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GLOMERULUS

Introduction 00:00:40

Anatomy of glomerulus :
* individual %Rering unit of a. nephron.
* gomerulus consists of :

L Bowman’s capsule.

3. &omerular tuft : Capillaries derived from afferent arteriole, their
supporting cells, an envelope consisting of glomerular basement
membrane (§8M) and visceral (podocute) layer of Bowman’s capsile.

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

pole.
* Space between both layers : Urinary space (Bowman's space).

Cuct section view of glomerulor apparadus,

* Human glomenulus : Roughly ovoid, 1SO o 340 micron in diameter.,

* Aerent arteriole enters the renal corpuscle ot the vaseular pole, and rami-
?—5 to form a. network of anastomosing capillaries, calied a lobule.

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

* The converging mesangial regions are called the glomerular stalk, and it
connects tuk 10 the extragiomerular mesangium (16A).

* The capilaries coolesce toward the centre of the capillary fut to form the
eflerent arteriole, which rurs Hrough the stalk and exits from the vaseular

pole.
* The efferent arteriole again breaks up to form a second capillary network,
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which surrounds the tubules and is called the per‘rtubular cap'\l\arg network,

Parts of glomerulus 00:04:50

* Porietal ep‘rthe\ial celie.
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* glomerular basement membrone. R ALY F’l{o X

endotheliol cells,

. mesangial cells.
* mesanaial modrid
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Structure of 3lomerulus in o eross section,

endothelium :
* *barrier to Ritrodion.
* Simple squamous layer of fenestrated cells.
* Fenestroe : S5% of surface areo.
Size of fenestrae : SO 40 100 nm.
* Diaphragms present only in eferent arteriole.
* Poluanionic Slgcosam'\noslgcms : Q\Bcocalgm
+veteptors expressed ! Closs I\ HLA, VEGF receptor, endothelin, EDRF, PREF.

aem (Glomerular basement membrane) :
* 1t covers copillory loops and refiex fo mesangium in the axial regjons.
* Three parts : Lamina. rara. intermna, extemo. and lamina. denso.
* Thickness ¢ 330 t0 340 Um.
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* Podocutes are involved in synthesis § degradation. Active space -
* Constituents : Type IV collagen, laminin, entactin, nidogen and sulfated pro-
Jceosll,,cans.
* Collagen : 400 micron triple heli (Aipha. -0,
* Proteoglycans : Heparan sulphate, agrin and perlecan.

mesa.ngiwn :
Two parts ¢ mesangiad cells and matrix.

Found, in judtacapillary region and oxial region.

mesansial cell:
* Large, irregular cell with elongated cytoplasmic processes.
* Intermediote Hlaments are present in the processes.
* I bridges the gap between &8m and capillaries and protects copillaries
$from hydraulic pressure.
o Pha50c3+sc, smooth muscle fike properties.
* Involved in generation and degradation of mesangiol madric
* Madrix: Type IV and V eollagen, foronectin, Rbrillin, entactin,
* mesangial celis produce vasoactive substances.
* Cross talk between endothelial cell and podocg’ces t0 maintain glomerular

function.

Glomerular
basement membrane

Fool processes

Capiltary
endotholium

Microfilamerts

Mesangium

Mesangial
malrix

0} a

Peripheral portion of o. glomerular lobule.
This shows & capillary, the axial posttion of the mesangium, and the visceral

epithelium (podocytes). Al the capiflary-mesangial interface, the capillary
endothelium directly abuts the mesangium,
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00:11:03

Podocytes (visceral epitheliol celle) :
* Octopus shaped cells, largest celis.
. nbtachkoﬁ\eeembﬂ%otpmcesses.
* Terminally differentioted cells.
* Contains golg), lysosomes and are capable of endoeytocis,
* microtubules, microflaments and intermediote Rlaments are present in cy-
toplasm § actin Rlaments in foot processes.

Filtradion slit-gap between the foot processes :
* 6op between two adjocent Foot processes (3S +o 60 nm).
* I nm wide central Mlament is connected to nearlby foot process by regular
eross bridges, 7nm in diameter and 14 om in length,
* Slit diaphrogms are adherans junction ond 20~ junction.
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Nephrin Podocin

Lam.nin
Scanning electron microseopic view of podocytes.
skt daphrogm: @
* P-Cathedim, nephrin, nephl and FAT are involved in the inter foot process
connection,
* 201, podocin, COAAP and catening connect actin cutoskeleton to the siit dia-

prragm proper.
* Nephrin: ig Super%mil&
* Nephi: Ligand for nephrin.
* Podocin : RaPt associated stomadin famiy,
* Fot is the major component.

