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GLOM ERU LUS ----- Active space -----

Introduction 00:00:40

Anatomy of glomerulus :
* Individual filtering unit of o nephron.
* glomerulus consists of :

- Bowmarvs capsule.

- Glomerular tutt : Copillaries derived $rom afferent arteriole, their
supporting cells, an envelope consisting of glomerular basement
membrane (&8 and visceral (Podocyte) loyer of Bowman's copsule.

* At the vascular pole, the visceral epithelium becomes parietal epithelium,
which then transforms into the proximal tubule epithelium at the urinary

pole.
* Spoce between both layers : Urinary space (®owmar's space).

e

Cut section view of glomerular apparatus

* Human glomerulus Roughly ovoid, ISO to 340 micron in diameter.

* A¥erent arteriole enters the renal corpuscle ot the vascular pole, and
mmi%‘y o form a network of anastomosing copillaries, called a lobule.

* The lobule has a supporting region called the mesangium and all lobules
together establish the tuft.

* The converging mesangial regions are called the glomerular stallk, and it
connects tuft to the extraglomerular mesangium Q&R).

* The capillaries coalesce toward centre of the capillary tuft to form efterent
arteriole, which runs through the stallk and exits from the vascular pole.

° The efferent arteriole again breaks up to form a. second capillary network,
which surrounds the tubules and is called the peritubular capil\omj network,
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Basics of Nephrology

Parts of glomerulus 00:04:50
Poarts of a glomerulus include :
* Parietal epithelial cells.
* visceral epithelial cells (Podocﬂ’ces).
*  glomerular basement membrane.
* endothelial cells.
s mesomgiod cells.
U mesma‘\od mModrix.
° maculo densa celis.
e, . Renal corpuscle
— N °
R K
‘;r\_ % l l Bowman's
' E (space
] Proximal
tubule
A\ e
/ i Capillary 1§r
ol -fg\}%g_ ; ..“»-.LOOO,(
ke Glomerulus lol®| e
Macula densa =SS A Cevllay
Granular cells () / ;
Mesangum-Extra-  ~
glomerular cell layer
/ S eosoors (vincers
apparatus Storiols ® \ Z =) Pedicels {layer
Mesangium-— N Basement Bowman's
lnll'aglomeruiar ce’ . membra ne capsu[a
Poxts of glomerulus
GLOMERULUS
Capiilary icops Urinary space
Mesangial cell

Red cell N - 2 Parietal
\ / epithelium
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Visceral

Fenestrae in
endothelium
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Capillary lumen

Endothelium  Red cell

Structure of Slomerulus in o cross section
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endothelium :

I* barrier to fitrakion.

Simple squamous layer of fenestrated cells.

Fenestrae : S5% of surfoce areo.

Size of fenestroe : SO +o 100 M.

Diaphragms present only in eflerent arteriole.

Po\gan'\on‘\c Slﬂcosaminoslgcans : G\l}jcocalgx

Receptors expressed : Class I HLA, VESF receptor, endothelin, EDRF, PREF.

aem (&lomerular basement membrane) :

W covers capillary loops and reflex to mesangium in the oxiol regions.
Three parts : Lamina rara. intema, externo. and lamina. densa.
Thickness * 330 40 340 Um.

Podocytes are involved in synthesis § degradodion.

Constituents : Type IV collagen, laminin, entactin, nidogen and suifoted
pro’ceoglgcans.

Collagen : 400 micron triple helix (Aipha. 1-6).

Proteoglycans : Heparan sulphote, agrin and periecan.

Mesangium :

Two pour’cs : n’\esans'\od cells and madrix.
Found inJuX’campil\afg region ond oxial regjon.

mesang'\al cell:

Large, irregular cell with elongoted c}j’cop\asm\c processes.

Intermediote flaments are present in the processes.

It bridges the 9op between &M and copillaries and protects capillaries
$rom hydraulic pressure.

Phagocg’cic, smooth muscle like properties.

involved in generation and degradation of mesangiol madrix.

Madrix : Type IV and V collagen, Rbronectin, fbrillin, entactin,

mMesangial cells produce vasoactive substances.

