs KaK OTHOLWEHNE anbOYMH/KPeaTuHNH B Pa30B0OMA (MPearnoNTUTENLHO YTPEHHER) MOpLUMmn MOYH,
ans0yMuHypma Beilie 300 Mr/r COOTBETCTBY T YPOBHIO npoTenHypun seitte 0,51/n. CK® paccynTeieaeTcs no Gopmyne CKD-EPI;
**HN3KNIA PUCK —T.L. Kak B o0Led nonynsaumd. [pu OTCYTCTBUM MPM3HaK0B NMoBpexXaeHns noyex kareropum CK® C1 uan C2 He YA0BNEeTBOopSioT
KpuTepusam XBTT.

«onTuManbHbIny (< 10 Mr/r), «BblICOKOHOPManbHbIN» (10-29 mr/r), «BbicokMny (30-299
Mr/r), «o4eHb BbICOKMNY» (300-1999 mr/r) n «HedpoTmndecknn» (> 2000 mr/r)



MPOTENHYPUS

N

[1obpokayecTBeHHas
(pyHKLMOHaNbHas):
<1(-2)r/cyT

No 30 net

[Mpn unsmnyeckomn
Harpyske, nmxopagke,
opTocTase, nocrie
Cy[0por,

naToJyiorndyeckKas




Table T Common Causes of Functional Proteinuria

Dehydration

Emotional stress

Fever

Intense physical activity

Most acute illnesses
Orthostatic (postural) disorder



naTornornyeckas
NPOTENHYPUS

SN

«CTOKOBad»
yYBEITMYEHUE
KﬂY6OL| KOBA4d < CekpeTopHad cunsTpauum HM
> benkos
HerpI/ITl/NeCKVII‘/’I " —L'-—Tyg':ﬁg':m €Bad | [ onyxons, Gono BJ + o
HedpOTUYECKUN oTpasnenve Taxenovy | | BOCManNeHue muenome,
Me, cnHopom daHKoHN, MOYEBbIX MUOrOBMHYPUS Npu
CUHAPOMEI NPY | |Gy on Xapmana ! paucsgones
rmomepynonatmnsax rnyTeu Hb-ypyst NPy ’
BHYTpncocyamnctom
remonmse)




Normal Overflow Glomerular Tubular Secreted

e.g. Bence-Jones e.g. albuminuria e.g. Bo- or o4~ e.g. Tamm-Horsfall
proteinuria microglobulinuria proteinuria

Link 20-7 Mechanisms of proteinuria. See text for discussion. (From Gaw A, Murphy MJ, Srivastava R, Cowan RA, O’Reilly Denis St J: Clinical
Biochemistry: An lllustrated Colour Text, 5th ed, St. Louis, Churchill Livingstone Elsevier, 2013, p 34, Fig. 17.1.)



TYPE DEFINITION

Functional °

Overflow °

Protein <2 g/24 hr
Not associated with renal disease

Protein loss is variable

e LMW proteinuria

Glomerular °

Tubular

Amount filtered > tubular reabsorption

Nephritic syndrome: protein
>150 mg/24 hr but <3.5 g/24 hr
Nephrotic syndrome: protein >3.5 g/24 hr

e Protein <2 g/24 hr

e Defect in proximal tubule reabsorption of

LMW proteins (e.g., amino acids at normal
filtered loads)

CAUSES

* Fever, exercise, congestive heart failure
e Orthostatic (postural): occurs with standing and is absent in the recumbent

state. Urine protein is absent in the first morning void. No progression to
renal disease.

e Multiple myeloma with BJ proteinuria
e Hemoglobinuria: e.g., intravascular hemolysis (e.g., paroxysmal nocturnal

hemoglobinuria)
Myoglobinuria: crush injuries, McArdle glycogenosis (deficient muscle
phosphorylase). Increase in serum creatinine kinase.