Podocyte ottachment to &em :

* fipha3 betad integrins bind +o collagen type 4, Roronectin and laminin I,

* Dystroglycan complex connects the intracellular molecule utrophin to laminin
ll, agrin and perlecan in-the &gm.

* oth integrins and dystroglyeans are coupled via adapter molecules (Paxdliin,
vineulin, actinin) to the podocute eytoskeleton, allowing signaliing as well as
transmission of mechanical force.

* Actin connected to podocaluxin by negotive charge.

monogenic nephrotic sandrome ;
mutodion . éxjndromes
NPHS Congenital nephrotic syndrome (CNS).
Nphsa (Podocin. Steroid resistant nephrotic syndrome.
wTl Denys-drash syndrome (DDS).
Laminin beta. & Pierson syndrome (OMS).
PLCEl OfSuse mesangial sclerosis OMS).
CO3AP AR Focal segenntal glomerulosclerosis (Fs&s).
ACTN4 AD FS&S.
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Parietal epitheliol cells :
* Squamous cells but transition to taller cuboidal cells ok urinary pole.
* Continuous with visceral epithelium ot vaseular pole.
* Long cillurnand microvilli but cell organelies are sparse.
* Final fftrodion barrier.
* Con transdifferentiote 4o podocytes.
* involved in creseent formation.

Glomerular filtration barrier :
* Size and charge selective.
. High penneabi\i’c}j %o woker § small solutes,
* gBM is a unigue barrier to anionic substances.
* molecules above radius of 4 micron are totolly restricted,

Juxtaglomerular apparatus : 00:19:38
Portion of distal nephron comes into contact with the parent glomerulus.
consists of :

* Tubulor component : Macula. densa.

* voscular component : HREIEt arterivie.

* J& gronular cells or m5oepi’che\ial cells,

. Rgmnular extro. slomerwar mesansial cells or locis cells.
aranuar celis contain renin and angjotensin I

maculo. densa. :
* Special area in the TAL DCT junction adjacent to hilum of parent glomerulus.
* Columnar cells with apical nuclei are present.
exdra. 5\omem!ar mesongium ‘\n’cerdjg'\’m&e with extra. 3\omerular m%ans‘\al cells,
Juxtagjomerular apparadus is rieh in autonomic nerve endings and synapses.

__ Mwont swncle
{00 020 oy DU}
——— Efferent irtaricle
Distél comvoned
—— tibwie
basement membr;
i /wmm "
. Proximat convohited
e
Biond fivees outof the
capilary 100ps. Bvough the
Qlomenar basemani membrane
#nd podocyton, and ) the
unnary pace ot J
Juxtagjomerular apparodus.
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LOOP D I URETICS ----- Active space -----

Mechanism of action 00:00:40

Role of NKCCA in the Kidney ¢
* Sodium/chloride reabsorption.
* Role in urinory concentration and free woder excretion.
* Tubuloglomerular feedback.
* Indirect role in caleium/magnesium absorption.
* gffect on renal acidificotion

PCT PST iDL tAL TAL LA
1 600 600 1
TGfaedback L e o iy
HO o B T A, N,O
o » Ut £ v Urta
WAL~ B s
WL DL NN N [
GF R_. AT AV VAV o it
= Uitk ! - 1,0
v 1 \ sl pe Ura
1 JNa 1 JNu Uwo
G balance i oom L0
NKCCA, in wrine Tubulo 3lomemla.r
concentration, feedback,

mechanism :
* Loop diuretics act on the NKCCA channel by attaching on the C transporter.
* Reversible inhibition,
* Loop diuretics are organic anions and bind to NHCLA from the luminal sur-
face,
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Pharmacokinetics and pharmacodynamics 00:03:02

Pharmacokinetics :
4 processes : Absorption, distribution, metabolism and excretion,

mechanigm of diuretics secretion Absorption and, distribution.
bg pmxilml tubule cells.