Cross talk between endothelial cell and podocg&es o maintain glomerular
function.
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4 - Basics of Nephrology

) Peripheral portion of a glomerular lobule
----- Active space -----

Glomerular
basement membrane

Foot processes

Capillary
endothelium

Microfilaments

Mesangium

Mesangial
matrix

This shows a capillary, the axial position of the mesangium, and the visceral
epithelium (podocytes). At the capillary-mesangial interface, the capillary
. endothelium directly abuts the mesangium.

Podocytes (Visceral epithelial celly) :
* Octopus shaped cells, largest cells.
* Attach o the &M by oot processes.
* Terminally difSerentioted cells.
* Contains golgj, lysosomes and are capoble of endocytocis.
* microtubules, microflaments and intermediate flaments are present in
cytoplasm % actin flaments in foot processes.

Filtrodion slit-gap between the oot processes
* Gop between two adjocent foot processes (35 40 6O nMY.
* || nm wide central flament is connected to neourbg foot process b5 regudour
cross bridges, 7 nm in diameter and 14 nm in length.
* slit diaphragms are adherans junction and 20-1 junction.
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Glomerulus - 5

®}

Filtration slits
with siit diaphragm

Endothelial
cell with fenestrae

Filtration

Scanning electron microscopic view of podocytes
slit d‘\aphmsm :

* P-Cothedim, nephrin, nephl and FAT are involved in the inter $oot process
connection.

* 20, podocin, CO3AP and catenins connect actin cgkosHele’con to the slit
diaphragm proper.

* Nephrin: Iq Superféamilg,

* Nephi : Ligand for nephrin.

* Podocin : Raft associoted stomadin ?—amilg.

* Fotis the major component.

Podocyte attachment to ggm :
* Aipha3 betal integring bind to collagen type 4, fbronectin and laminin .
* Dystroglycan complex connects the intraceliular molecule utrophin to laminin
I, agrin and periecan in the e&m.
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6 - Basics of Nephrology

_____ Aot on aoe ke * Both integrins and dystroglycans are coupled Via. adapter molecules (Paxillin,
vineulin, actinind 4o the podocyte cytoskeleton, allowing signalling as well as
*ransmission of mechanical force.
* Actin connected to podocalyxin bﬂ negative charge.

monogen‘\c nephro’c‘nc SSndrome :

mMutadion Syndromes

NPHS Congenital nephrotic syndrome (CNS)

Nphsa (Podocin) steroid resistant nephrotic syndrome
WTI Denys—drash syndrome (DD

Laminin beta. & Pierson syndrome (BMS)

PLCEl DitSuse mesangial sclerosis (OMS)

CO3AP AR focal seqemntal glomerulosclerosis (FS&S)

ACTNA AD FS&S

Parietal epithelial cells :
* Squamous cells but transition to taller cuboidal cells ok urinary pole.
* Continuous with visceral epithelium ok vascular pole.
* Long cilliumand microvilli but cell organelles are sparse.
* Final fltrotion barrier.
* Con transditSerentiote to podocytes.
* involved in crescent Sormadion.

Glomerular fitration barrier :
* Size and charge selective.
° High permeab'\l‘\’cg to woker § small solutes.
* gpm is o unigue barrier 4o anionic substances.
* molecules above radius of 4 micron are totally restricted.

Jux{raslomerular apparotus :
Portion of distal nephron comes into contact with the parent Slomerulus.
Cconsists of :
* Tubular component : Maculo. denso.
* vascular component : Atterent arteriole.
NG} Smnulour cells or mﬂoep'\’che\'\od cells.
¢ ngmnular extro. 9\omeruiour mescmg‘\od cells or lacis cells.
granular cells contain renin and ang'\o’censin .
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Glomerulus 7

Mocula densa
* Special area. in the TAL DCT junction adjocent to hilum of parent glomerulus.
* Columnar cells with apical nuclei are present.
extra. glomerular mesangium interdigitote with extro. glomerular mesangjal cells.
Juxtaglomerular apparatus is rich in autonomic nerve endings and synapses.

Afferent arteriole

Jux’mabmerwar appamkus
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8 -

----- Active space ----- LO O P D I U RETI C S

Mechanism of action 00:00:40

Role of NIKCCA in the Kidney, :
* Sodium/chloride reabsorption.
* Role in urinary concentrotion and free woter excretion.
* Tubuloglomerular feedbock.
* Indirect role in calcium/magnesium albsorption.
e gflect on renal acidificadion.