Damage of GBM: nonselective proteinuria with loss of albumin and
globulins. Example: poststreptococcal glomerulonephritis

Loss of negative charge on GBM: selective proteinuria with loss of albumin
and not globulins. Example: minimal change disease (lipoid nephrosis)

e Heavy metal poisoning: e.g., lead and mercury poisoning
¢ Fanconi syndrome: inability to reabsorb glucose, amino acids, uric acid,

phosphate, and bicarbonate
Hartnup disease: defect in reabsorption of neutral amino acids (e.g.,
tryptophan) in the Gl tract and kidneys

CuHgpom UmepcnyHa-I'pecbeka



Link 20-58 Light chain nephropathy in multiple myeloma. Note the dilated tubules with eosinophilic casts with Tamm-Horsfall protein
trapping light chains. Also note the multinucleated giant cells that “invade” the tubules through breaks in the membrane (white arrows).
(From Rosai J: Rosai and Ackerman’s Surgical Pathology, 70th ed, St. Louis, Mosby Elsevier, 2011, p 1165, Fig. 17.87.)




CenekTnBHas NpoTenHypus

* [loTepa 3apana bM

* Hanpumep, npn 6onesHn MUHUMarbHbIX
N3MEeHeHNn

* AnbOYMUHYpPUSA, HO HET rMOBDYNUHYPUN




) - Multiple myeloma
3  Light chains {
Light chain nephropathy
Minimal change disease (see below
— Albumin only { i ( )
Transient (related to exercise or fever)
Check
urine :
protein Orthostatic 5  Hereditary
electrophoresis
, 6 |- Congenital
- 4 | B, microglobulin — Tubular proteinuria
Urine 7 + Acquired
prowin 8 - Immunologic
<3 g/day L Mixed (see below)
1 2 | Check
Proteinuria —{ 21"
(> 150 mg/24 hr) protein
9  Infections
Urine 1
protein History 0T Drugs
> 3 g/day positive Allergic reaction
11 |- Familial disorders
Check 12 & Neoplastic disease
history
- Minimal change disease
History .
negative Focal sclerosis
13 ~ Glomerulonephritis (GN) + Membranous GN
Proliferative GN
Unclassified GN
Check ~ Diabetes mellitus
renal )
biopsy - Systemic lupus erythematosus
~ Polyarteritis ;
P { Essential
e ) Malignant
-~ Amyloidosis

Beta,-microglobulin, with a molecular weight of ¢~ Muteystem disease 7 Myxedema

4 12,000, is the standard marker in the urine for [re
tubular proteinuria. The normal urinary excre- i (;eor;p:;u;essr::;:::e
tion of 100 pg/24 hr may be increased 10- to 100-fold P

~ Henoch-Schénlein purpura
in tubular disease.

— Sarcoidosis



Patient with PROTEINURIA

!

@ Urine dipstick

False negative: dilute ——

Diabetics: measure urine —
microalbumin

Protein electrophoresis if high
suspicion for light chains

<— False positive: alkaline, concentrated,

gross hematuria, contamination,
penicillin, sulfonamides, tobutamide

!

Functional proteinuria:
Changes in glomerular pressure
Fever, exercise
Orthostatic proteinuria:
proteinuria disappears when
recumbent

!

© Persistent positive dipstick
Quantify protein excretion

<300 mg/24 hr

Nondiabetic

Negative history/physical
examination

Repeat 24-hr collection in
6 mo

@ Significant proteinuria
=300 mg/24 hr

l

Careful history/physical
examination

Urinalysis

Renal function tests

Fundoscopy for diabetics

Renal ultrasound

!

:

Nephrotic range proteinuria:
=3.5 g/24 hr
Nephrotic syndrome: edema,
hypoalbuminemia,
hyperlipidemia, lipiduria
Evaluation for primary vs.
secondary causes

-
B>

Significant proteinuria

Y

Referral to nephrologist:
Renal insufficiency
Hematuria without infection
Persistent proteinuria
Consideration for renal biopsy



EVALUATION OF PROTEINURIA

PROTEINURIA ON URINE DIPSTICK

'

Quantify by 24-h urinary excretion of protein and
albumin or first morning spot albumin-to-creatinine ratio