Absorption § distribution :
Celing dose : No increose in effect begond o particular dose.
Dose of administration should be between threshold dose and ceiling dose.

metobolism § exeretion :
metabolised in PCT of Kidney (lucuronidadion) and liver,

Plasima urbssmide Liver

o€

o SDPGT
‘ |
F-GC | F
e l = —_ l v
F-GC {42%) )
metobolism ond excretion.
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taximal response

Phanmcodgmmics :
effect of drug on the body,

----- Agtive space -----

Losge

[ Hioavinlah iy
4 Tubidar secratery capatily
§ l}nxn of .:hen-):;‘::
Tine Comusac hery
§ o
E Altwrot deso-respongs
e
\aneshold
Loop diuretic excretion rate
Clinical implications ot pharmacokinetics and dﬂnamics :
* Loop diuretics have steep dose—resPonse curves,
* Threshold dose (changes with disease conditions).
* Ceiling dose. '
* volume of distribution and hgpoalbumin'emia,
Individual drugs 00:07:31
Furosemide sumetanide Torsemide
Relotive potency, 4. 0. fo.
Oral bioa.\lajlab'lli{"l.j. 10-100% 80-100% 80~-100%
AtSected Iog food, Yes, Yes. No.
metabolism, S0% renal. S0% hepatic. 80% hepatic.
Half-life. 1S5-3 hrs, =15 hrs. 3~ hrs.
PO 30-LO min, | PO 30-60 min,
Onset. PO : 20-(0 min,
VS min Wi -3 min.
——— 88% renal. 8% renal. 24K vénal
minadion. renal.
' \a% heptic. | af hepoic, '

Hishes’c doses thot con be given in various conditions :

e Furosemide Bumetanide Torsemide
(n mw) Oral/i) (in mb) | ©ral/) (n mb)
Y, Oral
crd (6FRA0-S0). | 80-10 | 160 o SO
&R (<30). 300 | 340 10 100
NS with normal §FR. | 180 340 3 SO

NEET SS Paediatrics « v1.0 - Marrow 1.0 » 2023 Page 3/8
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Loop diuretics in CHD :
* Prolongadion obt,.
* Abnormal diuretic secretion due to metabolic acidosis/uremia.
* Fladtening of dose response curve.
* Downward shift of ceiling natriuresis.

E ,§ Noana) g Noral
g Neemal CKD g ) g
= s -4 Lovp
$ CKD 3 Dot
Plasma log {diuretic] Plaumna log [lurelic] b GFR. mUmn/1.73 m? 120
(4] o ®
Loop diuretics in CHO.
Loop diuretics in nephrot'\c androme :
4 mechanisms oF abnormal responsiveness to loop diuretics
. Decreased deliverg/ decreosed secretion (Threshold dose is h'gher) .
3. Increased renal metobolism,
3, Decreased blockade bj the diuretic,
4, increased Na, Cl reabsorption b3 other nephron sesmen’cs.
Adaptation to diuretic therapy 00:00:58

Also Known as bralﬁing phenomenom
Hemodynamic adaptation : Fall in effective cireulatory volume (ecV) — Ssympa-
thetic nervous sgstem octivodion — nrgio’cenSh ond aldosterone oxis activation,

Neurdhormonal : Renin secretion independant of eCV — RARS — J§ hgperp\as‘m
— Hyperlasia. § hypertrophy of distal tubulor cells.

24 Hr
} Past-Danster
Nall #alertion

_.
8 &

Urinary NaCl excretion {mmol/6é hr)
8

Time

B Naviceas [ Antnatrisosis

Post diuretic salt retention,
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Clinical implications of braking: Active spa08 —
* Dietary salt restriction is very important for preventing post diuretic salt re-
tention (<ag/daw, <9ommol/dayp.
* Consider multiple dally dosing, diuretic with prolonged action or continuous
odministrodion.
Sequential blockade with diuretics of other class.
Diuretic therapy should not be abruptly stopped.
Salt restriction should be continued ofter stoppage of diuretics as well.