PCT PST tDL tAL TAL i
TG feedback jowd jow
] o] ; _;{; """"""
—&-> Urea
‘A\_/-"\\ /—‘ —_— ETa——
‘A a e [Urea]
—— H,0
Urea, —&-» Urea
TJNa
GTbalance = wneel v e L e
o A 2700 mOsm .2_70,0_
NKCLA in tubuloglomerular feedback NKCLA in urine concentration
Lumen Thick ascending | Peritubular Lumen i Thick ascending Bleod
m limb of loop of Henle JJ space L fimb cell

Na+ —r—

K
NHa* NH4* 2CI
NKCC2
+ |-.‘
NHa* — NH4

20 T

|
NHa* Lumen (+)
Ca2+,Mgz+
/_
i
NKCLA in renal acidification NKCCA in sodium absorption
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Loop Diuretics - 9

mechanism: Active space ~----
* Loop diuretics act on the NKCLA channel bg o,tho,ching on the Cl tronsporter.
* Reversible inhibition.
* Loop diuretics are organic anions and bind o NIKCLA, £rom the luminal surfoce.

Pharmacokinetics and pharmacodynamics 00:03:02

Pharmocokinetics :
4 processes : Absorption, distribution, metobolism and excretion.

mechanism of diuretics secretion
bfﬂ proximal tubule cells

Absorption § distribution : Liver
Ceiling dose : No increase in effect
begond a particular dose.

Dose of administrotion should be
between threshold dose and ceiling
doge.

F-GC (15%)

mMetobolism § exeretion :
metobolised in PCT of Hidne\uj
(Glucuronidation) and liver,

Y
F-GC (42%)

——> F (43%)
metolbolism and excretion
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10 - Basics of Nephrology

Pharmacod5namics :
eflect of dmg on the
bodg.

Dose
Biocavailability

Tubular secretory capacity -

Rate of absorption

Time course of delivery

LA

Efficiency

Maximal response

Altered dose-response
relationship
Braking phenomenon

ot ?
Threshold
Loop diuretic excretion rate
Clinical implications o pharmacokinetics and dynamics :
* Loop diuretics have steep dose-response curves.
* Threshold dose (Changes with disease conditions).
* Ceiling dose.
* Volume of distribution and hypoalbuminemio.
Individual drugs 00:07:31
Furosemide Bumetanide Torsemide
Relative potency 4 16O [
Oral bicovailobility 10-100% 80—-100% 80—-100%
AtSected by food Yes Yes No
metabolism S0% renal S0% hepotic 80% hepotic
Hol%-life 15-3 hrs I-1S hrs 3-6 hrs
R PO : 30—-60 min PO : 20-60 Min PN,
V:sS min WV : 3-2 min
gliminodion 65% renal 8% renal a4% renal
13% hepadic 3% hepotic
Highest doses that can be given in various conditions :
oo Furosemide Bumetonide Torsemide
Gn mL) ©rol/n) (n mL) | ©rol/id) (n ML)
v Orol
D (§FRA0-SO) | 80-16O | 16O b SO
GFR (£<30) a00 a40 10 100
NS with normal FR 130 340 3 S0
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Loop diuretics in CHD :
* Prolongadtion of t .

Loop Diuretics - 11

* Abnormal diuretic secretion due to metabolic acidosis/uremio.

e F\oe'c’cening ot dose response cunve.
*  downward shitt of ceiling natriuresis.

‘ : Normal
% Normal §
& 5 g
“ °
z 2 2
g g g DCT
g 2 g y
: g g |
. e 0 o 120
Plasma log [diuretic] Plasma log [diuretic] GFR, m/min/1.73 m?2
Loop diuretics in CHD
Loop diuretics in nephrotic s!jndrOme 3
4 mechanisms of obonormal responsiveness to loop diuretics :
. Decreased delivery/decreased secretion (Threshold dose is highen).
a. Increased renal metabolism.
2. Decreosed blockode b}j the diuretic.
4. Increased No, ¢l reabsorption b5 other nephron segments.
Adaptation to diuretic therapy 00:09:58
' 0N 24 H
r-\daptadnon o r
Also Known as braking phenomenon.  E ]
(-]
Hemodynamic adoptation : Fall in E 90 The Braking
eflective circulatory volume (ecVv) — E 75
=
Sympathetic nervous system "3 60 -
activation —> Angiotensin and % 45 -
aldosterone axis activodion. § 804 r—=3 4= g,
-4 Post-Diuretic
Neurchormonal : Renin secretion £ 5. ] heaCilRetention
independant of eCV — RARS — J§ :E, 0 AR L1 | |
huperplasio. — Hyperiasio. § hypertro- “’ ° 0 -
*‘jPe P Hﬂ u% Time
phg of distal tubular cells.
I Natriuresis [l Antinatriuresis
Post diuretic salt retention
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12 - Basics of Nephrology