£

Microalbuminuria
30-300 mg/d or
30-300 mg/g

Macroalbuminuria Nephrotic range
300-3500 mg/d or > 3500 mg/d or
300-3500 mg/g > 3500 mg/g

+ |Goto

RBCs or RBC casts on urinalysis | _,

Fig. 61-2

'

Y under microalbuminuria consider
Consider Myeloma-associated kidney
Early diabetes disease (check UPEP)

Essential hypertension

Early stages of
glomerulonephritis
(especially with RBCs,
RBC casts)

In addition to disorders listed

Intermittent proteinuria
Postural proteinuria
Congestive heart failure
Fever

Exercise

Nephrotic syndrome
Diabetes
Amyloidosis
Minimal change disease
FSGS
Membranous glomerulopathy
IgA nephropathy




NenkounTypus

=10 WBCs/HPF in a
centrifuged specimen or 25 WBCs/HPF in an uncentrifuged specimen

CTepusibHas

+ BaKkTepuu: Hentpodwunb!:
- MIT + AHTUOUOTUKU CTeDV”—I bHaﬂ

s ITnMdouUmnTbI:
MIU ManunnapHbIA HEKPO3 T|/|H
Onyxonb
Xnamuvauos
Tybepkynes v gp.

npoba TomrncoHa

ocTepasa nenkountoB — 4. = 80%
HuTpntbl — 0O6HapyxeHne HUTpaT BoccT. bakTepun (E.coli), 4.= 30% (ocobeHHO rpu

yacTomMm ModeuncnyckaHmn), cn. = 90%



B, Sediment with neutrophils. The
arrow points to a bilobed neutro-
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Casts in urine Presence of casts indicates that hematuria/pyuria is of renal (vs. bladder) origin.

RBC casts Glomerulonephritis, ischemia, or malignant Bladder cancer, kidney stones = hematuria, no
hy pertellslon casts.
Acute cystitis — pyuria, no casts.

WBC casts Tubulomterstltlal mﬂammatlon acute
pvelonephrltls transplant re]ectlon

Fatty casts (“oval fat Nephrotlc syndrome
bodles")

Granular ( muddy Acute tubular necrosis.
brown )casts

Waxy casts Ad\ anced renal dlsease/chronlc renal fallure
Hyallne casts Nonspemﬁc, can be a normal ﬁndmg, often

seen in concentrated urine samples.

Hyaline cast Lipid cast (Fatty cast) RBC cast WBC cast

Renal Granular Waxy cast Broad cast
tubular cast cast




Calcium
(80%)

Ammonium
magnesium
phosphate
(15%)

8
[l
J

<
)
-

Uric acid
(5%)

Cystine
(1%)

T pH (calcium
phosphate)

+ pH (calcium
oxalate)

tpll

ypH

{pH

Radiopaque Envelope [\ Calcium oxalate, calcium phosphate, or both.

or dumbbell Promoted by hypercalciuria (idiopathic or
shaped 2° to conditions that cause hypercalcemia,
such as cancer and t PTH). Oxalate crystals
m can result from ethylene glycol (antifreeze),

vitamin C abuse, or Crohn disease.

> Treatments for recurrent stones include
‘ f&_ - thiazides and citrate.

S\
- T

Most common kidney stone presentation:

calcium oxalate stone in a patient with

hypercalciuria and normocalcemia.
Radiopaque Cofhn lid [ Also known as struvite. Caused by infection
with urease @ bugs (Proteus mirabilis,
Staphylococcus, Klebsiella) that hydrolyze

urea lo ammonia — urine alkalinization.
Can form staghorn calculi [4 that can be a
nidus for UTTs.

Treatment: eradication of underlying

infection and surgical removal of stone.

RadiolUcent  Rhomboid or Risk factors: ¥ urine volumne, arid climates,

rosettes [ and acidic pH.

Visible on C'T"and ultrasound, but not x-ray.
Strong association with hyperuricemia (e.g.,
gout). Often seen in diseases with 1 cell
turnover, such as leukemia.

Ircatment: alkalinization of urine.

Radiopaque Mostly seen in children, 2° to cystinuria. Can

form staghorn calculi. Sodium nitroprusside
test @.