Diuretic resistance 00:11:58

Diuretic resistance is defined as failure to achieve therapeutically desired re-
duction in edema. despite a. full dose of diuretic,

Couses:
* Incorrect diagnosis (g : Venous or lymphatic edemo).
* Non-adherence o recommended sodium and/or Suid restriction.
* Orug not reaching the Kidneg ;
o. Non-adnerence.
b. Dose t00 low or 00 infrequent.
¢ Poor absorption.
* Reduced diuretic secretion :
a. Tubular uptake of diuretic impaired by uremic toxins.
b. Decreased Kidney blood Slow.
¢. Decreased functional Kidney moss.
InsufSicient Hidn95 response 4o drug ¢
o. Low glomerular Sitrodion rote.
b. Decreased effective intravascular volume despite elevated total
extraceliular fuid volume,
¢, Aetivation of the renin-angiotensin sustem.
d. Nephron adaptation (&raking phenomenor.
e. Use of non steroidal anti-inflammadory drugs.

Diuretics in nephroﬁc sSndrome :
Plasminurio. activates enlog channels in col\ec"dng ducts and tubules — Sodium is
reabsorbed,

NEET SS Paediatrics « v1.0 » Marrow 1.0 « 2023 Page 5/8
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----- Active space ----- mgma' Pcaa. ,,':n',",',"
R m—
A
G
Plasmin
Sodium reolosorption in nephrotic syndrome.
Summarg :
* Diuretic resistance is often accompanied b3 pm%mi metobolic alkalosis,
* metabolic olkolosis is mamaed b}j adm'\n'\stering KCL or ¥ sparing diuretics,
Reduced GFR: Distal Tubule |
garens ——— _ Hypertrophy:
mt. Ds' . Bamiors | Potential sokution
glomendes ) |
Hemodynamics || Roking ACEVARD g Pesmon ockads
retertion {Combination
ot (e i by
Chronle Incraase LD doto
Kdney
divgase or
funciiona
rnal
hypopertusion
Distal Nephron
Hyperfunction:
Barriors Potential solution
Excesth Adosterons
akiostarone- antagosiet, K*-
medisted sparing diumtic
Proximal Tubule m {BNaG blocker)
Hyperfunction: ]
Barriers Potontial sokeion vasopreatis- W"."
wialer
mm Aceinra rwtention
ectivadion
Sodium-ovid incronsed LD
sntes doses, proximal
tubuis Gluretics
(Lo, acetaxo'amids) .
Post-diurelic Multiple delly doses, A —
st o - ~__  LoopofHenle
i e Hypert_unction:___
[ soomiisbe | \ Barrers ——
| Butigetet | HeperlDooees |

(o p—

Loop of Handg q ‘,} Liino
{26%) ————_

Summory o diuretic resistance.
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Adverse eﬂe Cts 00:1 3:54 ..... Active §pAace -----

Include *
* Idiosynerodic effects including acute interstitial nephritis (IND.
* Hyponatremia (Verg rore).
. HﬂpoKo.Iemia.
e ngomagnesemia.
* metabolic alkoalosis.
. Okokoxici'cg.
® €LV depletion and A,

H5pona{remia:
* Seen more with thinzides.
* Loop diuretics inhibit Na+ transport in the renal medulla. : Maximal osmotic
gradient can not be achieved,
* Thus, loop diuretics impair the abili’cg to produce concentrated urine.
* Thinzide type diuretics increase N exeretion, prevent mouimal dilution of
the urine and maintain the innate concentrating capacity of the Kidney.

Hypokalemia. : [ ourotes | N

> ' «
fllenin inh [ 1 increased Renin H lncreasld Ave ‘ lncreas:d fubulor '
ouw

e |

mea ’ Increased ' secretion by ' secretion b5
RAidosterone ROMK channels &% channels

)
L__&\CLC- blockers | >

[thSupplemen{sl

mechanism of hgpomlem'\o.

ngomagnesemio.:
* Loop diuretics inhibit paracel\war mg reabsorpﬁon in the TAL.