Clinical implications of braking :

s D\e‘carg salt restriction is very importont for pre\/en’c'mg post diuretic solt
retention (<& 3/ day, 490 mmol/ dag).

* Consider multiple daily dosing, diuretic with prolonged action or continuous
administradion.

* Seguential blockade with diuretics of other class.

* Diuretic ’chempg should not be abrupk\a stopped.

* Salt restriction should be continued after stoppage of diuretics as well.

Diuretic resistance 00:11:58

Diuretic resigtance is defined os failure 4o achieve ’chempeu’cical\g desired
reduction in edema. despite o ull dose of diuretic.

Couses:
* Incorrect diagnosis (&3., : Venous or IBmphoec‘\c edemo).
* Non-adherence to recommended sodium ond/or Sluid restriction.
* Drugnot reach‘\ng the H‘\dn65 :
- Non-adherence.
- Dose 100 low or 100 infrequent.
- Poor absorption.
* Reduced diuretic secretion :
- Tubular uptake of diuretic impaired by uremic toxins.
- Decreased Kidney blood Sow.
- Decreased functional Kidney mass.
* Insufficient Kidney response to drug :
- Low glomerulor $itrodion rate.
- Decreased effective intravascular volume despite elevated totol
extrocellulor Suid volume.
- Activation of the renin-angiotensin system.
-~ Nephron adaptotion (Broking phenomenon).
— Use of non steroidal anti-inflarmmadory drugs.

Diuretics in nephro’dc 35ndrome 3

Plosminurio. activates enoc channels in co\\ecﬁng ducts and tubules — Sodium is
reabsorbed,
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Loop Diuretics 13

Tubular Peritubular |, ive space -----
fluid llary Active space

Sodium reabsorption in nephrotic syndrome

Summaurg : .
* Diuretic resictance is otten accompanied b}j pro%md metobolic alkalosis.
* metabolic alkalosis is managed b}j a,dmin'\s’cer'\ns KCL or KK sparina diuretics.

Reduced GFR: Distal Tubule
: Hypertrophy:
[
glomanstar NSAIDSs, consider
hemodynamics | holding ACEVARB Rebound mf -
i (G
Low cardiac Hemodynamic p:
outpit support diuratic therapy)
Chronic Increase LD dose
Kidnsy
disease or
functiona
ronal
hypopsrfusion
Distal Nephron
Hyperfunction:
Barriors Potential solution
Kt
mediated sparing diuretic
Proximal Tubule sodium {ENC blocker)
Barviers Potential solution Iprest frea
4 waier
Neuro- ACEY, water
hormonal G retention
activation
Sodium-avid Increased LD
states doses, proximal
tubule diuretics
{i.e. acstazolamide)
Post-diuretic Muitiple daily doses,
effect continuous LD
infusion Loop of Henle
e Hypertunction:
Barriers Paotential solution
Braking effect Higher LD doses
| ) o, S .
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14 - Basics of Nephrology

Adverse effects 00:13:54

Includes :

diosyneratic effects including acute interstitial nephritis AIND.
Hyponatremia. (very rare).

ngolﬁodem‘\a.

H}jpomagnesemia.

mMetobolic alkalosis.

O’co’cox'\c\fﬂ.

ECV depletion and Al

H5ponoecremia :

Seen more with thinzides.

Loop diuretics inhibit Nout transport in the renal medulla : Moaximal osmotic
gradient can not be achieved,

Thus, loop diuretics impair the abil'\’c}j o produce concentrated urine.
Thiazide ype diuretics increase Nat excretion, prevent maximal dilution of
the urine and maintain the innate concentrating capoacity of the Kidney.