‘Ircatment: alkalinization of urine and
hydration.




 Cr, MOYEBMHA

* DNEKTPONUTDLI

* HbA1C

* Mapkepbl
NoYyeyHoro
NnoBpeXaeHUs —
ocTtporo (NGAL)

N XPOHNYECKOro
(umnctatunH C)

Blood tests for abnormal
creatinine and electrolytes



A30T mo4veBuHbl (BUN) nnn moyesunHa

« 7/ to 18 mg/dL

« ObpasyeTcsa B OPHUTUHOBOM LIMKIE,
duneTpyeTcH, YacTu4YHO peabcopbupyeTcs,
NPW BbICOKOM YPOBHE MOXET BbIBOOUTCS
yepes KOXY, KULLIEYHUK

« 3aBucuT oT: 1. duneTpauunn (Knybodek),
2. peabcopbuuu,
3. OPHUTUHOBOIO LMKNA,
4. notpebneHunsa dernka
5. MIHTEHCUBHOCTU KaTabonmnama



CAUSE DISCUSSION

Increased Serum BUN

Decreased cardiac output CHF, shock (e.g., hemorrhage) mcc
lcCardiac output — LGFR — Tproximal tubule reabsorption of urea — Tserum BUN
Increased protein intake High-protein diet, blood in gastrointestinal tract
TAmino acid degradation — Tserum BUN (more synthesized)
Increased tissue catabolism Third-degree burns, postoperative state
TAmino acid degradation — Tserum BUN (more synthesized)
Acute glomerulonephritis Poststreptococcal glomerulonephritis

LGFR — Tserum BUN (more reabsorbed in proximal tubules)

Acute or chronic renal failure  Acute tubular necrosis, diabetic glomerulopathy
LGFR — Tserum BUN (backs up behind the failed kidneys)

Postrenal disease Urinary tract obstruction (e.g., urinary stone, BPH)
LGFR back-diffusion of urea — Tserum BUN

Decreased Serum BUN

Increased plasma volume Normal pregnancy, SIADH
TPlasma volume — TGFR — Jserum BUN (less reabsorbed)
Decreased urea synthesis Cirrhosis, Reye syndrome, fulminant liver failure
Dysfunctional urea cycle — lserum BUN (less synthesized)
Decreased protein intake Kwashiorkor (TCHO is protein sparer; refer to Chapter 8), starvation gluconeogenesis
in kidneys

JAmino acid degradation — lserum BUN (less synthesized)



KpeaTUHUH

* 0.6 to 1.2 mg/dL vnn

« dunbrpyetcqa, HE peabcopbupyeTcs,
HE3Ha4YUTENBbHO CEKPETUPYETCH, NOITOMY
noaxoauTt ansg oueHkn CKO




KnupeHc KpeatuHuHa

« KK =Cr B mMo4e (mg/dL) x obbem 244. moyn (mL/min) + Cr B
nnasme (mg/dL)

* TOYHOCTb MeToAa 3aBUCUT OT NpaBuIibHOro coopa moyu (24
yaca)

* Hopma: 97 - 137 mL/min, koppenupyet ¢ CK®

* He nogxoout aonga oueHkn CK® B page cnyyaes, Hanp., Yy
NOXXUMNbIX NaUUEHTOB, aTfNeToB

* [locne 50 net KK ymeHbluaeTca Ha 1 mL/min kaxgbin rog

CAUSE DISCUSSION

Increased CCr

Normal pregnancy Normal increase in plasma volume causes an increase in the GFR leading to an increase in
CCr; highest at the end of the first trimester
Early diabetic Efferent arteriole becomes constricted due to hyaline arteriolosclerosis causing an increase in
glomerulopathy the GFR and CCr.