* Though Ca. absorption is also less, hupocalcemia. is rare.
* 8oth Ca. and Mg have distal mechanisms of absorption (TRMP, TREVS) which
remains intact during loop diuretic thempg.
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O’co’co:dc'\’cg :
* inhibition of NKCLI isoform in the striae vascularis of inner eay.
* fssocioted with high plasma. levels .
* more in administerng boluses/ond in D potients.
¢ USunl\3 reversible ’coxic&g.

metabolic alkalosis :
Thiszido and l.00p Diuratics
§ Disal No' Detbvory § Mlgastergne + EABV
K t Lumen () rmé-}u- o
| Potential anvporter l
nlu_, 1H-K: AiPase | "":‘gé,'j‘"
t Buiférévailahm \
 J
L_. { Distal H- Secretion { Proximal
roasarption HCO,
Y l v
Generation of Maintonance of
Melabalic Alkalosts Metabolio Alkalosis

Drug interactions with NSAID/ACEI :

Concurrent use of diuretics, angiotensin converting enzyme inhibitors, and
angjotensin receptor blockers with non-steroidal anﬁ—'\n%mm’cor}j drugs is
associoted with risk of acute Kidney injury : Nested case-control study,

NEET SS Paediatrics « v1.0 + Marrow 1.0 - 2023 Page 8/8



APPROACH TO HEMATURIA

Definition :
Presence of ok least S red blood cells (R8CS) per UL of urine.
73 ReC per high power feld (HPF) of 10 mi of centrifuged urine.
7S REC per mm? of $reshly voided, unspun urine.
Significant hematurio.: 750 R&Cs/JL,

Incidence ot gross hematuria. in children is estimated to be 0.3%.
In Sf% cases, this is due to on easily identifiable cause.
Asymptomadic microscopic hemaduria. is 10x as prevalent as gross hemadurio.
Most cases of microscopic hematuria. in children are transient, and with re-
peated evoluations, the prevalence decrenses 1o less than 05%.

Etiology

19

MEDPLUS 91-78500-

00:02:19

RBCs may originate from glomeriuli, renal tubules, interstitium, or urinary tracts,

etiologjcal classification :

Causes of hematurio.

/

' .

| glomerulor ]

| Non-gjomerular |

}

Isolated renal disease J Egstfemic diseose’

isolated renal disease Systemic disease Non-Glomerular couse
* Post infectious * Systemic lupus erythematosus | * Trauma.
gomerulonephritis. , * urethral ¥ore‘\3n body,
* lgAnephropatiy. | * Henoch Schonlein purpura HsP). | *  Infections.
* Alport syndrome. | ¢ Hemolytic uremic syndrome *  Nephrolithiasis.
* mPeN, Fes. (ug). | * Wliopathic hypercalcuria,
* Thingem disease, | * Anti §8M disease. * Drugs : NSAIDs, cyclophosphamide.
* &ood pasture’s disease. * Hematological : Sickle cell anemia, Dis-
* Shuntnephriis. seminated intravascular coagulaion.
* infective endocarditis. ¢ Wilm's tumor,
* eladder hemangomo.

* Renal vein/artery thrombosis.
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Couses oF hemoduria. in newborn :
* Renol vein thrombosis .
* Renal ar'cevg thrombosis .
* Autosomal recessive po\3c5sﬁc Kidne3 diseose.
* Obstructive uropaihg .
* urinary tract infection,
* Bleeding and clotting disorders.
* Troumo, bladder catheterizokion.
Note :
Pink urine in newbom, neao@c'we for blood : Urie asid crgs'co.ls.

History 00:06:08

Presentakion :
o. §ross hemodurio.
b. Urinary o other sgmptom with incidental %nd‘mg of microscopic hemodurio.
¢. Inodvertent discovery o} microscopic hemoturia. during a routine urinalysis.

History d/t glomerular couse :

* Hemoduria. : Cola. coloured urine.

* tdema : Periorbital edema, pedal edema.

* Hypertension feotures : vomiting, heod ache, seizure.

¢ dgur'\a.

* Sore throat Yollowed by hematuria. within -3 dows * Igf nephropathy,

* Sore throot 1-a weeks prior o pgodenm 3 weeks prior : Post streptococcal
glomerulonephr‘x’ds.

* Purpuric rash, abdominal pain, joint pain : Henoch Sehonlein purpuro.

* Loose stools, anemia, hematurion : HUS,

* Adolescence, female predominant, rash, joint swelling/pain : SLE nephritis.

* Sudden deterioration with Aril : Rapidiy progressive gomerulonephritis

RPeND.

* Recurrent episode of oross hemadurio. : 10A nephrapathy, Alport, thin base-
ment membrane disease.

* Hearing impairment : Alport swdrome.

History d/% non-glomerulor couse ;
d errigh’c red colour urine or microseopic hemodurio.
* Trauma, fresh blood or clots in urine : Urethral injury,
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