H!jpolﬁodem\a g
Diuretics
C D
A 4 4‘/
Renin Inh | | Increased Renin Increased AVP Increased
tubular Slow
ace | ¥
Inereosed ns !
ARB
‘ A\ Y
MRA Increosed K" secretion b3 K secretion lo5
Aldosterone "1 rOMK channels &k channels
X y
£nol blockers / ngolﬁodem'\a
nel lements
Upe ' Shi%t of K™ in E
H—-I Alkolosis l
to cells T

mMechanism of hBPOHadem'\a
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Loop Diuretics - 15

ngomaanesemia:
* Loop diuretics inhibit paraceliulor Mg reabsorption in the TAL.
* Though calcium absorption is also less, hypocaleemia is rare.
* Both calcium and Mg have distal mechanisms of absorption (TRMP, TRPVS)
which remains intact duuring loop diuretic ’chempg.
O’cortoxic'ﬂ:g :
* Inhibition 0% NKCCI isoform in the striae vascularis of inner eax.
* Associoted with high plasmo. levels.
* more in administering boluses/and in CAD potients.
° uswd\tj reversible ’coxic‘\’cg.

metabolic alkalosis :
Thiazide and Loop Diuretics
t Distal Na+ Delivery { Aldosterone } EABV
K $ Lumen () 1 Nav/H+ }GFR
| Potential antiporter l
{ } .
1 NH, f Hr-i: ATPase 1y z%%’f“"
1 Buffer availability
l Y 4 \ 4
» 1 Distal H* Secretion { Proximal
reabsorption HCO,
) 4 l \ 2
Generation of Maintenance of
Metabolic Alkalosis Metabolic Alkalosis

Drug interactions with NSAID/ACE! :

Concurrent use of diuretics, ans'\o’censin oon\/er’c‘mg enzyme inhibitors, and
angiotensin receptor blockers with non-steroidal an’d—-\n%\ammoecorg drugs is
associoted with risk of acute Kidney injury : Nested case-control S’cudl.j.
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Definition :

APPROACH TO HEMATURIA

* Presence of ok least S red blood cells ReC)S) per UL of urine.

* 73 ReC per high power field (HPP) of 10 ml of centrifuged urine.
* >SRBC per mm® of ¥resh\5 voided, unspun urine.

* Significant hemoturia. : >S0 RBCS/WL.
* Incidence of gross hemadurio. in children is estimoted to be 0.13%.

* I Sb% coses, this is due o an easily identifioble couse.

L n35mp’tomodc‘\c microscopic hemoduriol is 10X oS8 pre\/alen’c as gross hemodurio.

* most cases of microscopic hemoadurio in children are tronsient, and with

repeoted evaluotions, the prevolence decreases to less than 0.5%.

Etiology

00:02:19

R&Cs may originade $rom glomeruli, renal tubules, interstitium, or urinary trocts.

&’ciological classificotion :

Couses of hemodurio

[

{ !

| Mon—glomerudar I

1solated renal disease

S\tjs’cem'\c disease

* Thin &M disease

* good pas’cure’s diseose
® Shunt nephr'\’cis
* Infective endocarditis

isolated renal disease Sustemic disease Non—glomerulor cause

* Post infectious * gle Troumoao.
glomerudonephri’c'\s * Henoch Schonlein purpura urethrol %reign bocg

* 19A nephropothy HeP infections

* Alport 35ndrome . Hemolg’dc uremic sgndrome Nephrolithiosis

* MPeN, FSES * Anti gpM diseose \diopathic hypercaleiurio

Drugs : NSAIDS, cgclophosphm'\de
Hemako\og'\cal : Sickle cell
anemio, Disseminated
introvosculor coagulation

Wilm’s tumor

Blodder hemangjioma.

Renal vein/artery thrombosis
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Approach To Hematuria - 17

Causes of hemodurio in newbom :

Renal vein thrombosis.

Renal artery thrombosis.

Rutosomal recessive poljjcgshc H’\dr\eg diseose.
Obstructive uropoech\tj.

Urinary troet infection.

Bleeding ond clotting disorders.

Traurno, blodder cotheterizotion.

Note :
Pink urine in newborn, negodive for blood : Uric acid erystols.