Increased GFR damages the glomerulus (hyperfiltration injury).
Decreased CCr

Elderly people GFR normally decreases with age causing a corresponding decrease in the CCr; danger when
using nephrotoxic drugs; therefore the dose amount and interval must be adjusted
accordingly for the person’s age and CCr

Acute and chronic ARF due to acute tubular necrosis, CRF due to diabetic glomerulopathy, chronic
renal disease ovelonephritis renal amvloidosis




cooTHoweHne BUN/Cr

* HopMma -15

* Cr HE peabcopbupyetcsi, MoueEBUNHA —
peabcopbupyeTtcs

* ilcnonb3yeTcsa Anst OLEHKN

 [lpepeHanbHaga asotemuda - > 15

* PeHanbHasa (C nopaxeHnem KaHanbua) - < 15
(3KCTpapeHanbHOE BbiBEOEHME)

 [locTpeHanbHasa - > 15



Glomerulus
Efferent arteriole
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—_—

Afferent arteriole
TN

— 15 (
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BUN 1
f’ BUN:Cr
Creatinine l‘ ratio 15
A. Normal [Filtrate
Glomerulus

Afferent arteriole

Skin, Gl Efferent arteriole

!

<15
_—

BUN:Cr
ratio < 15

Creatinine

C. Renal azotemia |Fittrate

Glomerulus

Afferent arteriole

Efferent arteriole

qw

——

BUN
_
Creatinine

B. Prerenal azotemia

Afferent arteriole

TReabsorption
—

oo

Filtrate

Glomerulus
Efferent arteriole

#15

B —

BUN

—_—
Creatinine

D. Postrenal azotemia

=3
o)
|

Obstruction

BUN:Cr
ratio > 15

BUN:Cr
ratio > 15




Test Sl units | US units
'BUN (Urea) 720 mg/dL
“ Urea 2.5-10.7 mmol/L ‘20—40 mg/dL |
Creatinine | 62-106 ymol/lL | 0.7-1.2 mg/dL |

BUN:Cr‘ Urea:Cr‘ Location | Mechanism
| Prerenal BUN reabsorption is increased. BUN is
>20:1 >100:1 | (before the | disproportionately elevated relative to creatinine in
kidney) serum. Dehydration or hypoperfusion is suspected.
Normal or
10-20:1 40— Postrenal Normal range. Can also be postrenal disease. BUN
1 100:1 (after the reabsorption is within normal limits.
| Kidney)
Intrarenal

Renal damage causes reduced reabsorption of

<10:1 <40:1 (within _ ,
BUN, therefore lowering the BUN:Cr ratio.

Kidney)




EVALUATION OF AZOTEMIA

AZOTEMIA

{

Urinalysis and
Renal ultrasound

{

Renal size parenchyma
Urinalysis

Hydronephrosis

Urologic evaluation
Relieve obstruction

Y

L

Small kidneys, thin cortex,
bland sediment,
isosthenuria
<3.5 g protein/24 h

Normal size kidneys
Intact parenchyma

Bacteria - Pyelonephritis

!

Acute Renal Failure

‘ ‘ WBC, casts || Interstitial
eosinophils nephritis
Normal
. . Abnormal
urinalysis ; :
wittdlianr urinalysis [,
olgura Redblood | | Renal artery
cells or vein
occlusion
Y ‘ ' T
Chronic Renal Failure Urine Muddy brown RBC casts
Symptomatic treatment electrolytes casts, Proteinuria Antioaram
delay progression amorphous glog
If end-stage, prepare sediment
for dialysis + protein
Y
FeNa <1% FeNa >1% )
U osmolality > 500 mosmol U osmolality < 350 mosmol Renal biopsy

Prerenal Azotemia

Volume contraction,
cardiac failure,
vasodilatation, drugs,
sepsis, renal
vasoconstriction,
impaired autoregulation

Acute Tubular Necrosis

Glomerulonephritis
or vasculitis

Immune complex,
anti-GBM disease




MAPKEPbI NMOYEYHOI'O NOBPEXAOEHWA

( Glomerular filtration )
and proximal tubule
function
* Serum creatinine
* Blood urine nitrogen
e Serum cystatin C
* Plasma NGAL
(_* B-trace protein )
s - N
Glomerular injury
e Urine albumin excretion .
* Podocyte count DISt-aI tubule
X e Urine NGAL
* Podocalyxin « Utine m=GST
* Nephrin T
Interstitial

fibrosis

* Urine TGF-B4
e Collagen IV

Proximal tubule

~

(" Other mechanisms/ )

sites of injury not

specific to the

nephron

e Hepcidin—iron
trafficking

* TIMP-2/IGFBP7-G1
cell cycle arrest

(" Proximal tubule

injury

e Urine IL-18

e Urine KIM-1

e Urine L-FABP

e Urine cystatin C
e a1-microglobulin
* 32-microglobulin
e Urine a-GST

e Urine netrin-1

L Urine NAG

J

N

Collecting duct

Loop of Henle injury
e Uromodulin

~

J

Figure 30.2 Biomarkers in relation to their site of injury in the nephron. GST, glutathione S-transferase; IGFBP7, insulin-like growth factor-
binding protein-7; IL-18, interleukin-18; KIM-1, kidney injury molecule-1; L-FABP, liver-type fatty acid-binding protein; NAG, N-acetyl-3-D-
glucosaminidase; NGAL, neutrophil gelatinase-associated lipocalin; TGF-B1, transforming growth factor-f1; TIMP-2, tissue inhibitor
metalloproteinase-2. (Adapted from Koyner JL, Parikh CR: Clinical utility of biomarkers of AKI in cardiac surgery and critical illness. Clin J Am Soc
Nephrol 8:1034-1042, 2013.)



HedpUTNYECKMNA CUHOPOM

f EMATYPUHA + SPUTP.LUNNINHAPDLI
-ONUIYPVS Bp ASOTEMUST
*BUN/Cr >15 (avan ve nospenacrss

Al \
*OTEKW

L MEXAHWN3M — 3AOEP>XKA XXWOKOCTU




HeppOTmnyeckmm cMHOpoOMm

* MpoTteunypusa > 3,5 r/cyT
 lMnoanbbymuHeHmmus < 30 r/n

° OTeKVl . MEXAHN3MbI — 1. {OHKOTVMEKOFO OABJIEHUA,
2.3aepxKa XnakocTtu (anb4oCTEPOH)

* [Mnepnunnaoemus

+ M'mnepteH3usa / runoteH3us (HeppoTNYECKNN KpU3)
'Mnepkoarynauua (notepsa aHTUTPOMOUHA)
UmmyHoaedhmuut (noteps Ig)

Oval fat bodies

[Mpu acunTe - pUCK CNOHTAHHOIro bakTepuanbHOro
neputoHuTa (S. pneumoniae, E. coli)



[MpnyimnHbl HC

Y netent - #1 - bonesHb MUHUMATNbHbIX UBMEHEHUN

* Y B3pOCIbIX €BpONeonaoB (Kpome natuHoamep.) - #1
— MeMbpaHo3Hasi HedbponaTus

* Y ocTanbHbIX B3pochbiX - #1 — OCIC

« Takxke: gnabdbeTnyeckuimm rnomepynocknepos (tun 1
-35%—-45% cnyyaes, Tnn 2 - 20%), ammnonaos,
Opyrue nepBuYdHble U BTOPUYHbLIE rMOMepyionaTum



Oval fat bodies

* renal tubular cells with lipid

 Maltese crosses are due to
cholesterol, which is
always increased in
nephrotic syndrome




GLOMERULAR DAMAGE

T Permeability of glomerular capillaries to protein

PROTEINURIA (< 3.5 g/24 hr)

!

HYPOPROTEINEMIA (Albumin < 3 g/100 ml)

N

4 Plasma oncotic pressure Compensatory
\ synthesis of
proteins (including
l 4 Plasma volume lipoproteins) by liver

Fluid escapes 1
into tissue J GFR

l

T Aldosterone secretion !