History 00:06:08

Presentodtion :

Gross hemoturio.
urinarg or other st)mp’romg with incidental %no\ing of microscopic hemoturio.
Inodvertent discoverg ot microscopic hermoturio. dur’\ng o. routine urinodﬂsis.

History d/% glomerular couse :

Hemoduria ¢ Colo. coloured urine.

gdema. : Periorbital edema, pedal edero.

Hypertension feotures : vomiting, head ache, seizure.

O\‘\suria.

Sore throot $oliowed by hemadurio. within 1 to & days * IgA nephropathy.
Sore throod | to & weeks prior or pgoderma 3 weeks prior * Post s’crep’cococom
glomerulonephritis.

Purpuric rash, abdominal pain, joint pain : Henoch schonlein purpuro.
Loose stools, anemia, hemoduria : HUS.

Adolescence, female predominant, rash, joint swelling/pain : SLE nephritis.
Sudden deterioradion with AKX : Rap'\dlg progressive Slomerulonephri’cis
RPeND.

Recurrent episode of gross hemaduria ¢ Igf nephropathy, Alport, thin
basement membrane disease.

Hearing impairment : Alport 55ndrome.
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18 - Basics of Nephrology

_____ Active space - History d/t non-glomerular couse :
¢ 6r'\8\"r\7 red colowr urine or microscopic hemadurio.
* Trouma, $resh blood or clots in urine : Urethral njury
* Abdominal Mass : wilms tumouy, hﬂdronephros‘\s.
* Fever, dgswria, urgency, lumbou or suprapubic pain, foul smell in urine :
Urinary tract infection.
* Bleeding disorder : Thrombocg’copenia, coagulodion disorder.
* Sickle cell anemio.
* Colicy albdominal pain, passooe of stone in urine : Urolithiasis.
* Unilateral loin pain preced‘mg hemorrhage (Nut erocker SHndrome).
* Relodion with exercise or strenuous a.c’c‘\\/i’cg.

Note :
Poinful hemoturia is almost olwoys non glomerular (mareh hemadurioD.
Famil}j his’cork) :
* Hemaduria, hearing impairment in * Visuol defects.
¥am‘xl5 member especiod\g moderal

Renal stones : Heredi’carb
uncle : Alport syndrome. hypercalciuria. (Autosomal

* Sickle cell disease. dominan®).

* Chronic Kidney disease.

Urine examination 00:10:28

Gross exomination :
Collection of appropriote mid cokeh urine.
Second urine sample n mom‘mg is used,

uncen’cr‘\?uged somple :
* 6ri3h’c red color : Lower urinary * Blood drops or clot ‘\n'\’cial\g while
troct hemodurio. passing.urine : urethrol njury.
* Colo coloured : Glomerulor * 8lood ot end of passing urine :
hemodturio. Blodder couse.
Centrifuged sample :

* Toke I0 ml of urine cen’cr‘\%ge ot 3000 rpm For S min.

* Discard supematant.

* Re-suspend in 0.5 ML supemotont and prepare slide.

* View in microscope.

* In centrifuged sample it supernotant is clear : Hemodurio.
* 1% supermatant is still red : Hemoglobinuria. or myoglobinurio.
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Approach To Hematuria - 19

Preparation of urine sediment for microscopic examination Active space -----

Centrifgati Discard
A . on supernatant D

Side formicroscopic

examination

Sediment

Dipstick method :

* Reagent strip reaction utilizes pseudoperoxidose ac‘dvﬂ-g of hemoglobin (or
m\tjoglobin).

* Cotalyzes a reaction between \f\ﬂdrogen peroxide and chromogen
te’cmme’chﬁlbenz'\d‘me to produce an oxidized chromogen, which has o
green-blue color.

° Sensitivity of 100 % and a sPeci%c.i’cB of 99% in detecting | to S R&Cs/ high
power field HPP.

* Folse negodive results :

~ Formalin (Used as a. urine preservotive).
. H‘\Sh urinary concentrations of ascorbic acid (Patients with vitamin ¢
intake 8000 mg/dawp.

* Folse-positive results :

~ Akaline urine (pH >8).
- Contamination with oxidizing agents such as htjdrogen peroxide used
to clean the perineum before cbtaining a specimen.
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