¥ _ 1 _ HYPERLIPIDEMIA
Fluid retention
EEN - J




[lopakeHue

[ lopaxkeHue
KaHanbLua

* ApTepunanbHas rmnepTeH3und
* MoueBou cnHapom (pasHble N3MEHEHUSA)

* Hedputnyeckmu
CUHOPOM

* HedopoTnueckmnu
CUHOPOM

iHaA HEOOCTATOHYHOCTb

* HapyweHud
obpa3oBaHuA u
BblAENEHNST MOYMN:

rmno-, USOCTeHypus



SLE
—

IgA nephropathy
Minimal
change Diabetic Post-streptococcal Anti-GBM
nephropathy nephropathy MCGN glomerulonephritis  disease

FSGS 70 ™ |
Small- ; KA

Membranous vessel O Tk : '

nephropathy vasculitis _ N A\

l Amyloid l R0 St

Mechanism

Mechanism
e Injury to podocytes ¢ |nflammation

¢ Changed architecture * Reactive cell
Scarring proliferation
Deposition of matrix - ¢ Breaks in GBM
or other elements Erotomuria ¢ Crescent formation




Filtration Defect J [Differential Diagnosis’ [Diagnostic Approach

/ Prerenal BUNY/Cr ratio, FEy,
Intrarenal Urinalysis and sediment, serologies, biopsy
Quantitative / \ Postrenal Imaging (US, CT)

t Scr (¢GFR)]

/

AKIl on CKD

NCO . . .
Suslitatie L35 g/day CKD d\ooa‘“\ci Biopsy, antibody to M-type phospholipase
/ v eeS W A, receptor?

Proteinuria ]
% Nephrotic syndrome

O — Serologies (e.g., hepatitis B, hepatitis C, HIV, serum
- Systemic disease, . ) . . .
medication, reflux  light chains), imaging, biopsy

ot A \ — Chronic glomerulopathy Genetic testing, biopsy
\

[ Hematuria ] Serologies (ANA, SIEP, SFLC, ASLO,

calch : ’
MAK/ N / cryoglobulins), biopsy

Acute glomerulonephritis
N
% Serologies (ANCA, anti-GBM, SIEP), biopsy




Syndrome

Important Clues to Diagnosis

Common Findings

Acute or rapidly progressive renal failure

Acute nephritis

Chronic renal failure

Nephrotic syndrome

Asymptomatic urinary abnormalities

Urinary tract infection/pyelonephritis

Renal tubule defects

Hypertension

Nephrolithiasis

Urinary tract obstruction

Anuria

Oliguria

Documented recent decline in GFR
Hematuria, RBC casts

Azotemia, oliguria

Edema, hypertension

Azotemia for >3 months

Prolonged symptoms or signs of uremia
Symptoms or signs of renal osteodystrophy
Kidneys reduced in size bilaterally

Broad casts in urinary sediment
Proteinuria, with >3.5 g/24 h per 1.73 m?
Hypoalbuminemia

Edema

Hyperlipidemia

Hematuria

Proteinuria (below nephrotic range)
Sterile pyuria, casts

Bacteriuria, with >10° cfu/mL

Other infectious agent documented in urine
Pyuria, leukocyte casts

Frequency, urgency

Bladder tenderness, flank tenderness
Electrolyte disorders

Polyuria, nocturia

Renal calcification

Large kidneys

Renal transport defects

Systolic/diastolic hypertension

Previous history of stone passage or removal
Previous history of stone seen by x-ray

Renal colic

Azotemia, oliguria, anuria

Polyuria, nocturia, urinary retention

Slowing of urinary stream

Large prostate, large kidneys

Flank tenderness, full bladder after voiding

Abbreviations: cfu, colony-forming units; GFR; glomerular filtration rate; RBC, red blood cell.

Hypertension, hematuria
Proteinuria, pyuria
Casts, edema
Proteinuria

Pyuria

Circulatory congestion
Proteinuria

Casts

Polyuria, nocturia
Edema, hypertension
Electrolyte disorders
Casts

Lipiduria
Hypercoagulable state

Hematuria

Mild azotemia
Mild proteinuria
Fever

Hematuria
“Tubular” proteinuria (<1 g/24 h)
Enuresis

Proteinuria

Casts

Azotemia
Hematuria

Pyuria

Frequency, urgency
Hematuria

Pyuria

Enuresis, dysuria



